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Abstract

Rapeseed (Brassica napus L.) oil is mostly refined oil (RO). However, with increasing interest in health, the consumption of
cold-pressed oil (CPO) without chemical refining is increasing in Korea. In this study, quality characteristics of CPO from rapeseed
varieties ‘Jungmo7001°, ‘Jungmo7002’, ‘Jungmo7003’,and ‘Yuryeo’were evaluated and compared with RO, a commercial product.
L-value and a-value were lower while b-value was significantly higher for CPO than those for RO. Analysis of fatty acid compositions
of each oil revealed that CPO from “Yuryeo’contained the highest oleic acid at 74%. Analyses of contents of bioactive compounds
in CPOs and RO revealed that contents of tocopherol, (-carotene, and canolol were the highest in CPOs from ‘Jungmo7003’,
‘Jungmo7002’, and ‘Jungmo7001’at 55.5, 0.3, and 0.2 mg/100 g, respectively. In addition, CPOs contained higher contents of bioactive
compounds than RO, suggesting that CPO could provide health benefits. The induction period of CPOs measured using Rancimat
were 9~52% longer than that for RO, indicating that CPOs had a higher oxidative stability under given conditions. These results
could be used to obtain basic data on quality of domestic rapeseed varieties.

Key words: rapeseed, cold-pressed-oil, quality properties, functionality

N E 3 2§ vl

o
L

F gEol FREel i, AT FEHE
5 gty akow ARA olel %

i

&

A (Brassica napus Ly= AR SHlof| &£51= 252 A& (Azadmard-Damirchi 5 2010; Chew SC 2020).

F Aol a7t A F shuolw, A AA A=A w4 oA Al =20 s ot /A E3501 4=
ARIA Al B TR Bl ARl g A Uk SRT70002 dR2ES ERRA Ol Bl 2ol

(FAO 2017). #Alfr= ZSPAIRMtel i, &3 <A4iHoleic oF Levl| =7] WiZo] G2z AASIthKim 5 2014). vt
acid, C18:1) 59| EZSFAFA0] 90% o|F 22 YthAn 5 VAR ‘FR7002°= HE2EF HiH] skz7]0] %ol LA
2023). FAFE XY F FHLHES AUE-F Aoz Jfofste B4 HE7] mieel et L=t #
AaHES B AEE 489 fde A2AE ¢ CHKim 5 2015). “F17003°2] 73-F-, @A 3Lo] mv] ti2F
(Baxheinrich 5 2012). B&0], 2H1E 9 EFvls 52 tF  JHO 23 2] A77F oF 1.2¥] Fke 7] 2] F@

' Corresponding author: Da-Hee An, Researcher, National Institute of Crop Science, Rural Development Administration, Muan
58545, Korea. Tel: +82-61-450-0139, Fax: +82-61-453-0085, E-mail: andahee@korea.kr
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g2 AWE ArkKim 5 2016). BTG o) 2185 A
£ BEOR 8 AYHo] £ BF AV} A2
AthJeong 5 2024). 18} thfst 4 EES
S9E 4840 BABY AP FEF 4o
Het 4 FARRE A8 K-S AoH 7
Y=T AA, U 2F L /1S A 5 ol wAS
0]'er(Matthaus B 2012). AA|(refining) T oll= Gtz o
A (degumming), % -SHneutralization), 28 (bleaching) 2
(dendorization®] 92541 11o] ST, BAL 2B
g—c}j— /KJH.Q_ 11]7{ oloi/yq /L],QL_?'__,] 717?%4 . 7].‘:14 _E_/lg%
AT 2 ok, B4 % 7170 §-83 HRE] T 44
S ojE EALATA Sol FHT  UckSvdlowska-
Czerniak 5 2008; Lamas 5 2016; Gharby S 2022). 2 =]
oAl QHAE HAZ] B BAlo] ol o] wiet YAE A
A5 A LA S92 AP S5 Ak T
U ARl A2 o] me B 9 Qe S of

Emﬂl—mushrio

3 gust pEstog vy A7tk wasi,
webd B ATelAE Sl $4E 455 tyos

ALQEAY A4 24, REHE Y L ABHIY 5
o FASHES FHToH, AFo] B AR v]
@ato] F 47 H8H SAL 9ot 71 2A4RE BT

A 59t

V=R
1. A=
B2 AFofMEs 5235 IS4 FaeY vlo] o]

AEAFLoNAN S EFS TR0, FR7002°, ‘FH
7003’ 2 Q5 o]&3}HTHKim 5 2014; Kim 5 2015;
Kim 5 2016; Jeong 5 2024). 2021 109 S JJ]-—‘~0]-0=]
2022?_1 647 et TAS A d A & APRE AR
Skt 7 R BT 100 g9 S-S JAg 4] 4
B 2771 (Korea-pack, Korea)= 2H-7-9] 7k glo] 273+
THA 2423, cold-pressed oil; CPO). 272 AMESH 7=
RS ASURS el P 3 AT TG0 4F
o F-&5+= AFES Fulste] o] &5k, F5E A=Y
Z--eF 2517 918l A A|-R-(refined oil; RO)Z 7|5t

2. Mz =X

B89 ML E 24517 98 L= A|(CM-5, Konica
Minolta, Tokyo, Japan)E ARESIA, HX(L-value), ZAHT
(a-value) 5 A (b-value)= LHEF 3 ‘3} 2 oie] E59
A2U2HF] MIHAE)E th3dt 22 A 02 A4St

rO
k)
ol
Jo
[e)
v
2,
2
o
N

AE=\(L—L)*+ +(b—1b,)*

(a—a,)?
3. A} & 99T} =X
a7t 55 ALUARY W 2 0TS 4%

SAMFDS 2021)°] &sto] S4sA. A7k= 715 5 gol

ether : ethanol(3:2, v/v) 38N 100 mLS 7]-’8}0% o] &

1% phenolphtalein 342 X|A|QF0 2 H 7|5} 11 A

o] & wj7}4] 0.1 N KOH ofet-24 foloz A}t
QQEYH= 71E 0.2 g chloroform 25 mLo| 835t &

Wijs solution 25 mL-S 7}5F0] UAofA 3087F ¥FSA|ZA T

1 N potassium iodine & 20 mLY} $F4 100 mLE ¥

T 1% starch -B4€ A|Ajeko.2 Arlelol B4l 2 vz

Z] 0.01 N sodium thiosulfate 340 2 A5} T},

4. K|HHAF XM B

Ol—- O ——

izt 9 58 A2UEFE 100 pL F5ko] sodium
methoxide 30 wt% solution 1 mLI} methanol 15 mL< 7}5F &
AHHAke] wdskE 915 80°ColA 241%F BHEAIZ T Ad-20
Al BZFSE T n-hexane 15 mLE 7ol A fatty acid
methyl esters(FAMEs)E 25191, A5%-E 0.2 um PTFE
syringe filter® o]}t & EAof 0]-85}%th(Lee 5 2014). A
AL ZAJ2 gas chromatograph(7890A, Agilent Technologies,
Santa Clara, CA USA)Z £-435}9111, 7&7]+= flame ionization
detector(FID; Agilent Technologies)Z S} th &40 AR5t
AP HP-INNOWAX(30 mx0.32 mmx0.25 um, Agilent
Technologies)o|™, F+YJF} A&7 2E= 7t 200CL}
250CE ATt QE =& 140TCoA 187 |-AI5HL
B 60K ASAA 250COIA S RAFER 5o
SRRy 2 ALY BRE AZS Belstel 2t
peake] WS 4THel MELE HEPRIH

2 a2 2
iz

d A2t
1

M

HI

o) B B R4S 9
¢S A US| AZdlo] 2-propanol 1 mLoj
S, 0.2 um PTFE syringe filter2 o]3}3t & £4-8
A B2 AFR-59 tH(Gliszezynska-Swiglo & Sikorska 2004).
BrIRE e el o) U vrson &
£ 9 2435} tHHwang 5 2019). 7]E 1 gof| 3% pyrogallol
28 10 mLY} 60% KOH 8¢ 2 mL& 73t & 70C
4o ol 3087 A Hlsstolh e Wk
71 & 2.25% NaCl €9 10 mL¥} n-hexane : ethyl acetate
©O:1, i) EEEY 15 mLS Zhstol AFstect Held 4%
B %5} 1L n-hexane : ethyl acetate Z3H-8 M-S S 7|59

=
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L FET 82 AAYEFT S ethanol
2774 51418l 0.2 um PTFE syringe filter® o] 743t
O

o0 22 39ict.
g AFS Yu 5D FHS AR Al B4

S5 4.200xgo] Al 2587 PRI, A5 AL F5to]
0.2 um PTFE syringe filter= o 1}3F & F-A40f] ARSI 7]
£9] 715X E SRS high performance liquid chromatograph
(HPLC; Agilent 1200, Agilent Technologies)S ©|-&5}o] EA]
stglom, Zh #4231 Table 13} At

6. AlsjorEA B4

HAGot B ALY o) sk vng 9
3] Rancimat(893 biodiesel, Metrohm, Switzerland)S ©]-8-5}0]
A A¥SHAIRL F 4RI 7] ZH(induction periodyS 578 5H3
t}. Z}Z}+9] 7]&-2 reaction vesselof| 1.5 g F5to] 100TC 71

= A F5E A2ARRe 454 Bl 173

9 20 Lhe] 37| FYste] AekE fFrstlth. 4ekke 5
AR, dosto] =R 59 TAo whE measuring vessel U
ZRse] AEE WIS 2got0] ABHEES 1712 AN
o, HE Ago] tisto] 33] BHE ST P o ® LE
i At

7. SHES

ey |

H o3310] A3 Restudio(ver. 1. 3. 1093y o]-&3lo] &
A AR, Z B4 o] Hatol tiek ANOVA 24
=

3 7t 5 YA % (Duncan's multiple range test) S 435}
Aot
Z3t o o
1. B5Y N2eRO| ME HiR
2 &4 |4 455 <FH7001°, FH7002°, S H7003°

Table 1. The analytical conditions of HPLC for [B-carotene and tocopherol in rapeseed oils

Bioactive compounds Parameters Conditions
Mobile phase Acetonitrile-methanol (5:5, v/v)
Flow rate 1 mL/min
X
Column p—bondasingfgygucaﬁ S)l?lmlns iz?iliosmmn?,) 10 um)
Tocopherol Oven temp. 30C
Injection vol. 20 pL
Detector Flouorescence detector (1260, Agilent Technologies)
Wavelength Excitation 295 nm, Emission 325 nm
Mobile phase Acetonitrile-methanol-dichloromethane (6:1:3, v/v)
Flow rate 0.6 mL/min
Column Capcell Pak C18 UC120 (4.6x150 mm, 5 um)
G-carotene Oven temp. 40T
Injection vol. 20 pL
Detector UV detector (1260, Agilent Technologies)
Wavelength 450 nm
Sol. A: 0.2% acetic acid (v/v), Sol. B: Methanol
Mobile phase Gradient: Sol. B 50% (0~8 min) — Sol. B 70% (8~20 min) —
Sol. B 75% (20~25 min) — Sol. B 95% (25~30 min) — Sol. B 50% (30~35 min)
Flow rate 0.8 mL/min
Canolol Column Luna RP C18 (4.6x250 mm, 5 um)
Oven temp. 30C
Injection vol. 10 uL
Detector UV detector (1260, Agilent Technologies)
Wavelength 280 nm
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Table 2. Comparison of color values between cold-pressed rapeseed oils from 4 varieties and refined oil

0il type" Varieties L a b’ AE?
RO - 100.1° -0.45° 1.48° -

IM7001 94.15° -4.03° 76.64° 499

o IM7002 94.30° -4.24° 70.88" 522

JM7003 94.62° -4.64° 69.53" 56.3

YR 95.83° -4.75° 50.84° 57.1

Different lowercase letters indicate significant difference at p<0.05 by Duncan’s multiple range test.

Y RO: refined oil, CPO: cold-pressed oil.
Y /E: total color difference parameter.

@} M2HTCD parameter, AEab)S B 7}5FI tH(Table 2). A-29F
Z+9 9] It (L-value), AL (a-value) ¥ ZFA I (b-value)=
Z¥7Z} 94.2~95.8, —4.8~-4.0 ¥ 50.8~76.69] HYZ YEIFO
, AASY B, e 9 AT (ZF 1001, -0.5 D 1.5)
v Wate] EA 20 9|3t xjo]2 B} E3] G’
91 79, 958 (L), 4.8 (a) L 50.8 (b") F2 YEo] e
=2 b Yrst =3 A5l ST uokth o] u}
o RAR) WA @A A GERIE AL s
eo] e AEO B U £uAo] HEE 53} Aol
o] T WA B4 F sholnk. SR 18 A=
20 A} A, 22 7] 59| BALART oplet F
T PAAYEY 5 BUBON et A ol
] o] £5 9 o2 R WA nesloF ¢ e

7]— Qlth(Sydow & 2021; Ning 5 2023).

jgﬂ

2. 34 N2gHE fAliwel X[Hhak =M HlW

ALt A2U2F 452 LR 7159 A4 24
= B, YA BlE ol C1%)] RS YER I
(Table 3). ZE 7|20 4 &QIAKC18:1)°] 65~74% HE=
M =2 @92 Bolon, 2 fEEikCis2, 11~
20%), 2EHAKC18:3, 6.9~8.6%), TH|EAHC16:0, 3.4~4.2%),

28]3 AHOFEANCIS, 20-22%) 0% ekt 452
ALYRR 5 R EF 79 710l e B
o 74%z e EF ] £k, S FF Z710] et
Selito] £5H He-2 Blstgth ok URZOA
HOl 1 &HAF EAo] YIS A= AL V|EAE Y
El= AS & 4 A% thJeong 5 2024). ESH FA-G-2F A
SOPEE0] AL 2L HILHS W, FAFONA BolE
Aol 42%Z2 3.4~3.8%%1 A2U&F thy] w2 FFS B
OM: 7ol el A 24 Rl B skt
A 5y B AEA 7129 AR dAE AHPA XA LS
Bl AVHE 2 9T Aot Zo| §2J2el Hol g Holx]
Qoron, ol Bo) A% W] W F8 APA 24 W
Sh= 3A g2 Ao Z gkt (Ferrari 5 1996; Sanchez-
Machado 5 2015).

_4_4

3. i S5Y M22UER9| olssty §d 24
¥ 439 A7 8 345 499 ALYNRE Gy
e A A1E 200
ChFig. 1). ZAS-9] /\]‘7]-—— 0.05 mg KOH/go. &
9] M99 L 031-0.67 mg KOH/gO.2 HAS ] 2o
2 UERiT Ak 2ol FeelAl fele A

3ot 4%

Table 3. The fatty acid composition of cold-pressed rapeseed oils from 4 varieties and refined oil

Fatty acid composition (%)

0il type" Varieties

Cl16:0 C18:0 Cl18:1 Cl18:2 Cl18:3 €20:1 Etc
RO - 42° 2.0° 65.2° 18.5° 6.9° 1.1 2.1°
IM7001 3.7 2.0° 64.8> 20.0° 7.7° 1.1 0.7°

TM7002 3.8 2.1%* 65.1° 18.3° 8.6° 1.1 1.1°

CPO . , ; ,
JM7003 3.7 22° 64.3° 19.6" 7.4 1.0 1.8

YR 3.4° 2.1% 73.9% 11.2¢ 7.4° 1.2 0.6°

Different lowercase letters indicate significant difference at p<0.05 by Duncan’s multiple range test. n.s., not significant.

D RO: refined oil, CPO: cold-pressed oil.



Vol. 37, No. 4(2024)

GV

1.0
08 - a
06 -

b b
04 - (o
00 +LC . . :
RO YR

JM7001 JM7002 JM7003

Acid value (mg KOH/g)

= A F5E A2ARRe 454 Bl 175

B)

150
s, a
(&) ab
& b —F— e b b
e — i -]—
-@‘100~
o
-
-
o 7
)
g
o

0

RO  JM7001 JM7002 JM7003 YR

Fig. 1. The acid value (A) and iodine value (B) of each analyzed oils. Error bars indicated standard deviation of the mean
(n=3). Different letters written on the bars indicate significant difference at p<0.05 by Duncan’s multiple range test. RO,
refined oil; JM7001, JM7002, JM7003, and YR, CPO from variety ‘Jungmo7001’, ‘Jungmo7002’, ‘Jungmo7003’, and

“Yuryeo’.
Ab0] e e grog Ahivl AWDSE SR
Aol @ot A7F JA] EolAI Al "t B3 74| Fofl fE1A

|

Habo] WEE ARt £ GA| EXT 4= 9lo] AlFo &
jE]= A& HE-E2 Y4k(neutralization) 3 A Xt}
(Barden & Decker 2016). oo & A+ A3} Zo] A5
A FZAPHE HRl Ao R wErh 2 Ao ARRE B
= A= AETA A FE0 AL A BoluU(J S
<0.6 mg KOH/g, ¥2H-57-<4.0), F-A12] A% & ARgof wh&
A7 HSkE S5 ZF AlR9] A Blart 8% Ao
cEdpciag

Fig. IB= AAF-2t 459 A2zl gk R &=rk=
Uetillth 8 e Ert= Al x5t} BlE|5hH, Fho)
222 2usixupito] Wi Aldjol vizbslth(Alireza S
2010). 4359 AL2GAG £ EH7001° {2 7)50] 123.7
g/100 g oll2 R E7P}F 7P =40, ‘|2 | 7180l
104.9 g/100 g cil2 7} W3t} o]+ ‘S H7001°S] t5E3E
SR "4 (polyunsaturated fatty acid; 2]&d|Ak} 2]&Ate]
b Hl&o] 27.7%E APRF F PF EIL KL
18.6%= 7P W2 Zof 71Q1gt Ax2 e th(Table 3).

4. 7M E3YH N2LERO| JISMHE &EF Hlw

AR 455E AU EFHE, BUtEH 2
7Hs29] dFe Bl Wl thFig 2). E5E A24zHa-9
% EFHE TS v W <FH7003°0] 55.5 mg/100 gO
2 7P =3, ER7001°(51.8 mg/100 g), ‘FE7002°(46.3
mg/100 g), 13 2’449 mg100 g) <0 & Yl
(Fig. 2A). A9 ¥ EFHE TFS 41.6 mg100 g0 =
A2A2HG i) folotA Wt ol BAF AxTE 5

Al (refining)E AAH 7]5dwel dF 24" oz &

o)

it ol d A7 AW Fo A B F oF 3% Ex
HEo] &4EE AL RIS Hh(Ferrari 5 1996; Ghazani

ari
E0] Rekas 5(2016)0] H=H 2 A+ Ael 2
of 4 FF 1 EFHES Fgo] FosHA thE Zo=
YeEP o, A5 A9 EXEE 2 7]1%E
A A2 & et 8%l s 9FE = o e
2 EZX Q UE Q9x IHoF & "R 9JTHObranovié
S 2015). ES, AR EXHE 2L y-EIHEC
24.7~39.0 mg/100 go2 7P Woky, thS a-EFH 0|
15.3~19.7 mg/100 g, 6-EFHZ0] 0.1~0.6 mg/100 g & I3}
o EFHES A8 e F shuE ARARe] &9 2
Hzol 4 YAE FofFoEN A9 AEARE AA
AlZItk(Barouh 5 2022). 2 A&/ FAo| EAst= EX
HE2 - EFHEYL y-EFHECH, o] F EFHEZ o
£ FHiE Ak} /o] =rhal IEA ATH(Seppanen T
2010).

B7I2EL 715 Y IAEE 20| (superoxide anion)2
Z3sto] A5te] Aukpropagations AL, HEAow
AFSHS %3 (termination)A] 71 Th(Galano 5 2010). ©]2]$tF B-7}
2RO A} G0 AR Ag o 59 e 7
= 271 Yol ARl F2% FFEE S shtolth
(Kulezynski 5 2017). & A-FLol|A] 455 7F A-242H7-9] B-
sl e SheRe wws 27}, 2170027} 030 mg/100 g0 &
=9 5271 0.09 mg/100 gO & A YElTh(Fig. 2B).
ERF A2A2HF OH] AARolA= BtE"C] A A&
7] 23tom, o= HA T MA Aol AlAE 0] o7l
Atz THEETHL 5 2019). Kreps 5(2014)0] W= &4
BAZE Aol ek B4 wAle Y= Blat 2,
B7FEHRO] o]l B IAOIA 733% AAE] T

ol
o M
=
N
fink
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Fig. 2. The content of bioactive compounds in rapeseed oil samples. (A) Tocopherol content and composition of 4 CPOs

and RO. Total tocopherol content is the sum of a-,

¥-, and &- tocopherol content. (B, C) Comparison of the [G-carotene

and canolol content among 4 CPOs and RO. f-carotene and canolol were not detected in RO. MeanstS.D. followed by
different letters are significantly different according to Duncan’s multiple range test (p<0.05). RO, refined oil; JM7001,
IM7002, JM7003, and YR, CPO from variety ‘Jungmo7001°, ‘Jungmo7002’, ‘Jungmo7003’, and ‘Yuryeo’.

(20.6%) T EF1(24.4%) ] To] doju= 22 & & UM
71&E(Canolol; 4-vinylsyringol) 7=t Y-ollA £25
JEO = Al Ak(sinapic acid)Q] EEHAF 2Hg-of o) AB/3
E= #H=Ato|th Kuwahara 5(2004)2 7Hs20] YolA =
Aol g 5491 FHAFSHA A (peroxynitrite, ONOO ™) 4
A G4 7MY, o] S4L - EFHE E= H[EICED
EUTH HEoh 29 ofye} TheES A SAIgHE
(ROO ") &4 o7 =2 IS 7HAIth(Wakamatsu
T 2005). & AoA= 45FE AXAERRY THEE
£ v P o), “FH7001°0] 0.23 mg/100 gC & 714 TS}
o, ‘§2 0.16 mg/100 g, ‘557002’ 0.14 mg/100 g, 12|31l
Z117003° 0.08 mg/100 g &= O & IQITh(Fig. 2C). T3 A
FoME 1S Aol A2EA ool ol o] 4
A A 288 Ao ApzEr}. o)l Hwo| w2,
5849 1L VA IO A=Y ApenE
o 80%71A] A|AEtH(Wakamatsu, 2005; Zacchi & Eggers
2008; Kralji¢ 5 2015).

_|<_:|_i %_70;_%1 X-IS?J”-‘.ool kl-gl.OI-I-IA-I |;||—|
gL Ao Asrh AEE AW Al
S YeRA A= 7] 7H(induction period) 0.2 A7 EH,
%%94 =3 Z] %z] 7101. uzlE/H 5.9_ ﬁ7].61— 2 01
= 293%F 291 & dlo|c} u]=8-%3}5Hs] (American Oil
Chemists’ Society, AOCS)y= AFSIQEH Al S HA51= thofFst
Y F rancimatg A AFATHAOCS 2012). Rancimate 7
Aksk 273014 A Y 7 o o5 ks

S
9
Yo

rlr ()

_lh

]
1

¢}

L AVAEEE 2451y, 41889 9 AEEZE & Tlofst
A 29| Abslobg A4S 718t 4= Qlth(Anwar 5 2003; Mateos 5

2006; Lante & Friso 2013). Rancimat -2 o]-&-5lo] FA|&-
oF 42F50] A292h9] A S EA 51 ch(Fig. 3).
7t 9 37 Y& B9 FANKSE 24 st A AL242
o] ABFR L7 |7H Q& 7t 25Xt 0.2 7 AQeh <R
7003°2] AbBRS 7| 7ES. 22A]7ko]Qlo ], ‘SR 7001H}
170027} 18X7F0 2 Al 0|2 B3 & {87 gE
3EE ] Az oz Alslo] Mg AS & S AT
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Fig. 3. The oxidative stability of each rapeseed oil
through an accelerated oxidation test using Rancimat. The
oxidative stability was expressed as induction period. The
induction periods of samples means the point at which the
water conductivity sudden increases in the measuring vessel.
Each value is the meantS.D. of three independent
measurements. Data were statistically analyzed using Duncan’s
multiple range test (p<0.05). RO, refined oil; JM7001,
IM7002, IM7003, and YR, CPO from variety ‘Jungmo7001°,
‘Jungmo7002°, ‘Jungmo7003°, and ‘Yuryeo’.

A9} A LHE 7o) A ET|ZES
S 160702 18254170 ALYRE o] tha H
t}. Fig 40149} o] ABRGE/IRHE S| QlAkt L A

K
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X
o r

FE, FEditt w2 7o AEE EA E
FHE 59 7IsdEE g ool R A & &

Q1A tH(Sabolova & 2017).

Qo =

£ AT F &4 44 BF 99 AR E
AEAS TR “FHT7001°, “FH7002°, “SH7003° T}
g BEL o83l 7152 AL, AFOIA i)
Hi GRS GERTE sho] Mz, A 24, AL 48
B8 e, A S Wtk AR} v wste] 4
LURRE 7159 Yot ANt F745A FAEE 7

a5tk ZF FAG AREE A4 2449 Aol BH
ALt A2U2EG 719 2/ Aol AA] YSkon, 4%
T A 2AZONA FE 7t S RlAL o] T3%E 7MY
E=A vebgth E£3 ZAR2 A= 0.05 mg KOH/gO &
2ok, 429 ALUE9E 0.31~0.67 mg KOH/gP 2 A
el =0kt 2 AolA] £4% 715 8E B AR
o] A4zl A=A UER T 459 A2 420l A
% EFNE RS Z17003°0] 555 mg/100 gO & =9k,
B7I=d 9 7hsE2 747 5 57002°(0.3 mg/100 g) E 5

S A EE ALURRe FLEY v 177

CAN 026 023 -0.13 05 0.34 0.48.

B-C 0.01 -0.28 0.26 .0.45 . Correlation
1.0
TCP 024 -0.37 044 0.08 . .
05
LnA -0.11 -0.17 0.13 .
0.0
05

IP OA LA LnA TCP B-C CAN

Fig. 4. Correlation analysis among quality properties in
this study. The numbers on upper side represent the value
of the Pearson correlation coefficient. The star marks on
lower side indicate the significance of each correlation, and
non-significant corrleation are represented as blank (p<
0.01). Green and pink color denote positive and negative
correlations, respectively. Color darkness indicates correlation
strength. IP, Induction period; OA, Oleic acid (C18:1); LA,
Linoleic acid (C18:2); LnA, Linolenic acid (C18:3); TCP,
Total tocopherol; 3-C, B-carotene; CAN, Canolol.
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Quality Characteristics of Ginger and Ginger Pomace Powder according to Pretreatment Methods
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Abstract

In this study, chemical properties and functional ingredients of ginger and ginger pomace discarded after juice were analyzed.
Ginger and ginger pomace were subjected to hot air drying, steaming, followed by hot air drying, soaking in vitamin C for 1 hour
and 3 hours. When soaked in vitamin C for 3 hours, the moisture content was highest at 9.2% for ginger and 7.3% for ginger
pomace. Among inorganic ingredients, the potassium (K) content was high at 2,633.6 mg% in hot air-dried ginger after steaming
and at 1,584.3 mg% in ginger pomace. Total flavonoid content of ginger pomace was high at 67.3 mg/g when soaked in vitamin
C for 3 hours. Gingerol content was the highest at 9.8 mg/g when ginger was dried with hot air. It was 10.5 mg/g in ginger pomace.
After ginger pomace was steamed and dried with hot air, shogaol content was as high as 2.0 mg/g.

Key words: ginger, hot air drying, ginger pomace, vitamin C soak

M E & 218 (Lee 5 2011), B 2-8(Sheo HJ 1999), 7515} ]

Al 52 &0l EHAUA AFAE A2 FEIIL Q)T

A7 (Ginger, Zingiber offinale Roscoe)S TFH 2] djj of E3], oA A7 bR Wx Artolut ofY thdly)

Ao} A ejo] YA AHER (o 5 2011) GNZRE FAT,  FHE o8I 9o AZ Avlo] FAZ Aeung

049 $42, B4 92 5o B AASeE de 2013 W, Feo e AnEEYA Sy A7 5

AHEE T UthKim 5 1992). A7) A ATl £& T AR, 2AASH Pol Y FARE A§HT glow, ol

2 RlE=olw, deojAlo}, F=, iRt Bto], ZfHo]7E, Ur°1 = SACIAE 7H S0 A== g AREE AL IHH(Chung
Ao, 5%, Y& SoM= PAHDL JhKim 5 191). 5 2012).

S 50 F 9 AU Qlof 71540] F& g 730l Bt AP AT Thompson S(1973)S 47 %ol

£ 39 S Tl 8T, T8 Al Dbl S G RARELD dngiin 0|83 9154 23
T PR St FYZ L A Et Akn of fsto] Bag vt Qlom, IAL ALRTL AU &
e SlehKim 5 2010, F8 ALOZE BSRRAR, A W20 Slgeln S5 A Aol B ATKim K

=5, YEFE Y5019 zingiberene, y-cardinen 52 $'T/3 2009), A3737HF 710l e o] £ E4d(Han & Kim
7] A48, zingiberol, zingiberene 2] A7 AJ&0] B E L 2019 A= B I A=x Al 71573 AFE A=A 9 7t
A H(Connell & Sutherland 1969). £3], FH A& 5 749 543 57 2He 18 ) AR 1.0 g2 U5t
- 25HS WA oF= 549821 6-gingerol ¥ 6-shogaol> 4t Axste 2ol AgstAttal sty

1\Corresponding author: Yun-Jeong Jo, Researcher, Chungcheongnamdo Agricultural Research and Extension Services, Yesan
32418, Korea. Tel: +82-41-635-6124, Fax: +82-41-635-7923, E-mail: yjdk1128@korea.kr
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RS 53 F ddolu} vt A 2 BAe] o8] B4
o) AAstelol 42 ATE AL L4 1) A

1. ME=2

B ALoA ARSIt A7 (Zingiber officinale Roscoey
20029 % 1190 2318 287407 2HdE A4 2AE
SAlofl YIA|RE AAtG s RN FFsto] TS B2
33] AlHste] EwEs AAT F AR ARESISIT HEH]
C ESHEARIN TS, 7154 A 2 st o
A B0 A8-E Rutin, Folin-Ciocalteureagent, Sodium carbonate,
Diethylene glycol, DPPH(1,1-diphenyl-2-picrylhydrazyl) A]2F-
Sigma Cheocal Co.(St, Louis. MO, USA) 54 F+Y45t¥t.

2. M7 U Mut 2o T
RS 15 em ol MU, 7S Y HE(GL

27HAAY, MS2080, Gimhae, Korea) 3 &2 FAMHES =75}
of B3 e IFUX7(F=71&27], HK-066,
Jincheon, Korea)o|A] 50°C, 8A|ZF AZR3IH T, ZRH95TC, 25
min) & GEAZR7|(FH=7]&7AZ7], HK-066, Jincheon, Korea)
oflA 50C, 8417t AZstTh T1E]aL HIE] C(ES A& =,

AXe] el WE AT et 2ol

4
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J

1%) 1A1ZE, 3A17E I A & FAX7| (=741 %7], HK-
066, Jincheon, Korea)o| 4] 50°C, 8A|7t AZste] W (F)A
Z7]1A], PC10SUS-T, Namyangju, Korea)Z H2]5lo] A2 =
AFgBHT

(AOAC 1984)0] Z5lo] BAsIT}. =, 28 L 05T
AR 7l o 2 ZAHRE soxhlet extraction method2 3]
B P S0C HIPWOR BAST 2eND FFL
Stevart 5(1964)] #10] ek SHBISIT, Dumast & L&
ot AAEA 7] (Vario Max C/N, Elementar Co, Germany)= 2
T B4 F T A629)% Boto] Zurld ook
F#7]5H et T7]*J—Er—8— Al 1 gofl A4t 8.0 mLe} ¢
AAF 2.0 mLE F7Foto] 7oA 54] Eofskal 50 mLE
25} o] I (Whatman fiterpaper No. 4)% ICP(Inductively
coupled plasma spectrometry)Z 445} thH(Table 1).

Hr

o

2) pH & G, Mz

AR 1 gl ZR% 9 mLE 7Ftel 228 5 pHE pH
meter(Thermo Scientific Orion pH meter, MA, USA)E =45}
A1, FE+= g R E FEA(PAL-3, Ata go, Tokyo, Japan)S
AFgatol 217} 33) vk 29Tt ARl A8 A
AB73E 2EZ A4 petri-dishol] 4 g4 Hol 33] S ghe]
Hag 73 Adeigen, olne] mausme] Ars
1=93.73, b=-0.27, b=0.810]] 3, Hunter L(lightness, H ),
a(redness, M) 9 b(yellowness, M T) G2 212} Zero,
59 ¥4 T MX}A(Konica Minolta, Tokyo,
Japan)E ©]-&5}o] Hunter L, a, bt S35 Th

Calibration&

Table 1. Operating condition of ICP for analysis of
minerals

Item Operating condition
Instrument ICP-OES (Varian, Nederland)
Plasma flow 15.0 L/min
Auxiliary flow 1.5 L/min
Nebulizer flow 0.7 L/min

Wavelength (nm) Ca: 317.93, Fe: 238.20,
K: 766.49, Mg: 279.08, P: 213.62
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4. DPPH 2iC|E 2715, & E8|lHE & & E22 0]

1) DPPH 2iC|Z A

Al&9] DPPH(1,1-diphenyl-2-picrylhydrazyl, SigmaAldrich,
St. Louis, MO, USA) radical 4752 Im 5(2013)2] &
Hgsto] St A7da A7dEE £ Alg Z42F 1 gofl
THT 49 mLE 4AIZF & o3t A|=H | mLo] DPPH
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Table 2. Operating conditions of HPLC for analysis of
gingerol and shogaol

Parameter Operating condition
Column LiChrospher RP-18
Flow rate 0.5 mL/min
Colum temperature 25T
Wavelength 282 nm
Injection volume 10 uL
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Table 3. Characteristics of general ingredients of ginger and ginger pomace according to pretreatment method (%)

Treatment Moisture Crude protein Crude lipid Crude ash Carbohydrate
FGYHAD? 6.9+0.02%0 13.0+0.31° 3.6+0.15¢ 8.4+0.05° 68.1+0.18"
FGSTHAD” 7.240.01¢ 10.7+0.25° 2.240.01° 9.0+0.03° 71.0+0.29¢

FGVCS1? 8.9+0.06° 6.9+0.15¢ 3.6+0.02¢ 3.140.01° 77.5+0.22°

FGV(CS3? 9.2+0.09* 7.0:£0.06™ 3.940.03° 2.8+0.028 77.120.03"

GPYHAD 4.8+0.018 7.3+0.07° 3.120.06° 4.7+0.00 80.120.03°

GPSTHAD 5.4+0.03° 7.240.03% 1.7+0.018 5.140.12° 80.6+0.16°

GPVCS1 7.0+0.05° 5.6+0.09" 5.140.03° 3.4+0.01° 79.0+0.06°

GPVCS3 7.3+0.03° 6.1+0.09° 4.8+0.09° 3.240.01° 78.6+0.21¢

Y FG: fresh ginger, GP: ginger pomace.

2 HAD: hot-air drying (50°C, 8 hr).

) STHAD: steamd (25 min) hot-air drying (50°C, 8 hr).
9 VCS1: vitamin ¢ soak for 1 hour.

% VCS3: vitamin ¢ soak for 3 hours.

9 All values represent mean+S.D.

*"Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.

66%% & A+ A3} vt A7t e
ar 2 51%=2 HEMI C IX|7F FA] A] =2 28 Y
=8 ﬂ% TFE A T dx A Al A7 Y7ol A
Z¥7}F 9.0%, 5.1% 7H4 =9k, Lee 5(2012)9] -2 3}o]
A %‘%Zﬂic& A73e] 3B SFL 8.06%2 E AT At
OFZt AJolE H it 7] @k T 68.1~77.5% Ato]
o] grS B, B 78.6~80.6% FHS LEFRTHTable 3).

2) FIIME B4

73} Ay7parel] oist frIAR e
Table 49} e, Y737t AJ73aro] £7]%
7P B AFE AL, ol AT B H4E BAgle)
714 3 T ZEEK)Ol 7F =2 Lee 5(2014b)2] 21}
FAFSHA WrEbs et A7 AJA3E] (Ca) g2 HIE
T C 1AIZE 3AI7E AA] A] A7 282.3~284.6 mg%, 28734}
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H(Fe) TF2 TA & AX Al AL 39 mgh=Z UL,
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F 5 ZEEK)O|

% o
rr

4En

E2 3E et A A S & E5AR A
ZE(K) T Z7F 2,633.6 mg%, 1,584.3 mg%= 714 =9k
o o2og IFAX AT 22493 mg%, A7FE
1,250.1 mg%= UGt vF1vle(Mg) o2 A7) 4+
HETAX, TA F AR, vEH C 1A1ZE 3AIZE A 202
W2 3 HQl v, A7 49 Hlgtdl C 1AL, 3A1%T,
TR, T4 & AR AY £22 Aolg HArt AP)
S A Ay7gEr A9 ZHzE GF AR Al 366.8 mg,

159.5 mg%= 7 =2 g2 Webillal, Hleel C 3A17F JA]

Al Z¥ZF 115 mg%, 87.7 mg%= 2 k& Hoh 7| 4&
9] 79 A7FEt opuet B7Etol| = wo] ghiE o] Qltk=
AL & 4 AUt Yang 5(2008)%] Aol = 2 A A
o v|otA AEFFE s ZE, vtadlw, Q19 ol
@ol SoIAUANE ¥, Kang 5(1999)2] A+ AofA= &
At o2 A wjA BT ujazkgete] 4, 24, A9 3
Zo| o @o] Eolqlo] & ZAFE Bt
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Y73t 73ere] pHet B 574 Z3h= Table 59F Lt
gl A} AdE AR 51Y-S 1 40 °BrixE 7P =9ty &
A & AEAZ 30 °Brix, B]EM C 147}, 3A17F A A] A] 20
°Brix2 UEGT) o] ATE £ HA| AJ7to] Frof Ik
S )RR gty ggEc) v, e g 93
Z A] 30 °Brix, 34 & EEAZX, H[EHT C 147, 3417 &
A Al 20 °BrixZ UERGTE

pHO] AL IEA Q}ZX}f%‘! Z A A7 7
HkO. 6.0~6.27FS H Y, HEF C 14 h 3AZE JA A
pH 47-492 T} & X%E‘Ml Hof] 22 3hE YeRdnt o] H
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Table 4. Characteristics of inorganic components of ginger and ginger pomace according to pretreatment method (mg%o)

287% - oF% - oladl

Mineral
Treatment
Ca Fe K Mg P

FGYHAD? 186.8+3.89% 2.8+0.25 2,249.3+1.18° 303.7+13.39 366.8+20.78"
FGSTHAD” 213.5£7.30° 3.9+0.31° 2,633.6+12.01° 271.0+£6.53° 299.4+6.38"
FGVCS1? 284.6+3.54° 1.240.05¢ 5,560+3.83¢ 157.2+1.02% 123.7.£2.89¢
FGVCS3? 282.3+10.67° 1.4+0.07 498.8+5.97" 150.343.74° 115.0.£2.40°
GP"HAD 233.442.37° 2.0+0.09° 1,250.1+22.88¢ 159.242.32% 159.5+3.57°
GPSTHAD 250.5+8.30° 2.240.01° 1,584.3+46.02° 158.243.96% 144.842.76°

GPVCS1 276.3+7.11° 1.8+0.05° 804.8+12.54° 176.0+2.85° 97.242.36°

GPVCS3 293.7+16.29* 2.240.17° 678.2+18.57" 170.3+7.92°¢ 87.7+3.98°

Y FG: fresh ginger, GP: ginger pomace.

2 HAD: hot-air drying (50°C, 8 hr).
3 STHAD: steamd (25 min) hot-air drying (50, 8 hr).
9 VCSI: vitamin ¢ soak for 1 hour.

%) V(CS3: vitamin ¢ soak for 3 hours.

5 All values represent mean+S.D.
*"Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.

Table S. Physicochemical properties of ginger and ginger pomace by pretreatment method

Sugar content

Hunter’s color value

Treatment . pH -
(°Brix) L (Lightness) a (Redness) b (Yellowness)

FG"HAD? 40+0.0° 6.1£0.0° 36.1£0.41° -0.8+0.01" 11.1£0.06"
FGSTHAD” 30+0.0° 6.240.0° 32.540.12° 0.3+0.01° 7.120.02¢
FGVCS1? 20£0.0° 4.940.0° 34.440.18° 0.7£0.01¢ 9.0+0.03°
FGVCS3? 20£0.0° 4.7+0.08 35.540.05° 0.8+0.01° 9.0+0.05°
GP"HAD 30£0.0° 6.0£0.0° 36.440.02° -0.5+0.03¢ 8.9+0.02°
GPSTHAD 20:£0.0° 6.2+0.0° 33.440.04° 0.2+0.02° 6.0£0.11¢
GPVCS1 20+0.0° 4.940.0° 34.6+0.45% 1.9+0.03° 5.940.02¢
GPVCS3 20£0.0° 4.840.0° 34.9+0.14° 2.540.06° 5.940.02¢

Y FG: fresh ginger, GP: ginger pomace.

? HAD: hot-air drying (50°C, 8hr).
3 STHAD: steamd (25min) hot-air drying (50°C, 8hr,).
9 VCSI: vitamin ¢ soak for 1 hour.
% VCS3: vitamin ¢ soak for 3 hou.
5 All values represent meanS.D.

*hMeans with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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1) DPPH 2iC|Z ANS

AY7gat Ag7yato] gk H4ksl &44(DPPH SHHZ £7%5)
< 573 A= Table 631 2ot A7) P4k}t &2 H
C IAZF JA6HE W 80.1%= 7H =2 oF2 UEh
o, H]ElR C 3A17F HA] 78.6%, BEAZ 71.7%, SA
AZX 68.8%4=0 2 el A7dEke] A OE H| e}
AN ZF 77.4%, BlEF C 3A1ZF AA] 76.9%, SEAxX
71.9%, A & AEAZR 68.5%%=0 2 3FAS} %Mol A
YRt A7 A7 BlER Cof 1*17P A= 7
S 3AIZE AASHAE W Bk A U2 A2 XX B A
A5t HERRl C7F G 4lSlE] o] 3RAkeE E/do] A U2 4
& WHEH Ryu 520219 AF AToA= BEEA 2
oﬂ uj f(]—.Z-H}OE 11]7\6]- /5}}_9] DPPH 3}1:];":_} 5;\_741—6 751].
ERA g = Xﬂ o A 27t BEA S AxHo
oF 2t Ak w2 B/ Y ¥, £ AtolA= A

U= A7 o] Ak @40 A UEuH

Q e
i~ ol

LT able 6_1—]- D]‘ Aol & EoldE T2 H]E]' C 14]
ZF AR Al 319.3 mg/g, 73 414.6 mg/gC. 2 A 7FE}of| A
& E95E FFol 8§ &4 Ut Kim 5(2023)9] -0
Al SAt AlZto] dojzlo] wet & Hls SktEol
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o £ AdoAE 34 &
BT, o] A A7l &fo
W7 e A2 s F o] B9 HE
Coll FA|ZE AJzto] AojF4Z ofF ot AT B
£l 1 o]fE= HEH € B AMd E4ola o] = <lsf
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QFgsto] EaljE1 ZEjHE AStE £45) Eoj& AR
Tt A7) E2ewEs dFE Ao ZEHs
ol o EA Yetyitt
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‘11, % Z9 = e th ZolE YEriTh A7 A

H]eFT] C 1A7F, 3A17F A A] A] 56.4~56.8 mg/g, FEAZR

51.6 mg/g, SAt & FFX 46.8 mg/gO 2 LEpyith. A7t
T AY733} vleRl C 1AI7E 3A17F A A] A] 61.3~67.3 mg/gC.
2 =4 FRot AL, SA F Az Al AT 7R
A 7 @3kt Kim 5(2023)2] Aol A 54+ AJXte] Zof
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3. TXNE Y ATI2 MERY
A7 84820z A Z 6-gingerol, 8-gingerol, 10-

gingerol @ 6-sh gaol, 8-shogaol, 10-shogaol®] ¥ Table 7
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(o]

Table 6. Antioxidant activity of ginger and ginger pomace according to pretreatment method

Treatment DPPH radical scavenging activity (%) Total flavonoid (%) Total phenol (mg/g)
FG"HAD? 71.7+1.50°9 51.6+1.08¢ 317.3+0.50°
FGSTHAD” 68.8+1.89% 46.8£0.47° 305.6+5.23¢
FGVCS1Y 80.1+0.93* 56.4+1.32° 319.3+2.02¢
FGV(CS3® 78.6+0.40° 56.8+0.75° 304.6+5.49°
GP"HAD 71.9+0.69° 47.940.13¢ 334.0+4.52°
GPSTHAD 68.5£1.62° 42.1+1.85°F 271.3+0.87°
GPVCSI 77.4+1.34% 61.3+1.32" 414.6+5.52°
GPVCS3 76.9+1.89° 67.3£0.54° 411.342.02°

Y FG: fresh ginger, GP: ginger pomace.

? HAD: hot-air drying (50°C, 8 hr).

%) STHAD: steamd (25 min) hot-air drying (50C, 8 hr).
9 VCS1: vitamin ¢ soak for 1 hour.

% V(CS3: vitamin ¢ soak for 3 hours.

9 All values represent mean+S.D.

*Means with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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Table 7. Gingerol and shogaol contents of ginger and ginger pomace by pretreatment method

Treatment Gingerol (mg/g) Shogaol (mg/g)
FG"HAD” 9.8+0.0° 0.940.1°
FGSTHAD? 9.4+0.4° 1.540.1°
FGVCS1Y 9.9+0.0% 1.6+0.0%
FGV(CS3? 9.340.2° 1.6+0.0°
GP"HAD 10.5+0.7° 0.6+0.08
GPSTHAD 9.9+0.0% 2.0+0.0°
GPVCSI 12.5+0.0° 1.120.0¢
GPVCS3 11.9+0.0° 1.0+0.0°

Y FG: fresh ginger, GP: ginger pomace.

? HAD: hot-air drying (50°C, 8 hr).

3 STHAD: steamd (25 min) hot-air drying (50, 8 hr).
9 VCS1: vitamin ¢ soak for 1 hour.

% V(CS3: vitamin ¢ soak for 3 hours.

9 All values represent mean+S.D.

“EMeans with different superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.

of uehsith
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A 56.8 mg/g, 73 673 mygC & ThE X0 v|5] =9t
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Quality Characteristics of Apple Vinegar using Various Acetic Acid Bacteria
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Abstract

To develop farm-made high effective vinegar, this study prepared apple vinegar using four kinds of acetic acid bacteria isolated
from a natural fermentation liquid of ‘Cheongsoo’ grapes and analyzed vinegar samples fermented 93% apple juice and 7% alcohols
at 30°C for 20 days. To accomplish this, quality characteristics such as pH, total acidity, reducing sugar, organic acid, color, total
polyphenol contents, and antioxidant activity contents were determined. The pH decreased while total acidity of all samples gradually
increased during fermentation period. The vinegar with AP 21 strain tended to increase the total acidity quicker than other stains.
Reduced sugar content remained high until the last fermentation day. Furthermore, reduced sugar contents of all vinegars increased
as fermentation progressed by decomposing sucrose present in apples. When physiological activities were compared, apple vinegars
fermented with AP 21 and 30 strains had higher total polyphenol and flavonoid contents than other samples. However, there was
no significant difference in antioxidant activity between samples. These results indicate that strain 21 is the most suitable starter
as acetic acid bacteria for producing farm-made vinegar.

Key words: farm-made high effective vinegar, acetic acid bacteria, Acefobacter pasteurianus
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A3t aFE A Qlow, AFg7](Han 5 2010), 13 (Park &
2010), A Gufj(Yim 5 2015), EA|(Lee 5 2018b), A]of
OF&(Shin 5 2020) 51} 22 AA H5E AA = o A2
d A5l Xy Qo

A z2 drasted 7B 283 94 & shbs 2410
H, g0l uet A2 FHS BHSke AEZE ol&HH

o|F0] A%x9] =53 it gt AHTrh(Back 5, 2014;
Yim 5 2015). 2 2ANF A3 TAE B ZAFS B
2j5to] W EAo] 35t A(Back 5 2015), ofE Lo} Hgg_

ol A Helgt 2AMFS B-85o] of2 Lo} 22 A%
A TH(Eom 5 2019), B2} ZAWFCl Acetobacter pasteurianus

Al125 A715F 284 AZ(Gil 5 2020) 5 2AMFS IR
SO Z5to] AxAFo AMERE e BA 2 AA
olt}, T3t Ao g AL T Qe 7ty Az AoL
ARG ¥, THEE WY Aol o= QI Hiuit o
S 7H A 2E gabstal IR, Brad+te] vjAg
717t TRAZE, AASHA] e AxEFE 9 oY
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VERCTIET
1. ARREF, WX U AHAIE RIZ
tl §€L°ﬂ 8T 2T 3HEAISUAA T
of HP 39 AOR, AHAA G BLEEES FEHA

ZAFS Yol 27] FARE 2%2 THE S AoA TEAI7]

AdtgHo| A E2|5t T}, Acetobacter pasteurianus 15(AP
15), A. pasteurianus 16(AP 16), A. pasteurianus 21(AP 21), %
A. pasteurianus 30(AP 30)2 & = o, & A+of 4
Z ZH40o7 Ao}, tiZRF(control) 2= A. pasteurianus
KACC 139945 AFESFGITH A EFEE Q5 ZAMFO] 114
iRl 242 1% yeast extract(BD Difco Laboratories, Detroit,
MI, USA), 5% glucose(Sigma Chemical Co., St. Louis, MO,
USA), 3% CaCOs(Sigma Chemical Co.), 3% ethanol(Sigma
Chemical Co.), 2.5% agar(BD Difco Laboratories)0| ™, o} A]|5}
oF v A 9] ZA-L YGE "R (1% yeast extract, 5% glucose, 3%
ethanol)Z AFR-SIITH ARG E Q8 571A] 455 YGE
Hjz]o] F5to] Al st o, A wid71E RSt

Q- g

o

- AEE = AEITIEIA

o 30C, 200 rpmOY| A FA4F 4% ol Y W Fx=E ARESIA
o AAEE AZS] okl ARE WEL 5 gL,

2T SESIT, 24 552 YORRAIo] e 5
YAEFSEIL 0.85% NaCl §Hof] A R F FHOE AL
25199t} 93% AR (Sigolnaeum, Chungju, Korea)i} 7% 2f

857 (DEL, Hwaseong, Korea)2 &3%}5}a1 o]& 30T, 200
pmo| A 2047F Wa S AWt H Tt R A pasteurianus
KACC 13994 #F= 7&,47]-51' Al 2= control, YA = Z+7}9]
Wi 2435 oo Wt

)I

2. pH & S4t BEt
At} 2] 29] pHE pH meter(Sartorius AG, Gottingen, Germany)
£ o] 8s3}lo] =435, FARZ AlF 10 mLof| 1% phenol-
phthalein 2~3%2-2 Y1 0.1 N NaOHZ pH 8.2~8.30] &
A BA5tATt. Ao AH)E NaOH 28T acetic acid
o k= 714t AFE ol-&sto] F4LC & gHitsto] Lt
ER} At

b A1 200 uLof

15 o]AF

3 S8 2022)<> 1008} 314
DNS AJ9F 400 UILE Y1 = =04 5& %Ey
WA}, B35 A (Bio Tek Epoch 2 microplate reader,
Bio Tek Instruments, Inc, Winooski, VT, USA)E o]-&5}0o] &
F(550 nm)S 24319t LY AL glucose(Sigma-
Aldrich Co) 8 EFEZZ AR85to] AFAS ZA4 T At
shsic

4 71N 24
Awpalze] §714F R4S ARE A48
€ #5t9 0.45 um H-PTFE membrane ﬁlter(Whatman)E o1}
St th2 HPLC(Agilent 1260 infinity, Agilent, Santa clara, CA,
USA)E HEA5HIT. 48 ZH-2 Aminex HPX-87H(300
mmx7.8 mm, Biorad}Z AFE5tE 1, o]5AF €= 0.008 N
H,S0,2 0.6 mL/minC 2 F5tP o, ZH2L+= 30T
FABFALL, 20 uLY| Al&E FU5ke] 210 nmofl A UVEE
715 ol gsted AT Belwl 2 WAL )4 BEE
Z19] citric acid, malic acid, succinic acid, fumaric acid, acetic
acid, malic acid(Sigma-Aldrich Co.)2] AHFZA O ZHEH A=
ahgic.
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A agk(redness) 111 AT bEk(vellowness) O &2 LFERY
oot EEaATo] 7F0 1-96.89, a=-0.07, b=-0.180] 3]t}

9] & Zg]H&s IS Amerine & Ough(1980) 1}t
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19992 7.4 mM ABTS(2,2’-azino-bis(3-ethylbenzthiazoline-6-sul-
fonic acid, Sigma-Aldrich Co.) 2} 2.6 mM potassium persulfate
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LS WEEE UE Ut DPPH 2t Z 47]5(Choi &
2003) 0.4 mM DPPH(2,2-diphenyl-1-picrylhydrazyl, Sigma-
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Package for the Social Science, Ver 12.0 SPSS Inc., Chicago,
IL, USAYS o839, BAAS ulashy] 98] BAHEA
(ANOVAYZ AARt & 33 719 942 Duncan’s
multiple range test=2 p<0.001 G304 G330ttt
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2 Table 1] JERHITE RS ol BE ABEE £
7] pH 4.04~4.1491 4 AJ2tsto] wra 209 3} Fof P&t
Z7o] W} pH 2.89-3.08% UEhY Brart APL4=E nE
Aol pH g2 A3 Wobdlal, 53] AP21S S 4

Z7} 71 #e] pH gho] Zrastoith. Aol 7t 4
29| dtg 25940 pH HY7} 3.0-3.148t7 EUEAT
(Shin 5 20203} Z=kx] Ax9] ¢ Id 159 ©f pH
3.57~3.699 1 B I (Gil 5 2020)3t0], 9EY £29 25
of] whet theFet pH 3hE YEAAIT, 4% &= pH #stE =
AL gro g wgo] FRE FRIskH= Ao § Aottt
4 SHFL vk 7|7 B9 RE A|RA S5
£ BRI pHe} F4H9] dhFo] RhE|H o2 Yeyith 27
AHE = 0.30~0.35%2 Alsto] a upRahdQl 2044 of=
3.44~5.12%= ohFeE gE2 UEtlET, Rt A 10
YHE 5] Z7sto] WH 20YA 4.22%2] AFEES UE
Wi, AP21 #5FE H7I%E A2 9] A9 drg 5947t 3.12%
FTARS eI, IR 1094= 4.78%E, HH 10957 4]
29| AZETA 7|29 4%(viv, A 71Z%) o4 mastgith.
wEbA AP21 FFE T2 F0)| Hlote] 7] WHEo =
of &7|7t WE Alof| 7 H3st FFet T 4= ok 2ANF
2> FFolt Ia 7|EE Aot 245 Y
gt §714hs AYAGAIA AHETE ST Eth(Park 5 2012).
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B R QIQEAL, acetic acid7} 7 W2 TS AA L WA
FAE FFO] 7 9-9F o] acetic acid T 4%, AP21 o=
2 AR ATHRE B 4% 1 S IS Ueh,
B AEALE A AP 7 Aelcha ek,
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B R7IARS 4702 RS 71 42 TS APIS A
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Table 1. Changes in pH, total acidity and reducing sugar of apple vinegar by various acetic acid bacteria

Fermentation time (days)

Sample
0 5 10 15 20
Control 4.04+0.0144 3.78+0.00% 3.59+0.00% 3.31+0.01™ 2.96+0.00%
AP15 4.08+0.00* 3.68+0.01%° 3.51+0.00 3.40+0.00™ 3.01+0.01%
pH AP16 4.08+£0.01%¢ 3.69+0.02% 3.58+0.01° 3.24+0.01™ 3.08+0.01%
AP21 4.1440.01"* 3.35+0.015 3.23+0.00° 2.90+0.02" 2.89+0.00>
AP30 4.12+0.00"° 3.6240.015¢ 3.39+0.00“ 2.92+0.01™ 2.91+0.01%
Control 0.31+0.02% 0.8120.02" 1.98+0.03% 3.81+0.11% 4.22+0.15%
AP15 0.35+0.05% 1.31+0.05™ 2.54+0.11% 3.09+0.095¢ 3.854+0.09
Total acidity — AP16 0.33+0.04% 1.32:0.03™ 2.1340.04% 2.33+0.0% 3.44+0.15%
AP21 0.30+0.01™ 3.1240.12% 4.78+0.12% 5.2340.20 5.1240.13%
AP30 0.34+0.02> 1.60+0.06° 3.48+0.16% 4.59+0.214° 4.78+0.074°
Control 9.40+0.40°® 10.73+0.14%° 11.31£0.074® 11.4740.15" 11.47+0.217°
AP15 8.8440.24™ 11.41£0.275 10.81+0.08* 11.33+0.195® 12.1740.1744
Reducing sugar AP16 9.640.34" 11.18+0.625 10.950.06% 11.38+0.235 12.1340.05%
AP21 9.82+0.10% 11.26+0.0978® 11.78+0.58* 11.08+0.11%° 11.4140.2348%
AP30 9.15+0.04% 11.36+0.05 11.96+0.574 11.20+0.205® 11.110.10%

Each values mean+S.D.
*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.001).
AEyalues with different capital letters within a row are significantly different by Duncan’s multiple range test (»<0.001).

Table 2. Changes in organic acid of apple vinegar by various acetic acid bacteria

Sample Malic acid (%) Succinic acid (%) Fumaric acid (%) Acetic acid (%) Total (%)
Control 0.46+0.02°° 0.24+0.00° 0.00+0.00° 3.5940.03" 4.29+0.06°
AP15 0.46:0.00% 0.23+0.00° 0.01::0.00° 3.4240.01* 4.1120.01¢
AP16 0.49+0.035 0.2420.00¢ 0.01=0.00° 3.08£0.014 3.82+0.04°
AP21 0.4520.00% 0.2240.00¢ 0.000.00° 4.12+0.02% 4.79+0.02°
AP30 0.45+0.00% 0.24+0.00¢ 0.00:£0.00° 3.770.02*° 4.46+0.02°

Each values mean+S.D.
“*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.001).
ADyalues with different capital letters within a row are significantly different by Duncan’s multiple range test (p<0.001).
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1996; Eom 5 2019).

2. Mz EH

A& g 2ANFS E8oto] AR AR M
IH= Table 30 YeEPHAT 4% A|59] Z7]d=
ZHe 30.74-41.5602 UERGT, 2E 20UA 0= 3 05~
53.029] FZ UEETh 2ANFY] SRE 9 SRURERE
ot =S UEwla, d8do] IMESRE YR,
API6Z HET A% 9 AP21E JFT 429 A= 19
7 S7FetA AL, WAl & Alaes AFHEY Fasiith &
5], ¥E wAErd o= 1’41—‘?‘«-‘:# Hg 28 UEE o,
AP16Z HE]t A2 BF T w2 X (53005 HEHH
o HME(a ghH9] F9-= TaZ7] 20.66~26.042, TA 20
DA of= 9.84~ 18,552 L& AolA] Tad#7} H
T 2 Wol= AFE B Ao 2 AT (b
Zh= 5093~ 59.6500 4] WHE 2094 45.40~51.098 HH 7} 2
FYEE tha RopR= AP HERT

Ak o2 A|got= AAE, LHrAE, 28 AHE 9 3Hj

oE JIN‘

£
H

9 Tafalo] A3t AR B2 193

90.41~99.01, A=Y -221~-0.78 LU FAT 56428462
= tgsHA Yet(o 5 2012), 2 A9t 2 ZpolE HY S
L, oefet AR o= I A ¥SkE H gk A Aol
AzE Az A2 5 9 4g dlo wet Zfol7} Utk
I BH5kof(Lee 5 2019), A% ME o] Xpol= thfoitt &
= UAth

3.5 EEIH{I
Mz oe
=l —E}HhOlE '%%k el ST
UErA T WA, 2
mg%E WERAL, &
& W A0 2 o] FolE why,
Urﬂin AR B STt AP21E 7R A2 7
%7120 IE 2094 38%7F 715 121.69 me%=
‘%E}‘*ﬂ SU7ZE APOE TET HxE 21% F71%
134.55 mg% A& YERth T3 08 & S ol jF
F2 & s dFEHE v AA SHEUN=H, 271
o= 8.90~11.59 mg% TS Uetiy, Bart API4E
Z7teto] upz|gl dha 200 24.27~36.03 mg%l. 2 HE

A ApRARO] Mg BEASE AYPAFoA, HEs Ao A Hart APS4E F7kote AF8E Eoh
Table 3. Changes in color of apple vinegar by various acetic acid bacteria
Fermentation time (days)
Sample
0 5 10 15 20
Control 30.74+0.14> 38.18+0.09 21.70+£0.03% 45.7540.11% 38.69+0.06™
. AP15 41.56+0.11% 45.48+0.20™ 43.68+0.07" 44.97+2.61% 37.80+0.11
(th[;ness) AP16 33.01£0.03™ 42.49+0.25%° 45.85+0.34% 45.78+0.06™ 53.02+0.16"
AP21 33.80:£0.05% 37.42+0.21% 41.89+0.11%¢ 34.46+0.30™ 36.09+0.30%
AP30 38.13+0.01 34.53+0.04™ 43.49+0.12%° 39.58+0.14% 32.05£0.02%
Control 26.04+0.04% 19.23+0.00 23.64+0.01% 14.21+0.04™ 15.77+0.18™
. AP15 20.66:£0.04% 13.47+0.02> 14.17+0.11¢ 12.66+0.00% 15.83+0.05"
(ro diess) AP16 25.610.04* 15.91+0.07% 13.23+0.08™ 13.96+0.03“ 9.84+0.03"
AP21 25.34+0.03% 18.41+0.02° 15.89:£0.02" 18.88+0.06™ 17.41£0.15™
AP30 23.00:£0.06™ 18.800.06% 13.69+0.04™ 15.68+0.08™ 18.55+0.06
Control 50.93+0.23% 55.92+0.05" 36.73+0.08% 52.65+0.06 50.29+0.10™
. AP15 59.65+0.06" 48.53+0.04% 48.40+0.25 46.15+0.00™ 49.52+0.01%
(yellotz)vness) AP16 53.99+0.05 54.0240.07"° 50.02+0.03%° 51.16+0.02% 45.400.03™
AP21 54.88+0.08 53.5120.14™ 52.45+0.08% 51.2240.21™ 51.09+0.07™
AP30 58.72+0.05"° 51.50£0.26™ 49.36+0.08™ 49.95+0.02° 48.28+0.06™

Each values meantS.D.

“*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.001).
AEyalues with different capital letters within a row are significantly different by Duncan’s multiple range test (p<0.001).
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Table 4. Changes in total polyphenol, total flavonoid content and antioxidant activity (ABTS, DPPH) of apple vinegar

by various acetic acid bacteria

Fermentation time (days)

Sample
0 5 10 15 20
Control 100.90+3.374° 75.09+1.59% 71.83+1.89 73.11£1.36% 84.23+3.03%
AP15 100.39:£3.174° 83.85+1.90% 87.18+4.62% 88.94+1.47% 98.37+4.38"
Total polyphenol
(;;TTE%’O;“; AP16 96.48+2.13% 74.80+2.60 76.32+3.82% 73.4942.12 84.99+0.66™
AP21 88.88+1.90°> 90.92:1.00* 87.90+0.93™ 96.93::0.995° 121.69+1.94%°
AP30 111.23+1.85% 91.95+0.67% 97.9743.03™ 105.2542.93% 134.55+2.05M
Control 11.59+1.465 23.33+1.034% 22.69+2.174¢ 22.25+1.70"° 25.26+1.73"°
~ API5 8.90+0.98 21.95£1.91% 26.17+1.06™ 25.35+0.58™ 26.49+2.07%
(E’;a;gjfgglg) AP16 10.0020.68° 20.56+1.60™ 24,911 347 23.11+1.38% 24274158
AP21 10.47+0.435° 25.64+1.05™ 29.4940.59% 26.97+0.69% 34.23+0.50"
AP30 10.091.23%® 29.19+0.325 28.37+1.438C 26.77+0.75 36.03+1.46%
Control 82.87+1.00* 83.19+0.89 66.79+5.78%° 81.37+0.56™ 83.0420.624%
DPPH radical  AP15 83.3242.39™ 83.23+2.44% 80.23+1.76* 83.55+0.85" 80.29+3.82%
scavenging  API6 81.22+42.814 82.57+1.46" 79.62+0.584 80.83+3.78 82.60+0.98"*
activity (%) Appj 80.20+3.10% 83.67+1.334 81.10£1.67% 82.46:£0.374B 84.17+0.32%
AP30 82.02+1.5748 84.78+0.79™ 83.02+1.044 79.7342 455 84.18+1.19™
Control 76.18+1.90%° 81.65+1.60"° 47.09+1.25P¢ 68.71+1.33 69.57+1.06°
ABTS radical  AP15 78.53+1.17% 85.54+0.61" 73.09+1.15™ 75.39+0.64° 77.78+0.56™
scavenging  API6 76.54£0.11¢° 82.88+0.83"° 75.5340.20™ 74.38+0.88% 77.91£0.17%
activity (%) Appj 78.15+1.13% 733141245 6534046 59.88+2.17™ 71.17+0.40%°
AP30 78.02:+0.774% 77.13+0.78*° 63.71+0.92% 62.42+1.22% 66.36+1.66™

Each values meantS.D.

*Values with different small letters within a column are significantly different by Duncan’s multiple range test (p<0.001).
AEyalues with different capital letters within a row are significantly different by Duncan’s multiple range test (p<0.001).
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Abstract

This study aims to develop a deep learning model to monitor rice serving amounts in institutional foodservice, enhancing
personalized nutrition management. The goal is to identify the best convolutional neural network (CNN) for detecting rice quantities
on serving trays, addressing balanced dietary intake challenges. Both a vanilla CNN and 12 pre-trained CNNs were tested, using
features extracted from images of varying rice quantities on white trays. Configurations included optimizers, image generation, dropout,
feature extraction, and fine-tuning, with top-1 validation accuracy as the evaluation metric. The vanilla CNN achieved 60% top-1
validation accuracy, while pre-trained CNNs significantly improved performance, reaching up to 90% accuracy. MobileNetV2, suitable
for mobile devices, achieved a minimum 76% accuracy. These results suggest the model can effectively monitor rice servings, with
potential for improvement through ongoing data collection and training. This development represents a significant advancement in
personalized nutrition management, with high validation accuracy indicating its potential utility in dietary management. Continuous
improvement based on expanding datasets promises enhanced precision and reliability, contributing to better health outcomes.

Key words: deep learning, neural networks, computer, rice, food services

Introduction

In institutional food service, the allocation and consumption
of food portions often reflect individual preferences despite
dietitians' efforts to ensure a balanced diet. This scenario
presents a unique challenge in group meal provision, which aims
to meet diverse dietary needs while maintaining nutritional
balance (National Academies of Sciences, Engineering, and
Medicine 2016; Peano et al. 2022; Yeom & Choi 2023).

Carbohydrates, as a major energy source, constitute approximately
55~65% of daily energy intake (Korean Nutrition Society 2020).
This nutrient plays a critical role in the functioning of various
organs, such as the brain, red blood cells, retina, lens, and renal
medulla, which predominantly utilize glucose as their primary
energy substrate. Therefore, maintaining a consistent blood
glucose level is imperative for the optimal functioning of these

organs, highlighting the necessity for regular carbohydrate

consumption. This dietary requirement underscores the importance
of carbohydrates in the human diet, particularly in relation to
maintaining the energy demands of critical bodily functions
(Kim MH 2013; Stubbs RJ 2021; Pan et al. 2023; Wali et al.
2023).

The proportion of energy intake from carbohydrates is closely
associated with chronic diseases. Patients diagnosed with
hypertension, metabolic syndrome, and diabetes tend to derive
over 70% of their total energy from carbohydrates, a trend
particularly pronounced among individuals over the age of 60.
In a study targeting adults and the elderly over 40 in Korea, it
was found that those with a carbohydrate energy intake ratio
exceeding 65% had a 1.18 times higher likelihood of being at
high risk for cardiovascular diseases compared to those with a
ratio of 55~65% (Hou et al. 2022).

While many studies have reported positive correlations
between low-carbohydrate, high-fat diets and health benefits, par-

' Corresponding author: Eun Young Choi, Assistant Professor, Dept. of Food and Nutrition, Bucheon University, Bucheon 15073,
Korea. Tel: +82-32-610-3442, Fax: +82-32-610-3205, E-mail: eychoi@bc.ac.kr
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ticularly in terms of lower overall calorie intake, recent research
on long-term health maintenance has shown varying results.
Consequently, the importance of adequate energy intake and
appropriate carbohydrate consumption is being emphasized. This
growing interest among those responsible for meal planning
reflects an increased awareness of the role of balanced
carbohydrate intake in overall health and nutrition (Yang et al.
2022; Santamarina et al. 2023).

There are various methods for measuring food intake. First,
there is the traditional method of directly measuring with a scale.
This method offers high accuracy and reliability, but it is
time-consuming, has limitations in portability, and does not
provide information beyond weight. Second, there are methods
using machines. For example, scanning food with a photo to
measure volume and convert it to weight is a hygienic,
contactless method that can quickly process large quantities of
food. However, it may lack accuracy, be costly, and be
influenced by environmental factors. Additionally, there is the
method of using trained models to perform automated
measurements, which offers high scalability and precision but
requires a large amount of data and a complex training process.

Currently, various deep learning models and systems are
utilized for nutrition management worldwide. For example,
studies utilizing FoodAl in the United States and the
UECFo0d100 and UECFood256 datasets in Japan have been
actively conducted, focusing primarily on food image recognition
and classification (Sahoo et al. 2019; Kawano & Yanai 2014).
However, these models are not capable of directly analyzing
food intake, and additional data and analytical techniques are
required to achieve this.

In Korea, certain services have gained attention for using
computer vision to measure the image and volume of food.
Computer vision employs traditional image analysis techniques,
analyzing images through manually defined algorithms (Bolafios
& Radeva 2016). In contrast, Convolutional Neural Networks
(CNNs), a deep learning-based approach, automatically extract
and analyze complex features from images through data training.
Although CNNs require more data, they excel in solving more
complex problems (Sandler et al. 2018).

Despite the availability of various tools for meal management
and food intake surveys, most methods involve manually
entering food names and quantities to calculate calorie and
nutrient intake (Kalivaraprasad et al. 2021). As smartphones

have become more widespread, capturing images has become
easier, leading to increased demand for image-based calorie
estimation. However, research on applying artificial intelligence
to extract characteristics from images, estimate weight, and
calculate nutrient intake remains insufficient (Mezgec et al.
2017; Vasiloglou et al. 2018; Cai et al. 2019; Lu et al. 2020;
Fragopoulou et al. 2021; Matusheski et al. 2021).

CNNs play a crucial role in object detection (identifying
specific objects within an image) and object segmentation
(distinguishing objects from the background in an image).
Despite these advancements, the efficiency of training and
validation can vary significantly depending on the characteristics
of the images. Therefore, it is challenging to determine the exact
number of images required to achieve the desired accuracy
before conducting a study. Nonetheless, having more data
generally contributes to improving the accuracy of results.

Object Detection Models: SSD (Single Shot Multibox
Detector) scans an image once and identifies objects within it
R-CNN  (Region-based

Network) identifies potential areas where objects might be

efficiently. convolutional ~ Neural
located and then closely examines these areas to identify the
objects, akin to first spotting interesting regions in a photo and
then zooming in to see what is there. These models use
pre-trained CNNs such as VGGNet, ResNet, ResNeXt,
MobileNet, and AlexNet as backbones, which demonstrate strong
efficiency in extracting image characteristics due to their
powerful and well-optimized architectures (Girshick et al. 2014;
Simonyan & Zisserman, 2015; Szegedy et al., 2015; He et al.
2016; Liu et al. 2016; Chollet F 2017, Howard et al. 2017,
Huang et al.,, 2017, Tan & Le 2019).

Object Segmentation Models: Models like U-Net, FCN (Fully
Convolutional Network), and DeepLab are used to separate
objects from the background in an image, such as distinguishing
a person from the surrounding scenery. These models also utilize
pre-trained CNNs like VGGNet, ResNet, EfficientNet, and
Xception for feature extraction, directly influencing the
performance of object detection and segmentation (Ronneberger
et al. 2015; Chen et al. 2017).

The optimal structure of a CNN can be tailored according to
the characteristics of the image, such as texture and color. More
complex image features require deeper and more complex CNNs.
Additionally, the optimal combination of filter size and number,

pooling layers, types of optimizers, and the application of
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Fig. 1. Derivation of optimal convolutional neural network backbone for rice quantity detection.

dropout significantly enhances the accuracy of image feature
extraction.

This study aims to identify the optimal CNN model for
analyzing the amount of rice on a serving tray. To achieve this,
two approaches are used as illustrated in Fig. 1: first, a vanilla
CNN trained from scratch using new image datasets; and second,
a pre-trained CNN fine-tuned with our specific data. The
performance of image feature extraction in all networks varies
significantly depending on the optimizer, type of pooling,
application of image augmentation, dropout, and network size.
Therefore, deriving optimal conditions tailored to specific image
characteristics is crucial.

Such a personalized monitoring system is vital for efficient
meal management. It helps reduce rice wastage, ensures that only
the necessary amount is prepared, and achieves cost savings.
Additionally, it enables the provision of customized diets that
consider individual eating habits. This study focuses on
developing the optimal neural network model to achieve these

objectives.

Subjects and Methods

1. Building image datasets

For the purpose of deriving the optimal CNN for extracting
features from images based on the grain serving sizes on a white
tray, we have captured and secured image data for training and
validating the CNN. As illustrated in Fig. 2, this dataset

encompasses seven different labels corresponding to rice serving

sizes of 0 g (0 kcal), 70 g (100 kcal), 140 g (200 kcal), 210
g (300 kcal), 280 g (400 kcal), 350 g (500 kcal), and 420 g
(600kcal). Each label represents a distinct amount of grain
served on the tray, allowing for a comprehensive evaluation of
the CNN's ability to accurately extract features related to varying
quantities of grain servings.

A total of 630 images were captured and used in this study,
with each image being set to a resolution of 224x224 pixels. The
entire image dataset was randomly split into training and

validation sets at a ratio of 7:3, respectively.

2. Image feature extraction backbone

1) Vanilla convolutional Neural Network

In this study, a CNN was used to predict the quantity of
cereal on a tray. The input image used for the experiment was
reduced to a resolution of 13x13x256 pixels and fed into the
neural network. A vector containing 256 elements extracted from
each image was input into a Rectified Linear Unit (ReLU) layer,
and finally, the softmax layer predicted the quantity of cereal,
which could be 0 g, 70 g, 140 g, 210 g, 280 g, 350 g, or 420
g. The specific dimensions of each layer of the neural network
and the applied hyperparameters are summarized in Table 1.
This table provides a summary of the neural network's structure
and hyperparameters, helping to understand and optimize the
model's complexity and data processing flow. It also ensures the
reproducibility of the research. The primary advantage of CNNs

is their ability to extract local features, thereby reducing the size
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Fig. 2. Examples of images for rice quantity detection.

Table 1. Structure and hyperparameters of a vanilla convolutional neural Network used for rice quantity detection

Number of parameters

Layer type Output shape® (Total number of weights)
Conv2D 1" 223,223,32 416
MaxPooling2D_1 111,111,32 0
Conv2D 2 110,110,64 8,256
MaxPooling2D 2 55,55,64 0
Conv2D 3 54,54,128 32,896
MaxPooling2D 3 27,227,128 0
Conv2D 4 26,26,256 131,328
MaxPooling2D 4 13,13,256 0
Flatten 43,624 0
Dense (ReLU) 256 11,075,840
Dense (softmax) 7 1,799

- Activation function: ReLU / Softmax

- Rate of learning: 1x10°

- Loss function: Categorical cross entropy

- Optimizer: RMSprop? / Adam®
prop

Y Conv2D: convolutional 2D.

2 RMSprop: root mean square propagation.
? Adam: adaptive moment estimation.

9 Output shape: The dimensions of the image data after it passes through each layer of the network.

of the input data and consequently decreasing the computational
load. In this study, the pooling layers reduced the spatial size
of the input array through a process known as downsampling.
Max pooling selects the maximum value from a subset of the
input array, whereas average pooling computes the average
value. Based on the study by Dominik Scherer et al. (Scherer
et al. 2010), which demonstrated that max pooling performs

better than average pooling on image datasets, max pooling was
employed in this study. Additionally, instead of sigmoid-shaped
activation functions like y=tanh(x), which amplify nonlinearity
and increase computational time, the ReLU activation function
was adopted for its efficiency in reducing computational burden
(Krizhevsky et al. 2017). Given that this study involves
multi-class classification, the softmax function was utilized.
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The detailed structure of the neural network and the specifics
of each layer are as follows:
1. Input Layer: Receives image data with a resolution of
13x13x256 pixels.
2. convolutional Layer: Uses multiple filters to extract features
from the image.
3. Pooling Layer: Reduces the size of the feature map using
max pooling.
4. Activation Layer: Applies the ReLU activation function to
introduce nonlinearity.
5. Output Layer: Utilizes the softmax function to predict the
final quantity of cereal.
This study designed and trained a neural network using CNN
to predict the quantity of cereal on a tray by applying

appropriate techniques and hyperparameters at each layer.

2) Pre-trained convolutional Neural Networks

Pre-trained CNNs are networks that have been previously
trained on large datasets, allowing them to act as generalized
models that efficiently perform tasks even on images that are
completely different from the ones they were originally trained
on. Feature extraction involves using a network system that has
been pre-trained on a large dataset to extract features from a new
image dataset. Based on these extracted features, a custom
classifier for the new image dataset is trained. Feature extraction
can be further divided into fast feature extraction and feature
extraction (Lin et al. 2011).

Fast feature extraction involves running a pre-trained CNN on
a new image dataset and saving the output as a NumPy array
on disk for use as input to a separate fully connected classifier.
This method is efficient and cost-effective because it requires
executing the computationally intensive convolution operations
only once. However, it does not allow for the application of data
generation to minimize overfitting.

Feature extraction involves extending a pre-trained CNN by
stacking dense layers on top and then running the entire model
end-to-end on new image data. This approach allows for the use
of image generation, as all input images exposed to the model
pass through the convolution base layers every time.

As of January 12, 2022, the Keras website lists 39 pre-trained
deep learning models available for use alongside pre-trained
weights. Among these, the pre-trained deep learning models
widely used in the field of computer vision include ResNetS0,
EfficientNet, and InceptionV3. The ResNet50 model, developed
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by Microsoft, addresses the vanishing gradient problem and is
composed of up to 100 layers. EfficientNet, a state-of-the-art
(SOTA) model developed by Google, and InceptionV3, also
developed by Google, are evaluated as efficient in terms of the
number of parameters they generate and the computational cost
incurred.

In this study, we utilize pre-trained CNN models to extract
features from a new image dataset and train a custom classifier
based on these features. We compare the differences between
fast feature extraction and feature extraction methods and

analyze the advantages and disadvantages of each approach.

3) Simulation methodology

In Convolutional Neural Networks (CNNs), optimizers are
algorithms that modify network attributes such as weights and
learning rates to reduce loss. In this study, the RMSprop and
Adam optimizers were applied. The RMSprop optimizer is an
extension of the gradient descent algorithm and uses the
decaying average of partial gradients to adjust the step size for
each parameter. Using decaying moving averages overcomes the
limitations of adaptive gradient algorithms, where the algorithm
forgets the initial gradient and focuses only on the most recent
gradient during the search process (Kurbiel & Khaleghian 2017).

The Adam optimizer is an extension of stochastic gradient
descent widely adopted in recent deep learning applications in
the fields of computer vision and natural language processing.
It combines the advantages of the adaptive gradient algorithm,
which maintains the learning rate for each parameter to improve
performance on sparse gradients, and the RMSprop algorithm,
which adjusts the learning rate for each parameter based on the
average of recent gradient sizes (Kingma & Ba 2014).

Overfitting occurs when there is insufficient training data,
making it challenging to train a model that can generalize well
to new data. Image generation is a technique used to increase
the diversity of the dataset by generating similar image samples,
thereby reducing overfitting. In this study, image generation was
applied by varying the image rotation by +20°, image height by
+10%, image width by +£10%, and image size by +10%.

Dropout is one of the most effective and widely used
regularization techniques for neural networks. Applying dropout
to a network layer randomly excludes some of the layer's output
features during training. The dropout rate is typically set between
0 and 0.5 (0 to 50%) (Srivastava et al. 2014). In this study, a

dropout rate of 50% was applied to evaluate the impact of
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dropout.

To derive the maximum performance of the vanilla CNN, we
evaluated the changes in performance based on the optimizer,
image generation, and dropout (50%). Similarly, to ascertain the
maximum performance of 12 pre-trained CNNs, we assessed the
variations in performance due to the optimizer, dropout (50%),
image generation, feature extraction methods, and fine-tuning.

The considered cases are presented in Table 2.

Results

1. Vanilla CNN

The changes in training and validation accuracy for the vanilla
CNN, according to the type of optimizer, image generation, and
dropout, are depicted in Fig. 3. Examining the training and
validation accuracy graphs in Fig. 3 reveals that cases V1, V2,
V5, and V6, where image generation was applied, show a
phenomenon of underfitting, with validation accuracy higher
than training accuracy. This indicates that the vanilla CNN did
not fully learn the characteristics of the training image data. On
the other hand, cases V3, V4, V7, and V8, where either dropout

was applied or neither image augmentation nor dropout was
applied, display overfitting, with training accuracy exceeding
validation accuracy. The top-1 validation accuracy from Fig. 3
have been compiled in Table 3. Validation accuracy is measured
as the ratio of predictions that match the true values across the
entire validation dataset when the trained architecture predicts
weight based on image features. The closer the predicted rice
weight is to the true value, the higher the accuracy. Validation
accuracies are automatically computed and presented during the
training process.

Generalization refers to how well a trained neural network
performs on new data. The top-1 validation accuracy of V1, V2,
V5, and V6 in Table 3 are results derived from underfitting,
indicating insufficient generalization, which suggests a high level
of uncertainty when applying to an actual dispensing system.
Conversely, the top-1 validation accuracy of V3, V4, V7, and
V8 in Table 3, which have relatively higher generalization from
overfitting, were analyzed to be low at 55~60%. There is a
significant difference between training accuracy and validation

accuracy, indicating a gap in performance.

Table 2. Simulation cases of pre-trained and vanilla convolutional neural networks for rice quantity detection

Case
timizer Dropout Image generation Extraction type Tunnin,
Vanilla CNN  Pre-trained CNN Op P & & P &
Vi P1 ) No
Yes Feature extraction
- P2 Yes
Yes
V2 P3 ) No
No Fast feature extraction
- P4 . Yes
RMSprop"
V3 P5 ) No
Yes Feature extraction
- P6 Yes
No
V4 P7 ) No
No Fast feature extraction
- P8 Yes
V5 P9 ) No
Yes Feature extraction
- P10 Yes
Yes
V6 P11 ) No
No Fast feature extraction
- P12 ) Yes
Adam?
V7 P13 ) No
Yes Feature extraction
- P14 Yes
No
V8 P15 ) No
No Fast feature extraction
- P16 Yes

Y RMSprop: root mean square propagation.
2 Adam: adaptive moment estimation.
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Table 3. Maximum validation accuracy” of vanilla convolutional neural network for rice quantity detection

Case ID

Remark
V1 V2

V3 V4 V5 V6 Vi V8

Top-1 validation accuracy (%) 82%" 82%"

55% 55% 88%" 72%" 60% 58%

Y Accuracy=Number of correct predictions/total number of predictions.

“Underfitting.

2. Pre-trained CNNs

As previously discussed, simulations were conducted for 16
scenarios involving twelve pre-trained CNN, including VGG19,
considering variables such as image generation, fine-tuning, the
application of dropout, optimizer types, and methods of feature
extraction. CNN iterate through convolutional and pooling
layers, generating feature maps at each stage. The activation
results within the VGG19 pre-trained CNN based on the image

(A) After passing the blockl conv2 layer

Layer Activation: (1, 224, 224, 64)

0 200 400 600 800 1000 1200

(C) After passing the block3 conv4 layer

input in Fig. 2 are summarized in Fig. 4. After passing through
the first layer of the VGG19 pre-trained CNN, the feature map
illustrated in Fig. 4A is derived from the results of 64 filters,
maintaining all information of the initial input image. However,
as we ascend to the higher layers of the VGGI9 pre-trained
CNN, the activations become increasingly abstract and visually
challenging to comprehend. This transition results in a gradual

reduction of information about the visual content of the image,

(B) After passing the blockl pool layer

Layer Activation: (1, 112, 112, 64)

Fig. 4. Interlayer feature map of VGG"19 pre-trained convolutional neural network for rice quantity detection. ' VGG:

visual geometry group.
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while information pertaining to the image's class progressively
increases, as demonstrated in Fig. 4B, 4C, and 4D.

The results of simulations with 12 pre-trained CNN indicated
that models such as VGGI16 are suitable for image feature
extraction in this study, with key outcomes displayed in Fig. 5.
The top-1 validation accuracy of all pre-trained CNN are
summarized in Table 4.

In Fig. 5, training and validation accuracy increases with
learning iterations, and overfitting, which is important for
generalization, is investigated. In Table 4, it was analyzed that
ResNet50, ResNet152, EfficientB7, and MobileNetV3 small
pre-trained CNN were not suitable for detecting the amount of
grain ration on a white serving tray, which is the subject of this
study.

InceptionV3, MobileNetV2 256, and MobileNetV2 1024
pre-trained CNN were found to faithfully extract grain image
characteristics in all cases in Table 4. VGGl6, VGGI19,
DesNet121, DesNet201, MobileNetV2 Large pre-trained CNN

were evaluated to faithfully extract grain image characteristics

(A) VGG"19, Case P5

100%

Training aceuracy
90%

-====- Validation accuracy

accuracy

] 200 400 600 800 1000

(C) DesNet201, Case P1

100%

accuracy
@
&

——— ‘Training accuracy

—————— Validation accuracy

° 200 a00 600 800 1000
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only under certain conditions. , taking into account overfitting
for generalization and minimizing the difference between
training and verification accuracy.

Table 5 shows that when applying the P5 and P13 conditions
in Table 2 to the DesNet121 pre-trained CNN, top-1 verification
accuracy of 90% is secured. P5 and P13 are cases where dropout
and fine tuning are not applied, but image generation and general
feature extraction are applied. The optimizer RMSprop and
Adam types were analyzed to have no effect.

Pre-trained CNN exhibit excellent capabilities for image
feature extraction but are associated with high computational
demands. This presents a challenge when deploying these
networks on mobile devices, where power consumption becomes
a critical concern. In response to the design requirements of
mobile and embedded vision applications, Andrew G. Howard
and colleagues developed the MobileNetV2, MobileNetV3Large,
and MobileNetV3Small pre-trained CNN, tailored to efficiently
address these constraints (Howard et al. 2017; Sandler et al.

2018; Howard et al. 2019).

(B) DesNet?121, Case P5

.uw;@”r F‘v#ﬂ" 'ﬂgf'\a ‘Mg

accuracy
@
8
&

——— ‘Iraining accuracy

______ Validation accuracy

0 200 400 600 800 1000
epoch

(D) MobileNet?V2 1024, Case P5

100%

accuracy

o Training accuracy
====== Validation accuracy

o 200 ago 600 800 1000
epoch

Fig. 5. Suitable pre-trained convolutional neural network for image feature extraction for rice quantity detection. ” VGGnet:

visual geometry group network. ? DesNet: densely connected convolutional network. ¥ MobileNet: mobile network.
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Table 4. Top-1 validation accuracy” of pre-trained convolutional neural network for rice quantity detection

Case ResNet”50 ResNet152 EfficientNetB7 InceptionV3 VGGY16 VGG19
P1 - - - 60% - -
P2 - - - 50% - -
P3 - - - 50% - -
P4 - - - 50% - -
P5 - - - 65% 72% 75%
P6 - - - 40% - -
P7 - - - 45% 55% 48%
P8 - - - 45% 50% 48%
P9 - - - 70% - -
P10 - - - 75% - -
P11 - - - 56% 58% 48%
P12 - - - 55% 58% 55%
P13 - - - 65% - -
P14 - - - 45% - -
P15 - - - 45% 48% 51%
P16 - - - 40% 51% 41%
Case DesNet¥121 DesNet201 MobileNet?V2 256 MobileNetV2 1024 MobileNetV3 Large MobileNetV3 Small
P1 75%" 80% 60% 65% - -
P2 - - 29% 25% 38% -
P3 55% 60% 55% 58% - -
P4 55% 60% 55% 58% - -
P5 80% 73% 70% 75% - -
P6 40% - 40% 21% 23% -
P7 51% 60% 50% 48% - -
P8 58% 55% 50% 52% - -
P9 82%" 78% 68%" 76% - -
P10 58% - 31% 28% 22% -
P11 65% 60% 52% 58% - -
P12 65% 60% 52% 58% - -
P13 80% 90% 2% 73% - -
P14 32% 50% 30% 38% 22% -
P15 55% 55% 50% 55% - -
P16 66% 50% 45% 48% - -

" Accuracy=Number of correct predictions/total number of predictions.
? ResNet: residual network.

) VGGNet: visual geometry group network.

9 DesNet: densely connected convolutional network.

% MobileNet: mobile network.

-: unresponsive, *: underfitting.
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Table 5. Top-1 validation accuracy” of pre-trained convolutional neural network for rice quantity detection

Network Maximum validation accuracy Case
InceptionV3 65% P5
VGG?16 72% PS5
VGGI19 75% PS5
DesNet”121 80% Ps, P13
DesNet201 90% P13
MobileNet” V2 256 72% P13
MobileNetV2 1024 76% P9
MobileNetV3 Large 38% P2

Y Accuracy=Number of correct predictions/total number of predictions.

? VGGnet: visual geometry group network.
) DesNet: densely connected convolutional network.
9 MobileNet: mobile network.

Our evaluation revealed that, among the MobileNet
architectures, the MobileNetV3Large and MobileNetV3Small
networks were not suitable for detecting rice serving amounts,
as indicated in our results. Conversely, the MobileNetV2
network demonstrated a promising application in this context,
achieving a top-1 validation accuracy of 76% for rice serving

amount detection on mobile platforms, as assessed in our study.

Discussion

This study investigates the application of CNN not only for
image classification but also as backbones for object detection
and segmentation, focusing on extracting features from images
of rice serving amount changes on white serving trays. We
specifically used white trays because training a model to detect
white rice on a white tray is considered more challenging than
detecting white rice on trays of other colors or materials, such
as aluminum. From this, we inferred that the model could
achieve similar or even higher accuracy when detecting white
rice on trays of different colors or materials.

The study further examines the training and validation
accuracy of both vanilla and pre-trained CNNs, considering
factors such as the type of optimizer, the application of image
augmentation and dropout, and different methods of feature
extraction. By analyzing these factors, we aim to identify the
optimal conditions for accurately detecting and segmenting rice
servings, which could then be generalized to various tray types

and conditions.

In the application of vanilla CNN, the implementation of
image generation has been observed to increase validation
accuracy. However, an instance of underfitting is identified
where the validation accuracy exceeds the training accuracy
significantly at the number of iterations required to achieve top-1
validation accuracy, rendering it unsuitable for generalization
necessary for real-world applications. Conversely, when only
dropout is applied or neither image augmentation nor dropout is
implemented, a typical case of overfitting occurs. Not only is
there a significant difference between training and validation
accuracy, but the top-1 validation accuracy is also found to be
limited to a range of 55-60%, indicating suboptimal performance.

In the application of twelve pre-trained CNN, it was analyzed
that ResNet50, ResNet152, EfficientB7, and MobileNetV3_small
pre-trained CNNs are not suitable for detecting rice serving
amounts. Conversely, the InceptionV3, MobileNetV2 256, and
MobileNetV2 1024 pre-trained CNNs have been evaluated as
effectively extracting the characteristics of rice serving amount
images. The VGG16, VGG19, DesNet121, DesNet201, and
MobileNetV2 Large pre-trained CNN were found to faithfully
extract the characteristics of rice serving amount images only
under specific conditions.

The derived top-1 validation accuracy of pre-trained CNN
reached 90% in the case of the DesNetl21 network when the
RMSprop or Adam optimizer was applied, without the
application of dropout and fine-tuning, and with the inclusion of
image generation and general feature extraction techniques. For
on mobile devices, the

detecting rice serving amounts
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MobileNetV2 network, among the MobileNets, was evaluated as
highly suitable due to its ability to minimize the use of resources
such as power on mobile devices.

The successful creation and deployment of a deep learning
model for quantifying rice servings in institutional foodservice
represent significant progress in the field of personalized
nutrition management. The model's high validation accuracy
suggests promising potential for effective diet management. In
traditional Korean meals, the quantities of specific components
such as rice, soups, main courses (primarily protein-based), side
dishes (e.g., vegetables), and kimchi are often influenced by
individuals' nutritional knowledge and health awareness. This
variability underscores the need to analyze the nutritional content
across various food groups.

It is thought that future research should expand to include
main courses and side dishes to develop a comprehensive
understanding of the entire meal's nutritional composition. Such
technological advancements will enhance the ability to detect the
nutritional content of the entire tray, thereby supporting efforts
to tailor dietary intake to meet individual nutritional requirements

and promoting personalized nutrition management.
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Antioxidant and Cell Protection Effects of Ethanolic Extract from
Cirsium setidens, Allium hookeri, Aronia melancocarpa

THye Sook Ryu and Hae Yeon Choi

Professor, Dept. of Food and Nutrition, Sangji University, Wonju 26339, Korea
"Professor, Dept. of Food Service Management and Nutrition, Kongju National University, Gongju 323588, Korea

Abstract

Cirsium setidens, Allium hookeri, Aronia melancocarpa, are popular dietary ingredients for Asian cuisine or beverage. this study
attempted to search and report the antioxidant activity of extracts of aronia, gondre and samchae, which are used for food in Korea.
As a result, total phenol content and DPPH radical scavenging activity tended to increase, and Gondre extract showed the highest
DPPH radical scavenging activity effect. The results of a study on the ABTS radical scavenging activity of extracts of Gondre, Aronia,
and Samchae showed a tendency for radical scavenging activity to increase as the concentration increased. Gondre hot water extract
showed the highest ABTS radical scavenging activity. In this way, antioxidant activity was shown in the order of Gondre, Aronia,
and Samchae, and the concentration showed a high activity effect at high concentrations. In the cell protection effect results, the
concentration of Gondre extract was 500 pg/mL, the Samchae alcohol extract was used at concentrations of 2.5, 5, 7.5, and 10 png/mL,
and the Aronia extract was used at concentrations of 125 ug/ml. and showed a cytoprotective effect at 250 ng/mL. We hope that
these research results will be used as basic data for the development of various functional foods.

Key words: cell protection effect, phenol, antioxidant activity, anticancer effects

M E e Beetal Sy, 9ok 2ot &5te] Q1AL /I ot
o] il st} A2t FE2E Jo= FEA SUthlee T

AZo] 7154 Fto] i3t TAES} Hobdl A|h#l 5 2014a). ofZUoo] JAAHEL SE 8436%, EHSHE
ol B3 AEZ o83t 71548 a4 YEo] d=o] & 14.37%, T 0.7%, A& 0.14% -5-(Tanaka & Tanaka 2001)
SHA AP QIek TS o] &3 AR HIHE, of2Y o0& FA4Eo] 9lon, Zulilo] &5 ofZLot: BHx
o2 T3 ThFt SR 7154 AE, ARE o]8st A 2] (black chokeberry)2hil £, ghal A, o] Fof 4]
A7 2 7154 AE So] thFebA ALEL Uk ol E AR J154 242 9 BEHT JckSuio 5
AR50 ARBA Aol e AT B BUSA AYE  2006; Jeong IM 2008). T AFAR 0] WA LA
T 9lch ZEFHE IR A Auhe Felata J_E%"mﬁqﬂ} AL dsts AU A% BeH V1A 24 HFL
I BEeu, e nEY, BF 5o AjEE A IR S W Q) Zlolth(Han 5 2019). DA} 49 4]
2 FFA 9ot Lyt AZ 2F 5 771-o| Tﬂ} S A A9, FIZ, 5, FLaTHPark 5 1998;
A7 B AR Q17]1E AT Urhlee B 2000) AFE  Kim & 2005) & ohFE AFEo] FAS ¥ 9tk Noh

' Corresponding author: Hye Sook Ryu, Professor, Dept. of Food and Nutrition, Sangji University, Wonju 26339, Korea. Tel:
+82-33-738-7641, Fax: +82-33-730-0186, E-mail: rhs7420@hanmail.net
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S013)0 mEH Z=H = 7 AWEE AR o Bt QL
£ 208 Bughu glon, 2 &89 HSISHE
o] B4 A & g AL A3 A UthKim
S 2016). A ELS o83t A1) ofE] BHUEA 9 A%
/3 A-HKim DS 2014), A )& A7FeE A9 FHAEA
59 A7k HarE Hh Qlth(Lee 5 2014a). 3 4H9] A
4 a9E dANREY, 95 83 5ol g8A Aot
(Bae & Bae 2012; Kim 5 2012). of2Uo}o] Aajed s
AEs), 9IRS & T (Niedworok 5 1997; Jeong JM 2008;
Hwang 5 2014), §9%, F a3}, WA (Jankowski &
19995 et A7F BalEaL Qlot. waba] 2 Atof A
£ YUl 4808 F& o] &5t of TR/ AE
A FolA AZACE F2 o] &HE ArE FHEY, ¥
95 T Y4 33t AHE AEE TAZ(eong M
2008; Lee S 2014b; Kim S 2016) =], AH, of2 U o}&
Az Aro] wet vje&S S Yo & FEoto] A}
4 N2ZRS G35 FMotaA; okt

ol died
S H

M

L

1. AEizE o 52 A

B AT MEZ 0|85t Z=H|(Cirsium setidens), 2]
(Allium hookeri) OFZ2 Y OK(Aronia melancocarpa)y= 73Q%E ¥
F 2419 mEOM AxH ARE FUst] Aol ARES
ek F4H FE2202 FEHHNAMY FFdFe T2 S
oA kil FE8710] 3 FEFE 24T 74 A=
Az Aol meh 358719 &3l A of=yoret A
o= 50%2 F40 ARE 111, 2= F4% ARE
21 vl 21Z GEI5te] 0TAA oAt &7 ¥4 =
HHog FEH FEE2 JIAI(No 41, Whatmman,
Maid stone, UK)X|Z o]EZE AAF T 5=7|(EYELA,
Tokyo, Japan)= F55t0] F21% & Y& Hasto] 5Ix
Aoz Ao o]-&skAtt.

kA

T

H FEES THFTE 94T v 5 mLY] SR F7lsto

St & A2oA 387 AT F EEgEA|(X-ma 3100,
n Coperation, Seoul, Korea)S ©]-&35}] 725 nmof| A &3

T8 St § E9uE g2 7 QlARS o] &5t

2% REFACERE 7HHQI4AN FFoE UER I

Z ETH 0| E $FEF2 Moreno(2000)9] IO 2 &5
0.5 mLof| 10% A4 0.1 mL, 1 M o EARZE 0.1 mL
9 ethanol 4.3 mLE X} 2 7}ste] &3l AL0A 405
ZF WX & B3P A (X-ma 3100, Human Coperation,
Seoul, Korea) 415 nmo| A SF=E FF5H30Hh & St
o= gFe ARG ol8stol BT BRI 2R
% Zehaiols e AN,

4. DPPH 2iC|Z ANEN =X

DPPH &0}z AAZAL Lee 5(2007)9] WS 283t
of a5}9lT}. DPPH 2HelZr £AE4S Choi 5(1993)9) 1
Hof| wat 827 (free radical)S oIttt 2T, A,
of2 Yol 34 FZE AR 3HH 04 mLo] 1x10* M
DPPH £ H(HE2) 5.6 mLE H7}st &, 1087 Wx|gt &
525 nm A FFEE S5FATHYu KW 2020). E/4H]i
£ Y3 EFEYL opATEHANS ARSI, AR T 4

ZHrell it A7l B HIE YER AT

EDA (%)
(Electron donating ability) 2 &5

5. ABTS ZiC|Z A7{Ey &3 A &2y =3

STARHE 2 Re 5(1999) 810l wet 7.4 mM 2,2*-Azino-
bis(3-ethylbenzothiazoline-6-sulfonate)(ABTS) -&20] 2.4 mM
At ZEe 9al GACA 12~16A17F Bt HESAIXL
F 734 ol FHES} 070] HEE SR o)4jste]
S AXSAH. 2= F4H FEEZ 003125025
mgmLe| AlgEsEE A5, Ao} of2 Yol 4 &
=2 025~1 mg/mLe] AR FEZE AZSE T A|F89 1 mL
of ¥-g% 2 mLE E9ksto] A2oA 1027+ ¥HEAI7|
734 ol A FYES 245190 ABTS 2z 4752
A= 7ot FE79] S8 B2 UESlH =4
&9 22 Oyaizu M(1986)2] Wiio] w2t S451%itt.
5, &9, A, otzYot 4 F&& 1 mL, NS
(200 mM, pH 6.6) 1 mL, 1% HZ|AASHEE | mLE &
I 50Col Al 2087 ¥ AIZ T 10% TCAEY 1 mLE 715}
o] 2,000 rpmof| A 1587 L4250 A2 A A 2 mLo
S5 1 mLeF 0.1% JSHE() 1 mLE 7Fsto] &qtsto]
700 nmoll A EFEE SAoth L, 4, ot Yo}
T4 FEE9 FHY2 FFE FoE UeUSlth #2E
AL ofAFEHARS o]g5to] AR 9| ABTS #Ht| @475
¥ gl Bkt

i_.

N

12

ol
-

op

o
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6. FRA (Ferric-reducing antioxidant potential)& 0|28t

FRAP% 1%0& % FAslE 242 Benzie & Strain(1999)

312 M 839, FRAP reagent OPHEAL LHE
F buffer 300 mM, pH 3.6, 40 mM HCIZ &3]3t 10 mM
2,4,6-tris(2-pyridyl)-s-triazine(TPTZ), 20 mM FeClLE 10:1:1%2
Aol SoE2 WEQTh AdL ZH7H9] A& 0.05 mLo| &
= 15 mLE 7Igt § Egete] 37CoA 5E3F KA
F BHYEA 593 molde] FYES s

7. MIZHHQF

2|, A, of2 Yot 7 FEEQ] AlE54dS ot
5] MTT(3,4,5-dimethyl-thiazol-2-ly)-2,5-diphenyl tetrazolium
bromide) assay 0] 3ko] Z45HAITHOR 5 2009). Z}2}9]
M ZZ 96 well plateo] 5x10* cel/mL =2 100 uL® H7}5}
o] 5% CO,, 37°C incubatoro]| 4] 487+ SOt HJQEA] 7] 11 W] 7]
of %0l A|R(2, 3, 4, 5 mg/mL) 100 uLE H7}sto] 24A]7F
SlFeheIT 1 7t welle] AEekg AATE F MIT 89
(5 mg/mL)yS 100 pLA FH7Fstal 37°C, 5% CO, incubatoro] 4]
4XZF © Wk MIT Alofo] H7bE WA A7
8T 570 nmof| A S5t 23S BA ST

8. SAHAz=
£ A4 dojRl BE Adts Hotd BEEAE UE
yiglon, 544 5942 SPSS(Statistical Package for the

Social Sciences, SPSS Inc., Chicago, IL, USA) programs ©]-&
o}o] one-way ANOVA(analysis of variance)Z £43F &
Duncan’s multiple range test®2 7355}9] p<0.05°4 5-2J44-&
A4 stk

23} ¥ oa
1. 28, &, OlZLot =8 F£229| & Hi= =

gl ElEL0|=
AR A= Table 10 AARE AAE &4, 4H4, ot =Y
of 4 FEE9| 3= &F 4 FEHH ol 2
ZAE 9 71 1A 0|85t TS ALttt *EEﬂ
A, of2 Yol &9 FHlw T 74 41.20 mg/g ¥
29.42 mg/g, 12.68 mg/gC & L= FH FEZEA 7 =
2 HE FS Utk thE o & of2 Yok, 4ol ]l
o} FETE ol E 2 g, A, ol Yot &9
A 22y 7.17 mg/g, 3.76 mg/g, 1.14 mg/gS YEFY o] =
FEEAA =4 vEeH, A 2552 7P @dth
0]9,]- 7Po] _J__I:Eﬂ o]—iqo]- ol /U—xﬂ zz\jA = é-‘—ﬂuﬂlr—

Y FEE0] P E AR He

kut 213

lfol'

Table 1. Total phenols and flavonoid contents of water
extract from Cirsium setidens, Allium hookeri and Aronia
melanocarp (mg/g)

Total phenol Flavonoid

Cirsium setidens 41.20+2.24" 7.17+0.58
Allium hookeri 12.68+0.30 1.1440.30
Aronia melanocarp 29.4242.42 3.76+0.89

Y Values are the meantS.D.

rlo
yd
|

g, A, ot2 Yot o7 F Eus ol

Hir ool
3 o
)

[
-‘E.

Hlolt gk 24, otZYot, 4 o]l
| Zg}Holr9] th2 12 Baek JP(2020)= L&,
H], 2JH]F, IEH7] 59 STt 0|t H| oA
64.44 mg/gO = FEH 7L 7MY w2 EFHEeo|E S U
EFQITHY BT o1}t of2Yol9] FH= g5, St

ol& &}eko] o5t 1:]- A-(Park & Hong 2014)0| 4] F4= 3
SEEY RS FEEAN 2 S UEd ZeE B
IE BF ek ARe] AT AyEE AX HeE o8
80%2] 4 FEE9 F Eds 21401, B FEES
6+0.12 UEtd 237} th(Lee 5 2014a). B AL} ThA
Zpol7F Qo ol= F49 BlEo] WE Ao|= HojZlth

)

rRorR
ﬂlil o

2. DPPH ZIC|Z A&

2, A, offYot £ 289 i 242 &
Q15}7] St DPPH free radical 2AEA =% Zi}= Table
20} Zt) 2Ty E=&2E9 AL 0625 mgmLe] ST ofA
16.49%, 1.25 mg/mL, 2.5 mg/mL, 5 mg/mLY] &L oA Z+z}
35.59%, 70.94%, 86.66%= 5 mg/mLo] FLojA 7} =2 &
4L Bt of2 o} &89 H2 0,625 mgmLY] HEI
A 11.22%, 1.25 mg/mL, 2.5 mg/mL, 5 mg/mL2] oA Z+
Z} 20.61%, 37.06%, 61.27%2] DPPH =}tz AALFL Lt
Weleh of2Yote 5 mgmLe] oA 7MY &2 G4
eI BHd, A 552 0.625 mg/mLe] 5EofA
1.65%, 125 mg/mL, 2.5 mg/mL, 5 mg/mLe] FkofA ZZ+
2.98%, 6.32%, 12.84%2 7HF F2 £A5S Bt ol &

o] |, 41 ¥ offUYo} :&=9] DPPH |4 &AL
4 &4 43 BE ANE= %7t $7Fl w2t DPPH 2
Z AAZH0] T7h= AFE BloH, HIEsE 5 mg/mL

oA ZEH ZZE 86.66%, oFEU o} 61.27% A 12.84%

9] A3E Ho, 2Td $&580| 7P %2 DPPH 2oz
2ASYS YEIT Park & Hong(2014)«1 22| Aol
Al 50%2] olgtE, HlghE FEE0A B 5k oEFo =R
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Table 2. DPPH radical scavenging activities of water extract from Cirsium setidens, Allium hookeri and Aronia melanocarp (%)

Concentration (mg/mL)

0.625 1.25 25 5
Cirsium setidens 16.49+0.64" 35.59+0.28 70.94+1.73 86.66+1.22
Allium hookeri 1.65+0.33 2.98+0.19 6.32+0.27 12.8440.27
Aronia melanocarp 11.22+0.98 20.61+0.81 37.06+0.40 61.27+0.84
0.025 0.05 0.075 0.1
Ascorbic acid 29.07+0.65 64.42+0.33 94.2440.65 95.57+0.08

D Values are the meantS.D.

DPPH free radical A2AE4Jo] 275t Ao g2 BT syt &
) I FEEH TS FEEY A4S 8FE Hwgt
Lee 5(2014b)2] A ollA= oehx &5 vl G5 5
%9 DPPH 337} &2 202 HIgH vt Qlt}h. 2=
F FEE 70%S H7Hs o] st & Aol A
Kwon 5-(2014)°)4 &% o]&& o2 DPPH &tz AAEA
2 HolFo] 57 2248 =2 42 UEd 2 A<
AR AS UE ik o]ek o] ohFet FEQ A+
Aot 2 A+ AIE & 1 & AR E9 st 71548 Al
F Mol 88 7HHE =Y & U= AREA Yoty

Hojzit.

3. ABTS 2iC|Z A&

T4 2445 AMck=d F8 W F st ABTS 2
bz aAsolth 22, A, of2Yor 4 FEEC
ABTS 2t AAEYE 573 A= Table 33 2. &
o 24 2222 0.03125, 0.0625, 0.125, 0.25 mg/mL 5T
of| Al ZHzZ} 11.21%, 21.09%, 42.51%, 81.58%, ofZL]o} =&
ZZE2 0625 125, 2.5 9 50 mgmLe BTolA Z+zt
59.54%, 73.91%, 85.62%, 94.98%= UEHQIct A1) &5
2 9.48%, 16.98%, 25.03%, 32.30%2] ABTS o)z AALS

e G}, o]} o] 2Eg, of2 Yo}, A4 4 =
9] ABTS 2z &AGA S 4= ABTS Sz &
A1} iR R w27 F718t] wE Sy A
715k A JeEith 22 4 22582 H1
% 025 mgmLol Al 81.58% AATAZL UERy o, A
4 ofg Yo} 2 FEEL Hisk 1 mgmLolA Z+
32.30%, 94.98% O AATAHE YEo] ZEd &5
o] 7MY =2 ABTS |z 2AY/E Yeth. Choi
Ryu(2015) & oh2 418 2491 e A d4F3E9)
ABTS Stz 475 574 47}, 2.5 mgmL % 5.0 mg/mL2]
EwolA] 22t 59.6% D 70.1% ABTS &tjd AASS et
W v} let. o]t A3E & uf DPPH 2oz &ASTH &
ARG AR Al 2EH S} of2 Yo} £ 2EE2 ARty
43t ol HZE 5 A At 580 U= AR B
oqZch E o2 A4 =9 ofeEd Reg &
B3 ZA &2 ABTS HZ 2744 a3 HQl Ao
2 B33l bl Ith(Choi 5 1993; Kim 5 2016).

] m

ox.
i

N

24 9

"

N

g, A4, of2 Yol 4 FEE9] U2 Table 4%}
Zth 0625, 1.25 2.5, 5.0 mgmL2] HLoA ZEF 2229

[o))

Table 3. ABTS radical scavenging activities of water extract from Cirsium setidens, Allium hookeri and Aronia melanocarp (%)

Concentration (mg/mL)

0.03125 0.0625 0.125 0.25
Cirsium setidens 11.2142.20" 21.09+0.16 42.5141.57 81.58+0.31
0.25 0.5 0.75 1
Allium hookeri 9.48+0.16 16.98+1.09 25.03+1.25 32.30:+1.25
Aronia melanocarp 59.54+1.40 73.91+0.32 85.62+0.79 94.98+0.16
0.0025 0.005 0.0075 0.01
Ascorbic acid 21.1243.83 43.81+4.71 74.19+2.94 99.69+0.15

D Values are the meantS.D.
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gL 717} 0512, 1.050, 2.052, 2.519% LEFG}OH, ofF
= ZHe = ofA] ZkzE 0.377, 0.739, 1.446, 2.4359] T+
et A 2552 22 0.059, 0.162, 0317,
06182 Fx7l S7Id45 Sdge F7F siqlt. &4,
offUo}, A1 4 FEEY &Y &4 A, Hiwe

14 © oo
o Q. io

5 mg/mLofA 7H =2 Y-S Byt L FEE
2.519, of2Yo} &5 2435 W AA FEE 0.618F Al A

0
o] 714 ¥& FURL et

LI}

g3oMe 2= B 5

WAt

5. FRAP(Ferric-reducing antioxidant power)

28|, 43 & o2 Yo} 4 FEE2| FRAP 57 A1}
+ Table 50 UERUTE. ZEH Y} of2YolY =&5E2
0.625, 1.25, 2.5, 5 mg/mL 5=l A Z+Z} 0.201, 0.359, 0.660,
1.2380]911, of2Yo} F4 =&E2 Zkzt 0.170, 0.297,
0.533, 0.992 o}, Aj o] A2 ZFzt 0.083, 0.107, 0.150, 0.245
9] FRAP 12 UEH It HlEk 5 mgmloA &
SE2 1238, of2YoF FEEL 0992, A 522 0245
+0 2 FFE 32 UL Park & Hong(2014)9] A+
A= ot2Yol 4= FEENA = 7P B2 8482 EA
I, FHA 0 R 50%9] e FEEOA =2 &84S 59

2o, A, ofzyotr 4 FEE0 st d AE Eo ait 215

Aoz Hystrt.

6. Z=2, &, OfZL0t =8 FE22| ME 25 51}

1) 22, &%, OfELIoF FH FE29| ME MES

Fig. 19] AAE 2&8 74 FE559 A2=4d BES
=243}, 62.5 ngmLEE FHIEE 1,000 pg/mL7H] 80% ©]
Fo BEEE Hoj AlZEA0] Qls AR HolA, 500 ng/
mLe} 1,000 pgmlL9] sE& REd 34 FE5E9] ASHY
AEYAE ST B AR 2id Reke FEE
o] Z+=/d AROIA AT BES
237t Ath(Lee 5 2008). A +74 FEE9] Al &2
5447, 3125 ngmLo] FEofA Al AJEE0] 53.35%,
15.625 pg/mL ol A Al 3L AEE0] 68.58%= A E=/]0]
Ue AoE HoAH Algsk 2.5 5 H 10 pg/mloA=
85% ol/d9 ME BEHS Hof F40] gle Ao2 s
Arth. ot A F74 252 10 pgml 0[5t FER
Al zsto] 4ty AEHA NHEIE S 5HATH(Fig. 2).
off Yo} 37 FEE9 AX BE& 5727, 500 ng/mLo]|
A& 54.53%, 250 pg/mLOllA] 70.75%, 125 pg/mLo| 4] 83.52%,
62.5 ng/mLol| A 86.65%, 31.25 pg/mLol| Al 122.99%, 15.625 ng/

l

Table 4. Reducing power of water extracts from Cirsium setidens, Allium hookeri and Aronia melanocar (Absorbance700 nm)

Concentration (mg/mL)

0.625 1.25 2.5 5

Cirsium setidens 0.512+0.006" 1.0500.010 2.052+0.022 2.519+0.077

Allium hookeri 0.059+0.035 0.162:0.006 0.317+0.003 0.618+0.013

Aronia melanocarp 0.377+0.017 0.739+0.024 1.446+0.060 2.435+0.087
0.025 0.05 0.075 0.1

Ascorbic acid 0.363+0.016 0.754+0.010 1.184+0.011 1.692:£0.007

Y Values are the meantS.D.

Table 5. Ferric-reducing antioxidant power of water extracts from Cirsium setidens, Allium hookeri and Aronia melanocarp

(Absorbance, 593 nm)

FRAP
0.625 1.25 2.5 5
Cirsium setidens 0.20120.006" 0.359+0.005 0.660+0.006 1.238+0.010
Allium hookeri 0.083+0.004 0.107+0.008 0.150+0.005 0.245+0.004
Aronia melanocarp 0.170+0.004 0.297+0.012 0.533+0.026 0.992+0.032
0.025 0.05 0.075 0.1
Ascorbic acid 0.314+0.007 0.558+0.078 0.846+0.011 1.165+0.172

D Values are the meantS.D.
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Fig. 1. Cytotoxicity of water extract from Cirsium
setidens. " Values are the meantS.D. “*Not significantly
different.

mLol A 123.74%9] AEE-S ek 9lekFig. 3). whebd of
2ol £ 2EBS 125 ugml o|50] FER A z3}o]
b AEd A AAATHE 24519 Chang 520169
Ao A (BHPE AH5H] AEAS FERT ofujo}

ZZ50] sodium nitropusside(NO donor)°]] 2]
HAE B2 human HepGA|EA A zH= 3
T Fig 40 UERock OB AR AzlaA
5 “H(normal), SNP TH= #2]7-(SNP) 1&|11 =
o ARE TR A3 A Hlasiyith 11 2
I, AT AE YE2E2 100%= LHEFE O™ SNPE A

%
ﬂ
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3
aCh
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Fig. 2. Cytotoxicity of water extract from Allium hookeri.
Y Values are the meantS.D. “p<0.01, ""p<0.001 indicating
significant differences from the control group.

60 |

Cell viability(%)

40

20

con 15,625 31.25 62.5 125 250 500
Concentration{ug/mL)

Fig. 3. Cytotoxicity of water extract from Aronia
D "p<0.001
indicating significant differences from the control group.

melanocarp. Values are the mean+S.D.

2ot 222 51.36%= FA 2L HlE] AZgEE0] 72
Aoz Zasiet Iy L= F4 FE22S5 500 g/

2

, 750 pg/mL, 1,000 pg/mL9] FEE 2|3t A3} SNP A2
of vls FoJH o Frloto] A5t AEHAREE Al
S H3513oh Lee 520082 LEd F+&=0°| 9 1t=
Aol 25 a3t Qloka Bush vt Qo A Y &5
ol NE W Atst AEHAE A3 A= A9
N B2 100%E VEPHOoH, SNPE A 23l g2
41.89%9] AE&Z UEtdo] |oHoR Aot A
T F2E225,5 75 9 10 pgml A A3} HE AR
B A 50% o)) Al ABEEE YERf o] SNP tR
o Hlg FojH oz Froto] A5t AEHAZRE AL

R
i

120

100 -

SV ww 4 id
0 - |
20
0
0 250 500 750

##

Cell viabilit %)

Normal 1000 (pg/mL)

SNP(2.5 mM)

Fig. 4. Effect of water extract from Cirsium setidensr on
the sodium nitroprusside(SNP)-induced oxidative stress in
HepG2 cells. " Values are the meantS.D. "p<0.001
indicating significant differences from the normal group.
#p<0.01 indicating significant differences from the SNP

group.
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Ho5tgH(Fig. 5). of2Yot 4 FE=] M W Alst
LEHAS S Ake FA ol Hs) SNeE A=
3 i Zo] 4444%2 215 02 A3 thFig. 6). SNP
At tixo] ARE AT A3 AR 5k 125 ng/ml
ollA 60.11%2] AEPELS HFOor, 250 ugmLo A&
EEOIA 7085%9] FEAZ YERo] AES Rodste &
IE Herelth ofR Yotz A2 SRS FoIg 250 n
gl A2 FEALE 69.2%0] AlE YEES Ho Abst A
Edxo] i A2 Eo Z3F gle AR 4A Qo
(Chang 5 2016).
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Fig. 5. Effect of water extract from Allium hookeri on the
sodium nitroprusside(SNP)-induced oxidative stress in
HepG2 cells. " Values are the meantS.D. ~p<0.001
indicating significant differences from the normal group.

#p<0.01 indicating significant differences from the SNP
group.
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Fig. 6. Effect of water extract from Aronia melanocarp
on the sodium nitroprusside(SNP)-induced oxidative stress
in HepG2 cells. " Values are the meantS.D. " p<0.001
indicating significant differences from the normal group.
#p<0.01 indicating significant differences from the SNP

group.
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Antioxidant Activities of Wheat Sprouts by Cultivation Degree and
Quality Characteristics of Sulgidduk added Wheat Sprouts
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Abstract

During the cultivation of wheat sprouts, antioxidant activity was measured during each cultivation period. Wheat sprouts from
the cultivation period showing the highest antioxidant activity were added at different concentrations to make wheat sprout sulgidduk.
Their physicochemical properties then were measured. As a result, when wheat sprouts were cultivated to about 14 cm, contents

of ascorbic acid and polyphenol compounds were the highest. Their ABTS radical scavenging activities also showed high values.
Thus, wheat sprouts grown about 14 cm were added at a concentration of 0 to 7% to prepare wheat sprout sulgidduk. The lightness
(L) of the control was the highest. Redness (a) and yellowness (b) of wheat sprout sulgidduk increased as the amount of wheat

sprout added increased. Contents of ascorbic acid and polyphenol compounds and ABTS radical scavenging activities of wheat sprout
sulgidduk added with the highest wheat sprout content were significantly higher than those of others. Regarding the texture, the
addition of wheat sprout resulted in slightly higher hardness, gumminess, and chewiness than the control. However, springiness and

cohesiveness were not significantly different between treatment groups.

Key words: wheat sprout, cultivation period, antioxidant activity, sulgidduk
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o7 ¥Rl Foll 489 #gt= Qo) Z+E THddgto] T
HE A o7t Sk Helo] obd v T Aol Eojub=
FAloltt. F 1 A7EA(KDCA 2022) A W2 20139
O] ZAt= o} H|W5FGS Wl 194] o]/ follA 1YY FHES
22.0%00 A 22.1%, B FHES 10.7%14 9.1%= o
AHo g B3t A& Hol= AL JPAT LS AH
E SHEL 123%0A 22.0%, HTFS 31.8%0A 37.2%E
w=oll HA S7Fsta Slvks A2 & & AUk o= 44889
Holo] g Ao E woEw Ao|g BE Q= AW oY
Shal B 4738 42 AV E Yot AFEEC] WolA|aL §f
of webA 22 SAS Hrgte 5o o £oHAE § 9§

PP} R AT $HE 2T U Aol
AR o A2t At ofo|Al, BREHE, HEk
T B, 7154 AR B 5O 9L 9PERS o
SV 9105 Feng P 1997), A2AS] FA1F ol A A2t
Aoz 719A H JPAR 230l S HIL &
T EET SAEEES UE B4 ANA 71548 =
AZ YAt ==t &As] e il Blaste] 4~
1008 o]/fo] B EEHLES TFote 208 HiEHL
Qlth(Badshah 5 1991; Satter 5 1995; El-Adawy TA 2002).
W& (wheat sprouty> 19| o] Aj#oZ dlo] Holsl=
SpgolA el ot Belsk YAE7] AY e it
(Hanninen 5 1999). 49| &o] wolsh= F ofu|lcAl, HJE

g1, chlorophyll 3! o] 5] F83 FFIE=2 T+
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0}74] %™ (Nagaoka H 2005; RDA 2009) ttoFst 852 714

I ITHAn SH 2015; Lee JS 2016). E3F 30099%2] a4}
—r717é1—%°1 FHEotaL 9 sk A A Hd 2¥ A6 5
of a7} Q= Ao 7 HiE 3l th(An SH 2015; Lee IS,
2016). ol=oflA= F4te} A-go] FHolu FAAS FAE
i A (Bar-Sela 5 2007), Y% X & (Ben-Arye 5 2002) 50l
B HaEo] glom, I 2 AlE 4 2A5S 59 7]
54 HXAFOR o]&HIil SIth(An SH 2015).

Y40} AGE L& FEEo| B nA= 2yt
(Ryu EM 2014), FAFsH §3KKim HJ 2016), 8F735HLee 5
2009), A A JA|(Lee 5 2011) 5°] HIEAC} vhd HUR-S
o] &3t AF AFEE= AEA Aol (Lee BK 2015), B
(Lee JS 2016), W(Chung & An 2015; Park LY 2015), 57|
(An SH 20157} 1S & A&4E< §& o83t A4t= 2
=L A et

AR = FRIE0] A7l et TA =T} FobR]| A Ut
of thgt AHAES] BA L7 IA F7iste] W&k A 57
o} WRO| 7HgE-Z Wullshs o] BorA|al 312 H(Chung
& An 2015) F&O] Al H=of wWE o] FF2| ol
st At yt= ZolE £ gith

TehA 2 Aol U SAL Holgt & Hof iy B
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"%&i}ﬂi—% S5kl 11 5 Fold A yErd Al

1. AR HZE

WAHIS Qlsto] WA HorS =olF|AbH ol A|AT
FEAEE)ONA Frliste] Pt 22T, HsE 60~
70% XJ,EE 025 H A 97)% ol mEWAo||A Ho}
A7 3 AefsHEA Zolzt 247k 4, 10, 9@ 14 om AE S
o g2k AR 2 ARSIt AR 52 2 em EE A
Ui A AL F 0] EE A vender
(HR3725/00, Philips Co., China)= {3t & &2 F&5}1
3,041xgoll A 30253t AAEE]skaL ofwsto $' A&
2 AMgatet

220l et s 430 A % WL
Z2517] 1—]0]-04 polyphenol SFHET} ascorbic acid®] $HF L
ABTS radical 2452 %519t
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TSR] Al e ket B olg IR AV1He FE54 221

(1995)0] wha} A& =200 | mLo] 0.5 mL2] Folin-Denis A
O3} 1 mLo] 10% NaxCO; 891, 7.5 mLo] FRE A2
E5stol 30 AT F 760 ol SHES SHls1o
H, BFEA2E gallic acid(Sigma-Alcrich, St. Louis, MO,
USME AH8tsih

Ascorbic acid®] S Park 5(2008)2] HHol| whel WA-
Zold & At & &3 FEH 02 mLo]l 10% trichlo-
mLE F0] 3,041xgof| A 5& %t ¥4
2ot AS5H 05 mL, 55 1.5 mL 2 10% folic
phenol reagent 0.2 mLE XHHE 22 & 2851al, A2
A 10827 WA]5H, 760 nmol| Al SFE=5 575 5}0] ascorbic
acid9] FHS =AYt EEEZZELE L-ascorbic acid
(Sigma Chemical Co., St. Louis, MO, USA)E AM&-5}3itt.

ABTS radical 2752 Re (1999)] B o] we} 7.4 mM
ABTS(2,2’-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid), Sigma
Chemical Co.)2} 2.6 mM potassium persulphateS A| %3t &
Qhaol 312 <t HASlel Yole (ABTS - )& WA
o}, 734 ol 4 FHES 2Falo] FHE Fho] 15 olapr}
S5 54511, SHE ABTS -© 89 | mLo] o] AR
F59Y 20 uLE 7h5to] 30| HIkE Fe9] 302 ol
SAottt. G¥SEE2] ABTS radical £2752 th2] 4

of olaf AASIYEHKim 5 2009).

roacetic acid 29 0.8

ABTS radical scavenging activity (%) =

(Blank O.D. — Sample O.D.)
Blank O.D.
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3. LMATL MY M=
ARG A7HeE A7) A FE= Park EI(2014)2] A|ZHH
278}10] A Z5FcE = AR Hea A2 S =
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2 ) SRS 3% U 7%t HEE sk 7 o g 5%t
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Table 1. Recipe of sulgidduk added with different amount of wheat sprout

Ingredients (g)

Samples” -
Rice flour wheat Sprout Sugar Salt Water
Control 200.0 0.0 20.0 2.0 40
Wl 194.0 6.0 20.0 2.0 40
W2 190.0 10.0 20.0 2.0 40
W3 186.0 14.0 20.0 2.0 40

" Control: Content of wheat sprout 0%, W1: Content of wheat sprout 3%, W2: Content of wheat sprout 5%, W3: Content of wheat sprout

7%.

4. UMXT} M7|mO| SHAkst MEstaE 9l st

Y& 3717} 14 em 7HE ElS <
7%z 77t gejetel Az WK A7lwe] kst g
H PAbet B2 2 S5 4719 T Ut gEe
2 =439

>

. ME
2w H7S 3% 242k gejslol Axst U A7)
o) A1 S BeIsly] Sfste] 71w FE HEG A3
A|(CR-300 Minolta Chroma Meter, Konica Minolta Sensing Inc.,
Tokyo, Japan)S A}2-6}o] Hunter L, a, b §f2 HHE =431
5 Bgho® vehhgleh. Z40] A8E B WAwe) L,
a, b’ e 27k 95.02, 0.04, 0.260] ATt

mam

Lo
dr

Ry

bal

6. =2

U WIS Geisiol ART W A71Ho) 2A%E
2457] 9stol AZE BS Kim & Kim<20n>94 wpego] mre}
4x4x25 cmQ F7|2 ZAolo] Texture analyzer(TA-XT2/25,
Stable Micro System Co. Ltd., Surey, UK)E A5} =45}
At} = Aot A7|go] A7 2L 23] uikE okzFAlG]

/|

(two-bite compression test) 2= stainless steel cylinder probe(2.0
cmS o835kl 1 mm/sec?] £ FE ZA5F O TPA
(texture profile analysis) B412 E3lo] Z+ A|59] AxA
(hardness), 12 A (springiness), A4
(gumminess) % 9]/ (chewiness)& 217} 58] HHE: S50

2314 (cohesiveness),

7. SHXzE

E A4 dojA A= SPSS 24.0(Statistical Package
for Social Sciences, SPSS Inc., Chicago, IL, USA) program&
ARESto] ZF AT 1248 (p<0.05y2 ANOVAR ZAJet
- Duncan's multiple range testo]] 2J3]] AYF 712 Xjol& &
A5t

1. LM 20| BHAE MR U BN 2
Wi o]y S22 e Fask o] 9% W B4

ASJE

Z}o]& Lolr 7] €J5}t9] ascorbic acid®} polyphenol SH3H&
SheFa} ABTS radical 2752 =35 Z3= Table 29} Zth.

Polyphenol 2}3HE-9] 7%, 14 em7}A] Auj5tolZ o]
ol 338.52 mg%= AHj o7} dojd= o] K94
08 2 0= YEyon 4 cmY wf 8%t 790f H|st
of 20u o]/F9] w2 TFE UEIUeH 10 cmY wiETh
T 9F 278 o]A}o] =& AL & 4 AU} Ascorbic acid9]
gl AT 14 emZtA] AulsElS wie] FHEgFol 31.70 mg%
2 4.cm 2 10 om0l ]5o] 71 B2 GG Mol Aow
bk SIS B 27 9 S| shupel ABTS 2hiz
AAS ABAHE 14 ar AWBIES WAk A4 2
radical 4:750] K A0 2 ERT 2 A4 2] vj]
297k =] Ae) L7k 71 71 14 em L w7}
SpAFSHAE @l BHAJo] ©.23F 71 0 2 TeFE|Q) O v Badshah

nO

Table 2. Antioxidant components content and activity of different size of the wheat sprout

Wheat sprout length Polyphenol compounds

Ascorbic acid ABTS radical scavenging activity

(mg %) (mg %) (%)
4 cm 16.15+3.5%V 11.00+4.75° 4324+43.51°
10 cm 121.78+15.13° 19.51+4.41° 51.45+2.49°
14 cm 338.52426.8° 31.70+8.01° 59.5343.69"

D Values with different superscripts within a column (*°) was significantly different (p<0.05).
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Table 3. Antioxidant components content and activity of sulgidduk added with different amount of wheat sprout

Polyphenol compounds

Ascorbic acid ABTS radical scavenging activity

Samples”

AP (mg %) (mg %) (%)

Control 38.11+1.87? 60.44+2.23° 31.05+0.67¢
Wil 60.54+0.98° 64.44+3 .44 31.78+0.66>
W2 71.13£1.49° 62.56+2.46™ 32.60+0.54°
W3 77.63+2.14* 68.00+3.97° 36.06:0.34°

" Control: Content of wheat sprout 0%, W1: Content of wheat sprout 3%, W2: Content of wheat sprout 5%, W3: Content of wheat sprout

7%.

? Values with different superscripts within a column (*%) was significantly different (p<0.05).

Table 4. Color value of sulgidduk added with different amount of wheat sprout

Samples” L a b
Control 88.77+0.30°? 0.67+0.07 5.2040.16°
Wi 83.21:0.39° 3.4320.43° 11.38+0.37°
W2 74.94+0.44° 6.38+0.60° 19.98+0.59"
w3 63.8520.14 7.8140.19° 26.46+0.45"

! Control: Content of wheat sprout 0%, W1: Content of wheat sprout 3%, W2: Content of wheat sprout 5%, W3: Content of wheat sprout

7%.

? Values with different superscripts within a column (*%) was significantly different (p<0.05).
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Table S. Texture of sulgidduk added with different amount of wheat sprout

Samples” Hardness (g) Springiness Cohesiveness Gumminess Chewiness
Control 337.99+93.45%) 1.210.74° 2.15+1.24° 373.74+24.12° 265.67+222.70°
W1 711.99+84.59* 2.23+1.61° 0.78+0.26" 602.88+84.46" 358.67+59.84%
w2 838.81+63.28" 0.58+0.38" 1.2240.55* 766.61+61.78" 655.19+185.95%
w3 651.374223.45° 1.38+1.02° 1.88+1.05° 786.56+194.67° 490.37+70.58"

" Control: Content of wheat sprout 0%, W1: Content of wheat sprout 3%, W2: Content of wheat sprout 5%, W3: Content of wheat sprout

7%.

? Values with different superscripts within a column (*°) was significantly different (p<0.05).
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242 Research Ethics Rules of the Korean Society of Food and Nutrition

Research Ethics Rules of the
Korean Society of Food and Nutrition

Amended on 23/06/2008  Amended on 21/04/2016
Amended on 03/12/2016 Amended on 10/11/2023

Chapter 1 General Provisions

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

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

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

truth in academic research and fairly verify misconducts.

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

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

Chapter 2 Ethics Regulations on Research Conduction

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

scholars

Article 5: Data Management

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

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

by publicly presenting the findings.

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

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

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

Article 8: Order of Authors and Affiliation

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

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

accordance with custom.

Article 9: Responsibility of the Cormresponding Author or Senior Author

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

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

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

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

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

integrity of the research

Article 10: Citation Principles of References

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

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

references.

Chapter 3 Ethics Regulations on Misconduct

Article 11: Definition of Research Misconduct

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

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

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

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

times without stating the initial research contents that have been already presented to publishers or readers.
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Article 12: Types of Plagiarism

Types of plagiarism is classified as “idea plagiarism”, “text plagiarism”, copying a part from other persons’ text
without citing the source for the ideas of other authors, “mosaic plagiarism”, combining a part of a text with a few
words added, inserted, or replaced with synonyms, and others.

Article 13: Prohibition of Distortion in References

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

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

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

Article 14: Practices to Avoid

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

process.

Article 14-2 : Bioethics

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

conference via email. The required approval for research and the date of implementation are as follows.

Date of enforce
Research type (After date of enforce, make Note
indication of submission)
human subject Jul, 1, 2017
Animal experiment Jul, 1, 2017 Suspend periods(6 month ~ 1
Question investigation year) for minimize of researchr's
(survey and sensory Jan, 1, 2018 confusion
evaluation)

Chapter 4 Ethics Regulations for Dissertation Review

Article 15: Responsibilities and Obligations of Dissertation Examiner

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

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

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

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

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

the consent of the author.

Article 16: Unethical Acts of Examiner

For fair evaluation and confidentiality, examiners shall refrain from performing any of the following unethical acts.
16.1. an act of assigning research paper view that is requested to the examiner to post-graduate students or any third
party

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

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

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

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

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

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

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

Society.

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

not corrected.

Article 20 Purpose and Composition of the Ethics Committee

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

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

Publishing Committee.
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Article 21: Rights of the Ethics Committee

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

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

submit materials relevant to the case.

Article 22: Judgment and Sanctions of the Ethics Committee

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

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

reinvestigate, if necessary, upon the reviewing objection.

Article 23: Protection of Informant and Examinee

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

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

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

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

and rights are not infringed upon.

Article 24: Procedures and Contents of Disciplinary Sanctions

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

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

his/her affiliated institution and journals.

Article 25: Revision of the Ethics Regulations

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

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

amended regulations without additional pledge.
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Addendum

Article 1: Date of Enforcement

These regulations shall enter into force on June 23rd, 2008.
Article 2: Date of Enforcement

These regulations shall enter into force on april 21rd, 2016.
Article 3: Date of Enforcement

These regulations shall enter into force on december 3rd, 2016.
Article 4: Date of Enforcement

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

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://kstnkr).

For information of Manuscript submission please
contact the editor.
E-mail: foodnutrl@naver.com

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

to the Society.

. The corresponding author must be a member of the
Korean Society of Food and Nutrition, and the
publication of papers by non-members is subject to
the resolution of the editorial board.

Online submission is the primary method. Authors

Amended on 05/07/1988 Amended on 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

should complete the Submission Form and submit
the paper along with the Research Ethics Pledge and
the Authors' Agreement of Ethics Policy &
Copyright Transfer. For research involving human
subjects and animal experiments, a copy of the
approval from the Institutional Review Board (IRB)
and the Animal Research Ethics Committee (only the
first page with the approval number) should be
attached to the back of the Authors' Agreement of
Ethics Policy & Copyright Transfer.

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

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

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

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

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

review guidelines.



252

8.

10.

11.

Guidelines for Submitting Manuscripts

The language in the manuscript should be Korean or
English

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

in Ad4-size paper setting, typed using a

spacing should be set at 200%.

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

affiliation on the first page of the manuscript.

and
The
part

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

corresponding author. If affiliations of authors are

more, ' mark indicated in front of

sk

different, superscriptions of ~ ™ should be put

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

affiliation. The corresponding authors should provide

marks put in front of respective

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

author’s name in English,

address, telephone, fax,

[T3RL)

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

9
b

in between the name.

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

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

documentation for identity verification if needed in
the future.

The English abstract should be provided in case of
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
At the

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

research objectives, methods, and results.
lowercase).

The paper should follow the standard format with

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

Conclusions, Conflict of Interest, Acknowledgments,

and References. The text should be continuously

12.

13.

14.

15.

16.

connected without page breaks.

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

and figures are limited up to 3 in any combination.

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

body.

manner so they

Footnotes should be expressed as Arabic numerals of
D23 at the bottom of tables, and no sign should
be used. Moreover, " marks must be used to
present significance probability of p<0.05 or p<0.01 in
statistical analysis. In multiple range test, alphabets
of » b & & ad e ohould be used and the

explanations should be stated at the bottom.

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

directly used as original images.

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

examples of cited references are as follows:

references must be provided in

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

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

Kim HJ (2005) is -

Kim & Lee (2007) is -

Kim et al. (2008) is -

Park (2007a) is -

Citation in the end of a sentence

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

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

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

17. KSFAN actively recommends to cite articles (2 or
more) published in the journal of the Society.

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

interest.

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

cited references are as follows:

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

permeabilities  and

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

2) Edited Books

Brock TD, Smith DW, Madigan MT. 1984. Biology

of Microorganisms. pp.100-105. Prentice-Hall. Inc.

AOAC. 1980. The Association Official Methods of
Analysis. 13" ed. pp.3508-3515.

3) Bulletin, Dissertations

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

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

4) Patents

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

5) Oral Presentation of Manuscript at Symposia

Huhtanen CN. 1988.
dispersable cocoa powder. Abstract 21, 42™ Ann
Meeting Inst Food Technol Atlanta

Preparation of cold water

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

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

cause.

20. Article should be

accordance with Chemical Abstracts. Academic terms,

abbreviations presented in

if possible, should be provided in Korean.

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

22. In accepted during the

principle, revision is
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proofreading made by only the authors of the submitter bears the associated expenses.
manuscript. No changes or insertions shall be made in 24. The number of papers published in one issue is
the contents during the revision. Provided, That limited to 2 per lead author, and up to 30 papers
matters, in case of deemed necessary, may be revised that have been editorially completed by the 20th of
by an editor. The copyright of all published articles the month are published in the corresponding
in the journal of KFN shall devolve on the Society. month.

23. The submitter must pay the specified publication 25. Any matters not explicitly stated in these regulations
fees. Additionally, if color photographs are to be shall be determined by the Publishing Committee.

printed or if separate attachments are requested, the

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