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Quality Characteristics of Fermented Rice Beverage Prepared with Green Glutinous Rice

Min Jeong Cho and "Hee Sun Jeong’

Master Student, Major in Traditional Culinary Culture, Graduate School of Arts, Sookmyung Woman's University, Seoul 04310, Korea
"Associate Professor, Major in Traditional Culinary Culture, Graduate School of Arts, Sookmyung Woman’s University, Seoul 04310, Korea

Abstract

In this study, we aimed to develop a fermented green rice beverage with a unique flavor and physiological function activity. With
glutinous green rice and rice nuruk as independent variables, we modeled the antioxidant characteristics and a-glucosidase, a-amylase
inhibitory activity of glutinous green rice fermented beverage to verify its significance. The total flavonoid content and a-glucosidase
inhibitory activity were selected as Quadratic models, and DPPH radical scavenging ability and a-amylase inhibitory activity were
selected as linear models. For the sensory characteristics of glutinous green rice fermented beverage, sweetness, sourness, savory
taste, bitterness, throat feel, nuruk scent, and overall preference increased in preference as the amount of glutinous green rice and
rice nuruk increased, but significantly decreased after the center point (p<0.01). A blending ratio of 180.00 g of glutinous green
rice and 400.00 g of rice nuruk had the highest preference among all the sensory items. Based on these results, we developed a
green rice fermented beverage with unique flavor and physiological function activity of rice using glutinous green rice and rice nuruk,
and the optimal blending ratio was determined to be 164.04 g of white rice, 195.96 g of glutinous green rice, and 414.61 g of
rice nuruk.

Key words: glutinous green rice, fermented rice beverage, rice nuruk, physiological function activity, optimization
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3t g0 BL7Fs5HLee 5 2006).

Sl A7 AR AEgte] uet 3u), 4ujgt ) &
NGOR BEE B QYA 715A SHolA] Hulnct &
=

) Z-E&=7F Wrklee 5 2012). 422t F=HE ©l
235} 31 22 7fEH(Seong SK 2008), AH=G-E 0] L3} 7|5
d = 7N (Lee IN 2012), & A= o] & F=F YA 2=
(Noh IM 2014), fAHF= o] &3 R $HFE 7I(Kim
JW 2015), ]AURSY =55 37 =270 (Lee 5 2023a)

S I FAoIAY AlSolA ]lo] A Y2 ARE &
&3 A FassE T A7 o|FoA ot B
55 o8t €& erY 54 vAEwE Belste vt
e FEda #et A7t fiREeld, HdEEd =

© E7 AlH ez dojut gho] § Fi1 AsiE
7|20] wEt B3 A2 A7Iske] e 4 3lof Ak
§ $2 2o Hudg v IthKim 5 1999). 'Faof 3lof

A% JLL st 752 oW AlE 5 EaARE AR

MH 1999). wh2hA] QHAgH

=
o BAL FA% TRo] &4 U FERHOIZ AA
]

o2 HF3hn WFshe U P A8 ArkSo MH
1991). o= F 2 Aspergillus 40 ZF0| S AM8-510]
o ]

< Ao wet W, =, SHRAOR U IX, AE, G
7, 245 59 4tjdo] go] ol &Hrh M F R EE &
w7k EAEA) ot Qg WAt dolihA] L el
0] &= Az 53, £5 TBES oLET 4T
£R0] EANA L A8 AT(Noh M 2014)0] J3
W ool T0-80mo] 7, B ol 10% vleIel TR
018 T Pu G AXE U EF A A A £
S4o] 3w Tethgoln], 1 F T Bo) BHol %
& 7% Aol 8= Axol RT A0 et 4
L 45 Apergillus oryzae CF1001, CF1003, KACC 46424,
46459, Apergillus acidus CF1005 & 435 &2 59 7|5
T H7oA 2 ALt A, B AA 7S koA w2 A
E W2 dpergillus oryzae CF1001-S Z=0] A5 Ha2= 7
o] &85t} SHITHNoh JM 2014).
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2 YEFITHLee 5 2006; Lee 5 2007). F4HsHg W ool
g o] 22 o4l 9 EFER 59| g4olu| L Abw}t
A4 RO Fgo] Eof Y9 12 JYHH €L A% T
Ao 7] & Qe AYEE o]go] 7|EHTHSeo
2007). L - 71520 WA WHojEo; G -5
ol E-otal, Wu]et 8ot IF9] I FHE o]8H
e gErvt W2 Fu|E F8oto] A HE SR
9] 712255 AT, 28R 78 %7} 22 A%
716 B SR2E Wt oFqt

ol

=1 =k

Mz = 2y

1. MEM=

A IaSRE NEs] Ao vl 20208940 S
Z207 20214 5¥9 8Y =3t AL A HAE(jpmall.com,
Korea)o] A, A1) = 20208 AFAt0 2 20214 8¢ 2 &=
3t 22 Gutzll(Gmarket.co.kr, Korea)ol A 3t 0., &
=1HA. Oryzae CF1001)2 G335 E R (Ulsan, Korea)ol| A T

stol 4 Qe 8} Wen) WA SR Azl A8HAC

T2 7WS ARESHT;. EZ A= response surface
methodology(Reinheimer 5 2012) % ZA13H4] A 2] H (central
composite designel] Tt AATLT. EYRARLE ]
Taguo F4E4 5 W Juld 7 & %= F=
Hiu| o} 2] o] HlE (AT A+SF(B) FF F 7HAE 29
o7 AAsielon, FEHUTEE IR S E4F
= 3=, & ETtH o]t $IgF, DPPH free radical scavenge
activity), &'di E4J(a-glucosidase A3 A, a-amylase #] 3]
A, 54 EAC R il(sweetness), A1T(sourness), -5
S} Oh(delicate taste), 4523t Uh(bitterness), = F 7] (swallowing),
2 F(yeast flavor), BSF X (turbidity), 1231 A¥HE Q]
7)1 3 % (overall quality)2 A7ttt ou]AHS A5t
o] SaSR A1 2GS F 2% wolo) B
ulo] Wig Ml HrE@E Wolsh Bxul] ulg
1:4~4:1(72 2:288 g~288 g:72 g), A= 200~600 gO &2 75}
Aot SATAAZHS AFHL center point(0.00)2} a7
(axial point), +1 level7d (factorial point)Q & o]F0X| 11, A¥
 Aololli= el A7 H A9t 2ol A5 flsf 2719 W
42 myste] & 10702 AHgol AHH T Table 1)




Vol. 36, No. 5(2023)

Table 1. Experimental design for fermented beverages of
glutinous green rice with rice nuruk

Variable levels

Sample . . .
No. Rice Glutinous Rice nuruk  Water
(2 green rice (g) @ (mL)
1 288 72 200
2 72 288 200
3 288 72 600
4 72 288 600
5 288 72 400
6 72 288 400 2300
7 180 180 200
8 180 180 600
9 180 180 400
10 180 180 400
3. &=0| WES2 Mz

XA E(IRER), A TE7], 14499)E
Sl =] HaIRo] B Hie BlEY Axxde 4%
St FAR BFS2 AlAH & o] 447 A, 14]
2+ &Rt Aol A £7]15 AASEA, 5027t BE SAFSHAL
40CE P23t &, 374, Oryzae CF1001)S HE( 1 kg
F = 5 g)dsko] R 7| (MSX-56 fementre China, 35T, 48
AlZbHol HEAIA A2 Wo]9F F=u]= 1441 H&
of mhet Eetste] 360 g0 A2 A& F 307 Tt AL, 71
£ AA F Z4E 500 mL 718} <& (Nutrase Oil Core
Electric Skillet, USA, R2 course)of| 4] ¥ Al 11, Ho] A L]
H & 2,000 mLE Yol ¥ 28 50CE A3 &, A3
B2 400 g2 9l & #o]FUc}. W a 7| (Nutrase Oil Core
Electric Skillet, USA)OllA] 50°C, 8A17F B9 @Ayl & &
9 A (Termomix, Vorwerk, Germany) 77|, 14 <t E45}
of A WRSRE A% T UYo| A8k Gash
42 245] 9 AR: LAIRES TuT 42 F
Whatman 2 E]{(No.2, Whatman International, Maidstone, UK)Z
oj}sla] oS 8000 rpmCE  PUAEE](VS30000mt,
Vision, Korea)ato] 415l gt & oizix] Aofztated A]
28 AR

A2 A 55 (MFDS 2021)9] W¥HE Halsto] &
5 5

Hev) WE s 343

2, 228 FF A 5&7](Soxhlet Avanti 2050, FOSS
Co., Hillerod, Denmark)E AR2-5}0] Soxhlet FEHOZ, 3]
B =2 550~600TC2] A7) 3]SF=2(LEF-105S, Daihan LabTech,
Namyangju, Korea)E AHg-5to] 25 3]ab o= EA5H}{H
SrohE AFE AlEY] AA SE(100 g)oll Al G, Rk
A, A, 23E 59 AFS Absto] A=l

5|0 T FEA FFE 20219 A EFFA Tt Al
1 g& 85% OMAIE & 50 mLof| ol 24X |7t FEAF F7
3] 2251, ol7 F OIES F15kol 200 mLE A T
°0]F 20 mLe} AJE|E 50 mL ¥ 5% FAFEF 50 mLE 7}
sto] X" &, &35 AA 1S 23] v F 5% FAUEE
50 mLE 33] A|H5te] EEAZ|(CARY 60UV/VIS, Agleint
Co., USA)E 750, 665, 645, 630, 480 nmof| 4] SF =S BA5}
At

5. &=0| WS SRo| sitst EM
=) B850 F He o (total phenolic content)
Folin-Ciocalteau-2 283t Yu 5(2002)9] HHo 2 =435}
Aot 2+ AlZH 200 plof £F4 2,000 uLe} 2 N Folin-
Ciocalteau -89 400 pLE go] wHIst § 387t ¥r-S-A| At
o] Z3}tMo]| 1 N sodium carbonate(Na,COs) 800 uLE 7}5}o]
IAZE 5t Ao ARt & EFFLA|(V-530, Jasco,
Tokyo, Japan)= 750 nmo| Al SF=E S5t EE T4
2 gallic acid(Sigma Chemical Co., St. Louis, Mo, USAYS ¥
S48 s T3S A4, 38 wHEsto] 45k, mg
garlic acid equivalents(GAE mg/g extract)Z LFEFJ ATt

% ZdtHLo|= 3F(total flavonoid content) =742
Zhishen 5(1999)2] 2 ARE-Sto] S A& 25
pLoll 54 100 pLE 7}5kal 5% NaNO, 3715t ot 35
HFZ] & 10% AICL - 6H,0 89 15 pL 627F ¥ 1 M NaOH
50 LE B8] 1087F AFLOIA] 984171 The: 510 nmol A
LT E S0ttt EFEA7](CARY 60UV/VIS, Agleint
Co., USAYE AR5l Ruting EFEHE AMESHo] HEIA
& 2443 &, mg rutin eqivalents(RE mg/g extract) 2 SehE -
ol= WL Uehic AUL 33 Wdlol BR BE
WAz ol

2,2-Diphenyl-1-picrylhydrazyl(DPPH) free radicalof gt 4
7 A3}+= Brand-Williams W 5(1995)9] ®I'H-& 3-&3f =4
19T}, AJE 990 uLojl DPPH solution(0.1 x 10~* M) 330 1L
E T, 3027 A, A4 FARE £ 517 nmof| A 3
BEAZ FBEE S75HH DPPH 2tz 47 /42 Al
= FH7RE 7o 8% Afol& WEE(NE A
stalom, 33] ¥hEsto] 42 3Z BHE o E Yl

&
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dE=S=

amylase Aol M

a-Glucosidase A3 EA4L & 7Zhu 5(2008)] W& S8
stRom Bae= ARZHE AojZl a-glucosidaseE AME-S}
A1, 7182 p-nitrophenyl-a-dglucopyranoside(pNPGYE A&
5}o] p-nitrophenol S S5+ a-glucosidase 10 11L
of Al& 200 uLE 7}sto] 37ColA 5& incubationdt &

6. Z=0| ¥ 9| a-glucosidase AsHf M U o

o)

mM pNPGE 200 1LE 715} ALaiA] BqHet Thg ALo] 1
A 205 S ¥-SAIZth 1 N NaOH 500 nLg do] ¥H-g-2

ZA|A]7]2L 50 mM phosphate buffer(pH 6.8)% ZHZHTE
15 mL7} H2E 7h5to] 405 nmoll A FFEE SASH
Positive control® 2 acarboseE AREot¥OoH HEE T p-
nitrophenol(PNP) A9 H&24 0 2 HE a-glucosidase?]
Ao e 38 M Aol 2.

Inhibition activity (%) =

(1 -RE3L2] PNP A/ 22] PNP A3/d%)x100
a-Amylase A3 &4 %72 Bhandari 5(2008)9] H
0]-8-5}T}. Pancreatin -3 2] a-amylaseo]| thet Al &4
starchE 7] A =2 sto] Z43F3AH. 0.01 M CaClz% Eiaiad
0.5 M tris HCI buffero]] starch® B A|7] & 5& 59 £
Fo] AlzxE 7)™ M 37Cof|A] 587F incubation 5F] A
o AMESFA T FF4eol S8t A& 0.2 mLe} a-amylase

rfr rlo o

02 mLE 7}3t & 714 starch €N 0.3 mLE 7}5to] ¥HS-S
ZFAAZ] T YHEZ 4T, 978 g force, 5 min)o}o] 595 nmo||
A AESH) SFEE SA5HAT

Inhibition activity (%) =

(1 —Sample absorbance/control absorbance)x100

7. H=x EM T}
T AR e S ke 0 259
Asta] Lof, 7} 71F 5& £AAF] T scoring testE Al
Al ShSiTh LS AR ol Olgto] S4e SR 2
sgom @ A ARE BT T HeA B2 UL 9
FES W 5 0E Ang AUES Suc B, A%,
TRt ot 28 = 93, 75 3 ERE AR, ARkl e e
of diste] 74 A=A e Yo7 09 Sthos 3
7¥stelth. 2 A= oA ety AEaE Yy U
dro} X 8Y5}9 thApproval Number: SMWU-2203-HR-012).

=13

mlo
rlo

8. EH 2M

o] BESEC] 99 7 4T 1§ L TS TP

3N design expert 8 T2 13- 0]-835}0] ANOVA-testS &
o mdll A A5 o0, perturbation ploti} contour
plot, response surface 3D plotZ 0]-8-3lo] WM< 79| WAS B
A5} t}. 2|4 3H= canonical model®] graphical optimizationy}:
numerical optimizations £5}0] Zxu|Q} ¥iu| 9] H]-E(A)Y
WeSB)9) FS AASOH, 51 HH3HE B AN
AW F 1 2o AYES ek HHHL s
13}l canonical model 7|EL & Sh= RE A FoA =9
Wl Hmmeh Wu| o] vl E(A)Y BAFE(B)Y] F HA U
oA, B 20l TR Al B 2 0oje] ATE W AL
£ maximum© &, -§-2]20] 2] 952 QIAH= none 2 & 475}
H45 Ao

=@ xdy e dy™ = My

D = overall desirability, d = desirability, n = response

1. E=0|Q] UdiM

Fi
.E
Q

i
i

=
Hen)o] 2B 2A|H}, ZTHRE R4

ZA1}t= Table 29} Zth.

o] YuHdE 24 AT i 12%, 2A 2.63%, &
il 9.19%, Sr55HE 74.8%, R3]E 1.37%= LEFF T Lee
5(2012)9] FAH] JFTHH EA AolA H=ul= o E
1323%, ZAHF 3.06%, 2T 7.57% SHRoHE 7496%, &
3& 118%= 2HS A5k, fARE 2442 HAith T
Q1 FFAGF AFIS7T JAA AASE duje} wu]o]
Zeb 2 Al 6.4%, WH] 6.6%Tta Hilsto] 2 A9
A} =)o e H(9.19%)°] A HEhsteH, vl
711 il ok 7-9% MYET w2 Ao ® UEKT

& BA

Table 2. Proximate compositions and total chlorophyll of

glutinous green rice (Mean+S.D.)
Contents (%)

Moisture 12.0+0.17
Crude fat 2.634+0.33
Crude protein” 9.19+0.15
Crude ash 1.3740.10
Carbohydrate? 74.8+0.32

Total chlorophyll 57.36+6.3 (mg/100 g)

D Nx5.95.
2 100 - Sum of moisture, crude fat, crude protein, crude ash
contents.
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E Park JH(2015)9] ATLolA] ZThal ek 769%E T O A
= HGlom, Choi YH(2021)2] F-A1] 7} G Aol A
YERT 7.98%E e =AUt Kang 5:(2008)2] Aol A =4
2 du] & F ofu| At SHF2 371.48 imolE YHFH HTh
L1169 & Ao Uehon], 55 duloe gol
A, 9l gl B/ Uehde. wioje} @olo] ofuluAl g
e vl & 25 SEFRTH et el G ol
0}3’— 9&1‘ 740; LR

% 424 FFe BAF AT 57.36
mg/100 g9 = I%El'l{ Kang -5(2008)2] A-olA Uehd =
AEE du] 49.56 mg/100 gt} ko] =9k, dNh =
A 3HF 24.97-29.30 mg/100 gRTh #9] 26 7p7to] & L}
E}gtTH(Table 2). Hirayama & Oido(1969)= A1A43 A S| 2]
2229 3 FFS 52 myloo g 2229 b FF 18
mg/100g °] At B 115} 0™, Khachik 5(1986)2 YA
2o 28 2289 bo] FF 2}2F 94.16 my/100 g,
20.20 mg/100 gO 2 EJ_O}OﬂTZ]—(Lee 2001) Oﬂﬂ]ﬂ- =48
O =)= AlgA 2o g s&7E A=
27F SAA] oS A AFFAA] %‘2% AsEu7E 1L
F E507 FoHA Yot HFu|gi L Stri(Lee 5
2008).

Hev) WE s 345

quadratic 2@ o] A E AT, p-value:= 0.03472 3242 L}
EFfglom R? g2 096830 2 s mEo] HjHdo] Q1A
= QUTH(Table 4). Z=n1]9] vljg} Hl& ArFo| S7HdrS
T e TFHF2 AR FTlellon, B FRHT F=
n]9] ggo] & dFE = A= FAF & AU (Fig. D.
Seo 51(2007)9] of&] 7}A] E4=m]9] AR FAkS} & £
oA o] & Za]HE TS 127 mg/100 gol2kal 51
O, Choi YH(2021)= 40.82 mg/100 g, Park JH(2015y= 28.96
mg/100 g9 & Eulz TS Uit 40 R A=
ot 459 gatst &4 A7H(Yang 5 2015) Z3} 50] 4] <]
% Z9 s IS 3.61 mgGAE/gC 2 H5lo] A=u|S
A}g3}o] Zﬂzi LFESR0| F ZejuE 3] v e

ek ol § i) oF 2547t B84 izl A
i soslise 5 207, 25 % AR5 44 4E
o TRl A FeAHES FUYoR A Ro:

OgR 2 g oAHE FHE o|F7| ol
51 th(Kroon 5 1997; Park & Sim 2022). Z&]H|&s o AH|E

B2 I A5 AL 989 pH #sk W AU n)AdEo] AJAtst
+ esterase®]|] &J5to] F-E|FP o= M= o] 4t BT F
7}5th(Andreasen 5 2001). WEhA] Z=n]E AFRSlo] AR
RIS AYUEHS Ul EdHeS €2+ 3
of QIA Wl g4kst 7]so 2 A o 9 A3 Kot

10744] B e}

HlEgE Axe =) TagRwd &

o 3

F 24 A= 153.24-213.06 ng GAE/100 g°] H 9IS e

905 (Table 3). 717k0] Sl 1ho] LHA-o]

R

<t =22 &

2) & E2R0|E &2

AoZ 7=}

10719} Bt Ble 2 A2 F=o] YagRe] St
o|= FHFS 265.92~598.14 pg RE/100 g9 HHE LFEFH )

O (Table 3), quadratic &lo] A &0} M

Table 3. Antioxidant activities of fermented beverages of glutinous green rice

o %

. ) ) Response
Sample Rice Glutinous  Rice nuruk - - -
. Total phenol content Total flavonoid DPPH radical scavenging
No. (®  greenrice (g) () -
(ugGAE/100 g) content (UgRE/100 g) activity 1Cso

1 288 72 200 153.24 265.92 117.39

2 72 288 200 198.12 549.53 69.04

3 288 72 600 166.75 277.86 108.77

4 72 288 600 213.06 598.14 62.66

5 288 72 400 162.39 272.03 114.64

6 72 288 400 209.37 564.53 63.43

7 180 180 200 184.26 329.11 97.46

8 180 180 600 196.17 368.69 89.03

9 180 180 400 187.24 334.25 91.86

10 180 180 400 190.75 340.64 97.42
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Fig. 1. Perturbation plot for the effect of green glutinous rice(A) and rice nuruk(B) on the antioxidant activities and a-
glucosidase and a-amylase inhibitory activities of fermented beverages of glutinous green rice.

Table 4. Analysis of the predicted model equation for antioxidant activities of fermented beverages of glutinous green rice

Response Model Mean R Fwalue”® Prob>F Polynomial equation®
Total phenol content . * 2 2
dratic 186.1442.19 09683 874" 00347  190.23+23.03A+6.73B+6.73AB - 5.58A% - 1.24B
(1gGAE/100 g) Quadratic
Fl i t t . sokok
avonoid conten Quadratic 390.07+5.15 0.9942  279.14™ <0.0001 339.41+149.40A+16.69B+9.17AB - 76.91A% - 7.53B>
(ugRE/100 g)
DPPH frec radical Linear 91174329 09737 16771 <0.0001 91.17 -24.28A -3.91B

scavenging activity ICsy

D 0<R*<1, close to 1 means more significant.

stk

2 "p<0.05, "p<0.001.

9 A: glutinous green rice, B: rice koji.

Ago] 42 FAY 4 YU, R glo] 09428 AFEsh  Fol T IFS £ A0 UehgrhFig. 1.

=3} p-value:s= <0.00012 F-9)&F 02 g 2| g4y ZdtH L o|E E3S FJASE B F oY=, Park 5(2016)
o] AR (Table 4), Fxn|o] viE ¥ & WrRo] o fAn] FHE AL L BA HIEL AT AT S0
FHUSE 5 SRl GFS RYHOE F7ietel, 2%%%1 w93 9 FR10209 F Sehiizolt §FL
% Beldls W Ave AR & wSHTh B010 & 242 022 mCElg), 0.17 mg(CEgeli SO, Park
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JH(2015)9] Ao A Zm] 74E= 036 mg(QE/g) 2= et
yh, =] 4] -6—4]9] % ZelwLolEl 03] mgCAR/gO & X
11E]o](Yang 5 2015), Z=u| FaZgo| EfH ol 9t
T FARE A2 2 YEHT Kim 5(2012)2 E9¥= o
Fol ETtE ol T I FE & g 7HA7]= SHA
gk HIEA] EFHso] w2 A2 otyhal Earghe glo
™, Kim 52011y TR A T 5= St o] =9
Fae BT St ol B SRkEo] WA oA &
W, AR, dd =0t 9 vYd 53 Adsto] AHE 3
R3] WOl e, E §4u]9] Eehriol=
FFE R4 B89 ol Heke FF 7 ol A8 A
o2 Yepgthal 519 th(Goufo & Trindade 2014).

ac

ac

3) DPPH 2iCiZt 27EH

Zn) ¥hg 29| DPPH 2tdZ &A% 1Cs 7% A3}
L 62.66~117.399] M S L}E} QO 0 (Table 3) 2+ 89l0]
EYX 07 223} linear modelo] AR E ). p-valuer= <
0.00012 35t meo] Aol golHoa QlHEgom,
R? 3H2 0.96372 AFZ7} vfS- 58-S & 4= Y TH(Table
4). F=nje} w20] Hfo] S71E4S DPPH 2ol 247
e ke Ao ehgow, Asuh wEurt
DPPH 2102 27150 992 O 2 43S vjA: A0E
UERATH(Fig. 1).

DPPH ]t AAZAL A|7lo] W21 AF w2 o]
stel PASKAS vlmstor] AL 1§, 4

yS|
o
B0 A7} et $4 Folsg Xl 24T 4 9
=
3]

o

in

= o th(Lee 5 2023b). £ AT 7&;4 mnu] -@%o]

|

Hev) WE s 347

e & 2vs 2 %Eﬂ‘iio]t =4, 2 &7 84
2o JFE = A= AlmHct Pak &
01602 & E9H=, & E}EiOI E, FEAJobd ¥} DPPH

@z &A%, ABTS &t &AGoA &% ICs, =
2 Bo AHAAE Btk stgle, & A3oN: &
Zd 1= o] Z718<4E DPPH radical AAZA T =7}

ol AoZ Yeht Fxu| Hrh dagRo] PAst A7)
AA 7154 AECEA ] FsAS FelT 4 QlqiTh

3. &=0| BESE9| a-glucosidase Kol &M U o-

amylase Aol A

1) a-Glucosidase AMaff &A
10719 wig HlE&2 AR F=v dESES o
glucosidase A3} A4 &4 A= 1.18~15.67%2] HYE Y
BRI Q1.0 ™ (Table 5), quadratic ZHlo] A= o] ZH 7F
o] LEAEo] S AT 5= UL p-value= 0.0009F
FolHoz ag meo] g0l A 2 (Table 6), R
T 0998302 A7t k. F=07F - 5HY o
glucosidase A5l /o] YFZ o A A= ALE YE
o, perturbation plot& HH Z=m] Hrleo] S71ErE
a-glucosidase A|5f &/do] F7Foh= B HEHA W, +
5 ohgoll= A dFE TA g Ao E YUEHHFig 2).
53 tiALe] T4 T A9l a-glucosidase= ThgH1} o]
FRE GIFE 7IeEdsto] &3t F4A17]7] diiZel, A
HE9] a-glucosidase®] st A3 AL ELrT-S H|ESH
S FE A 7= 98 Sto] A% ET S

e @AL Glo], BE4A A% oAle] AER A8

rRo

1o

Table 5. a-Glucosidase and a-amylase inhibitory activity of fermented beverages of glutinous green rice

. . . Response
Sample Rice Glutinous Rice nuruk -
. a-Glucosidase a-Amylase
No. (2 green rice (g) (2 o - i -
inhibitory activity (%) inhibitory activity (%)
1 288 72 200 1.18 27.14
2 72 288 200 15.05 46.51
3 288 72 600 1.62 29.12
4 72 288 600 15.67 50.59
5 288 72 400 1.58 27.69
6 72 288 400 15.21 48.75
7 180 180 200 7.09 37.01
8 180 180 600 7.68 40.32
9 180 180 400 7.56 3834
10 180 180 400 7.31 3742
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Table 6. Analysis of the predicted model equation for a-glucosidase and a-amylase inhibitory activity fermented beverages

of glutinous green rice

Response Model Mean=£S.D. R Fovalue”?  Prob>F Polynomial equation”
= 1 1 'I]lli 't . Hkok
o-Glucosidase inhibitory o \4o6e 800:013 09983 65.76 0.0009  7.43+6.92A+0.28B+0.05AB+0.98A% - 0.03B>
activity (%)
0-Amylase inhibitory Linear  3829+0.58 09919 983.11™"  <0.0001 38.29+10.32A+1.56B

activity (%)

D 0<R*<1, close to 1 means more significant.
2 ™p<0.001.
3 A: glutinous green rice, B: rice koji.

I THOh 5 2008).

2) a-Amylase Aaff A

Zr=u| Y89 aamylase Ao 4 A= 27.14~
50.59%2] ¥ 915 e QL H(Table 5), ZF 8Rl0] =HA 0
2 Z8-5}+= linear modelo] A E AT}, p-valuer <0.00012
3ld mdo] 3ol foldoz AE G on, R G
09919 AIZEs} W9 282 o 2 JITHTable 6). 2
v1%} -89] o] Z71TRS camylase A3 FHE 27]
she Ae@ Uefton, 2507k w21t caylase A7)
o] e o A DAL Ao UehtiFig ). o
Amylasel A2 EAEY] 014 2L B SRt
L 54T HFY B4S1ES P2 B A 48 B
o A4 A9t A 02 o] gt FRT AL oA
T HE Eol a4s9] 1) 4 HIRh TG 59 Aol
AYsHA o} a-Glucosidase= 4% ol A5}, a-
amylaseof] oJsf| B3 G F AT HFTH o= dFHe
o7 HAFA|F|= GAE(Lee 5 2008), a-glucosidase &
Ae ANNL A el Heneel TS AN
A AT 525 2ET 4= Ark(Shinde 5 2008). ETF
mEge] 4ot A5k © Gt Sof oo A8 i A4
SHAL ALsAEd| Ao ofgt 2H9] ASHE £4go] fukd
o Al=o] arst B/ a-glucosidase A3l &/go] FA[
2 ol et A%l o aTHolet B % AckBaynes &
Thorpe 1999). Z+=1]9] a-glucisidase #]3f] ZA-S 7.08%= Lt
E}gt 9. (Choi YH 2021), Z=10] ¥ 5257 9] a-glucosidase A
oGS W Zo] 4T 23 AR Fle) B2
W SR 7o) BeHEel 480 SR £5EAY
2k-8-Z Adfiste] AlFo] F45HA ol ASchs A
A 4 & A2 = 7|HEth(Yoon & Pyo 2022).

19

4. g=0| WESEO| BN 54

—

Avjoh BLFS SYRSE AR 7 10749 2]

T 927 9] TYil(sweetness), A% (sourness), -3+ D(delicate
taste), &35t Z(bitterness), & g7 (swallowing), += TF
(yeast flavor), B8t A I (turbidity), 1231 A&l 7|5 %
(overall quality)o]] |Goh= H5H7 A= Table 73} Zt}.
w54 B4 T g3 Aro] e FES AT BE F=
oflA ZHHPE 1ol WS AESh= quadratic HE O] A7 E
SOw(Table §), BE FBo|H 2 HgHdo] Relzoz
17 = ATH(p<0.01).

oyt tigt 712 k4= 2.15-5.009] HAE UERH o,
quadratic Zo] AAE|o] Z12te] SYM 7ho] LEAEo)
VeSS Holgh 4= 2113/(Table 7, Table 8), Z=n|Q} &
5 o] S7FESE duto] digt 7|akrt fojHow
F7RIet 5407 ol %2 sk A BATkp<00D
(Fig. 3). Perturbation plot= AT EH Tyto] tjgt 7|3 =
FTFE A vHY 890 =] gFo Yepton R
F2 070828 A= w7} &9teh ©@tel gt 715wt 71
=2 F=n da s o Hl&2 51] 180.00 g BAFE
400.00 go]git}.

Algto] Hi3t 712 246~3.312] HYE Yehe
(Table 7), W5k} o}7}A| 2 2o]e} Wigo] WH &
Sh= quadratic ILE o] A7 QI TH(Table 8). Z=1]9} Air-5
adgo] S7HESE Algto] tigt 7|ak = FojHow 7t
st 2417 ol Zashe Ao RCvlp< 001(Fie
2), Algtoll tigt 7|35 of| QlojA WAL M7t 7 w2
Zmn] Ba s o HE2 =1] 180.00 g A5 400.00
go] 31t

o] WS Ro] T4 vl B 7 TEE 346477
o WS e HLom (Table 7), 20|} Wirgo] LEH
& 31 quadratic 7] AR g wao] Hghyol
Lo” oz QAo H(p< 0.001), =3 gtof| st 7|5
wo] oere A DAY RALS ko] YYo= RS
0.99400 2 1L =2 AZ=E YEHTK(Table 8). Z=0|&
olggtonM Fxu wagne Aud ¥ 4L =
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Fig. 2. Perturbation plot for the effect of green glutinous rice (A) and rice nuruk (B) on the sensory characteristics of

fermented beverages of glutinous green rice.

T4 Yo o AT Ao s AnkE Boich B
oo} iR o] F7FRGE T4t gol et V| 7}
Sttt arasshs A% UeholFig 2). 94 4% o4
BRE 9F0] Wisn|o}h R e 4t vl et VSRS %
AN T43E ghol) iR 1550k P e W] Wa

== g ek Z=u] 180.00 g 5 400.00 g oAt
2251 dto]] 3k 7| S5 L 2.38~4.779) HYE UL
O w(Table 7), T FEI} nRIVIA2 2429 Y HS7}
WS Z-gH= quadratic HEo] Ao} F=mm|et BT o
o] F7hotd & gl tigt 715wt folFor F
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Table 7. Sensory evaluation properties of fermented beverages of glutinous green rice
Sample  Rice Glutinqus Rice . Response”
No. (® green rice ik Sweetness  Sourness Delicate Bitterness Swallowing Yeast Turbidity Over.all
(€3] (€] taste flavor quality
1 288 72 200 2.15 2.46 3.46 2.38 2.64 331 2.85 2.34
2 72 288 200 3.08 2.59 3.73 3.08 3.46 3.69 431 2.62
3 288 72 600 2.62 2.46 3.62 3.00 3.23 3.66 3.69 2.46
4 72 288 600 3.21 2.69 3.77 3.15 3.46 3.77 4.46 3.38
5 288 72 400 3.85 2.77 4.08 3.23 3.46 3.92 3.08 3.69
6 72 288 400 4.77 3.08 431 3.54 3.85 4.08 4.46 4.38
7 180 180 200 4.08 2.77 4.15 3.23 3.69 3.92 3.92 3.69
8 180 180 600 438 3.00 423 3.52 3.69 4.08 4.15 3.92
9 180 180 400 5.00 331 4.77 3.77 4.38 4.69 4.08 4.77
10 180 180 400 4.92 3.08 4.69 3.69 4.23 431 4.08 4.46

D By the 7-point hedonic scale.

Table 8. Analysis of the predicted model equation for sensory quality characteristics of fermented beverages of glutinous

green rice
Model = Mean£S.D. Ry F-value” Prob>F Polynomial equation®
Sweetness preference  Quadratic  3.81+0.31  0.7082 6.75" 0.0024  5.19+0.41A+0.15B — 0.08AB - 1.12A% - 1.20B?
Sourness preference  Quadratic 2.82+0.10  0.6546 27.53" 0.0046  3.21+0.11A+0.06B+0.03AB - 0.31A% - 0.35B>
Delicate taste preference Quadratic 4.08£0.03 09940  1,008.93™"  <0.0001  4.73+0.11A+0.05B — 0.03AB — 0.54A2 - 0.54B>
Bitterness preference  Quadratic  3.26£0.07  0.9127 11512 0.0003  3.77+0.19A+0.16B - 0.13AB - 0.42A% - 0.43B°
Swallowing preference  Quadratic  3.61+0.12  0.7633 53217 0.0013  4.26+0.24A+0.10B — 0.15AB - 0.56A* - 0.52B>
Yeast flavor preference Quadratic  3.94+0.15 0.7950 25.53" 0.0053  4.47+0.11A+0.10B — 0.07AB — 0.44A” - 0.44B*
Pref: f 1l . -
e erer;i:l?ty OV Quadratic 3574024 0.7934 49.55 0.0015  4.77+0.31A+0.19B+0.16AB — 0.88A2 - 1.11B?
Turbidity Linear  3.91+022  0.7207 2627 0.0006 3.91+0.60A+0.21B
Y 0<R?<1, close to 1 means more significant.
2 "p<0.01, *"p<0.001.

9 A: glutinous green rice, B: rice koji.

7Vstebrt Aasts 23S YeR Y (p< 0.001)(Fig 2), R?
2 091272 =2 AFTE HYTH(Table 8). £&3H 5o
i3t 71557} P e Fisn) Baswo vy vek ¥
=] 180.00 g, BH+2 400.00 g o]}

Zen) 47870 B Jiio] tet 713 el 2.64-438
919 0. (Table 7), quadratic L&o] AAE| o] Fizu|o} &l
2 7o) B3 Z83HS QIS 4 AL, Fin|o B2
9] FHgo| F714E B glo] gt 71557} fodow
Z7Foltt AAskeE 43S Y ohp<0.01)(Fig. 2). Perturbation

plot¥} response surface ploto] A & @4 7| S0 34 IF
< "HY 8Qlo] Fxu|glon, R7t 0.76330.8 A==7}
=9kth Fu] 180.00 g, &S 400.00 o g} ¥l &Y o
o) $ReR) B U W W 47 Y B A
o2 Ueyt

F= ol it 7|3 EE 3.31-4.692] HYE LERfQIL.
™ (Table 7), = @43 vp7hA| 2 Zh2he] Sfd4 Zho] o
T &3t quadratic HLHo] AGH. et AT
9 Fego] FIUASE w5 ol it 7|SE7t fojHor
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F7heltt Aashs AFE EATHp< 0.0D)(Fig. 2). 75 3
of gt 7|ako] & FFE & 892 F=v|on, o
A FEI o] FE5EFY 7|52t MY w2 i
WE-SE High B8-S 1] 180.00 g, BE 400.00 g0 &
e

v e S70] Bt Y 2.85-4.469 WS YE}
W (Table 7), ZF 2.10] 24 Q] 282 Sl= linear model
o] AAE Ut H=r|et AT Fhefo] UM E EEt
BE7t fFYH082 F7loke AFE E A2 (p<0.001)(Fig.
2), A=n7t ARSET g9t Jhof o & 9FE A=
Ao E YT

Fimn] SR AEQl 7|5k 2344779 ¥
RO (Table 7), Z=u|e} BFFo] A2 WTAE shH=
quadratic &o] AA =Tt =]} AieT dho] F7t
gl et 715k fYFoR Fet o SAHA o|F &
Haste 42 B2 (@p<0.01)(Fig. 3), AHHAQl 7|5
of 9FZ A FUY 2902 F=v| AFoE YEont
A S o9 B2 ¥ H=mlop ARFE HNHARQl 7]
T AaAF MEHEQl 7137t 7P =2 uid HE
ZH=u] 180.00 g, A5 400.00 go] ATt

=

flo fob o

5. &=0| @S F29| 25 AF3F

Z=ns &8 Tdagrd HidH HHSE 9
canonical ©F2| 43| A3} 9l A A5 F3f e
A QI (desirabilityyS WERH A2 =53 A9, 424
Butol o] o8 HAgre Bl 1959 g Wol |
g W% 41461 g0]9LOP(Table 9), o]t} AHG3F W35
2 o] &3t XA #3519} perturbation plot Fig. 33} Zt},

==
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Table 9. Standard formula of optimized fermented
beverages of glutinous green rice

i

=
W
5SS

SRR
SR

LR
B

Ingredient Weight (g) Volume (mL)
Rice 164.04 -
Glutinous green rice 195.96 -
Rice koji 414.612 -
‘Water - 2,500
Q0 W #=
2 A= BaRo Shet ARlgA Vs A = Y
AE2E NESIA B €Y w50 F=0E o]8sto] &
W] WEeRol HHE BHOR FASHES BASL
s A} e &2 EEokolth F=n]o] bR &

AT S5 12.0%, A 2.63%, 2T 9.19%, B3}t
5 74.8%, XIE 137% AL HYoH, d=24 s
57.36 mg/100 go] QIth, Biu|ol W22 ERRAE Bhof
Z=n] B8 379 FASE EAJT a-glucosidase E a-amylase
A &S Rd st RS AST 2 § Hle .
Z ETtHo|= T, a-glucosidase A3f EAJ-2 quadratic 2
dlo], DPPH &ttZ A 75, a-amylase #|3]] 42 linear &
ol WHEA. B HETFE A 5 Behriol= ¢
¥, DPPH Z 4745, a-glucosidase A 3l] &4, a-amylase
A5 &4 FE BT p-valueZ} §-915F 99.9% oJUoflA E
ol Hgkio] JFEIT). 0] YESRE BEH 54
ol A= T, AlgL, =3k gt 0t 5 33, 55 3, At
?l 7|3 % HF el BE U] S7d4E 7|5
=7t St 4 olF foF o R HFaste A¥E
UEH ATHp<0.01). 54 HE FEoA 7127t 7MY
=2 Hig H&2 =] 180.00 g, A5 400.00 go] it

1
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Fig. 3. Perturbation, 3D surface, and overlay plot for the optimization mixture on desirability of fermented beverages of
glutinous green rice.
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ol4te] Aits B Fixvlol M5 olgslo] B
Fulol BB 71%5L 2% B0 FAIRE Mo
), A Hjge]= win] 164.04 g, 0] 19596 g B2
41461 g 2 AFZE| ). o3t A= 43t AYEA
g Ad Axule] 7154 2420 FEES kol B
05 o] g5lo] YALRE AXY 49 Wu|2 IE 2w
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Chemical Synthesis and Antibacterial Activity of Glycerine Fatty Acid Esters
Using Medium-Chain Fatty Acid
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Abstract

A mono-type glycerine fatty acid ester compound was chemically synthesized using medium-chain fatty acids with antibacterial
activity, and the physicochemical quality and antibacterial activity of the synthesized glycerine medium-chain fatty acid ester
compound were measured. At a reaction molar ratio of MCT(medium chain triglyceride) to glycerine of 1:2.5, 48.15% mono ester
was produced. The physicochemical analysis of the synthesized glycerine fatty acid ester compound showed an acid content of
0.38~0.60%, which tended to increase slightly as the glycerine molar ratio increased. The saponification value decreased as the
synthesized molar ratio of glycerine increased from 218 to 284. The number of bacteria was measured to confirm the degree of
antibacterial activity of glycerine medium-chain fatty acid esters against food poisoning bacteria, Bacillus cereus and Salmonella typhi.
The number of bacteria significantly decreased as the MCT:glycerine molar ratio increased. In particular, the antibacterial effect
between the treatment groups was the highest when at an MCT:glycerine molar ratio of 1:2.5.

Key words: glycerine fatty acid ester, medium-chain fatty acid, chemical synthesis, antibacterial activity

of & AHEAYIT B3] HAHDAGE Ak} 282
FozA oluA B4 7150 G PlxE A

7.

(Kwon 5 2010).
S A9 (medium chain fatty acid, MCT)2 Z37 YR 34 50l
A QefE A0E MCTS| 74 AHAHOR 7Hme A eaprylic
acid, Cgyp), 7FEZAK(capric acid, Cioo), 2H>-EAH(lauric acid,
Cio) 5°] thKang 5 2015).
olg THAMAIES FHEEE AYIL U= ALE 2
HA o 11 7122 7l SafAAe] Alautof A&

—

S

L
o — -
Ao 1T west thokst 9 A5 Al 0 Z] 31 Qlth(Boyaval 5 1995; Wieckowski & Wojtczak 1998;
[e]

Desbois & Smith 2010).

A HFAE SO M B4 4= 107]2] capric acid, 127]91 lauric
acid7} Fg4do] 7MY & A0 E IHA UL ©hpTt
olgHth HAY W FHEAdo] BojA= AR HIE
31 HSun 5 2003; Wille & Kydonieus 2003; Debrois &
Smith 2010). S A YAFER] caprylic acid, capric acid, lauric
acid 52 =Wl AFH7H S40 A€ AEH7H=ECIH,
53] caprylic acid®] 7-¢-ofl= FDAA A& 214 71
4 QI & 35]-83F GRAS(Generally Recognized As Safe) Q15
E7Zo]th(Ministry of Food and Drug Safety 2011; CFR 2023).

' Corresponding author: Kyung-Haeng Lee, Professor, Major in Food and Nutrition, Korea National University of Transportation,
Chungbuk 27909, Korea. Tel: +82-43-820-5334, Fax: +82-43-820-5850, E-mail: leekh@ut.ac.kr

- 354 -



Vol. 36, No. 5(2023)

Bergsson 5(2001)2 lauric acid, palmitoleic acid & monocaprin
S Streptococciol W8l 5 mM LA 6 log CFU/mL &
ool Aag B APAL o AH = FEjQl monocarpin
B WS FEOlE 1Y £S 247 oA FUSIAtL o
F o E3]| Staphylococcus aureus O\ AL B F2 FEO)A
monocapring &S et FLe Aol st
9T}, Thormar S-(2006)2 Campylobacter jejuni® TEFMNof 10
mM9] capric acid®} monocapryling 1087 2|3t 23}, %
7] @49} H]w5ke] 67 log CFU/ML 42322 40| ND 427}
A A £ FTLS FATULL AT A
20 HET E. coli O15THTO = B & R 5= 5 mM9]
monocapryling A 7H24A|7h) Z-835F9] 5 log CFU/mML ©]A}
9] £ AHANE EIste] S AAre] 2 pH €739
Al H B2 ARARETE Hole AL FRISHAH®Nar 5
2005).

o]} Zo] o|5 7479 HEES FtEo] YFH
€& 42 3471719 FAA 2 5= 3
oF FtAl E A= 59 F=4
FHAGAES W & T =
ofof|9] #-go] mje AgtHolgt & 4= QU= 11 ol F
HAGAE ZHA7F A3 9] AEE AU Q7] 2ol &
A AE &, R AEoAY AE2 fA] gt & 5
Atk olof FaAT4Y] FHEHE A AFEo| 38517
A= s/ (water phase)ol|A12] &30l BastH, o]
g 542 YEWY] flsiME AF A7HE fEHAI 2EA)
A AHAE o AH 279 Ffdho] HAs] ety T 4 3l
th ESF Lee 5(2011)2 SHATAIE = SaA T4
83t triglyceride, monoglyceride 59 SEA7} o =& av=
Hou, SHA A FEA9] A 71E 0] ARt A
Aol s A Eof AFYA 82 ol Aol stk

wehA] 2 Ao IS e FHATAS &
-&5to] mono FE| Q] SEAH A PAF o AHE SFESZ ©
st ow sty FHE YA SHARAL A=
SREE9] olgkets 4 9 FHBEE S
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AL Aole] Bolehe Aok Bl upeh, g 15} 2
o] o AHIZ 38t /S 5519 mono glyceride® R digleyeride
B Axstaa SYA A SHHATAL] triglyceride FE
0] MCT(medium chain triglyceride)& &-&3}] JAHZ 3}

SHAES 283 SR AL olaE29] sfet 9 B It B4 355
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Fig. 1. Esterification of glycerine fatty acid using
medium chain triglyceride.

g 9h-3-& APsol lo] MCT : 28419 vhe-&EH]= 7+
Z+ 1:1.0(Sample-1), 1:1.5(Sample-2), 1:2.0(Sample-3), 1:2.5

(Sample-4) @ 1:3.0(Sample-5)C.& d}o] A x5}t
ol 9] ¥h-g- Zulj= calcuim stearateS AR&-51H 00 HE-S

ST 245-255CE 3AIRE B FAAIZIEA Alzsti.

2. S2M2l e HAH 2| SMAET &0l

MCTe} SEA-S v &EE o AH = 315t P4 &ot
of AxstAa Az SYAR SHAFA o AH =] &
d AEE FRlsty] fste] AEH7HE T4 9 ARAIEY
o A=l Q= 7HAAERE I ] Al H O] HA MRS
Hol ot MPsiit. & SN SR AL o AHE Y
Mono-, Di-, Tri-ester®] $FF2 &215}7] ¢J5}o] Agilant 6890
GC(Agilent Technologies, Palo Alto, CA, USA)E AM&-5}% 1L
column-2 capillary DB-5(J&W?7, Folsom, CA, USA, 30 m)& A}
2519 01, carrier gase helium& ARSI T, BEAAEE A
A8 FA O 2= TMS(trimethylsilation)s+S Z1885k] 1.0 pL
TSI 2 2=+ 150ToA 9 10TH AS5AIXI
T, 320Co|A 2587 A% & YAsiloh AE £
split ratio= 10/12 AAsto] BEAS Astdy A&7+
FID(Agilent Technologies, Palo Alto, CA, USA)E AFE-51% 2
™, gas chromatogramS Fig. 29} Zt}.

3. S2|MIE!I X|eAE of|AHIZS| 0lslEHE AlH

SYAE SHAGA o AHEE AE HVEEA
A7HE 3400 27. S A-IAFAIAH 2] 3184
Fo= ERH AE J7HE 3404 #eEst= ol
?l &= Al 47HE 6 ofot= TE|Skal }lon, A v
2 Ministry of Food and Drug Safety(2021)°]] SA%o] Q=
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Fig. 2. Chromatogram of synthesized glycerine medium fatty acid esters.
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gol02 Hgajol 24aAT
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1:22.5)2 TS o AHIE FFTEL 0.005, 0.01 L 0.02%7} 5]
L5 SR | mLA petri dishof] Z42F £551aL PCA B 4]
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D Salmonella typhiZ 108 3AHO 2 10°, 10° & 10°C.2 3]
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Table 1. Composition ratio of glycerine fatty acid according to the molar ratio of MCT and glycerine
Molar ratio
(MCT-Glycerine) 1:1.0 1:1.5 1:2.0 1:2.5 1:3.0
Free glycerine 7.18 14.40 21.67 28.53 3231
COmP?S‘“"n Mono ester 37.44 45.26 47.95 48.15 4727
ratio
%) Di ester 46.53 35.89 27.33 20.90 19.08
Tri ester 8.84 445 3.05 2.41 1.34
2. S2|M2! XA sIAHIZS| Ol=tetE Al stAe™ Aol 1:2.59 HlEd H7F 7MY £ It

E A AGAAH E S3HES o)geh &
A A7} Table 29} Zth.

AF7FO] 749-, 038~0.600.2 & H|8HEE SN H&
o] FoPAFE R F7Ioh= Aol AEH7HE &
AoflA g5t e SEAI- A4 o AHZS] 42 6
o]3}& FojQlo] BE & X1 H|go] whE Hkgo] o5 A
H ZYAI AL ol AHIZE IS I 4= 9l

H|5=31710] A9 2182842 ZEAHQ] T4 EnH7} =
OPASE H|RSI7E RolRl S & 4= o, S A4
mono |AH 29| 3o =4 FAAHE AEY HFI=
232248 AL YL oI5t

3. SAIME XL HAB|ZO| HREN S5
s}t GAolA Qoldl FelA FAAYA o282
1

24 Aeg FRIs] fste] 45 ST 2= Table

1002 4-& 34 FeolAe izt 257 Bot A
§lZ F=oH MCTe} S2|A1d 9 & vl&o] ot
w7t BASH Aaste 2 € o AT 53] A
Zboll FtEI= MCTS 22A-E Y EH7} 1250190
7t 7P Ekew teo2E 120, 1159 &olgth =
MCTS SE|A[F 2] Bl &0] 1:1.09] & Bl &2 WEAR] 4+
= AT QAT SEAF 9] EHlEo] &2 AR
Hlato] Hoh 2 gt A3kE Ho] MCTe SR &
Hlgo] 1252 otE w7 Kok G342l Ao g eyt

@571 10° © 10°0.2 343 F o= FEMH A4
oAHZ 3EY 7t TR H25E FHAHE 5

A
s
=
=
T

2HE UE AT

o]} Zo| 1:22.0 &= 1:22.59] H|E&E A X3 YA AW
A o AH 27 Bt 2 A aTE Hol: 0|8 Table
194 B vk} Zro] mono O AH| 29] gHeFo] =7] m&E<l

Ao AzE et

o)4fe] A:E Hol MCT}F SE|AI712] H]&0] 1:1.09] &
H&E 9HSAIX] A%, a7t AAR SYARIS &
H|go] 2 A Bt W2 P+ 8IE YEHYIIH S
7V =& Salmonella typhiol] T3t FHAIE Hol= SEA|
o A4t o AHIZEZ = MCTRF SEAIR1Y] & HEO] 12

= 1258 519 w7F Hoh anpE oot

Bergsson 5-(2001)0] AEFEA| S. aureus®] FEHO| O]
ZF(10 mM, 0.17%)9] capric acid, lauric acid?} capric acid®]
monoglycerideQl monocarping 10327t 2|5t A1} 56 log
CFUL 429 %& F 44Aste sskicty oo
mono FES] A A{4E A AE| = o] 7Y HWokE

23E STES Folck

ool Z3tg FYsto] B

4hE E-85to] mono FE|S] SEA
=2 ofota o SN tEde 4% A3, MCT
o} ZEAFe] B Hgo] 12 B 1252 39S 1 Faa

27} 95atc

Table 2. Acidity and saponification value of glycerine medium chain fatty acid ester

Rina
Gl

24
AAL ol AH = 2t

Molar ratio

(MCT : Glycerine) 1:1.0 1:15 1:20 1:25 1:3.0
Acidity 0.38 0.43 0.44 0.51 0.60
Saponification value 284 262 248 232 218
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Table 3. Antibacterial activity of glycerine medium-chain fatty acid esters against Bacillus cereus

0]7(:3]63 .

o
—

el
ﬁ:‘i‘
nd
o]
of
OO
£
ol
B

(unit: CFU/mL)

Molar ratio (MCT : glycerine)

Dilution Concentrate (%)
Control 1:1.0 1:15 1:20 1:25
0.005% 4.4x10° 8.1x10° 3.9x10° 5.5x10*
10* 0.01% col) 2.3x10° 2.6x10° 6.0x10" ND?
0.02% 1.4x10° 1.0x10* 1.0x10* ND
0.005% 5.4x10° 1.5x10° 8.5x10° 2.0x10°
10° 0.01% 5.3x107 5.9x10° ND 2.0x10° ND
0.02% 1.0x10° ND ND ND
0.005% 6.8x10 1.0x10° 6.5x10° ND
10° 0.01% 1.3x10° 2.3x10’ ND ND ND
0.02% 5.0x10° ND ND ND

Y co: Too many to count.
2 ND: not detected.

Table 4. Antibacterial activity of glycerine medium-chain fatty acid esters against Salmonella typhi

(unit: CFU/mL)

Molar ratio (MCT : glycerine)

Dilution Concentrate (%)
Control 1:1.0 1:15 1:20 1:25
0.005% 1.7x10° 2.6x10° ND? ND
10 0.01% col) 5.8x10° 1.0x10* ND ND
0.02% 2.8x10° ND ND ND
0.005% 5.0x10° 1.5x10° ND ND
10° 0.01% 5.1x107 8.5x10° ND ND ND
0.02% ND ND ND ND
0.005% 3.5x10° ND ND ND
10° 0.01% 1.4x10° ND ND ND ND
0.02% ND ND ND ND
" co: Too many to count.
2 ND: not detected.
4 FHEES S MCTe S YA-Y ¥k EHE 2ZIAIe| 2
1:22.52 392 W7} 48.15%=2 Z|th 2] mono O AH 27} A

9]
EHE SYA-Y HlEo] FoHdsE
3| o]
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£ 7 AT TAstes A2 E 5 AT 53] A
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Abstract

The major active components of Astragalus membranaceus (AM) are isoflavones, which exist in the form of various glycosides.
Nuruk is a traditional fermentation starter in Korea, and is suitable for the biotransformation of isoflavone glycosides because it
contains various microorganisms and enzymes. This study was performed to determine changes in the isoflavones and antioxidant
properties of AM fermented (AF) with nuruk over 24 hours. AF was sampled after 0, 2, 4, 6, 12, 18, and 24 h of fermentation,
and calycosin 7-glucoside, ononin, calycosin, and formononetin content, and the antioxidant properties of AF were analyzed. The
total phenolic content increased with fermentation time, and the ABTS radical scavenging activity increased until 6 h of fermentation
and then decreased. During fermentation, the isoflavone glycosides decreased significantly as fermentation time increased. The contents
of calycosin and formononetin, which are aglycons of calycosin-7-glucoside and ononin, increased from 100.54 ug/g to 276.84 ng/g
and from 56.29 pg/g to 123.04 ng/g, respectively, at 18 h of fermentation. Significant correlations were observed between fermentation
time, isoflavone content, and antioxidant properties. The results of this study showed that fermentation with nuruk is suitable for
the biotransformation of isoflavones in AM.

Key words: Astragalus membranceus, antioxidant properties, fermentation, isoflavone, nuruk

M =2 £ S35t 9= Aoz UEA QIth(Subarnas 5 1991;

Hirotani 5 1994). & F3} A&7 Zo] 7]of= H&4 3t

B\ (Astragalus membranaceus)y= F-ifof| &dH= ThAAY & & olo]4A&EetE (isoflavone)°] TFEF £A|5}H, calycosin
ZBAEZ dhu|sl BaE AR5k U AEYes 7-glucoside, ononin, calycosin & formononetin®| tf 2] o]t}
AR&-2ttH(Jung 5 2008). B7]= qHollAl 737, A&, o]ko] (Song 5 1997; Li & 2019). &7]19] 8 ofo]iEehel
B} Qlo] AAYEE, HFEQ7|e LHZA 59] X Ho calycosin 7-glucoside, ononin, calycosin @ formononetin©]| T}
AEE A WA ol AGHE BAF F soltt @ AT ATFE Tk olZolAct 1o ZARE
(Klm 2007; Lee S 2008). olo] AZTHE-L FThiy(Tang S 2011), FEZ(Huh S 2010),

P71 TR witerpene saponin, W5 BHE W kA Py 5 2005) B JEVA G 4 Lukyanchikov
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FE0 R HE FQisto] B4 T A& 719 isoflavone
AL Aot HFEE 0= calycosin 7-glucoside, calycosin, ononin
9 formononetin A] 10 = 2] X](Sigma-Aldrich Co., St. Louis,
MO, USA)Z EE o}t Ao AMESH &3} acetonitrile
(ACN)Z Fisher Scientific(Pittsburgh, PA, USA)o] A F-45}%
o 1 ool BE Aoke EFAkE AHgelsich

2. &g #U|9 M=

SER|o] ARE B, R 9 B 551009 FFu|7}
TE 717140 g, 40 ¢ 2 800 g2 3 L baffled erlenmeyer flask
Y1 595}0] 4042°COA 150 pmOZ 24417 B9t |
Aok HANL 0,2, 4, 6, 12, 18 D 24X+ 247+ L3S}

> 2 W
ol

9% o2 7Isto] vhg-2 FAIAZ & A2
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B 287} 35 ¥ ofystel BHE ARE AHS

3719 A& 361

SEAL) 42 8719 F T FFL s skl
Dewanto 5-(2002)2] #Ho]| w2} Folin-Ciocalteu reagent”} 3
=9 HE4d dRtEcl o8 SEo] ETEd YMow
HAst=s A2 92 S5 &, 4 589 2%
Na,CO;-&HE 79t & 1 N Folin-Ciocalteu reagentS 715}
o 30E7 WA F N3 FRE e 750 nmz
microplate reader® =743} tt EEEZE gallic acid(Sigma
Chemical Co, USAYE AF8319.00] % Selos Foe A4
A& mL 59 g gallic acid2 YERHAT

2) ABTS 2IC|Z A9 s

A G2 719 ABTS BT 2A5S Belsh]
9J510] Re 5(1999)2] W02 24519t} 7.4 mM 2,2-Azino-
bis-(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS, Sigma Chemical
Co., USA)T} potassium persulfate 2.6 mMZ 12A|7F o]A} G4
of ®A|sto] ABTS ™ ¥ol2g FAAIZ & o] A 735 nm
AA FF= ol 1471 HER & FFAS(e=3.6x10' M
em HE o]83dto] SHFE A5ttt SAH ABTS " &
H 190 pLof| &9 10 uLE 7Fsto] 8= ¥gkE 302
20| microplate reader® =745}Htt EEEZE L-ascorbic
acid(Sigma Chemical Co., USA)E AF8-5}9iT}.

4. WSAIZH| 2 247]9] isoflavone EH2F Bis)

I 2719 isoflavone TS ERlot] flote] LA o}
M-S 0.2 um syringe filter(GHP membrane, PALL, New York,
USA)E o]3} & claycosin 7-glucoside(y=38.128x+1.5057, R’=
0.9993), ononin(y=46.472x+0.2983, R?=0.999), calycosin(y=54.998x+
22287, R*=0.9991) 2 formononetin(y=68.757x+1.6707, R’=
0.9992) EFEEF-S AHESt AR 5 RS 461 25
29 50 ugnle] BEE AR F 543k0] A8
Isoflavone FFE-L Park 5(2019)2] W2 W slol AFE5IS
of. E4ofl&= HPLC-UVD(1200 series, Agilent Technologies
Inc., Santa Clara, CA, USA)2} YMC triart C18 Z (100 mmx
4.6 mm, 3.0 ym, YMC Co., Kyoto, Japan)2 A-&-5}Tt 24
ZAL o]ZAL 0.1% formic acid/water(A), 0.1% formic
acid/acetonitrile(B) 7]&7] Z7(0~5 min: 0~0% B, 5~7 min:
0~10% B, 7~12 min: 10~20% B, 12~16 min: 20~26% B, 16~17
min: 26~26% B, 17~22 min: 26~33% B, 22~32 min: 33~60%
B), 4¥ &% 30T, 8% 1.0 mL/min, Y= 10 1L, A&}
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Fig. 1. Antioxidant properties of Astragalus mambranaceus
fermented by nuruk with different fermentation times.
Different small letters on the bars indicate a significant
difference (p<0.05). GAE; gallic acid equivalent. AAE;
ascorbic acid equivalent.

isoflavone BEA|Q1 calycosin 7-glucoside®} ononin®] 7}=&
SflE|o] ofZE]Z9Ql calycosin®} formononetin®. &2 3= %]
t}. Calycosin 7-glucosider= ra o] 23ty 317]9] FFS
&2 R Aol 3895 ugeol Al LEA|TH] F7}elo]
et w2 A 7ZA5HE T 2a A& 6, 12 D 184 7o) 2zt
59.08, 87.27 9 96.96%7} TAsIH O, 18X & +HSIH
t}. Ononin't calycosin 7-glucoside®} F-AFSIAT Wa A
14.09 pg/goll A R 6A17F & 72.90%7F A oto] 3.82 nglg
= UEHHilon, AR E = FEEA Lttt widA7t
olZg|Zo 2 AglHo|| we} calycosin®} formononetin $F
o] &7FslHt}. Calycosind} formononetin 5 S7F= & §
18N Z¥7HA] F7) & 485191 2.1, calycosin} formononetin
Z7HeS #a 18A7HS 71&E 07 72t 175.35%2F 118.57%
o]t} Wd A calycosin} formononetin T 100.54 ng/g
I 5629 ng/gelA o, 7Y B S el WA 184
Zroll A= 175.35 ng/gdt 123.04 ng/ge] ATt

Jiao 5-(2017)9] Aol A S (Aspergillus niger)T} T
14sleto] 7] g ol wiek
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SteFo] 37| &718F . Isoflavone OFZ 2] &2 St 3} &

- (Aspergillus oryzaey



Vol. 36, No. 5(2023) 55 ol& TRy JE

Hydrelysis

+H,0

Hydrolysis

+H,0

Ononin

—

363

OH

HO

HO.

Glucose

OH

HO HO.

Formononetin

Glucose

Fig. 2. Bioconversion of isoflavones from Astragalus mambranaceus by enzymatic hydrolysis (Guo et al., 2020).
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Fig. 3. Typical chromatograms of Astragalus mambranaceus
fermented by nuruk with different fermentation times.
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Fig. 5. Conversion rate of isoflavone from Astragalus mambranaceus fermented by nuruk.

Table 1. Correlation among fermentation time, antioxidant properties, and isoflavone contents of Astragalus mambranaceus

fermented by nuruk

Factors FT TPC ABTS C7G (6] C F
FT 1.000 0.952™ 0.724™ -0.894" -0.834" 0.879” 0.908™
TPC 1.000 0.550™ -0.981" -0.953" 0.965™ 0.967"
ABTS 1.000 -0472" -0.365 0.460" 0.549"
C71G 1.000 0.982" -0.972" -0.965™
C 1.000 -0.975™ -0.956™
0 1.000 0.978™
F 1.000

Factors: FT; fermentation time, TPC; total phenolic content, ABTS; ABTS radical scavenging activity, C7G; calycosin 7-glucoside, O; ononin, C;

calycosin, F; formononetin.
*p<0.05, "'p<0.01.
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Abstract

Changes in contents of free sugars, amino acids, and fatty acids of legumes were analyzed for each phase of in vitro digestion.
In addition, contents of resistant starch in raw and digested pulses were compared. Soybeans, kidney beans, cowpeas, and chickpeas
were analyzed. An in vitro digestion model was used to analyze contents of nutrients using LC-MS and GC-MS. Stachyose in
kidneybean, cowpea, and chickpea increased as the digestion phase progressed. In four types of legumes, raffinose slightly decreased
or showed no significant difference between the Oral phase and the BBMV phase. Content of glucose, a monosaccharide, increased
during the BBMV phase. During the digestion phase, levels of free amino acids and free fatty acids also increased. Content of resistant
starch was reduced compared to that in the raw material. It was 0.01g/100 g food in soybean, 1.06 g/100 g food in red kidney
bean, 0.77g/ 100g food in cowpea, and 0.76 g/100 g food in chickpea. It was confirmed that nutrients in the in vitro digestion
model were liberated at each digestion phase with changes in the content of resistant starch. These results are expected to be used
as fundamental data for obtaining bioavailability of nutrients.

Key words: legume, in vitro digestion, nutrient content

]*Q'Q o] Al 599! bifidobacteria
ol 28t tARRE BAdS A5t

Holo] Ao Qlo] F8 AF AYC R olgHE= T 1L EF 141 T 1‘%} = lé HE % AT e g4
< B3k, T, Aol Rt SRS AFoE HF Al /\15’4 3 FEE JAATHChoi 5 2014; Kim 5 2023).
B A7 oldol Ae Aow FHA QAtHCha 5 2023). ERE Fole 1T ol i nAE] Holz &85
Foll T2 &3] UF< stachyose®} raffinose’= sucrose = A]o]4dFet A Ro] T -F-E O] Urh(Lee 5 2022).
o galactose7} a-1,6 2O 717 T E= T 7[9] ZAjto] J—SALHX] o= B3ES Aol Reta shy 84 4o
=o|Qs SRS 7HA AL Qlof QA mae] o Eei7t ARt 84 AoldfE EREth B84 AREe did
E7] b= WdAashd E2|ardolthHodoniczky 5 2012). o= %1 O] REE SVHIA FE H B FHES FiL, 784
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f golat segoo] o) MelHoR wazol of
Jet A AHSCFA)S] /S S7HA171= ZEjHio]
2851t (Julio-Gonzalez S 2021). AFFARL Zf
Solat 0= sol7} Hlo] AT EA bifidobacteriad} 2
B Fodde S7HI71e AEE 237t tkOku &
Nakamura 2002; Chang MJ 2004).

W B B o] FRACRE olgu, 4
lysine 5-2] "<4=o}u] = Ak} linoleic acid, linolenic acid 5 &=
E3 AL o Fheeka ool AaeA Weke ol
¥ £y g 241 GUE /e 4 Urkie S 2013)
P Bl AFT AFE A2 A oA 4O amylase,

919] pepsini} lipase, 4

flo

l_.

9] pancreatin, sucrase, lactase, maltase
of ofsf Eafiz]o] AW & 5 U=
3 g dEe ARt 8 YRS TSt
&, A, oeEe d—H T 7 o, A4, obn At ®
= o A 7]‘60 FAek= o E8Hh ot
2hA AE A3 olF FF= gotstr] flsiA= a8t
SA ] g A2 tﬂﬂroﬂ et A5t7F L4=Aoltt
In vitro digestion model-> Q1A W Ag}a}HS HAlSH] W
MPEOE Q] ) 439} M4T R4 BAL W0l ¥
AiE dojd 4= = A Wolth(Bae 5 2021). &
L 97k tAro & 3t AlZ o] 7|54 AZo| P A
AT ATE IS 5 O, in vivo digestion model
e 83 2180l Lao] SEUTUeI Vi

e (oS < 1 A
g & rSL o

o s
-
X
]
oZE
ol
fot |
£
A
i)
M
%
N
;o
£
.
o
o[
\]
‘3
89
S
=.
E

dlgestlon model-Z &85t
53] W, 4, 2, w5 AR AE B A7) 45%S A
A S1g 45 1% ool S48 AL 2
oL Bolol| Al in vitro digestion modelo] o] &-H = AL 4
vRi o] ARHE FRol 48T ATE Hd v g
38 Aot AL, 47, A4 5 Aoliig chkg Al
25 &8 AFe L7 AFolA HiE A (Lee 5 2019;
Bae 5 2021; Kim 5 2021). In vitro digestion model> A3 9]
F20] w2t AREShe a4, AlmO| AE, A& AlolZ, 4
3t 2%, pH 59 o] g ofof girt. Alm 9] A
et geskE AlRe , A Almo]
= pancreatin @ bile salts, T2 A|Zof= pepsinS A7}
e FFe 3771 59 280] a5t AR YAt
7 AAY Am9 Fo] BEE ATAFE FTHAA in
vitro digestiono] H&5| o] Fo|X & A Sto{oF SFTH(Hur
= 2012).
1w QAo AE Bl AuPolN A8f, 45,

49 duz AREo] thay] TR At o
2TOR S0 MUY Bl YL BPLBEA

a-amylase®} mucing-

cH =
T T ©
= =

‘r"é‘tﬁ
=
O
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READ, HolIFE@RAD 358 B4 AR Adsiant
HEA, JYIA 5 Aol 2ol 8 L34 A

AAsE 7H ;lt,‘_;ﬁ, ojxl jﬂ-_—.—g}ﬂ in vitro digestion model-&
Fasto] 4, 9], Aol M9 2342 A WSHTHMinekus S
2014, 2712 % 23TAS FEslo] BRI} i 4
32 4=35H7] Y3H brush border membrane vesicles(BBMV)
F4AE 715l O W (Ferreira-Lazarte 5 2019), 428H=2] tf
A ol A whA Bl Fodialysie) TR LAHst
71 ALHE RS EHoF F=F  digestion
of H8alol S5 PR T WS

model2 55 A&
A, 9, 2%, 5 AtHAEE gl

1

EJETTT

1. A2 ME & MAE
£ AFoIM ANERE Al 5 HlF(Glycinemax), F2 7335
(Phaseolus vulgrais var. humilis Alef), 5-5-(Vigna unguiculatay=
77y AARE A, BdEE AR, debdE 7 sl
A A st al, ByotElF(Cicer ar’ietinum)—g o] =£ALo 2
2e1el HEAZ B9 TSt £5 452 FAREAE
5 3 (National Institute of Agncultural Sc1ences 2021)°]] AJA]
9 5z x40 Bt xslo] Ago] A8t 7t 5

=
R 2e) WA BY AL B - 4 AKS 259
o 53 Zee thest Yok dhEE AT 5o 3
% 3] 2R YT 408 5 AIokth FRE 847k B
T 100]0) B2 93 S0RTF A9tk e 4TS £ ¢
o] 1009 Eof 147k 5 é&s&r/} Hotel 3L 6A1% B
B 5 1009 ol 158 5 got AHefstale. 22 @

Shinil, Korea)E 20%

A Ak 9l A 7] (SMX-350SKHN,
Hto] F A BE ARESIACH

r:i i
FIE ﬂlIﬂ.I

2. In vitro digestive model

23t gAY JgAa IF WSE 2] 98] Minekus 5
(2014)9] wIHHof| whe} oral phase(Q]), gastric phase(), intestinal
phase(4>7%}), BBMV phase(§-%) 49} #H& XI5k th(Fig.
1, Table 1). Oral phase= A| 22} Y A3}H(SSF, pH 7.0), &4
(75 U/mL salivary a-amylase solution(Sigma-Aldrich, St. Louis,
MO, USA), 0.3 M CaCly(Sigma-Aldrich, St. Louis, MO, USA),
water)& L:1(wv)ZE g0l 37C T2 F&7](200 rpm)o| 4] 2&
7t ¥1-8-5199t}. Gastric phase= A= ¥ ASHH(SGF,
pH 3.0), 24:[2000 U/mL porcine pepsin stock solution(Sigma-
Aldrich, St. Louis, MO, USA), 0.3M CaCl,, 1M HCl(Daejung,
Seoul, Korea), water]2 1:1(viv)& &1L 37C T2 H=7](200
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Oral phase
: 1
SSF
a-amylase
CaClz, DW

sample

2 min, pH 7

Gastric phase

1
Oral bolus

1
SGF
Pepsin
CaCl,, DW, HCI

120 min, pH 3

Intestinal phase

1 : 1
Gastric bolus SIF

Pancreatin
Bile salts
CaCl,, DW
120 min, pH 7

BBMV phase

Intestinal bolus + BBMV enzyme

180 min, pH 7

In vitro digestion sample

Fig. 1. Overall process of each phase in in vitro digestion
system.

Table 1. Composition of simulated fluid (mmol/L)

Composition SSF SGF SIF
Kc1? 15.1 6.9 6.8
KH,PO,” 3.7 0.9 0.8
NaHCO;” 6.8 12.5 4.5
NaCl* - 11.8 9.6
MgCl, - (H0)s” 0.5 0.4 1.1
(NH,),CO;® 0.06 0.5 -

D Potassium chloride P9333, Sigma aldrich Co, Seoul, Korea.
2 Potassium phosphate monobasic P0662, Sigma aldrich Co.

3 Sodium bicarbonate S5761, Sigma aldrich Co.

9 Sodium chloride S9888, Sigma aldrich Co.

% Magnesium chloride hexahydrate 63068, Sigma aldrich Co.
5 Ammonium carbonate 207861, Sigma aldrich Co.

pm)Of| A 12087t ¥1-3-5} t}. Intestinal phase= ¢ ASH=1}
A ASIN(SIF, pH 7.0), EA[200 UmL pancreatin from
porcine pancreas(Sigma-Aldrich, St. Louis, MO, USA)], 160
mM bile salts(Sigma-Aldrich, St. Louis, MO, USA), 0.3 M
CaCl, waterZ 1:1(v/v)Z &1L 37C &2 Z&7](200 rpm)o]|
A 12087 913519t} o]%F intestinal phaseE A% A|&E9]
773 UmL BBMV 84E H7}sta 37C &2 Z87](200
rpm)°f| A 18027t 1:1(v/v) BHS-3FATHOKu 5 2011). Th
phaseZ Z18Y5}7] o] phaseE 2 A& HHE} A3 100C
oA 10 5 54 ¥ '6‘111‘]51'_ FH
AES AAEE 4,000 rpm, 108) & A5
TR o3t v JEEA ] o] &3t

3. Dialysis &

In vitro digestion® AZ MEZL 3]45}0] Spectra/Por® 6
Standard RC Pre-wetted Dialysis Tubing(SPL Life Sciences,
Pocheon, Gyeonggi, Korea)ol] 211 10 mM NaCl(Sigma-Aldrich,
St. Louis, MO, USA)O]| &7} AEA} 43122 A A31c} 37C
of| A 24A17t B9t #1951 th(Shiowatana 5 2006; Bouayed
S 2011; Hettiarachchi 5 2021).

4. welgd 24

Phase'd 323 (65) T2 Dionex ultimate 3000(Thermo
Fisher, Waltham, MA, USA)E o] &3] BEA35}3tt AHLS
Sugar-pak(WATO085188, 300 mmx6.5 mm, Waters, Milford, MA,
USAYE AL8SIo0, 4318 ARE UFFe] 2Rl 7
A3t & 0.45 pm FH o] of7}sto] HPLC E4]0f AHE-S5H3L
of. EEEL glucose(98%), lactose monohydrate(99%) 252
Junsei chemO]|A] )5} A1&-519 1 raffinose(99%), stachyose
(99%), sucrose(99.5%)2 Sigma-Aldrich(St. Louis, MO, USA) A|
F= AREsto] fET S A4S

5. OfO|' =t 24

otu] i AH18%)2 Dionex Ultimate 3000(Thermo Fisher,
Waltham, MA, USA)S ARE-3] £41519 0™ AHL Inno C18
column(4.6 mmx150 mm, 5 pm, USP L1, YounJin Biochrom,
RGBT} 251 A
Z Buffer(0.1 M perchloric acid, 0.1% meth-phosphoric acid)©]|
Yol 17t 28 %2 T Lol 147 EF H 02
um BE] F BAo] A8t} EE
acid,

Seongnam, Gyeonggi, KoreayS =5

(aspartic acid, glutamic
serine, histidine, glycine, threonine, alanine, arginine,
taurine, tyrosine, valine, methionine, phenylalanine, isoleucine,
leucine, lysine, proline, tryptophan)<- Agilent(Santa Clara, CA,
USA)?} Sigma-Aldrich(St. Louis, MO, USA)o| 4] +Q]5}o] &
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Hehlet.

6. X|Lat BN

A WA palmitic acid, stearic acid, arachidic acid, oleic
acid, linoleic acid, a-linolenic acid®] &H=F WIS GC-MS
(7890A, Agilent, Santa Clara, CA, USA)E o]|-&35}o] 243519
o}t Al2E 52 AX5}] methylation mixture (MeOH:Benzen:
DMP:H,SO;, = 39:20:5:2) 340 L, heptane 200 nLE ¥ &&=
T S0COIA 2417 22T 2 7 4L Wztslol 84
U F 3 3 439 UUT 22 T GO BAST 2
L2 DB-23(60 mmx0.25 mmx0.25 pm, 122-2362-INT, Agilent,
Santa Clara, CA, USA)S AME-5}3 1l AZE7]+= FIDRS0TC, Hy
35, Air 350, He 35 mL/min}& AFg-5}o] BA519ct

7. HEEE BE 2
Alge 52A% 9 EH5lo] Resistant starch assay kit(K-
RAPRS, Megazyme International Ireland Ltd., Ireland)S AF8-5]
o] AOAC o5 =435} thHoehnel 5 2020; McCleary
% 2020). Pancreatin a-amylase/amyloglucosidase= 37 COJ|A4] 4
AlZE BRI, 95% oEHE 8N 4 mLE do] &4 ¥hS
= SAAIFT 4,000 rpmof| A 1027 Aokl A5
2 BT T AEAS A3PPsT 1 240 A8IIAT
AL AR BAo| A 8ol AFHE B
43i7] Sfa) ARE] 50% oS Bl Yol PaRelel
AlFstar, JHEo] 1.7 M NaOH &N 7}sto] E4at 2 -8
3fIA}. 1 M sodium acetate buffer(pH 3.8)2} amyloglucosidase
(AMG)E #7Fsto] 50Co| A 30 BHEAIX] & 7h=HEss
glucose Fol| weh AFAE FgZ A4lstdtt. 257153

ofr mlO
o 2 Mr

=

AR AL F5ho] dilute AMGE Z713k0] S0CAIA 308
B9t B-8-A1Z1 & glucose oxidase plus peroxidaseZ D-glucose
YYOR 2oGoM, FEFFEL WAL 4F 100 ¢ F
AE FFo AASH T

8. SHEH

= AL 33] o} ¥t SA45to] Wiy EEHAE
AFESFA T, A& 7H9] A}o]& Statistical Package for Social
Sciences(SPSS)(26.0, IBM, Chicago, IL, USA) AZEJoj&
AR5} ttest 2 EARHEA] (one-way ANOVA, Duncan Th5H
AR AFEALE 95% FolEollA AAskiT
A EEAH(PCA, principle component analysis)< ©]-&3F T}
X2 GraphPad Prism(9.5.1, Dotmatics, Boston, MA, USA)
< A& ZF AR 9] phase'd JF/dw T TlolEHE
REEIHBAZ 0, EZHAE 12 £4)50] ARESIRoH,
=
=

g2 eigenvalueZt 15 233 7 719 22 AG5HA
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tt. glolg 4¥ 9 7]&EA= Microsoft Excel 2016(Microsoft
Corporation, Redmond, Washington, USA)S A5} th.

Z 1} TnE

2]

0

1. In vitro digestive model2 HE8t FFQ| CHH
e e 2y

T 4350 SRE 7T & HSEE phased = gQl5)
Fth(Table 2). tHF9] stachyose(AFdF)2} raffinose(3 5 )=
oral phase 2t} 43} tl2|9}k A Ql BBMV phasel| 4] 214
o7 FASIAH Stachyoseo] TS HW FH2AFTS
30,839.88 mg/Lol| 4] 58,389.65 mg/LZ, ‘FH+ 41,360.63 mg/L
oA 73,802.63 mg/LZE, HolZFL 19,618.06 mgLof|A]
45,862.19 mg/LE oral phase 2Tt BBMV phaseo]| A 5713}
o} tiF9] stachyose -2 4217} XY of whet F4askel
o, 1 9 FAEES & L5 FTI6H ol &9
F, AFAE, AoldR7 B2 FRE ¢Ed F244T,
S5, Bot T HEae tiFHET gheskE ol ot
(Im 5 2016; National Institute of Agricultural Sciences 2021;
Zuo 5 2022) tFE2l EE421=0] BBMV phaseo] 4] &
SHEHA] stachyose®] RHgo] F7F6tGl7] Wiz o &2 Heltt
S, 59 raffinose $H5F2 oral phase 2TF BBMV phase©]|
A FASHALL, FH2A3EFS S0 55, ot g9
raffinose eF- 4%t A - T {2042 Zpolg HolA] ¢F
Pld

5ol ol 3-8 T 13F2 stachyose@} raffinoser= 4
3t mao] ofsf & Eol=A] §Far At Gofl ZFsto] HiE i
A =Esh= E4Jo] Qlth(Hodoniczky 5 2012; Julio-Gonzalez
5 2021). Table 20]|4] A3} $O]| I stachyose?} raffinose”} Af
T AESTE AME ERIstg o, o] EE2 tiRolA
U wBEe] HolQl meEjuto|egA® B8EH 7540l
U= AlARRETH

2 AFoA = AEZ SE3] 28F5H7] §1si BBMV a4
£ A7I5te] SEASNAAE F715H3Ih BBMV Bae ZH
7 &% A AZA|A BHEHe B ELERARE sucrase-
isomaltase, lactase-phlorizin hydrolase, maltase-glucoamylase 5-2]
EA-& 7HAtH(Ferreira-Lazarte -5 2019). Zhang 5-(2023)°] ot
21 stachyoser= A3}E A Y= Bp3lE0] X9 BBMV &
Ao o5 BEAo R AstEcty B u5tch 94 HpE
) 59] stachyose HF- oral, gastric, intestinal phase”7 A= &
7¥sttE7F BBMV phaseof| 4] $go] Zashs A3Fs Eoith
ol g1 TA oA BBMVAAO] 9J3f stachyose”} H-&
Ao g A3lEo] et d4o = HQlth

= AZoA ©dF9l glucose= oral, gastric, intestinal
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Table 2. Changes in free sugar contents at each phase of digestion (mg/L)
Sample" Glucose Lactose Sucrose Stachyose Raffinose

SO N/A? N/A 42,979.074312.77* 28,944.09+166.69" 7,801.8487.45%
SG N/A 7,771.97+394.76 38,410.46£1,308.7°  30,101.61£913.85° 8,911.33+291.84°
SI N/A 13,582.57+717.28 37,411.08+970.59° 31,243.91+1,641.37° 7,149.54+1,222.17°
SB 19,952.33+638.23 N/A 29,009.74+1,792.1°  23,815.13+1,472.22° 4,501.78+286.12°
KO N/A N/A 56,092.97+254.32° 30,839.88+250.24° 23,673.82+125.12¢
KG N/A 5,785.174326.72° 30,135.64+421.18¢ 42,886.89+322.13° 20,171.154253.81°
KI N/A 16,487.98+913.73° 102,758.79+2,9290.43*  28,351.11+380.64 64,373.59+£968.96°
KB 176,968.38+2,010.68 16,640.7+216.71° 68,200.93+498.84 58,389.65+456.93° 27,928.03+720.21°
CO N/A N/A 71,733.82+1,738.34°  41,360.63+1,523.81° 36,657.4+1,346.15°
CG 10,927.63+189.93° 3,266.05+513.59° 16,190.62+598.14¢ 25,005.9+274° 36,726.67+359.56°
CI 8,038.83+162.93" 16,920+245.52° 135,785.51+807.87° 32,989.15+409.27° 91,807.13+487.16°
CB 236,139.749,280.11*  13,168.17+621.9° 97,430.45+4,680.02°  73,802.63+3,840.77°  39,762.34+2,082.07°
CHO N/A N/A 52,700.25+916.73° 19,618.06+372.01° 38,509.73+607.2°
CHG N/A 8,134.324215.34° 41,741.27+499.44 22,550.63+305.83 36,685.49+271.15°
CHI 5,594.36+213.29 21,213.51£952.87° 84,953.01+754.19° 19,424.93+31.37° 64,711.914257.23°
CHB 160,828.94+2,070.2"  15,019.13+664.79° 54,877.3+468.47° 45,862.19+1,064.9° 38,348.29+767.34°

*Djfferent letters within the same column indicate significant differences (p<0.05) in contents compared by digestion phase (after).

“Significant differences (p<0.05) in contents before and after the same digestion phase.

Y'S: soybean, K: kidneybean, C: cowpea, CH: chickpea, O: oral phase, G: gastric phase, I: intestinal phase, B: BBMV phase.
? N/A: not available.
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Table 3. Resistant and digestible starch contents in legumes before and after in vitro digestion (mean+S.D.)
Starch RSV (g/ food 100 g)” DS? (g/food 100 g)
In vitro digestion” Before After Before After
Soybean 0.01+0.01” 0.01+0.01° 0.27+0.047 0.01+0.01¢
Kidneybean 2.24+0.06” 1.06£0.06° 18.6120.51 2.26+0.02°
Cowpea 1.70+0.10 0.77+0.02° 15.15+0.78” 1.66+0.07°
Chickpea 1.3120.04° 0.760.05° 17.32+0.74% 4.48+0.09°

*dDifferent letters within the same column indicate significant differences (p<0.05) in contents compared by digestion phase (after).
D RS: resistant starch.
2 DS: digestible starch.
) g/food 100 g: Starch content considering moisture content of boiled legumes; dry weight basisx{(100 - Moisture content)/100}.
Y Samples were treated from oral to dialysis phase.
% Data from the previous study (Lee et al. 2022).
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Table 4. Changes in essential amino acid content at each phase of digestion (mg/L)
Sample” Isoleucine Leucine Lysine Methionine Phenylalanine Threonine Tryptophan Valine Histidine Arginine
SO 29.42+1.92¢ 23.02+0.55 48.06+5.22° 11.58+0.39 30.4+2.58° 26.98:0.78'  230.59+6.39" 29.96+0.3 101.14+4.88°  2,164.67+62.71°
SG 949+1.16°  207.09+4.34° 115.54+9.76° 66.20+1.98° 153.0242.41° 102.07+2.46° 337.56+4.16° 135.7:64.24° 128.66+3.53°  2,480.85+51.25°
SI 1067.19422.66°  3257.8481.33° 1,957.34£109.28°  357.76+15.94° 3,870.98496.17°  453.118.54°  1,001.25423.61°  734.35422.02°  486.05+32.79" 5,952.66+130.72°
SB  4,588.88+42.58" 10,691.88+105.57" 9,015.81483.36" 1,727.23429.26" 9,462.78+94.73" 2,280.16:2847" 2229.86+22.36" 3,849.95+33.28" 1,651.21£61.37" 15,365.88+165.51"
KO 30.88+0.45° 36.59+0.37° 65.37+2.16° 740.86" 70.99+1.72° 65.13£0.62° 89.12+0.38° 66.3242.55° 160.46+1.52°  1,521.26+10.13°
KG 77.224+0.89° 172.98+3.57° 98.87+6.89° 48.84+2.03° 161.18+2.96° 105.1242.4° 136.66+2.94° 148.545.14° 164.53£5.62°  1,495.03+36.09°
KI 424.61459°  1,636.00423.5°  1,678.81+58.61°  157.79+3.24°  1,96291423.73"  330.23+10.64°  397.454+5.63" 416.22+1.78° 413.46£10.76"  3,815.37+72.61°
KB 3300.93+112.87" 7,763.77+221.83" 7,358.6+319" 707.25£22.75°  6,647.25:213.7°  2,120.82+63.74° 1,187.56+70.26" 3,605.2398.8"  1,929.77+205.56" 8,893.86+304.3°
Co 16.65+0.72* 24.65+0.3 4494+ 44° 9.69+0.39 42.43+0.86° 33.98+1.13¢ 99.98+2.74° 43.4+0.94° 106.7942.05°  1,272.58+26.72
CG 73.1842.13° 174.7343.05 96.24+8.01° 54.57+1.06° 153.1243.84° 92.554+3.69° 132.13£0.95° 142.29+1.76° 152.98+3.25°  1,706.38+31.96°
CI 474517457 1,931.34+69.19°  2,023.27+90.79"  208.83+8.54°  2,287.34+91.97°  345.73+30.99°  519.61+13.8" 4451241681 434.99421.43"  4,406.49+200.06°
CB  4,031.29+49.42" 9,356.31£119.54" 9,179.25+59.28" 825.1£17.51°  7,805.94+77.9"  3,047.97+50.56" 1,501.53+19.11° 4,366.42+47.48" 2,244.01+63.91" 10,376.73160.56"
CHO 7.13£0.73¢ 5.24+0.514 203.21£10.67° 453036 21.5443.25° 44.5320.63" 278.86+8.21¢ 15.68+0.64 73284211 5,897.06+145.81°
CHG 74.98+1.4° 186.9842.59° 270.14+2.62° 50.58+1.8° 136.57+1.87° 117.54+1.54° 381.94+3.61° 114.18+0.62° 101.96£1.51°  6,542.32+90.08°
CHI 533.07+4.8  1,74131£1842° 1349.64£1937°  184.7743.56°  2,106.77422.76"  366.82+7.24° 607.7349.1° 506.29+8.01° 482.58+7.00°  8,324.94+108.42°
CHB  2,698.98+89.84"  5646.8+173.16° 5459.154248.18"  641.13421.26" 5219.33£176.75  2,066+65.78"  941.32425.87" 2,599.46+89.53" 1,248.48+81.53" 14,596.08+486.92"

*IDifferent letters within the same column indicate significant differences (p<0.05) in contents compared by digestion phase (after).
D S: soybean, K: kidneybean, C: cowpea, CH: chickpea, O: oral phase, G: gastric phase, I: intestinal phase, B: BBMV phase.
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Table 5. Changes in nonessential amino acid content at each phase of digestion (mg/L)

Sample” Tyrosine Alanine Aspartic acid ~ Glutaminc acid Glycine Proline Serine Taurine
SO 16.67+0.46° 170.06+4.25°  306.93+1438°  370.83+13.12°  12.34+0.47 30.47+1.08° 43.65+2.04° N/A?
SG 79.6242.69° 301.67+4.49°  468.02£1031°  616.97+£11.52°  96.42+4.73° 71.5520.46" 133.08+6.52°  17.120.9°
SI 3764+117.85°  565.37+14.46°  446.38+12.25°  666.67+18.67°  145.84+9.01° 74.28+2.06° 294.89+7.98°  27.43+0.8"
SB  8,161.39+120.28* 4,871.68+39.07°  1,265+2045" 2,830.51+75.75"  962.08+15.44*  675.11£74.22° 3,528.03£47.05° 76.32+8.47
KO 43.01+0.43° 181.07+0.44°  393.49+2.98°  1,079.53+10.2° 51.760.38° 56.94+1.63° 50.51+0.74° N/A
KG 86.28+2.24° 256.14£535°  460.47£13.51° 1,104.69+28.89°  92.56+7.91™  106.25+8.26" 106.94+5.56°  13.61+1.05
KI  1,677.58+22.43" 4394+581°  493.51+7.82°  1251.32+1526°  142445.44°  130.72+2.66° 24336+7.01°  32.3+0.82°
KB 4,565.66+165.33" 3,911.66:99.92" 1,467.68£54.65" 4,094.07+142.02° 1,094.03+59.95*  570.93+32.81* 3,550.36+102° N/A
Co 36.45x1.7° 125.99+4.76°  455.22+11.64°  901.94+33.41°  36.36x2.23¢ 41.442.12° 28.68+0.25" N/A
CG 75.942.09° 257.2343.86° 699.5£13.85° 1,19021+21.13°  89.72+0.93° 80.06+1.43°  104.15+1.63° N/A
Cl  2,111.58+87.99"  476.63:1628"  712.98+35.7° 1,389.39+60.4°  161.39+6.72°  125.28+9.33 259.73£10.36"  28.17+1.62
CB  5,635.62+138.54" 4,91839+5833" 2,111.76£22.64° 5222.6+26.19° 1,597.1+18.12°  714.54£72.54"  4,782.38+40.84° N/A
CHO 31.5+0.85° 32.22+0.65° T1.73£2.61¢  1,044.8£31.84°  32.86x2.04"  354.16+13.84° 22.9+0.41° N/A
CHG 93.26+1.98° 167.63£2.55° 232334537 1,295.94+29.1° 109.9+1.4° 368.03439.11°  103.28+1.38°  19.42+0.33
CHI  1,783.45+3047°  407.77+6.26°  284.86£5.32° 1,356.07+41.45" 166.01+2.01°  433.98+1323"  247.16+1.86" N/A
CHB  3,547.66£106.34" 3312.54+116°  1,072.02+£51.55" 3,411.85+166.61° 1,105.35457.77° 1,645.36+339.49° 2,825.42+130.25°  N/A

*ADifferent letters within the same column indicate significant differences (p<0.05) in contents compared by digestion phase (after).

*Significant differences (p<0.05) in contents before and after the same digestion phase.
'S: soybean, K: kidneybean, C: cowpea, CH: chickpea, O: oral phase, G: gastric phase, I: intestinal phase, B: BBMV phase.
2 N/A: not available.
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Table 6. Changes in fatty acid content at each phase of digestion

375

(ng/mL)

Sample” Palmitic acid Stearic acid Arachidic acid Oleic acid Linoleic acid a-linolenic acid

(C16:0) (C18:0) (C20:0) (C18:1(n-9)) (C18:2(n-6)) (C18:3(n-3))

SG 4.265+0.08° 1.317+0.04° 0.12+0.00° 6.372+0.13° 18.922+0.36° 3.113£0.07°
SI 8.826+0.07° 2.71+0.08° 0.239+0.01° 10.78140.18° 34.234+0.34° 5.86:0.07°
SB 10.999+0.34" 3.691+0.14° 0.318+0.01° 11.253£0.3° 33.27+0.84° 5.517+0.17°
KG 0.728+0.07° 0.142+0.03° N/A? 0.311+0.03° 0.816+0.05° 1.089:0.06°
KI 2.17+0.06° 0.432+0.03° N/A 0.869+0.03° 2.161+0.05° 2.758+0.06°
KB 3.3244021° 0.777+0.08" N/A 1.554+0.09° 3.566+0.16" 4.134+0.14°
CG 0.769+0.02° 0.131£0.01° N/A 0.294+0.01° 0.913+0.03° 1.336+0.04°
CI 2.99+0.12° 0.542+0.08" N/A 1.076+0.04° 3.102+0.09° 4.446:0.10°
CB 4.236+0.22° 0.989+0.12° N/A 1.746+0.08" 4.475+0.20° 5.817+0.24°
CHG 2.017+0.18° 0.408+0.08° 0.093+0.01° 6.596+0.43° 6.063+0.48° 0.223+0.02°
CHI 3.103+0.45" 0.817£0.30° 0.149:£0.02° 9.115£0.37° 8.077+0.30° 0.325+0.02°
CHB 3.6120.15° 0.959+0.10° 0.155+0.01° 11.444+0.31° 10.1110.30° 0.365+0.01°

*dDifferent letters within the same column indicate significant differences (p<0.05) in contents compared by digestion phase (after).
Y'S: soybean, K: kidneybean, C: cowpea, CH: chickpea, O: oral phase, G: gastric phase, I: intestinal phase, B: BBMV phase.

2 N/A: not available.
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Fig. 2. Principal component analysis (PCA) biplots of digestion phase and nutrients contents in legumes. (A) Free sugar,
(B) Amino acid, (C) Fatty acid. S: soybean, K: kidneybean, C: cowpea, CH: chickpea, O: oral phase, G: gastric phase, I:

intestinal phase, B: BBMV phase.
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ﬂmm4

OOk Oi
e |

=

I3

E dAFoAMEs Y 7K TR/ FF ARE in viro
digestion modelof| 2}-8-5to] ©pohE - @A - ZHH] A5}
SAE b BIgkE BEaA SiQlth 32 A dwAZ
AL 0T A AL ARG IR
ol ol A1) vl 4B 2

84 Hold a7t we B, —s—%%%, golel g2 41

8
otal thaH] 7ol o} vl 3} %ﬂ%ﬁ ofu] Ak, AJHf
AH9] d=F HSE Bttt 2811391 stachyose?} raffinoses=
2317 §F e R O]J—’fﬂ‘ﬂ “EH}O]RE/JiE 285

= fEgelth. H24'9F, 55, ot TollAl stachyose=
BBMV phaseol| A S715t . o]= B3 BrdlEo] EofH
HA AAE Ao Z HQIt) Raffinose= H203E, 55,
1ot Zofl Al oral phase?} BBMV phaseof| A 212 Q1 2}o]
£ Ho|x] Y3t} tjF+= stachyose®} raffinose”} oral phasel
t} BBMV phaseof| Al Z+A5IE T @359 glucose= oral,
gastric, intestinal phaseol|A] AEHA| LAY vz A&}
7} 43} upA] ek HA|Ql BBMV phaseo] A Z7151ict. E4o}
)= Ab 1052 v]F<otu|Al 8F W% oral phaseX T

BBMV phaseol| ] 271519t} E9] S| x5k Asl7t 2188
goll ket S7kk 4L BaTh BEsh ol o
linolenic acid A&} §HUA A §9]& 0] x}o]& E}
WA ookt 2 eI 435 30| AGART} AshlsTl

42 UL LA, £IIT BES REL 4349

=
UL, FHZTT, &5 Hotd T AFHE e dETH
H| W5k wf <F 1 g/food 100 g 745t oLt thxH2l of
SRTE Bo Hekg HAT B A7dNE 59 4% §
2 9 524 3-go] B in vitro digestion modelS Z-8-5}0]
AE AFH = AolA B4 - SEE IR = F
42 4 90w, 25 chop 9 - 15 3Re] Aol 8
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AEE A 712 AR B8 S U A
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Abstract

The objective of this study was to investigate the distribution of functional compounds in perilla leaves of various genetic resources
and their antioxidant activities. A comprehensive analysis of functional compounds was conducted for 90 genetic resources, focusing
on total polyphenol content (TPC), total flavonoid content (TFC), individual phenolic content (IPC), and lutein. Their antioxidant
activities were then analyzed based on their radical scavenging capacity using ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) and DPPH (2,2-diphenyl-1-picrylhydrazyl). The TPC content exhibited a range of 13.19 to 35.85 mg gallic acid equivalent/g,
whereas the TFC content varied from 11.74 to 46.51 mg catechin equivalent/g. Total IPC was detected in a range of 6,310.98 to
40,491.82 pg/g. Lutein was detected at levels between 70.97 and 597.97 ug/g. ABTS and DPPH radical scavenging activities of
perilla leaves ranged from 30.39 to 58.58 mg trolox equivalent (TE)/g and from 7.74 to 46.56 mg TE/g, respectively. Furthermore,
correlation analysis demonstrated that rosmarinic acid, a phenolic acid, exhibited a significantly positive correlation with antioxidant
activity. These findings suggest that various genetic resource of perilla leaves could effectively mediate antioxidant capacity. Results
of this study provide valuable information for use of perilla leaves in Korea as functional food materials.

Key words: perilla leaf, genetic resource, functional compound, antioxidant activity
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380 QUi - AL - A - AHY - 9,29 - o]F L - o] 2%
M E

F| T vpofFel AR MY 5o A% WAl gk A
HE9] o] =11, A B4 E 7)54d0] St AR
off et THE A S7IsHL ATHKIm 5 2022). S-2]ueto]
WE FAZE F olCl 70 [Perilla fiutescens var. japonica
(Hassk.) Hara.]= 3=+ $402 3, Ql:, & &5 o}
Alotoll A de] A= = EEY S7&C) &5t= 14
A 28 AEoth A= FE FHRFE AFT 5HoE
S707t Al Elo] ghou X S/ 4H] SV E Eio
Ot A A 4xH] AFO] FGCE 2T SAYE F50I
7o A AgAte] 7l A tHLee S 2009). =53t ]
oF 7}k gt wfjiZofl A AEe oyt Q! el A A
A, HE 9 Fgozn wo| AAk(Kim 5 2022). T3 g
gt A= A, a3} T, o=, S5 2 29 o 59
T AREEI o, A FREo] U= Aol Hfae
R, Wighol, W9t 9 IS} KA} ol AR ool
A Qo] 7154 JAEE NE7FX] 7} E=chMercurio & Behm
1981).

chokstk 2ol Yo g Al EAJAkA(reactive oxygen
radical, ROS)= = O] FA] Z5F Ao 9] &2 W34
< 7HAH o= Ate}d AEFH A9 A H]lo] Hrk(Kim
S 2019). wEbA] HE Al EZW AL AAE s Ak
o &ttt JEES ol A3lskL e A7elthKim
5 2020), FHAAL AR 2 0e] JABHE ZA5HT NE-
kB(nuclear factor kappa B)S H|&3St OHFst Al AE A AE
3} AL 2N SRS SXIRTH(Zhang 5 2002). &
& 9% 9 P9 WS o5 220 sl AAEE BT
s7] 913t 1 AR e &g Fol Stol L, 1 At
sy S BA, B4, T 9E D Y, 24, m
9 59| 9% WEE KA HrkGuo 5 2011, A 24
Rag AAN 90 e A7 ABET AL E oy
2}(Jennings & Barnett 1988), A HALSHA|of st oL ESH
Zks] APE T JYth(Um 5 2017).

E70Y ol &= luteolin, caffeic acid, quercetin, rosmarinic acid,
lutein 52} Bl 9 7|5 o] o A5HL Q= AR
24 9tH(Yamazaki & Saito 2006). £3] luteolinS ZaHE
Lo|=A StEE gHto|BAe} njw 2y, A S
7}A] 3L (Jeon 5 2014), caffeic acide= H=AF 5 AlTAHS] A=
o2 Ay, 38, ol 5o ZgtE o] Yo H(Li 5 2019), 4t
SIAEFA 8 9 aflatoxin®] F4hS AAD 5 QUokal &
A UTHOh & Lee 2003). Caffeic acid®] ©]$}FA| 2l rosmarinic
acidte AWOIH WAL BHALE AATE AL o
24 Fatstel Ao ool 1(Kim 5 2019), Wob E

T3oE FofjA7]= 28-S A BF TES AYE vE
NA B A5 oA e Bk TR Ack
(Hyun 5 2003). E3F luteinZ == 2159 JEA| &of =4
st Alg B35 9] 7]50] Qo] & AR =8 F= AL
2 A Q3(Semba & Dagnelie 2003), Y 2 3}t &4
7R o2 gHgAge] ot /o] Uth(Granado
2003).

FAAHolgt AAAA ] EA st T4, W E, T, &
5 2E 494 9 WAL DNA, genome 5& EHl0,
A= =2 VYol AF A= ¢ BEXo L5 EVHES &
A Z(Oh Y 2004) 259 9% F-5-FAHcommon her-itage)
O 2 QA Y. SYuEh= oF 268te] 19| AlERAA}
A2 243t St A 591 220 A BRI B4
A Y ZASH= 1SS 1% H12]o]th(Shin J 2012). whelkA]
S} e A A s dle A2Ae B
o B WAL AT BOHS BASIol & WRst US A0E
HQlth(Kwak 5 2012). @A AE7M9] 7|54 & 4kt
o] Tt G EEUE chopshA Agsol Hiislol
UARE, FAA S 7= AR 1Y R84 E £
o] i FAlst &0 it A= RES Aot wf
2hA], 2 AFoflA = TAA LR o] &HA7E EaL, A=A
89 Zpol7t et AR LS YR A= /-84
B} g1t R4S BISlo] ARAZ T, T 2
EMY ¢ FARYY Aol &85t 754 AE AF
Heol §-83t 7|22 7S ATt ot

f

of o

ofy

RN
Mgl HZ @ Al
Aol AHBT AEARE TUBATLY BAHA
LA A Bk 007H10] EABAE 20220 7
A 0 A9 SYATY GEABE A
A Aol A5 ol o] Qg St T EAAZN] AR
Shick. apkst B4 24 9 71 AE 240] A8 Trolox
ABTS, DPPH, Folin-Ciocalteu’s reagent, gallic acid, catechin
hydrate, sodium nitrite, aluminuim chloride hexahydrate, sodium
carbonate 5= Sigma(Sigma-Aldrich Co., Steinheim, Germany)
2re 2kl AgSTt AHSE AkE amytcal
HPLC 532 AHggich

.1_41"‘-11._‘

2. & Z2|#l= &2 (total polyphenol contents, TPC) L
& Efl20|= g2t (total flavonoid contents, TFC)
A=A AFE 0.5 g2 80% methanol 20 mL 7}3f 24417

=
Hh2Z (multi shaker MMS, Eyela)dlo] JE57] 2EES Az
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sto] Ag o] ARESIYTE & E8| = $EF-2 Folin-Ciocalteu
phenol reagent’} F+&-22] E2|H =/ SitEo] o gy
of ZHEd FMo g st AS YR g Woo 5(2010)
o wye wWRslel st YA FEl 104
Folin-Ciocalteu reagent 100 pLE 7}o}1l 557F Hitst 5,4 7.5%
Na;CO; 80 WLE 7Fsto] E3bskqitt. Aol Al 3027t TAAIZ
& 750 nmof| 4] Spectrophotometer Reader(VERSAmax)& S35
=75 Gallic acidS ¥ S8 = st FdA= 25k
11, mg gallic acid equivalent(GAE)/g(dry basis)Z WEFH AT}
% EetE ol E FF2 Dewanto 5(2002)9] ¥l weh
225 100 pLof| S5 400 uLe} 5% NaNO, 30 uLE 7|3t
5, 52 & 10% AICL; - 6H,0 30 nLE 7}sto] £8519ct}. 6
B 3 | N NaOH 200 (L, 252 240 L= 7}t & 7sHA
voltex §F ¥, 13,500 rpm, 5% 59t YAEZ|5] A5 200
uLE FSHeh ¥HgAe] 3 E gk 510 nmof| A S7451H3
O, (+)-catechin(Sigma-Aldrich Co.)& ¥&F EZ=E oo 3
FA-S ZAJ51HE AL, mg catechin equivalent (CE)/g (drybasis)Z
Rt

r1

3. ABTS & DPPH radical 27 &AM
WS FE2Y A &4 E42 ABTS ¥ DPPH
A7 ZAS =45}99.0H, Trolox equivalent antioxidant
capacity(TEAC) i< WPt S5t chRe 5 1999).
ABTS radical &7 &AL 7.4 mM ABTS %Qﬂﬂ} 2.6 mM
potassium persulfate 802 1:1 H]&ZE 412 F AR20fA] 124]
2+ naelo] ABTS Joleg FAAA FHE Zol 0811
o FA7F HER SRTE SASHH 20 1L A=A =
0] ABTS solution 200 uLE E5:3t0] 3087 ¢49kg- A1
T 735 molA SBES Zgas

DPPH radical &7 %’*{J—S— 20 UL YEH 2559 02 mM
DPPH solution 200 tLE B39 1, 3087 4utke A7l &
520 nmoj| A ELEE é@é}ﬂu}. ABTS @ DPPH radical 4~
A 4 240] REZLZ Tolwd AL8olo] M 2
Aot o, A= &AFSFE-E mg trolox equivalent (TE)/100
g (dry basis)2 LEFHSITE.

radical

rqu

4. Phenolic compounds %! lutein &2k

Q=709 phenolic compounds &5 9|3 E4H A= 0.5
g0l 80% methanol 20 mLE 7}5}0] 3A17F wHl 2&519ich.
EST lutein &2 5] 2 AlF 0.2 gof] Acetone 15 mL
£ &55ko] 3087 229} FE5t0] B4 ARSI 9
F 42 High Performance Liquid Chromatography(HPLC, <Y
A A2 0FE 181, Ultimate 3000, Thermo fisher)S 0]-8-5}0]
274519991 phenolic compounds®] FA4 -2 Table 1,

E]O

ZAree] 7154

g3 Ul st 24 381

lutein®] B4 XL Table 29} Zt}.
5. E)ﬂﬁAi

= A3 5t BA &9 2 R studio(ver. 4.2.0)&
o]-&3t o, p<0.05 oA 7o HASHAL, Ao
AlELA] (Correlation analysis), w-35-4](CA; cluster analysis) %
T8 EA(PCA; principal component analysis)& 435}
c}. AlaA BA-L Pearson’s correlation coefficientS 7] WO
2 ool ST, B/ SAAUS] T 4L Hofsi
Ho} 7HA8kst7] 918 ‘pheatmap’ 2Ho] H2 F(library) S ©]&
sto] 2ULHE BN heamap@ AR, E,

Table 1. The analytical conditions of HPLC for identi-
fication and determination of phenolic compounds

HPLC Ultimate 3000
YMC Triart C-18 (502 mm, 1.9 pm)

(A): 0.1% acetic acid in water
(B): 0.1% acetic acid in acetonitrile

Instrument

Column

Mobile phase

Flow rate 0.4 mL/min
Injection vol. 5 uL
Wavelength 330 nm

Time(min) A (%) B (%)

1 95 5
3 85 15
9 81 19
12 72 28
16 40 60
22 95 5

Table 2. The analytical conditions of HPLC for identification
and determination of lutein

Instrument HPLC Ultimate 3000
Column Supersil column (4.6x150 mm, 5 pm)
Mobile phase (g):: 7;:&?:2:;221
Flow rate 1.0 mL/min
Injection vol. 10 uL
Wavelength 450 nm
Time(min) A (%) B (%)
1 70 30
15 10 90
20 70 30
25 70 30
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o o o

55 719 7)olE AES BAsle] FHE BAG Sasg

S|
o, A¥A PEo| 79 E (eigenvector) S A1

=]

(PCHFE] A8FFE(PC7IA] YEMI T, ZF FEE 1

$ A (eigenvalue) & 7]} (contribution)& EZ LERQITE.
Zo o o

1. & Z2|H= &2 (total polyphenol contents, TPC) !
£ Eat=E=0|= &2 (total flavonoid contents, TFC)
90+ AL A FE2ES F EYHE T S
A Az} Fg 26.55 mg GAE/g, 13.19~35.85 mg GAE/g®] 9]
2 YEP o H(Table 3), & E2dl& 1= AL IT117017
(35.85 mg GAF/g)o| it} oA Kim 5(2019)9] AEA 4
Ao gHatst G4 HrE AtolA = BEQ R &
Za)y RS 2932 mg GAR/gO 2 SASH Avtg B
At F ZetH o= F =34 AY Hd 31.12 mg CE/g,
11.74~46.51 mg CE/g®] $=F HAZE UEF O (Table 3), &
ZdtHo|E WgkeF AW TS FHARY IT117017(46.51 mg
CEg R & ZF Eojvls 1ohF Ardat -2 AP = Yehyt
o} o] AFH(Kwak 5 2013)0 AL} JAA FEES
ZetE o= S5 v BEAg AdFoA SR & S8t
Hiol= gleFo] oF 100 mg GAE/100 g0 & H o] A3
TFETH 2 AoA thaA @2 3 A3E BT, ol At
| AR Al 2, & Wy 9 24 5ol Zol7t 7]
=2l AoF YZrEthKwak 5 2013).

2. ABTS % DPPH radical &7 &

AEN FEE9] ks A2 ABTS 2 DPPH radical 4
A &4e St A= /o ©E ABTS?} DPPH
radical®}9] A3t J&E 7} ofE 4= 910 B E(Shin 5 2008), &
Aol A= F radical 2A BFZ BF B4 AdEA
FZE9 ABTS radical 2459 &7 A3 AA AL B+
47.67 mg TE/g, 30.39~58.58 mg TE/g] &4 HY=Z Lelyto

ox,
ox
TN
o
oH.

ol
oy,
i}n

)
o
rg
of
Eﬁi‘
i)
i
of

0

_(|)_l‘
tol,
~

¢
[¢)

™(Table 3), ABTS radical £75°] 7F4 =2 AL 24
4313291 1T113193(58.58 mg TE/g)= WEFHTH DPPH radical
2% &7 A3 AA| ALY Bt 46.56 mg TE/g, 7.74~46.56
mg TE/gS] &4 HYZ Yl O.(Table 3), DPPH radical 4
Aol 7V 2 A B3 =W 8F S 1T105990(46.56
mg TE/@)= UElEth dE719] EdHs dio] F4ahd
4 AE S4S dovl= B4 TF 24 24= Had
v QUA(lzumi 5 2012), APAF & 2 A7 25 &
o =] A=A AL St A S T = AL
2 Uetgo, ik it 9 &% 5o $83% AEE
AT = WS Ao ® AZ4HthKim 5 2022).

3. Phenolic compound & lutein EH2F

Kim 5(2023), Lee 5(2009)°14 AEH £F9] 7|5 &
24 A7} 2953 AW, BF 249 127} HE §
BALo] et A= oF7 vl AHolth, B
2 A=719 phenolic acidQ] rosmarinic acid®} caffeic acid,
flavone 43+-Q1 apigenin, luteolino] 22, ZA|, 54 AF+7} A
Y= vF I (Meng 5 2009), & Ao A= AE7H2] phenolic
compound®] rosmarinic acid, caffeic acid, luteolin®} carotenoid
Ql lutein B4-S IR YEM FE2E9 caffeic acid T
T 24 23 Hat 823.68 nglg, 60.61~1,589.55 ng/g®] o
H Q)2 YERO B (Table 3), caffeic acid’} 7FY &2 AHYS
1T318022(1,589.55 ng/g), 7P -2 A2 1T274644(60.61 11g/g)
CHFig. D). o] A (Kim 5 2019)014 AS7H =&
E48 BA3%E 23} caffeic acid §HFo] 540~1,090 png/g HEY
2 e, B A7old AT 957het 4 9 24 3
Hite th2A9E FARE 23ts Bfuidt). Rosmarinic acid
2k B A} W 20,689.14 ugle, 6,195.46~39,464.55 1g/g®]
3tk #ol2 Ueldoni(Table 3), T3HF 2H1S IT117017
(39,464.55 1g/g)2 & EdjHls 4 T EStE Lot 1
AT 2 A0 2 WERIT: Luteolin F 4 Ay}
o 27.31 uglg, 0~65.92 nug/g®] TF HYZ YERE ©. H(Table

-

Table 3. Summary of functional compounds and antioxidant activities

Antioxidnat compound content

Individual fucntional compound content (ug/g)

Antioxidnat activity (mg TE/g)

TPC" TFC? Caffeic

Rosmarinic

(mg GAF/g)  (mg CEg) acid acid Luteolin Lutein ABTS DPPH

Average 26.55 31.12 823.68 20,689.14 27.31 433.09 47.67 22.73
Range 13.19~35.85 11.74~46.51 60.61~1,589.55 6,195.46~39,464.55  0~65.92 70.97~597.97 30.39~58.58  7.74~46.56

cV? (%) 15.21 17.49 28.46 2473 64.65 19.22 15.47 3532

Y TPC: total polyphenol content.
2 TFC: total flavonoid content.
9 CV: coefficient of variation.
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Fig. 1. HPLC chromatograms of phenolic compounds
from high caffeic acid resource IT318022 and low caffeic
acid resource IT274644: (1) caffeic acid, (2) rosmarinic acid
and (3) luteolin.
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DPPH radical 47157k AFH4(0.918, p<0.001), TECS} DPPH
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Fig. 2. Correlation analysis between functional compounds
and antioxidant activities. Correlation analysis was performed
based on pearson's correlation coefficient. TPC: total polyphenol
content, TFC: total flavonoid content.
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Fig. 3. Heatmap including cluster analysis according to functional compounds and antioxidant activities in the perilla leaves

of genetic resources. A total of eight variables were used in the analysis, which were divided into three clusters. Each cluster
is colored vlue (I), red (II) and green (III). TPC: total polyphenol content, TFC: total flavonoid content.
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45/ E(PCAY 0459 5.58%, Al 55/FE(PC5)2 0.400] 4.99%,
Al 63242 (PC6) 0.089] 0.99%, A| 77244E-(PCT)2 0.079]

0.92%, Al 8FAE(PC8)Z 0.039]] 0.33%= APst= Aog
et AAof gk 2t 489 +4 7]9&2 Al 1324
B2 58.0%, Al 2FAEL 73.5%, Al 3FAEL 87.2%, A 4
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Table 4. Summary of principal component analysis (PCA) statics and eigenvalues for functional compounds and antioxidant

activities
Principal component PC1 PC2 PC3 PC4 PC5 PCé6 PC7 PC8
TPC" -0.449 0.012 -0.057 0.071 -0.245 0.451 -0.333 0.645
TFC? -0.441 0.064 -0.096 0.187 -0.314 -0.053 -0.468 -0.661
Caffeic acid -0.224 -0.644 -0.216 0.586 0.340 -0.025 0.169 0.005
Rosmarinic acid -0.428 0.090 -0.040 -0.001 -0.491 -0.352 0.658 0.095
Luteolin -0.141 -0.690 0.388 -0.569 -0.138 -0.006 -0.071 -0.074
Lutein 0.074 -0.151 -0.887 -0.424 -0.053 -0.024 -0.038 -0.001
ABTS -0.416 0.206 0.002 -0.267 0.441 0.548 0.366 -0.290
DPPH -0415 0.177 0.030 -0.206 0.518 -0.607 -0.262 0.220
Eigenvalue 4.639 1.237 1.099 0.447 0.399 0.079 0.074 0.026
Proportion (%) 57.98 15.47 13.73 5.58 4.99 0.99 0.92 0.33
Cumulative contribution (%) 57.98 73.45 87.19 92.77 97.76 98.75 99.67 100.00

Y TPC: total polyphenol content.
2 TFC: total flavonoid content.
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Abstract

With the advancement and diversification of the bread industry, eco-friendly products with less sugar and salt, and containing
functional ingredients are being developed. To develop healthy bread, Korean pine leaf powder was added in different proportions
(0%, 1%, 3%, 5%, and 7%), and the quality characteristics of the bread, namely height, moisture, color value, texture, antioxidant
property, and sensory characteristics were evaluated. As the amount of leaf powder was increased in the bread, L-value in the range
of 53.45~85.05 (p<0.001) and adhesiveness in the range of 0.13~0.32 mJ (p<0.001) decreased significantly, whereas b-value in the
range of 16.75~30.74 (p<0.001), total polyphenol content in the range of 466.83~669.13 ug/mL, ABTS- in the range of 0.46~43.23%,
DPPH-radical in the range of 1.39~45.76%, scavenging capacities (p<0.001), color in the range of 3.27~5.40 (p=0.017) and texture
in the range of 4.33~4.80 (p=0.006) preferences increased significantly. This study could increase the utilization of Korean pine leaf
and the production of healthy food with antioxidant properties.

Key words: bread, Korean pine leaf, quality characteristics, sensory characteristics, functional ingredients

Introduction

The history of Korean bakery industry changed when bread
was first introduced in the 1880s by missionaries and diplomats
(Lee SH 1990; Lee KH 2014). In the 1980s, franchise bakery
market was formed, and in the 2000s, bread became a luxury
product and bakery culture diversified (Lee SH 1990; Lee KH
2014). Bread is classified into fermented and non-fermented
bread based on whether the fermentation occurs (Lee KH 2014).
The fermented bread is produced by adding yeast in the dough
for fermentation, and its types include bread, cream bread, and
red bean paste bread (Lee KH 2014). The non-fermented bread
types include cakes and Korean crackers (Lee KH 2014). With the
advancement and diversification of bread industry, eco-friendly
products containing functional ingredients and less sugar and salt
are being developed (Lee KH 2014). Furthermore, consumers are
becoming increasingly health conscious as the national income
has improved (Shin & Roh 2000; Lee KH 2014). Therefore, the

demand for healthy bread products is steadily increasing (Shin
& Roh 2000; Lee KH 2014).

Korean pine leaves have been reported to contain ingredients
that help in preventing aging and cancer and have excellent
antioxidant and antibacterial effects (Song & Kim 1994; Kim et
al. 2012). Cho YJ (2017) reported Korean pine leaf extracts to
exert anti-inflammatory effects that are caused by inhibition of
hyaluronidase; hence, it can be used as a natural functional
material to suppress inflammation.

Bread is prepared using flour, yeast, water, and salt as major
ingredients, and sugars and edible oil as minor ingredients (Shin
& Jung 1998). The resulting dough is fermented and baked, and
it contains less than 10% sugar (Shin & Jung 1998). Strong flour
is used that contains 11.5~14% protein (Shin & Jung 1998), 40%
gluten, with gluten properties, and forms the bread skeleton
(Shin & Jung 1998). In a study on a bakery that used functional
ingredients, subjects had the highest preference for white bread,
cooked bread (Hwang et al. 2006). People aged 20~30 preferred

' Corresponding author: Jean Kyung Paik, Associate Professor, Dept. of Food and Nutrition, Eulji University, Seongnam 13135,
Korea. Tel: +82-31-740-7141, Fax: +82-31-740-7370, E-mail: jkpaik@eulji.ac.kr
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green tea products, while those over 30 preferred beans,
vegetable, ginseng, oriental medicine, and mushrooms (Lee et al.
2006). Bread containing functional ingredients such as Rubi
fructus juice (Kwon et al. 2004), black rice flour powder (Jung
et al. 2002), Sea Buckthorn berry powder(Lee & Kim 2020),
Mate leaf powder (Lee MH 2018), and Chlorella powder (Kim
et al. 2020) has been developed.

This study aimed to develop healthy bread containing Korean
pine leaf powder, which is a by-product of Korean pine. Korean
pine leaf powder was added in the proportions of 0%, 1%, 3%,
5%, and 7%, and Quality characteristics of bread were evaluated
namely height, moisture content, color value, texture, antioxidant

property, and sensory characteristics.

Materials and Methods

1. Ingredients

Korean pine leaf powder used in this experiment was provided
by Dain Natural (Cheonan, Korea). Wheat flour (Dachan Flour,
Seoul, Korea, sugar (Cheiljedang, Seoul, Korea), shortening
(Allthebaking, Busan, Korea), yeast (Societe Industrielle Lesaffre,
Marcq, France), milk powder (Allthebaking, Busan, Korea), and

salt (Chungjungone, Seoul, Korea) were purchased online.

2. Bread preparation

Bread containing Korean pine leaf powder was prepared
according to the methods described by Park LY (2015) and Lee
MH (2018). Korean pine leaf powder was added in the following
proportions in preliminary experiments: 0%, 1%, 3%, 5%, and
7%. The amount was later standardized as shown in Table 1.

Dough was prepared using the straight dough method. Wheat
flour, Korean pine leaf powder, water, sugar, yeast, and salt were
added in a kneader (5K5SSA, Whirlpool Corp., Benton Charter

Township, MI, USA), and dough was kneaded at speed 1 for
2 min. To form a lump of dough, shortening was added and
dough was kneaded at speed 2 for 3 min. The first fermentation
was performed at 27°C and 75% relative humidity for 15 min in
a fermentor (EP-20, Daeyung, Korea). After the first fermentation,
the dough was kneaded for 3 min to remove the gas. The second
fermentation was performed at 27C at 75% relative humidity for
1 h. After the second fermentation, the dough was turned into
a round shape. The third fermentation was performed at 27°C and
75% relative humidity for 15 min. After the third fermentation,
the dough was divided into three parts and placed in a mold.
The fourth fermentation was performed at 35°C and 85% relative
humidity for 1 h. After the fourth fermentation, the dough was
baked in an oven (FDO-7103, Daeyung, Korea), with the
temperature at the top being 180°C and at the bottom being 190°C,
for 30 min. After cooling at room temperature for 1 h, it was
stored in a sealed container at room temperature for future use

in the experiment.

3. Height and moisture of the bread

Height of the bread was measured in the middle by cutting
a cross section of the bread using a ruler (Fig. 1).

Moisture content was measured by subjecting the bread to
method of heat drying on high pressure in a dry oven
(LO-FS150, LK Lab, Namyangju, Korea) at 105C according to
AOAC (1980).

4. Color values of the bread

The bread was measured by cutting 3 cmx3 cmx3 cm section
in half. Color values of the bread were measured by determining the
L-value (brightness), a-value (redness), and b-value (yellowness) using
a chromometer (CR-170, Minolta, Osaka, Japan). Standard white
plate (L=93.00, a=0.3125, and b=0.531) was used as the reference.

PW1

PwoV

PW3

PWS

Fig. 1. Bread containing Korean pine leaf powder. V' PW0, PW1, PW3, PW5, and PW7 represent addition of 1%, 3%,

5%, and 7% Korean pine leaf powder.
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5. Texture characteristics of the bread

Texture characteristics, namely adhesiveness, hardness, springiness,
and chewiness, of the bread were measured using a CTX Texture
analyzer (CTX, Ametek Brookfield, MA, USA).

Texture profile analysis (TPA) of five sample (3 cmx3 cmx3
cm) was performed. Measurements of the samples were taken
under the following conditions: compression 25%, trigger force
10 g, test speed 10 mnvs, sample diameter 30 mm, and sample
height 20 mm.

6. Total polyphenol content and ABTS- and DPPH-
radical scavenging capacities of the bread

To study the antioxidant capacity of the bread, total polyphenol
content, ABTS-radical scavenging capacity, and DPPH-radical
scavenging capacity were measured. The wet sample (3 g) was
homogenized by adding 27 mL ethanol. To measure the total
polyphenol content, 0.4 mL of homogenized sample and 0.4 mL
of Folin-Ciocalteu reagent were mixed, and maintained at room
temperature for 5 min. Thereafter, 0.4 mL of 10% sodium
carbonate was added, and the reaction mixture was maintained
at room temperature for 10 min. The absorbance was measured
at 765 nm using a spectrophotometer (UV-1800, Shimadzu,
Japan). The total polyphenol content was determined using the
formula given.

To determine the ABTS-radical scavenging capacity, 7.4 mM
ABTS-radical solution and 2.7 mM potassium persulphate
solution were mixed in a ratio of 1:1. The mixture was diluted
with 50% ethanol so that the absorbance was 0.7~1.0 at 734 nm,
which was measured using a spectrophotometer (UV-1800,
Shimadzu, Japan). The homogenized sample (0.2 mL) and
ABTS-radical solution (0.4 mL) were mixed and maintained at
room temperature for 10 min. Thereafter, absorbance was
measured at 734 nm using a spectrophotometer (UV-1800,
Shimadzu, Japan), and the ABTS-radical scavenging capacity
was determined using the following formula.

To determine DPPH-radical scavenging capacity, 0.2 mL of
homogenized sample and 0.4 mL of 0.2 mM DPPH-radical
solution were mixed and allowed to react for 30 minutes in the
dark. The absorbance was measured at 517 nm using a
spectrophotometer (UV-1800, Shimadzu, Japan). The DPPH-radical

scavenging capacity was determined using the following formula.

7. Sensory characteristics of the bread

Sensory characteristics of the bread were evaluated by 15
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food-related workers after the purpose and evaluation method of
this study were explained to them (Eulji University Institutional
Bioethics Committee Deliberation Exemption Approval Number:
EU21-058).

The bread stored at room temperature was cut into 2 cm x 2
cmx1 cm pieces and served on plates with a random check. After
evaluating each sample, water was provided as a palate cleanser.
The seven-point scale was used to evaluate the following

characteristics: color, flavor, texture, taste, and overall preference.

8. Statistical analysis

All the experimental results of this study were measured three times.

SPSS 22.0 package (ver. 22.0, Chicago, IL, USA) was used
for processing and analyzing the data, which was expressed as
meanztstandard error (SE). The control group and addition group
were analyzed using one-way analysis of variance (p<0.05) and

least squares method.

Result and Discussion

1. Height and moisture content of the bread containing
Korean pine leaf powder

Height and moisture content of the bread are shown in Table
1. The height of the bread was the highest in the 1% additive
group (4.98 cm) and the lowest in the 7% additive group (4.53
cm). Compared with the control, the height increased significantly
in the 1% additive group, and then decreased with the increase
in the amount of leaf powder added (p<0.001). The moisture
content was the highest in the 3% additive group (37.51%) and
the lowest in the 7% additive group (32.95%); there were no
significant differences between the groups (p=0.059). The
moisture content was not significantly changed; however, there
was a tendency to decrease except for the 1% additive group.

Similar to our results, the height of Angelica gigas Nakai
powder bread (Shin & Kim 2008) and /otus leaf powder bread
(Park et al. 2009) was shown to decrease as the amount of leaf
powder was increased. In Green tea bread, the reason for the
decrease in volume as the amount added is thought to be that
the minerals contained in green tea in inhibit yeast fermentation
in the dough and inhibit the formation of gluten. When
manufacturing bread by adding other ingredients, depending on
the nature of the additive, if there is no substance that can
maintain the gluten structure among the additives, it is difficult

to maintain the structural strength and the volume decreases
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Table 1. List of ingredients used to prepare the bread containing Korean pine leaf powder
Ingredients (g) PWO" PW1 PW3 PWS5 PW7
Wheat flour 100 99 97 95 93
Korean pine leaf powder 0 1 3 5 7
Water 64 64 64 64 64
Sugar 5 5 5 5 5
Shortening 5 5 5 5 5
Yeast 4 4 4 4 4
Milk powder 3 3 3 3 3
Salt 2 2 2 2 2

D PWO, PW1, PW3, PW5, and PW7 represent addition of 1%, 3%, 5%, and 7% leaf powder.

(Kang & Nam 1999). Also, In a previous study on Job’s Tears
powder and green tea powder bread (Park & Lee 1999), it was
reported that the moisture decreases as the amount of leaf
powder increases due to the interaction between fiber and
protein. In this study, except for the 1% additive group, it was
found that the lesser the moisture, the smaller the height,
suggesting that moisture content affects the height of the bread

and the minerals in Korean pine leaf affect volume reduction.

2. Color value of the bread containing Korean pine leaf
powder

Color values of the bread are shown in Table 2. The L-value
was the highest in the control group (85.05) and the lowest in
the 7% additive group (53.45), and it decreased significantly as
the amount of leaf powder was increased (p<0.001). The a-value
was the highest in the control group (—2.50) and the lowest in
the 3% additive group ( —4.37). Compared with the control, it
decreased significantly till the 3% addition group, and then
increased (p<0.001). The b-value was the highest in the 7%
additive group (30.74) and the lowest in the control group

(16.75); it increased significantly as the amount of leaf powder

was increased (p<0.001).

According to previous studies on bread containing greenish
powder Houttuynia cordata Thunb powder (Park LY 2015) and
green tea powder (Im & Kim 1999) as in this study, the L-value
and a-value decreased while the b-value increased as the amount
of leaf powder was increased; a similar trend was observed in
this study. It can be seen that as the color gets darker, the

brightness decreases and the yellowness increases.

3. Texture characteristics of the bread containing
Korean pine leaf powder

Texture characteristics of bread are shown in Table 3. The
adhesiveness was the highest in the control group (0.32 mJ) and
the lowest in the 7% additive group (0.13 mJ). Compared with
the control, it decreased significantly as the amount of leaf
powder was increased (p<0.001). The hardness was the highest
in the 1% additive group (855.70 g) and the lowest in the 7%
additive group (739.23 g). Compared with the control, it increased
significantly in the 1% additive group, and then decreased
(p<0.001). Springiness was the highest in the 1% additive group
(9.46 mm) and the lowest in the 7% additive group (8.03 mm);

Table 2. Height, moisture content and Color values of the bread containing Korean pine leaf powder

Sample” PWO PW1 PW3 PWS5 PW7 p-value
Height (cm) 4.82+0.02° 4.98+0.06° 4.75+0.03° 4.630.03" 4.530.02° <0.001
Moisture content (%)  36.19+0.45 33.4142.31 37.51+0.64 36.49+0.42 32.95+0.22 0.059
L-value 85.05+0.10° 69.25+0.53° 62.8120.40° 61.05+0.28" 53.45+1.92° <0.001
a-value -2.500.05° -3.54+0.02° -4.37+0.05° -3.70+0.02° -3.260.10° <0.001
b-value 16.75+0.08° 20.75+0.06° 26.56+0.16° 30.56+0.30° 30.74+0.15° <0.001

Y PW0, PW1, PW3, PW5, and PW7 represent addition of 1%, 3%, 5%, and 7% leaf powder.
*dRepresents significant differences based on least squares method at p<0.05.
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Table 3. Texture characteristics of bread containing Korean pine leaf powder

Sample” PWO PW1 PW3 PW5 PW7 p-value
Adhesiveness (mJ) 0.32+0.01¢ 0.26:0.00° 0.25+0.01° 0.160.00° 0.13+0.00° <0.001
Hardness (g) 848.50+4.04° 855.70+22.26" 839.03+12.22° 740.70+18.13° 739.23+6.31° <0.001
Springiness (mm) 9.39+0.13° 9.46+0.14° 8.54+0.01° 8.69+0.07° 8.03+0.01° <0.001
Chewiness (mJ) 51.89+0.50" 55.21+0.72° 58.80+0.67% 56.52+1.19% 59.10+0.25¢ <0.001

Y PWO, PW1, PW3, PW5, and PW7 represent addition of 1%, 3%, 5%, and 7% leaf powder.
*dRepresent significant differences based on least squares method at p<0.05.

significant differences were present between the groups
(»<0.001). But compared with the control, the values did not
show a continuous trend of increase or decrease. Chewiness was
the highest in the 7% additive group (59.1 mJ) and the lowest
in the control group (51.89 mJ); there was significant difference
between the group (p<0.001). Compared with the control,
chewiness increased as the amount of leaf powder was increased.

In this study, as the amount of Korean pine leaf powder in
the bread was increased, the adhesiveness and hardness
significantly decreased. However, the springiness and chewiness
did not show a specific trend; springiness was lower, and
chewiness was higher in the additive groups than in the control
group, and there were significant differences between the groups.
In Corni fructus powder bread (Shin & Shin 2008), the
adhesiveness and hardness significantly decreased as the amount
of leaf powder was increased. In Cudrania tricuspidate leaf
powder bread (Kim & Ju 2016), the hardness and chewiness
were observed to increase as the amount of leaf powder was
increased. In black soybean powder bread (Im & Kim 2003),
adhesiveness and springiness were significantly increased. In
medicinal herb composites bread, It is considered that the
physical properties of bread are greatly affected by the additive
materials and amount added, and are also affected by the
moisture and volume of the bread (Kang et al. 2009). According
to a study on buckwheat bread with different gluten contents, the
buckwheat mixture dough with added gluten had an increased
moisture absorption rate, longer dough formation time, decreased
weakening, and increased extensibility (Chung & Kim 1998a).
When bread was made from buckwheat dough with added
gluten, sensory characteristics showed that the crumbliness of the
bread was reduced and elasticity was improved (Chung & Kim
1998b). Accordingly, it is believed that there is a relationship
between gluten and texture. In this study, as the content of

Korean pine leaf powder increased, the gluten content decreased

due to a decrease in the ratio of flour content, which is believed
to have affected the texture of the bread. In Aster glehni powder
bread, the lower the springiness, cohesivenss and chewiness
compared to the control group, the higher the taste, texture, and
overall preference in sensory characteristics (Park JR 2022). On
the other hand, in watermelon seed powder bread, the group with
the highest texture, taste, and overall preference in the sensory
characteristics was medium in springiness, cohesivenss and
chewiness (Kim & Suh 2023). Therefore, it can be seen that there
are differences in texture characterisstics and sensory characteristics

depending on the added material.

4. Total polyphenol content and ABTS- and DPPH-radical
scavenging capacities of the bread containing Korean pine
leaf powder

Total polyphenol content and ABTS- and DPPH-radical
scavenging capacities of the bread are shown in Table 4. Total
polyphenol content was the highest in the 7% additive group
(669.13 pg/mL) and the lowest in the control group (466.83 g/mL).
Compared with the control it increased significantly as the
amount of leaf powder increased (p<0.001). ABTS-radical
scavenging capacity was the highest in the 7% additive group
(43.23%) and the lowest in the control group (0.46%). Compared
with the control, it increased significantly as the amount of leaf
powder increased (p<0.001). DPPH-radical scavenging capacity
was the highest in the 7% additive group (45.76%) and the
lowest in the control group (1.39%). It increased significantly as
the amount of leaf powder was increased (p<0.001).

Korean pine leaves contain gallic acid and syringic acid,
which have antioxidant effects (Lee et al. 1992; Song & Kim
1994; Cha et al. 2000). Moreover, high total polyphenol content
and ABTS- and DPPH-radical scavenging capacities have been
reported in Kim et al. (2012) and Jo et al. (2017). In this study,

as the amount of Korean pine leaf powder was increased, the
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Table 4. Total polyphenol content and ABTS- and DPPH-radical scavenging capacities of bread containing Korean pine

leaf powder

Sample" PWO PW1 PW3 PW5 PW7 p-value

Total polyphenol (ng/mL)  466.83+5.32° 534.843.31° 570.37+3.07° 576.83+1.73¢ 669.13+1.29 <0.001
ABTS (%) 0.46£0.07" 22.08+0.34° 26.610.4° 35.53+0.67° 43.23+0.36° <0.001

DPPH (%) 1.39+0.28" 23.74+0.30° 32.25+0.93¢ 39.330.68° 45.76+0.83° <0.001

Y PW0, PW1, PW3, PW5, and PW7 represent addition of 1%, 3%, 5%, and 7% leaf powder.
““Represents significant differences based on least squares method at p<0.05.

total polyphenol content and the ABTS- and DPPH-radical
scavenging capacities significantly increased. Similarly, in
Gynura procumbens powder bread (Shin et al. 2019) and
mugwort powder bread (Woo & Lee 2021), antioxidant activity

increased with the increase in the amount of the powder.

5. Sensory characteristics of the bread containing
Korean pine leaf powder

Sensory characteristics of the bread are shown in Table 5.
Color preference was the highest in the 7% additive group (5.40)
and the lowest in the 1% additive group (3.27). Compared with
the control, it first decreased in the 1% group and then increased
significantly as the amount of leaf powder was increased
(»=0.017). It was considered that the bread’s color became
clearer. As a result, the preference increased as the amount of
leaf powder was increased, and the color became darker. Flavor
preference was the highest in the 3% additive group (4.67) and
the lowest in the control group (3.60). Compared with the control,
it increased till the 3% additive group and then decreased;
however, there were no significant differences between the
groups (p=0.463). It is considered that the flavor preference
increased because the flavor become stronger as the amount of
leaf powder was increased. It is considered that the bitter taste

of the Korean pine leaf powder must have reduced the taste

preference as the amount of leaf powder was increased. In the
pine needle extract bread, the taste preference was the lowest
when 100% extract was added (Kim & Kim 1998). Taste
preference was the highest in the 1% additive group (4.53) and
the lowest in the control group (3.67). Compared with the
control, it increased in the 1% additive group, and then
decreased; however, there were no significant differences
between the groups (p=0.622). Texture preference was the
highest in the 7% additive group (4.80) and the lowest in the
control group (3.40). Compared with the control, it increased
significantly as the amount of leaf powder increased (p=0.006).
It was considered to be influenced by the increase in adhesion,
hardness, and chewiness and decrease in springiness as the
amount of leaf powder was increased. Overall preference was the
highest in the 1% additive group (4.47) and the lowest in the
7% additive group (2.93). Compared with the control, it
increased significantly in the 1% additive group and then
decreased (p<0.001). In the case of whey pan bread, the 50%
additive group was the highest (Lee & Lee 2021). But, in the
case of mugwort powder white bread, the control group was the
highest. This is considered to be due to a strong rejection of the
bitter taste of mugwort (Jung IC 2006).

In summary, in this study, the color and taste preferences
were the highest in 7% additive group. The flavor and texture

Table 5. Sensory characteristics of white pan bread containing Korean pine leaf powder

Sample" PWO PW1 PW3 PWS5 PW7 p-value
Color 4.27+0.60" 3.27+0.49® 4.53+0.40° 5.00£0.37> 5.40+0.35% 0.017
Flavor 3.60+0.46 4.27+0.41 4.67+0.37 4.600.46 4.40+0.52 463
Taste 3.67+0.42 4.53+0.29 4.33+0.43 4.00+0.53 3.80+0.52 0.622

Texture 3.40+0.35° 4.33+0.19 4.33+023 4.47+0.22° 4.80+0.30° 0.006

Ovaerall preference 4.13+0.35° 4.47+0.27° 4.40+0.42° 3.07+0.34° 2.93+0.40° 0.004

Y PW0, PW1, PW3, PW5, and PW7 represent addition of 1%, 3%, 5%, and 7% leaf powder.
*“Represents significant differences based on least squares method at p<0.05.
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preferences were the highest in 3% and 7% additive groups,
respectively; however, there were no significant differences
between the groups. In addition, the overall preference was the
highest in 1% additive group due to the influence of the flavor

and texture.

Conclusion

In this study, to develop healthy bread, the Korean pine leaf
powder, which is a by-product of Korean pine, was added to the
bread in the following proportions: 0%, 1%, 3%, 5%, and 7%.
Various quality characteristics of the bread were evaluated namely
height, moisture content, color values, texture characteristics,
antioxidant capacity, and sensory characteristics.

The height of the bread increased significantly in the 1%
additive group, and then decreased (p<0.001). The moisture
content was a decreasing trend was observed except for 1%
additive group, but there was no significant difference between
each group (p=0.059). The L-value decreased significantly with
the increase in the amount of leaf powder (p<0.001). The a-value
increased significantly till the 3% additive group and then
decreased (p<0.001). The b-value increased significantly as the
amount of addition increased (p<0.001). The adhesiveness
decreased significantly as the amount of leaf powder increased
(p<0.001). The hardness increased significantly till the 3%
additive group and then decreased (p<0.001). The springiness
was a significant difference between each group (p<0.001). The
chewiness was a significant difference between each group
(p<0.001). The total polyphenol content increased significantly
with the increase in the amount of leaf powder added (p<0.001).
The ABTS-radical scavenging capacity increased significantly as
the amount of leaf powder was increased (p<0.001). The
DPPH-radical scavenging capacity increased significantly as the
amount of leaf powder added was increased (p<0.001). The color
preference increased significantly as the amount of leaf powder
added was increased (p=0.017). The flavor preference increased
till the 3% additive group and then decreased, but there was no
significant difference between the groups (p=0.463). The taste
preference increased in the 1% additive group and then
decreased, but there was no significant difference between the
groups (p=0.622). The texture preference increased significantly
as the amount of leaf powder was increased (p=0.006). The
overall preference increased significantly in the 1% additive
group and then decreased (p=0.004).
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In this study, healthy bread was developed using Korean pine
leaf powder, a by-product of Korean pine. The data of our study
would contribute to increasing the utilization of Korean pine
leaves and the development of healthy foods with good

antioxidant properties.
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Abstract

As the consumption of corn increases, the production of by-products is also increasing. In this study, functional substances and
antioxidant activities of corn by-products were investigated to determine their applicability as functional materials. Total polyphenol,
flavonoid contents, and ABTS antioxidant activity were the highest in leaves. The total phenolic acid content was the highest in
cobs; p-coumaric and ferulic acid were the main components. Phytosterol content in leaves and stems was high at 64 and 50 days
after sowing, 261.4 and 274.7 mg/100 g, respectively. [3-sitosterol of the leaves and stems was the highest, 149.2 and 138.7 mg/100
g. The total phytosterol content of grains and by-products harvested 106 days after sowing was in the order of: corn silk, husk,
grain, leaf, stem, and cob. Among the phytosterols, [B-sitosterol was the highest, followed by stigmasterol and campesterol, and the
composition was different depending on part. The total phytosterol content was the highest in husk and corn silk, but the stems
and leaves, which account for 50% of the total corn biomass, also contained high phytosterol content. Therefore, corn leaves and
stems are expected to be used as functional raw materials for the development of functional materials in the future.

Key words: corn, antioxidant, phytosterol, by-product, phenolic acid
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= s

2H]E U2 (Shin 5
2015), 4S540 TR} &) 2E20] AW oA

AN
LRSS

o

2%02 ol g3to] Yor, 52 rfo] TP phytosterol
o] QIEAg o} Xz A7t Ukl H I E I eH(Kim
S 2018). Phytosterol:> ZE| AH|E3 FARRE A& AlZato]
A WFAS] = steroid alcoholF9] 3}EHEo|H(Verleyen 5
2002; Rouf Shah 5 2016) AJAute] 144 E 02 uto] Al
4 FA 2 589 B 248 59 BA7]sol #ofsty
A7, 3, WS, @924, Adids 9 395
Zo] 577} E150] QrOstlund S 2002; Ostlund S 2003;
St-Onge 5 2003; Jiang & Wang 2005). ©] 23} phytosterolS 2
49| 8 754 EE= HilEo] 9l oH(Kim 5 2018) o]
@]o] ¥]E}I, phenolic acids, carotenoids, flavonoids, antocyanins,
maysin 59| 7|54 43 E4do] gt A-E0] o] FoiA
1L QO ™(Lee 5 2016; Lao 5 2017; Sheng 5 2018) 244
Qe 414 AR2AY| AR (Singha 5 2022)0] gt AT
7} BIEL T 850E B8 7154 A7 g
2ol 4% BUT G4 ol4} 1A WL RAHES
i, <, 2ol a4 o] FoiA ot waba] & Ao
A S 20] B T E 242 biomass®] 50%
£ Aot 8 & FAEQ] it £719] 71548 AAEA]
o T 154 Lohu A F2 AHEH 0L S ofat
FAREQl S, 4, ZFH Bl EASHAH. £33 754
AAEA AHGA] S5 QA £719) Agke AHAE o
PR TR 1E T AT AL S5d At 2719 7]
354 279 phytosterol T WSS ZASIAAL,

1

£ A= AEE F359A FHS(Kwangpyeongok)S
Argetlom, o] FF-2 20009 55 =P AFst
ESOR Y] SAA FE o] FAH
© F7I1=A0] fote] S ol 59 ke 28 54
of At FFolth. S5 A= 20219 4 2720 TF
Sto] ubE & 4197 E At Za 27190 106Y7HA] A
g 7R Za S AFEke] ARSI Zaa A3
£7] 20l 7Fsd 4 & BURH 106¥7HA= S5
A 718 st AFskA. B HF 4%t F

F 106201 854 B4 o]9lo] 845 olate] b Rk
291 44, &9, =Y ST Aokl Fu AxY F

ofulzt - 7@ -

559 - 499 SFAEIUIBA

Retsch cutting mill(SM300, Verder Scientific Inc. Newtown, PA,
USA)E olg3to] R43t 4T 7o) Bpste] 95

2 BePg BaEo] SR BAlo] A8t

ZZ9 9 L Folin-Ciocalteu -89 (Sigma-Aldrich, St.
Louis, MO, USA)E ©]-&-5to] S745IATHBuU & 2002). Z} A
= 0.5 go] 80% MeOH &9 10 mL&E 24A)7F <511, 10
uLo]l 2% sodium carbonate &2 200 uLE- 7}t & 387t 7FA]
sttt o719 50% Folin-Ciocalteu 8- 10 uLE 7}s}ki, 30
i A g WSO SFE g 760 nm IO A &7
oFALt. o|nf] EEEA-2 gallic acid(Sigma-AldrichyE AH8-5}
o] ATAS A5kt
3. S88IH 0| &E2F
ZZetE ot FEL 80% MeOH &5 250 Lol 25
% 1 mLe} 5% NaNO, 75 uLE 713t ok, 581F FX|sta
10% AICI - 6H,0 150 ULE 7}3Fo] 62 ¥r]et o+e 1 N
sodium hydroxide -84 500 pLE A7}5tq], 115 A X|3t o2
510 nmolA SFEE 45ty EEEZQl catechin
hydrate(Sigma-Aldrich) & AL&3}0] A4 ZHgstgon,
FFE AlFE g 59 mg catechin equivalents(CE, dry basis)=
Ureh et

S
(=]

OBt
o
I

4. DPPH ZIC|E 208 &3

DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma Chemical Co.) 2t
o AASA =72 Sanchez-Moreno 5(1998)2] HH o] &
sto] S5k A& 0.5 goll 70% ethanol &K 10 mLE 7}
Stof &3t 108 S]Aste] 4 ARz ARESHRIH-. 0.2
mM DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich) -84
(99.9% ethanolo]] €3f) 200 pLo]] A|E(ZEE 5% 0.1 g/ml)
10 L2 H7He 5 AL FAGIA 305 FAT F, 520 im
nhgol A EY=E Z93hoct. DPPH radical 2ATHE A
EAZIFO WY SHE Kol MEL(HR A&}
At

5. ABTS 2iC|Z A0{Ed =H

ABTS(2,2’-azinobis-3-ethylbenzothiazoline-6-sulfonic acid) =t
U 2724 292 Re (1999 WHS WPstel 4
5l9ith. ABTS £9HLS 7 mM ABTS AA-8HT}F 245 mM
potassium persulfate(K»S,05)S E$F5H= ABTS £ of A2 E
E3dsto] A2o|A 627t WHEAIXl &, 735 nm TGO A &
YES AT PSS 258 1% HClo] X3t
% 60% methanolS XL OZ slo] tRof i3t ]z
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AASE HEgZ Jel Yt TroloxE EEEZZ Trolox
equivalents antioxidant capacity(TEAC)ZFS TSIt

6. Phenolic acid &t2f &8

BHE S AT I 59 FARE IRE w4t
st A5 sto] Al& 0.5 gofl 2N NaOH 15 mL 37}
Sho] 2417 WRESHAL HCRE: ©]-8-510] pH 25 T3l of7]
of 15 mL9] diethyl ether:ethyl acetate=1:1 & F7}5}3L 10
B7F wEkst & UAEE](7,800 rpm, 5E)5to] AFEHS =
St TF2 95% ethanol-894 500 pLof A-&3}5F HPLCE A4S}
7] Ao 02 pum RC syringe filter2 of3}5}ct AR 9]
phenolic acid®] 24 2 3F E42 PDA(Waters, Milford,
MA, USA) AZ7]7F A= Waters UPLC A]AE](Waters,
Milford, MA, USA)Z ©|-&35}9it}. ol AHL HALO CI8
(2.1x100 mm, 2.7 pm, Advanced Materials Technology, Wilmington,
DE, USA)e|glor, BAA Ay =+ 35T, o5 A:
0.1% trifluoroacetic acid(TFA) 4=890]Ql11, o]FA B=
acrylonitrile (ACN) 290 2 7]-&7] 82|35} tH(Table 1). &
AAl F45-2 0.3 mL/min®]| 1L, 280 nm2] UVIHof|A] A
StgoH, AEFYFS 1 ILE 3HHE 0 R BAsIg . A2t
E13 ¢|o]E]= Empower personal software(waters, Milford,
MA)E AR&slo] E45}9 ). Phenolic acid 42 93t galic
acid, vanilic acid, caffeic acid, coumaric acid, ferulic acid,
quercetin ¥552-2-Sigma-Aldrich Co.(St. Louis, MO, USA)O]|
A Festol ol A-gstelch

7. Phytosterol &t2f £X
S BSAZE QT i 271, xY, S, S, &

B

Table 1. Gradient program used for chromatographic
analysis of phenolic acid contents

Time AP B Flow rate
(min) (%) (o) (mL/min)
Initial 95.0 5.0 0.3
0 95.0 5.0 0.3
4.0 95.0 5.0 0.3
23.0 80.0 20.0 0.3
25.0 0.0 100.0 0.3
27.0 0.0 100.0 0.3
28.0 95.0 5.0 0.3
40.0 Stop run

Y Two eluents were used: A (0.1% TFA in water) and B (100%
ACN).

925 Babzo] GBI 2 Phytosterol §H 397

& 59l 55 phytosterol $FS 7ASK(saponification) ¥ &
gas chromatography(GC, Agilent 7890A, Agilent Technologies,
Palo Alto, CA, USAYE ©]-&sto] EA5I3ItE A= Alm
0.2 g° 2 N(KOH/EtOH) 89 2 mLE 7}3}al 90 Co|A] 158
7 Ag] F YA olF FY HlE9 S7F5 % hexane
< 7Foto] ZstkA wukek & 4E2]7](Beckmancoulter,
Blvd. Brea, CA, USA)Z ©]8-3}a] 15,000xgl &2 557F A4
25t F5d= FIotl AY 55 F CHCLoY| A-&3fst
1 0.2 ym RC syringe filter2 oj31}5l0] B4 A|g=2 F£H] o}
Aot B2 AH-2 HP-5MS UL, capillary column(30 mx0.25
mm, 0.25 pym, Agilent 19091S-433UI, Wilmington, DE, USA)E
ARS8 A1, HE 7= FID(Agilent 7890A, Agilent Technologies,
Palo Alto, CA, USA), carrier gasZ+ AE7IAE 0|85
ojeff, £ 2= HE7] 2= 717 250TC, 310C= 4%
S}, chamber] 2T Z 220Co|A 290 C7HA] £ 25CH
FeA71HA B3] -7 phytosterol®] /g 7} b
£ 3HHE 0 2 B4 tH(Jung 5 2012). Phytosterol®] AJ&- &}
°le Y3l AFRE EFA|9F 3 campesterol, stigmasterol, [3-
sitosterol-> Wako(Tokyo, Japan) A|&-& 45} AR5t

8. SHEAN
RE AHANE 33] o4 v AAsto] A= HdE A

o} #EHAIE A5G A3 2= SAS Enterprise Guide
7.13(SAS Institute Inc., Cray, NC, USA) T2 13-& 0]-8-5}0]
AUl %] EAHEA (one-way ANOVA)E AAIGH & A5 §
9]A Q] X}o]= Duncan’s multiple range test®2 -F-J4F 5%
(p<0.05)°14 AFsIR Y 7sdwsd Faekage] &
TS Rlsh] f8l mlojee] AJaaAlEAe AAISH .

1. S9% 2ol E2aNE, 8220l By L
[atsh 2y

S L 855 BB BHS BE 5 10690 2
% 27], XY, 5, &1 L FYANNY FBelals o
J, FEUEEOS YT PASBHL BAT AnE
Table 20 AAIB} SBeMETFe 255 A, 371, 5
9. 29, &1 202 Yo Bow], 854 U9 FE

ook

ot

HzghEgo] SAET oF 674 ot SETHEE0|E o
= 94, 79 &Y, 29, 7], FAECR S5 Qo] M
Eokor FAULET 478 =3ttt DPPH 2t &7 842
+4, 271, &1, 29, o, FH €22 $90 M UL
™, 99| DPPH 2tz &7 842 SUETE 424 =3
A, 92 FAEG 179 30T ABTS S &7 &4
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Table 2. Total polyphenol and total flavonoid content by part of corn harvested at 106 days after sowing of Kwangpyeongok

Part Total polyphenol Total flavonoid DPPH ABTS

(mg GAE/g) (mg CE/g) (%) (umol TE/g)

Leaves 6.77+0.059° 2.70+£0.065" 34.75+0.290° 2.94+0.210°
Stems 4.97+0.026° 1.1120.080° 53.74+0.364° 2.47+0.236°
Corn Husk 3.49+0.012¢ 1.35+0.082¢ 38.860.700° 1.10£0.176°
Corn silk 4.12+0.056° 2.47+0.132° 82.06+0.438" 2.23+0.430°
Cob 3.3340.014° 1.59+0.037° 52.23+0.616° 1.68+0.163¢
Grain 0.92+0.014 0.57+0.069" 19.53+0.217" 1.05+0.300"

The values indicate the meantS.D. of triplicate.

*T Means with the same letter in column are not significantly different by duncan’s multiple range test (p<0.05).

=71, 79, S, 29, A 22 o] SAHET 2.84]
=tk SEEHEY SESHE 0| S 844 o]
7V —E‘—;—Miﬂi S Y B8 FEYHE 9 SEUE
o] ghFo] =X AUARt 7 =2 DPPH At
= UBHH A o= &5 g0 EolF & EAch= 2
2} JAFEZA Q] maysin 5 flavone glycosideE-O] =2 ghAs)
a7 9 2 GO A4 57 52 Hoj(lee 5 1998; Kim
S 2003) 3 DPPH 4t/ dZ Uetdl Ao g Jz-Hr

1H‘ Ho.

2. ST FolY =4t g

F F 106Y0] 83t &4 9 T FAREIT SAA
9] w4t TS EASHATH(Table 3). S 91 SH|
lé"ﬁ A SolA 7MY EoH oo s £7], XY,

A, T, TA LR U HEA A AR T S5
%]_, 7], 21} &ollA p-coumaric acid7} ZHzZF 125.62,
652.55, 350.01, 810.78 mg/100 gO.& 7}4 @Werow, 4~}

o})l

Alo]l A= ferulic acid $FeF0] 193.85, 113.78 mg/100 gO. &
7H WOkt &4 EY-2 p-coumaric acid®} ferulic acid7k
Z+7F 350.01, 354.39 mg/100 gO & H|=35l $heFo & I3 o]
AROH, S R 7 HEe] THHR WL T
AT FQ HEAES p-coumaric acid?} ferulic acido] 3}
o}, HEZARS HIEA QAAMAL 7 2 (pentose phosphate pathway),
AlZAL 7 Z(shikimate pathway), H|EIZZ2ItRo|= HZ
(phenylpropanoid pathway)°ll ]3] A== oA ARIERZ
AR et Ao ® FEEA Gtk & AFolA] 4
A3} T3E]o] 9= HmALY] £F= gallic acid, vanilic acid,
caffeic acid, p-coumaric acid, ferulic acid, quercetin 5°] &4
ol= AOCF ZA}E QI tH(Chiremba 5 2012). Acosta-Estrada
5(2014)2 55 24 9] HmARS gjFE0o] ferulic acid §
g2 ZA5tY, 1 29 2 p-coumaric acid, vanillic acid &
0% o} st B ATAYAAE B4 ferulic acid
7t 7V =9ka 20 2 p-coumaric acid, vanillic acid 5 2

< 23E Ha

Table 3. Phenolic acid content by part of corn harvested at 106 days after sowing of Kwangpyeongok

Content (mg/100 g)

Phenolic acid

Leaves Stems Corn Husk Corn silk Cob Grain

Gallic acid 6.92+0.25° 2.71£0.03° 2.30£0.06° 2.25+0.00° 2.20+0.00° nd
Vanilic acid 13.6520.14° 45.36+2.62° 20.50+0.34° 8.130.44° 40.46+1.11° 2.68+0.02

Caffeic acid 2.96+0.02° n.d 2.750.05¢ 2.88+0.04° 3.150.02° n.d
p-Coumaric acid 125.6242.22° 652.55+67.59° 350.01+12.89° 14.29+1.23¢ 810.78+21.67* 9.7120.64°
Ferulic acid 114.43+3 44° 157.29+17.15° 354.39+£12.49° 193.85+20.47° 680.51+21.98" 113.7849.31°

Quercetin 4.71+0.04* 3.48+0.39° 2.92+0.13¢ 2.66+0.04° 3.50£0.36° nd
Total 268.30+0.54° 861.38+80.63° 732.8749.55 224.05£14.81°  1,540.59+65.09° 126.18+9.98"

The values indicate the meantS.D. of triplicate.

*f Means with the same letter in column are not significantly different by duncan’s multiple range test (p<0.05).

n.d: not detected.
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3. S 524 phytosterol &k
AT} S5 BAEQl S, Y, =¥ 9] phytosterol T
A% AIH= Table 49F At} =8 A|7]"H F phytosterol
T AT SHolA 78U RE 85UZMA] st AL o]
T 106Q97HA] THA] F7hsto] ke Z42F 229.337F 129.17
mg/100 go] ™, AT} 42| phytosterol FF2 A17]7F
Z7hetol wet A& 07 Frtste] gk 351.97, 1,005.76
mg/100 go]3lth. IkF & 106Yo] 83t &4 BoH F
phytosterol TF2 $F, ¢, 4, &) £07 EQth
Phytosterol %= [(3-sitosterol $FF-2 48.77~484.75 mg/100 g HE
2 7Y B2 AEo|glon, T30 & stigmasterol o]
30.00~343.97 mg/100 g A= =3O ™, Campesterol T
38.19-177.04 mg/100 ¢ MO T 3714 B BT 95z Ho)
ZFHE $HoA 7 2L FFS B YTt Kim 5(2018)
L5% Z A3} &rfjof| A phytosterol 2 campesterol, B-sitosterol,
stigmasterolo] =8 AHo|gl1 H5lg o, &4 243}
Ztjjof &0} 1= phytosterol & 8 AAEE FAHSLS
B-sitosterol, campesterol, stigmasterol©] Z}Z+ 80.05%, 10.5%,
9.46%°] 2L, SriEct FA 9] phytosterol T=Fo] F 2.48) =
Aot Husieleh & ARANNE S5 S| phy-
tosterol-S F+2 [3-sitosterol, campesterol, stigmasterolZ ©]F-0]4]

ARow F9 MHEHE FLMYH|S-L B-sitosterol, campesterol,

ok n?h ftlo

off

920 BAEO) G5 2 Phytosterol 3 399

stigmasterol©] Z}Z} 68.20%, 18.72%, 13.08%0°] 211! phytosterol
g2 St F4o] oF L78H] E34Th

4. S5 FAIE 2lnt £719| phytosterol &2k

g MAE F 71 o] gL At 7] A
jEHo] 2 AFE8 07 AR 9ouE o] tlefsh
Al 2]€-A4 (Ostlund 5 2002; Ostlund 5 2003; St-Onge 5 2003;
Jiang & Wang 2005y 7}A|+= phytosteol AR 2 A 9] A&7}
548 Yot §181] 24 sk 2719 phyosirol HF
o BHElt 1% T BRI 12 BBS 955 9
7) A9} QU 27] 221041 phytostrole] 243} ek
s18 $4I% A3Hs Fig 19 2ok S5 A3 7] B
of| A 9] RL-A]7]0]| WhE ZF phytosterol $HFL oHE & 179
BE] Z71510] 24804 3585 mg/100 g0 2 Htf S B
A3l o]F FZA3] T4t 29¢0f = 149.0 mg/100 gO]‘;),i‘jr.
o]%& A A3] F7Fete] 640l 246.6 g/100 gO] ATk &5
A3} Z7] Zzko] F8-H phytosterols EE AY-SA| 7| o] A
campesterol, 3-sitosterol, stigmasterolo] Q. AJEo|T}. 2
2= 919] & phytosterol TS u=E T 43U 176.9 mg/ 100
2ol UL Rt FAastle7t S7Fste] 64Ul 261.4 mg/ 100
202 A YFS BAT o F ch TAAT AA
z7hsko] 10629] 2183 mg/100 go] itk WL = B-

rEoN

L

i)

Table 4. Phytosterol content by part of corn harvested at 78 days, 85 days, 106 days after sowing of Kwangpyeongok

Content (mg/ 100 g)

Part Phytosterol

DAS 78d DAS 85d DAS 106d
Campesterol 27.3740.598 14.15+0.175 42.93£11.18
) Stigmasterol 42.56+1.168 10.58+0.043 30.00+0.49
Grain B-Sitosterol 107.02+1.663 55.97+0.336 156.40+5.73
Total 176.95+3.408 80.70+0.395 229.33£16.06
Campesterol 14.18+2.560 5.12+0.940 38.19+£3.93
Stigmasterol 25.60+£5.357 8.24+1.333 42.21+1.64
b B-Sitosterol 54.99+9.217 23.43+2.057 48.77x11.21
Total 94.76+17.093 36.79+4.194 129.17+14.32
Campesterol 16.23+0.249 23.36+1.224 80.4345.11
Comn husk Stigmasterol 38.78+0.170 47.53+3.427 128.85+2.51
B-Sitosterol 59.28+0.547 75.3444.759 142.69+4.89
Total 114.29+0.849 146.2249.309 351.97+11.86
Campesterol 59.36+0.175 76.03+7.863 177.04+7.36
Com silk Stigmasterol 175.0440.043 250.2445.190 343.97£20.4
B-Sitosterol 313.56+0.336 325.22+12.566 484.75+28.87
Total 547.96+0.395 651.50+18.636 1,005.76+56.63

The values indicate the meantS.D. of triplicate.
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Fig. 1. Changes of phytosterol content in (A) leaves+stems (B) leaves and (C) stems

sowing of Kwangpyeongok.

sitosterol<> % phytosterol T tH| F 44.2~492%% 714} &
< phytosterol /J4-0] It} £719] phytosterol Hg-2 43U 0]
187.7 mg/100 go| 311l o]F 50¥ 0] 274.7 mg/100 gO =2 ZTj
g2 H 31l 1060 184.1 mg/100 go] it E7] A= B-
sitosterolo] 8 /JHo|l o, 3} &E7]9] F phytosterol T
2 2 Ao)z Kolx] aslth. Sz YwHH o 709
ool Ut £7]9] Aol WET B4 Aol AlEnh
T1H 2= phytosterol o] 64U 0]| 714 =931 o]F 7h4StH
STk AM5] Z75RR0LF 802 ol Foll | Bakay
o] st ng ARHAQl &4 o A Al7]Q1 709 A
F7F Adet A7 2 AZE AT BSA]7]E phytosterol
T st gk 1Ee E59E, AuiAGE, w5A7E
T 2APE Ho T o8 A7
Phytosterol> Z+g Al&E] g2l FEo] Qe
alcohol79] ZHEA Al&E TF7F % o|=2HE F&H 7|59
Z50] ket Fgo] 2 ZJolS Lehfetk(ung S 2012). S
7159] phytosterol & TFS 265.14 mg/100 golH, B-
227.61 mg/100 g, campesterol> 23.67 mg/100 g,
13.85 mg/100 g0] %THLee S 2014). 1]7FQ0] 4]

o =

steroid

sitosterol->

stigmasterol=-

43d 50d 57d 64d 78d 85d 106d

Day after sowing (days)

43d 50d 57d 64d 78d 85d 106d
Day after sowing (days)

according to growth period after

I B-sitosterol o] 7H4; =3k 9.1, campesterol, stigmasterol
o] &F ¢z ol At HIHATHReshma 5
2008; Kim & Lee, 2009; Derakhshan-Honarparvar - 2010) %
2 Q3 E7]014 phytosterol FFE G55 EHT 5
= x—]oqx]u]- L4 2N & HTEE =9kom Aﬂ/\]—%
T kol §5 944 At 2712 o83 7154 a4}
s Aow Aztw,

5 S FU=E9| VIS é‘.—E—

= ATolA 24T S Fabee] 7sAEd SE
HE, FESHL0|E, 5 PE"—/\ A phytosterol Cé'%hf} DPPH,
ABTS A wko] Al S Lobi 9tth(Table 5). Ku

52009y S 92 FeEkelE H HEd =23
et o] A UAE 4% 23 DPPHE M= ABTS7}
S FAets2 Brishetl ARt 54 guolztal
Busiglnt. £ A7olAE S5 FARES] ABTS itetd
o] & & TF(=0.897, p<0.05)T FHFHE EA
O} o]2fo]| phytosterol, S-Z | Hl=3t SHlEAF 52 TSt
B0 w2 ARTAE HolA it S 99

sl SaE

O

re

Table S. Correlation coefficient between the contents of functional substances and antioxidant effects by ABTS, DPPH

assay
Parameters Total polyphenol Total flavonoid Total phytosterol Total phenolic acid DPPH ABTS
Total polyphenol 1.000
Total flavonoid 0.758 1.000
Total phytosterol 0.040 0.491 1.000
Total phenolic acid 0.012 -0.172 -0.461 1.000
DPPH 0.299 0.508 0.729 0.166 1.000
ABTS 0.897" 0.717 0.126 -0.114 0.386 1.000

*p<0.05.
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FE|ET Bk oS Yot GUSITH JTHS
KuA Av}e} o] DPPHELH ABTS®} 21X 5H3iTHTable 2).

Q0o U #=
B AL S4d FARS J5 A EAY o] 8
H5e Foti] I N2ARE FRIADA 55 F

A} 53 7 2R 955 9, 7], 4%, £ 59 7]
4 24T PAALHE TARNAE. 754 BARE S
o] EBA B 59 1 phytosterol®] T3F WMol
S5 QU 271014 AR7IIEE RSO, 2% 4
S5t S 2AHE 298 phytosierol, $E T, 5B
Hiolt, Al 3tef O A51EAS B9 2
W 2EZalH Lo oFF 9 SRARSlE A EAIH TS
. 3131 S 27171 B0, ABTS HUSLHE 54
% 901 P w9 955 AKA7 e 244 Ut
£7191419] phytosterol THL 15 F 643} 502] 77
261.4, 274.7 mg/100 g & 7} =9F O™ B-sitosterolo] 149.2
2} 138.7 mg/100 g 2 7} T2 phytosterol AJE0] Tt &
HEAE e EojoA 7P £9ko ™ p-coumaric acide}t
ferulic acid7} /4201t A £7] o9 o4 £
8 phytosterol FFS 1% F ALV} ATASE 2715}
Fom F F 1060 &3t <=4 29 phytosterol T
72 o, X9, T4, A 7], &Y soE =oH,
phytosterol -4 A& 2 B-sitosterolo| 7} Wokal T2 07
stigmasterol, campesterolo] 8 AJEo|3it} E 14T} 7]
5B e PAsiR0] BARG S4g 5ot T 2
REolH Bgron], T4 uge Rejo] vzt gkt 94
4= Y3} £7)= AJAkFo| =11 phytosterol FFS L5
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Abstract

This study aimed to determine the anti-obesity effect of adding Wolfiporia extensa Ginns (W) to fermented pollack skin products
in an obesity-induced animal model. The experimental groups were the normal diet group (C), high-fat diet group (HF), dried pollack
skin (H1), fermented pollack skin (H2), and W of 0.1 (F2-WL), 0.3 (F2-WM), and 0.5 (F2), respectively. It was confirmed that
adding W to fermented pollack skin reduced blood triglycerides, total cholesterol, and LDL levels, while increasing HDL levels.
Wolfiporia extensa Ginns was effective in controlling weight and improving blood lipids in a dose-dependent manner. In histological
analysis, findings of fatty liver induced by a high-fat diet were improved by the addition of H2 and W. Size and density of fat
globules in the epididymis were decreased. In addition, the concentration of TNF-a was increased in the high-fat diet group, but
decreased by the addition of fermented pollack skin and W. In conclusion, adding fermented dried pollack skin and Wolfiporia extensa
Ginns was effective for weight control and blood lipid improvement. Thus, the use of by-products in functional foods is expected
to have a high value in the future.

Key words: anti-obesity effect, fermented pollack skin, Wolfiporia extensa Ginns, high fat diet-induced obesity model

N B2 = 2014; Oh & Kang 2021; Park 5 2021).
el = Wel(Theragra chalcogramma, Alaska pollack) s TF
oA E=tFol ofsto] st BT AEHA LS, Tl Ay Gaeopu| 4l 9bgo] 11, A, 9, ZE 5

AEY, B T FESY AES P AlARIY AT A SFE SO, FHAHE Aol Wobd I w2
A=z diF= 1 HikQl ZfQleH] A%t Qg o R A& AFoIth. FH o] B2 AR, THIAE, 55
ol Mid A& ox FFokal Athal BASHAL QIT(WHO B4z, A8EA 28%E 52 &40l EiHAl Qo
2017). °lell 11111 P ZHAS 95k ohoket A9 A% FEIF (Mori 5 1999; Choi 5 2007). 12 A AL 0|83 &
S7tehaA Az AEd A7 AP Aok Kim - FAT= VIS HolAT P oA L2 At 542

=0
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Shepagel Qe vholels Tl Park I
2016), BRI A A4 & FeH9] oF o} AA| 5y} U
¥ 7 F5 7HA B3K(Yang & Hong 2014), e ETda &2
A A4 5 9 HAE AstRIHLee & Kang 2018)
o] Utk

SEARY A Y 85 L o[ SBS PN 1A A1F
2% o P8R YRIHE We ALgolEr, Tt
A= #A S &5t S FAIFTHo 5 2009; Nam
5 2014, TATEOR Av 57 2L 24 FFRO
2 UEY 4F 20& T FSTEHS oH A
7 0¥l Welt WAE st} e of2iey S
= o= 7P} de] AMESHITH(Lee & Kang 2018). 54t
o 38429 FAAATE A FELEH 22
SAIBhET, YT, HeZA f3h AHKim 5 2009; Kim
SH 2011; Nam 5 2013)7} L, A4te] X2 315+ Z7tof wh
o choret wl s e S0 e s 2 571
ATH(Kim 5 2009), ¥ B, FART}, B Aota A
7} R E QI tH(Zhang 5 2006; Jin 5 2012).

E& (Wolfiporia extensa Ginns; Poria cocos)y | =3 o] &
g 52 BACE #7|E st aUF9 F7)7F gk A
5ol SAA B2 A& g9 on7} S0, el A
Ho] G/JstA] Zotd HeloA Hojxx] o HelE =9
A G #oo] Yt RS BAlolehn Rav o] 42
< Qlofar B4 AxS =27, dHs AL 59
Ho|z}tth(Lee SI 1998). 2 A9 Fejof AAgst=
FAo] simo] Sotel FHES AZF AOE (Lee SI
1986; Lee JY 1988) TS Q80| 11, (2] Aj7zto] w4
QA9 WEE ARFA AL BBYOR P ErkLee
SI 1986; Lee JY 1988). 55 9] /&2 ghpshs, A5, thl
Q, 71, 22olo), B39 2 o uAS A} UL,
ASPIARE 52 Bgol ATsE Yol AR, B,
[EHo| a0 tH(Lee 5 1974). T3 7H) L & Aol
£ SHohs W71 2 VIR ES s AEEE
3 ARG S AT} Be] AL o|ugo] g T
=9l 3-1,3-glucan®] pachyman©] 1l ergosterol, lecithin, histidine,
adenine, choline 5°] §H3-EF|o] glom F% AJEo] B-glucan
o, U] ofF 470l terpene 5-°]THKim SM 2011).

559 FRAEQ 2 HigAQl or|vtthg-Re] o
e A== sarcoma-180 A Tt FAEE H HAS
Z1&-E(Lee 5 1990; Kwon 5 199), BP0 259 §
Askehd @ 9= aTHLee D 2016; Oh HK 2019), 2]
AFAA 22| FU AT Chang HY 2023), BT E FEE°
TEAE FAAA 2y, 1Y I 85421 ACES] A5
B (Lee D 2016), B3 FH2ZE0| A5pH AEHAZE

B AAAE B35 EIHOh HK 2019), B8 oet22&E9]
FAsE 53 9w RaR S22 G3KPark SG 2020), £
A Y] AkSE B4 F opEAlY A 7]5(Kim 5 2002;
Sekiya 5 2003), k= T v AA| 5y 9 FF FHAHE
G I(Hattori 5 1992), &= FEE9] EF AEE 7N
Aa3 (Yun 5 2006)7} H I EQch

£ Ao WA FEigE S SRS & dnjE
1A IR FAAEREY 5 AW Ex2 S S
F= 599 AYA a3E H1A 513U C57BL/6 mices
A %H(High fat diets) 4]o]|= §LgF H|TE 5204 AF5F
7}, Alo|8g, EF5 AW 9 JHTaTE Ao EH,
FHAAL =T 5P 290 g3t vntfA 2 Azt
M 252 B7FstaA shaith

1. AIEF M=x g

2 AT AREER] 5P 7= HFA0A st
of AEA|(100 g5 Z7Isto] Edeeqiet. E3h, ol
A AT T2 AXT AE FE Y] FEEE Al & (Migang
Company, Daegwallyeong/Origin Russia)E 7}2 1 cme} A=
1 em 272 ZA At +572 FHS A2 2E 2
A& Z<=7]|(HD-WH198, Hongsam world, Incheon, Korea)o]| 4]
90~95TC, 3~4AIZt F5510] 13 S5ES WL AXR7]9
A 60~70T, 20~24A17F Axol= DAIE 93] wHEsETh
(Chun & Park 1999; Lee & Kang 2018). J-5LE & F]AJof A
TRt AnlE ZokA] 20%(wiw) 40] 40T FL27014 29 &
oF W A ZTHUm % 2010; Cho 5 2014; Lee & Kang 2018).

L

2. dEESE AlExZd & X|EA[0] H2tSERY

C57BL/6 mice 47 45F% 60ulg]E @djshdio]o g
(Eumseong, Korea)S £o5}0] 7145191, &% 2282TC, H&
50.0+15.0%, 7] 12A17HY, 2= 150~300 Lux, 27|
10~203)/A|7F 5 A5 DA = SPF(Specific Pathogen Free) &
AS R 55 ARSA(Polysulfone, 331 Dx159 Wx132 H(mm))
Qrol A 45 F<t ARSI AR Aol =9 2 HARE
stal Alg SHC= JfAAERo R TUT &3} 7|7 F
I oG SEAHE olEsto], Wi 13] o] WS 5=
AT ASS 37 TR0 Yot A5 Hst
o YHFtS FHE IRl & A557ol 2 ool gl
=2 AESH AlSE #5SH EHlistit A EE
IPAER ARESE Aol Y¥FEs=4]0](40 keal% fatyE
(F)gHto] Qe A Elste] AR AlFTH ESE, 3
&re UV 24 4 & ZH=E oid ZASE S

i

of
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(250 mL)of| do] AFAFSHA stoict. x4 o] Blvks&E
298 G557 Y5t 55735Y )52t 1A HH(High fat diets:
40 kcal% fat)2]o]|(Table 1)Z A HFHASSER G5
S AEEd FHgdEs Ty EYEYS IATAE]
Aol Afgolst] As57t Aolag, 5
H[GERIA ) 2= JFS BT HAd4]o
O IAGAo|HHF)E FAUoH AFTL
(5% FHAALEE 5% S5 BEHES Tt A
(0.1%), 5(0.3%), 1(0.5%)ys == AT Ao] Abzo] 4o
£ 7] ABEOR PHs] A2 AB/IE 8AAF) BU
AFFOILE FFAL FEAS BT AT
6347 852 dotEQth(Warden & Fisler 2008; Lee &
Kang 2018; Kim & Kang 2021; Oh & Kang 2021)(Fig. 1). H%]
w2 o) st W AR 7] 63014 105 Afo] 7|7k
o S5 ZAeT, 85 9H SES 24 UCP B
o] FoJ3t Aol & l‘i‘?l AR A2 o] EEEE“(DIO)—
{3 ‘IH 9% A3loz 3}rh(Kang SA 2002; Park 5
2015). & A9 B2 AsE oY 9 AR 7ol 5.%5]
= Be S Ecton, SEESHAE: 1914 5

Table 1. Composition of experimental diets

weiy} Yo wage) glukaz) 405

4219 HE A 43795, YHEI1A: 20208 2€ 1Y §
169773)0] Aol FAHR SHSLAAATLA FEAS
2 3] (IACUC) £A(HAHS: IACUC2003-128)S gF
I, BE AR SARAAATAE AdsE &
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[ENTCY.
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7ttt X] (epididymal, subcutaneous, peritoneal,
AT AL 10% T2 8ol
THA|A H&E 94 2 Oil red O G 752 AASHA T
ol e 24 AREL AR A4E olgdtel 34 ¥E

oto] Hstrt.

05
il -1n:
o
ruEE

oﬁ’.

(d/kg diet)

Ingredients C HF F1 F2 F2 WL F2 WM F2 WH

Casein 210.0 265.0 265.0 265.0 265.0 265.0 265.0
L-Cystine 3.0 4.0 4.0 4.0 4.0 4.0 4.0

Corn starch 280.0 0 0 0 0 0 0
Matodextrin 50.0 160.0 110.0 110.0 110.0 110.0 110.0
Sucrose 325.0 90.0 90.0 90.0 90.0 90.0 90.0

Lard 20.0 310.0 310.0 310.0 310.0 310.0 310.0

Soybean oil 20.0 30.0 30.0 30.0 30.0 30.0 30.0
Cellulose 37.25 65.6 65.6 65.6 65.6 65.6 65.6

Mineral mix. AIN-93G-MX 35.0 48.0 48.0 48.0 48.0 48.0 48.0
Calcium phosphate, dibasic 2.0 34 34 34 34 34 34
Vitamin mix. AIN-93-VX 15.0 21.0 21.0 21.0 21.0 21.0 21.0
Choline bitartrate 2.75 3.0 3.0 3.0 3.0 3.0 3.0
Nonfermented pollack skin 0 0.0 50.0 0 0 0 0
Fermented pollack skin 0 0.0 0 50.0 49.0 47.0 45.0
Wolfiporia extensa 0 0 0 0 1.0 3.0 5.0
1,000 1,000 1,000 1,000 1,000 1,000 1,000

Fat % (Calories) 11.7 40.0 40.0 40.0 40.0 40.0 40.0

C: normal diet, HF : high fat diet, F1: HF + nonfermented pollack skin (5%(w/w)), F2: HF + fermented pollack skin (5%(w/w)). F2_WL.:
HF + fermented pollack skin (5%(w/w)) + 0.1% Wolfiporia extensa Ginns, F2 WM: HF + fermented pollack skin (5%(w/w)) + 0.3%
Wolfiporia extensa Ginns, F2 WH: HF + fermented pollack skin (5%(w/w)) + 0.5% Wolfiporia extensa Ginns.
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Fig. 1. Experimental design.

4. 3 M35t 24 (biochemistry)
A9 %‘-i /\Vdoﬂ -E—WE‘]“—OEE—H g X Ha = tﬂ‘:‘ =

Japan) 2. 4 ]'O]'Odq' éoh’]/\]'o A}- OHHL (TNF-) (InVItrogm, Cat.
No.BMS 607-3, USA)7|EE gk WY SZHH(ELISA) H-8-2
A7l & ELISA #|t]7|(AllSheng AMR-100, China)E ©]-8-5}0]
TNF-a(pg/mL) &g E4151cH(Yoon H 2015).

bal

fe]

=

2/
d

fs

bo

;O
palll

> 9

H
B

sect10n0H/ﬂ hematoxyhnl—]- eosm‘ﬁ /‘“ 0}01 *E, =451 &
WYL SF 2ZS v|HZ A A7) (microtome, Microm)E O]
$3t] A% BAAULS 5 um FAZ ALHAT HLE
(Hematoxylin-Eosin) @A} FH|gE A< IAEH 5 um
S ARE feseolsd] RAAY T xylene S0
Saleh e, 92 Y4abios AUt 8 A
517] 95} hematoxylin(Harris hematoxylin, MUTO)®f| 587t
FASEL FA o] Fwof wet EATF S AT Al
4 QNS HEE Puo| WYY FHEELeA|S A|2E
Bosin8 9ol 22 50t Q4S5 edstel JTUFHAL
ARG 2HEL Az Gl H L Feoby B
2 F5+u|7 TS100(Nikon, Japan)Q 2 +25}9iTh

i

rlr F

6. SH =M

A A= B AT EEUA o g el 24 +
719] H|WE A= Software StatView Program(version 4.51,
Abacus Concepts, Berkeley, CA)Z ANOVA EA %] ols}
o] 8942 AP AFEAAEHE-E Duncan’s multiple

test® 5% F-2l520] 4 X BT,

o] ;<] o}OLEIr /u
4 OJOﬂ EEA ASHSE Hoj&E A= Fig 20 &
oFt A= AsH Als ke A= 5539
eEe 5574t FAF4lolet 1A Aol R —? Xé”ﬂhﬁi
(O BHASo] 27.241.5 g, TAYA]o|7-(HF
352428 g9 BES At o= X]‘%M 0101] 9]5toq
HTHS Rk AeolA SAHCE [-ofstA Aol AR
I o] AFolA AHE JNAISHAT. 452719 Al &
C 9] AEL 28.4+0.8 g0 & 1.2+0.9 g9 H|Z0] %7}2-1@,
HF 32 A5 S7Fg0] 4.0£12 g0 2 /<ol Hlste] 54
Ao g [olZRl Zo]7t AATHp<0.05)(Fig. 1). F AF717F
5ot 512 A2 AFL C, HF, Fl, F2, F2+WL, F24WM,
F2+WH #7bof| 9421 2tol & UetfiA] etovt &4
A7), FHFAEEAF2), FHAER AT 5 5
S A(F2-WL), F(F2-WM), J(F2-WH) 552 H7Het 2o
A Zradhe AFHS BTk HF 22 131.8443 kealo] H]
sto] F2-WH 9] 2]o]Ad%3F 101.5+5.4 keal 2 7ATS &
o ASIth(Fig. 2). o]= A2 o] HFHE F71HH Alo|as
= 570l o5t RF= A2 A Lee & Kang
(2018)2] AollA= FHAE =2 FHiAd AnERES
E@‘J’ MO]E Xﬂ—l—o]— 7%_,4. A]o]/‘\jﬁak.g_ 0:]’6322_ l:ﬂ-x]o}ol—

g

t}. Yun 5(2006)2] @0 oot AlR e 1 A|HH o]
= 4 59 FE57 A7ROIA FAR Zol7t /I, Als
7S B0l F7ROIA ASS7PE dads EA
ot

QL A ARPA o] Fof| Hsto] e A (FL), FEE AT
a7(F2), FEHgddadol 39 v=5 A(F2-WL), 5
(F2-WM), 1L(F2-WH) sE& H7}et oA AS57HEE
BAAHCE [Tt A FAFE EAThp<0.05). F2 9

A% Z7VFL 2.6+12 g, F22-WL 22 2.1+1.3 g, F22WM &
20+£1.4 g, F2-WH 22 1.7+14 g0 & B X7} ko o=
sto] BAH o= Fol5HA Woldg HYrhp<0.05)Fig. 3).
AR HF O 2 9lske] Q& H|WFS X &Aoo Z 25kl Q)
I(Kim & Yang 2006), 1|7t AE 0] 838t 7= o 9]
Z|9kRoh & Jung 2012; Lee S5 2012; Park 5 2013), F&5t
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Fig. 2. Change of body weight calorie intake among experimental groups. Each value represents the mean4S.D.
"Significantly different from CON vs DIO (p<0.05). " C: control, DIO: high-fat diet induced obesity animal, HF: high - fat
diet, F1: HF + pollack skin, F2: HF + fermented pollack skin, F2_WL: fermented pollack skin + 0.1% Wolfiporia extensa
Ginns, F2_ WM: fermented pollack skin + 0.3% Wolfiporia extensa Ginns, F2_WH: fermented pollack skin + 0.5% Wolfiporia

extensa Ginns.
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Fig. 3. Weight gain and food efficiency ratio among experimental groups. Each value represents the mean4S.D.
*Signiﬁcantly different from CON vs DIO (p<0.05). **Means indicated with different letters are significantly different among
DIO groups at p<0.05 by Duncan’s multiple range test. C: control, DIO: high-fat diet induced obesity animal, HF: high - fat
diet, F1: HF + pollack skin, F2: HF + fermented pollack skin, F2 WL: fermented pollack skin + 0.1% Wolfiporia extensa
Ginns, F2_ WM: fermented pollack skin + 0.3% Wolfiporia extensa Ginns, F2_WH: fermented pollack skin + 0.5% Wolfiporia

extensa Ginns.
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Fig. 4. Organ weight changes among experimental groups. Each value represents the mean+S.D. ‘Significantly different
from CON vs DIO (p<0.05). **Means indicated with different letters are significantly different among DIO groups at p<0.05
by Duncan’s multiple range test. C: control, DIO: high-fat diet induced obesity animal, HF: high - fat diet, F1: HF + pollack
skin, F2: HF + fermented pollack skin, F2_ WL: fermented pollack skin + 0.1% Wolfiporia extensa Ginns, F2_WM: fermented
pollack skin + 0.3% Wolfiporia extensa Ginns, F2_WH: fermented pollack skin + 0.5% Wolfiporia extensa Ginns.
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Fig. 5. Fat tissue weight changes among experimental groups. Each value represents the mean+S.D. "Significantly different
from CON vs DIO (p<0.05). **Means indicated with different letters are significantly different among DIO groups at p<0.05
by Duncan’s multiple range test. C: control, DIO: high-fat diet induced obesity animal, HF: high - fat diet, F1: HF + pollack
skin, F2: HF + fermented pollack skin, F2_ WL: fermented pollack skin + 0.1% Wolfiporia extensa Ginns, F2_WM: fermented
pollack skin + 0.3% Wolfiporia extensa Ginns, F2_WH: fermented pollack skin + 0.5% Wolfiporia extensa Ginns.

oyl
B>
(gt
o
flo
I
3,
=
=
3

&
g
[\]
S

ThLee & Kang 2023). TA|HF4lo| &2 Qx5 H|THEEo4] X
13t A2 fA= GAdtol Blsto] A4 o]to] A
148 3718 Boa 55 ok gk oA
T 37FeE BT (Yun 5 2006).

==X O E=

TEE=|= T

5. §F X|ZQ| w3}
ddtgEo] IAHAo] R FEY BF
Ao H| A= FFE 2 A= Fig 60 RAFE & F
#AES SHFS C o] 118.5+10.4 mg/dL, HF F-0] 282.0+
243 mg/dL, F1 0] 221.8+13.0 mg/dL, F2 0] 206.8+12.7
mg/dLZ Y}, F ZYAHE FFo] € of] vl HF o]
FHoR F7HIAL(p<0.05), e AL FeAELaE
Fofo] oJsto] Aol FETE FoH 0= FrATE B
(p<0.05). £ Fol2 FegAIaE Fojiot ot
HAE BAOU(p<0.05) 5 Fojzd gethe §94
Zpol= otk F N A FF2 C o] 35.8+5.7 mg/dL, HF

o] 58.3+1.8 mg/dL, F1 0] 51.8+2.9 mg/dL, F2 0] 51.243.0
mg/dLE WERL, C o] B]s] HF #£o] fold oz F716k
A(p<0.05), FeAL Y FejFALaE Fofof] oJste] 114
Aol M F7ket & A dFo] wofstAl AaskAth
(p<0.05). &5 Fol2 FHPAALAE FoldE 724
?l Zfol= fISIth. LDL 932 C ol B|s] HF o] #2914
o2 F7IFAL(p<0.05), FEF AN FHAETaE £
ofsto] AAFA Ol FHE F2) 4 02 HASIFTHp<0.05). &
g Fou2 gHAdEaE FoZEH 7 Aole
gl o Hashs 42 EAT HDL g2 C 2] H|
3] HF &o] o3 oz dasiyla, Feigdyt Fegdea
= FoIT2 HF 2o H[st] o2z J7I8HAH(p<0.05).
59 Fole FHAAYaE FoZ2EY F9H Aol=
gilo, ko Y FoHF2-WHOM = S7H5ke 4
P& HAT Lee & Kang(2018)9] AollA FejAdL R
=2 Foigt ZolA 25 FEFHLHE 2 €F LDL-E &
HE skv IAGA ol HIste Fo#l A4S
FULEINE HojE Aot fARE 238 A
(2006)2] Atof oot EF SHAY, & SHLEHE
LDL-Z LH &2 AARAo|Zol A S78Hal HFolet

O
) L T



410 An) - 3o}

¥
=
(8]
I
o

300 -

200

100 ﬂ

C | HF F1 F2 F2_WL F2_WM FZ_WHI

I
DIO H

a LDL

T-CHO(mg/dL)
N

LDL(mg/dL)
o e oo ow
[=] wun = w t-}

wn

ﬂ

=}

(s HF F1 F2 FZ2 WL F2Z WM F2_WH
|

r
DIo L

\ TG
*
— 60 b b ab
= b b
£
£
= 40
-
£
(7
]
2 20
i
c
=
0
c | HF F1 F2 FWL F2WM F2WH
I
DIO K
ab ab a
150
ar ¢ c
= *
o
£ 100
£
|
o
T
50
0
C | HF F1 F2 LWL F2ZWM F2WH
}
Dio E

Fig. 6. Blood lipid profiles changes among experimental groups. Each value represents the meantS.D. “Significantly
different from CON vs DIO (p<0.05). *“Means indicated with different letters are significantly different among DIO groups
at p<0.05 by Duncan’s multiple range test. C: control, DIO: high-fat diet induced obesity animal, HF: high - fat diet, F1:
HF + pollack skin, F2: HF + fermented pollack skin, F2_WL: fermented pollack skin + 0.1% Wolfiporia extensa Ginns,
F2 WM: fermented pollack skin + 0.3% Wolfiporia extensa Ginns, F2_ WH: fermented pollack skin + 0.5% Wolfiporia

extensa Ginns.
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482 PP BE FEOIH o2l Aol Mol gk

T} Ouyang & Seo(2019) Aol A= Moty Q5520 114
Halo|2 Ry HTHEER Ao A 71753 ASTS} ALT
g AT A TAAololA F7F6IAL sk
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Fig. 7. Blood GOT, GPT, blood urea nitrogen and creatinine changes among experimental groups. Each value represents
the mean+S.D. “Significantly different from CON vs DIO (p<0.05). **Means indicated with different letters are significantly
different among DIO groups at p<0.05 by Duncan’s multiple range test. C: control, DIO: high-fat diet induced obesity animal,
HF: high - fat diet, F1: HF + pollack skin, F2: HF + fermented pollack skin, F2_ WL: fermented pollack skin + 0.1%
Wolfiporia extensa Ginns, F2_ WM: fermented pollack skin + 0.3% Wolfiporia extensa Ginns, F2_WH: fermented pollack

skin + 0.5% Wolfiporia extensa Ginns.
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Fig. 8. Blood TNF-alpha changes among experimental
groups. Each value represents the mean+S.D. “Significantly
different from CON vs DIO (p<0.05). **Means indicated
with different letters are significantly different among DIO
groups at p<0.05 by Duncan’s multiple range test. C:
control, DIO: high-fat diet induced obesity animal, HF: high -
fat diet, F1: HF + pollack skin, F2: HF + fermented pollack
skin, F2_ WL: fermented pollack skin + 0.1% Wolfiporia
extensa Ginns, F2_ WM: fermented pollack skin + 0.3%
Wolfiporia extensa Ginns, F2_WH: fermented pollack skin
+ 0.5% Wolfiporia extensa Ginns.
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Fig. 9. Histological change of epididymal fat tissue
(%x200) by H&E stained (A), hepatic tissue (x200) by Oil
Red O staining. (A) H&E staining of epididymal fat showed
that HFD signifcantly induced adipocyte hypertrophy, and
the size of adipocytes in tissue was signifcantly smaller in
F2-WH group than that in HF group. (B) Oil Red O
staining results showed remarkable deposition of lipid
droplets within the liver in HF mice. As fat accumulates
due to a high-fat diet, the density of fat increases and it
becomes dyed red. Arrows point to lipid droplets.
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Abstract

This study investigated the nutritional characteristics of before and after fermentation of domestic soybean (Glycine max L.) by
Rhizopus oligosporus. The soybean storage proteins, 3-conglycinin (11S globulin) and glycinin (7S globulin), were the most abundant
in Seonyu (SY) and Danbaegkong (DBK), with concentrations of 253.4 mg/g and 193.0 mg/g, respectively. For 11S/7S related to
sulfur-containing amino acid, DBK had a value of 0.95, making it the most excellent nutritionally among all the cultivars. The free
amino acid content significantly increased from 0.04~10.45 mg/g before fermentation to 1.37~16.95 mg/g after fermentation, and
the essential amino acid composition increased, confirming an improvement in protein quality after fermentation. Phytic acid, known
as a nutritional inhibitor of soybeans, decreased from 1.66~2.13 g/100 g before fermentation to 0.90~1.58 g/100 g after fermentation,
suggesting that mineral absorption inhibition was alleviated. In addition, the trypsin inhibitor content is suppressed by 76.20% to
81.25% after fermentation, which is expected to improve protein utilization in the body. This study confirmed some properties of
fermented products by Rhizopus oligosporus using domestic soybeans, and these results are presented to serve as the basic data for
establishing new uses of Korean soybean cultivars.

Key words: soybean, Rhizopus oligosporus, amino acid, phytic acid, trypsin inhibitor
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22 Aty 17% Z713% 63,9563NEL2 S 7] 2519 th(Ha
BK 2023). 12U} o] A3] ¢e 2 (257 £ 2o H|E
ol Eob =y A4t 718 &3 = T Adshd 15
7V A & AA o] Q3 wjo|c}

g o] 83 HFAEL o AAE AU ZH=o] AE
AFLE olojA AL, B2 AFE S 1 o] &
A} olHgt A1F 5 "lH|(Tempeh)y= AL A[oFe] 7 of
FAQ HEAFor T, e, vEwle £2 59
oldtt. JH T HFoll Rhizopus =F0ldS FFot] TR
ANZE ), &5t G FS e & ARE s 5ok
Zo] HAIZ 9]-11‘8] do] 918 B olYz} 11 YEAA 2
o] JEHo EFE3 golg] FeiE skl UtiJung DH
2006). °]FA %‘El d¥= F71AY SAY Bole 23+ 71

oz EYe ¥8 WS /A, ojn] Leix e 4

2 7153 f4de SO =k 39 AP SHE A4
& 5 Sl Ta AA7F opdrE ARt

IRt |l A7F SREQEE O Tad] o
St = _1_0512751 T JEE Varzakas T(1998)+= endoglucanase
o Eato] L] 842U} ekt el
2 AA5F L, Sugai-Guérios 5(2016)2 HH| F=ske} e
S0y Rhizopus oligosporus®] 27}A| A & a9 A
sttt "9 715748 At ERol 3t phytic acid 742}
71 R 7(Sudarmadji & Markakis 1977; Park & Yoon 1983),
L-dihydroxy phenylalanine™} H&=4 ¥AksHs Z7H(Randhir
5 2004), B4 7} FYof| A9 isoflavone HSHNakajima
5 2005), W]9] AABS 7ol w2 710l A H (Abmad 5
2014) So] BT, 71 9] o] 73547 oyt o] § =
Ho| oigt ARE AAEJTHKim JT 1986; Lee JK 1988;
Romulo & Surya 2021). T3 )5 9] ZHE -8 HILo)| 4] Kim
5(1990)2 t =9} 45 &315H =W o A] trypsin inhibitor2}
phytic acid Z4AE 315} 11, Cuevas- Rodriguez S5-(2006)-2
A G E E5) quality protein maize®] TN EZ FAS
R 315199 0™, Vaidehi 5(1985)2 7|& €5 E T} sunflower &
% 9} 1557} o Ssick 2ae ANsas. 18
U S E 4 AT Wol o} oA A g} & A7
Ae AT 78 59 SHE, OIS, 9, e, A4,
AHeE SHeE 7+ &30 ©WE Aol9t Rhizopus
oligosporus ‘T E 7 - 39 WIS A1 FF A F A9
@ LA S ST VRARE SEALA A

1. A=
2 Ao AgAgE Iy SA" T EEQ Uy

A - 9K

LT PEE S SRR

(Glycine max cv. Danbaegkong, DBK), ™|%(cv. Daepung, DP),
o €= (cv. Daewonkong, DWK), At (cv. Saedanbaek, SDB),
A3(cv. Seonyu, SY), H A3 (cv. Cheongjadho, CI4)S thA:

2 5lirh. AFEEZL Song S5(2021)9] AFolA F9
100‘“/1 Zo] 2 7, zoh dlefo] 2o A F ulgEo] =

L AR 7:]_1_01- %A 9]
otelaL, o7h9] FE2 A7 5

29 408 oL 28 8

Ao gl FYAlgLY

2948Y ARELA 2008 48 ALT AL AN
A3t
2. AE W=

45 AgE F2 187 EH7][(FM-700SS, Hanil Inc.,
Wonju, Korea)Z 4510 100 mesh®] A2 WA & -70TO]
HISPHA ARESEATE R oligosporus TS A|E= Egounlety
& Aworh(2003)2} Azeke 5(2007)2] Bl A 2L 2R 5}o]
Az B 50 gol SR ) & ¥ A AA
(HC-TH4000, 1800W, Happycall Ltd., Seoul, Korea)Z 30& 7}
2 I g13t o}, A7) 2L (DA-2, Kyung Chang, Seoul,
Korea)of| A 248 O]"C‘ 100T9] 25 o= 247 53t SAHA
o ooz A8 ol 498
brand ragi tempeh, Jans Enterprises Corp., El Monte, CA, USA)
< 98 FAY 1.5%= JFT oS, EFoiEd 2gA 0
A BESFA §7l A Aas 9ot BE Alw ZHA
P F2 BdFA] vhes o8t o
] S TEoH, 28TAA 68417 B3t &
T T HRES Y AL 3 HaEe 52 1%
dmot &2 o w AZsto] Hasit
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-1014 lzjlt

e ] b |
EJ A 42 Kim 5(2022)2] WS Farst
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B 1:1 EF&HZ 100 pL #-525k0] 37°CoflA] 158 ¥H-3-513d
t}. §hg- £ 2E stop solution 50 uLE 7}sto] =gkAo] LyefLt
™ 450 nm, 630 nmoj| 4] E3F=(EPOCH2, Bio Tek Instruments
Inc., Winooski, VT, USA)S &45}31 11, FojZ S Wuhan
UnibiotestAlol| Al Al 48t= calculation sheetE ©]-83ta] (-
conglycinin®} glycinin - At&5} T}

4. RE[oH| A B

L= 9 R oligosporus W aE A7 FEjotu| Al A
<2 Henderson 5-(2000)9] & ZZs5tA Tt E45t A=
0.1 M perchloric acid(Sigma-Aldrich Co., St. Louis, Mo, USA)
g 95F At 107 5 237 $2T TS
15,000 rpmo]| A 30&E7F YAEE8FH L, A5HS 0.2 im é
Ax] g2 ogyslgct. B4 AH]E Dionex Ultimate
3000(Thermo Scientific, MA, USA)& AR&-5}91 11 FL Detector

£ 917] o] 340 nm, W& o] 450 nmo| Ut 74 Z
HL2 INNO CI18(4.6mm x 150mm, 5um, Youngjin biochrom
Co., Ltd. Seongnam, Koreay& AFE5}311L o] 54 A= 40 mM
sodium phosphate (pH 7, Sigma-Aldrich), ]84 B= 3%} &%
4* : Acetonitrile(Thermo Fisher Scientific, MA, USA) : Methanol
(Thermo Fisher Scientific) = 10 : 45 : 45 (%, v/v)= gradientE
FRoH, & £ 2L Table 13} Lt} Alm FUFES
0.5ul, A8 25 = 40C9 A0 Z BAS}9 1 amino acid
standard kit(Agilent Co., Santa Clara, CA, USA)+= 25(Part No.
5061-3330, 5062-2478)S Al&-5}HTt.

5. Phytic acid2} trypsin inhibitor =44

A= 9 R oligosporus WA= A|F9) phytic acide Han &
(2022)9] WIH-& #ZE35}o, assay kit(K-PHYT, Megazyme
International Ltd., Wicklow, Ireland)Z EA3}H Tt A& 1 go]
0.66 M hydrochloric acid 20 mLE 7}5}o] Ar20f| A 3A17F 1L
HE 2, 1 mLE F8) 4°C, 13,000 rpmof| A 1023 A2 5H
At AFS9A 0.5 mLof 0.75 M NaOH 0.5 mLE 7}ofo] 35}
=l &5 0.05 mLo] &5 0.6 mLe} buffer 1200 mM
sodium acetate, pH 5.5) 0.2 mL & phytase 0.02 mLE 7}5}o]
40T F2xolA 102 5 wHtskg. 2ok wHeo]
buffer 2(pH 10.4) 0.2 mL2} alkaline phosphatase 0.02 mLE 7}-5}o]
40°C F25Z0A 108 B9t WHSFH O W, 50% trichloroacetic
acid 03 mLE 7}5lo] Mg FAAAG WHIAS 4T,
13,000 rppmofl A 10E7F FAEZ|5t] A5 1 mLof| color
reagent 0.5 mLE 7}5}0] 40C G254 1A17F 59 wHE
5lo] 1 mLE P 2™ 655 nmof|A UV spectrophotometer=
TP E 2451991, EFEZ phosporus solution AR5}

AF

o] phytic acid $HFS A&

Fof| WE A F9 ohuieAl, melAt @ EFAL ASHA

oo
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Table 1. HPLC gradient conditions for the measurement
of free amino acids

Mobile phase (%)

Time (min) MW Tt

(mL/min.) A B

0 1.5 95 5

3.0 1.5 95 5
24.0 1.5 45 55
25.0 1.5 20 80
310 1.5 20 80
345 1.5 95 5
35.0 1.5 95 5

A= 9 R oligosporus TR A|F 9] trypsin inhibitor F-44-2
Hamerstrand S-(1981)3} Liu K(2019) BW'H& X359t} 10
mM NaOHZ F&3t A|E 2 mLo]| trypsin 8820 pL/mL,
Sigma-Aldrich) 2 mLE #7}5to] 37T 25204 1087+
WrS-A171 & 7]&<Ql benzoly-DL-arginine-p-nitroanilide -8
(0.4 mg/mL, Sigma-Aldrich) 5 mLE 27}5}o] ThA] 37°C Be
FZO| A 1087F ¥H-SAIFH T 30% acetic acid 1 mLZ X5
= SEAIZ 8,000 gofl A 10&7F A4 Esto] A2
AN FHEE 410 nmoj| A 7 5}Fo] Ti(trypsin inhibitor,
mg/g of sample)S EE5} T

OO

6. SHEN

EAEAL SPSS =13 (Statical Package for Social
Science, version 12, SPSS Inc., Chicago, IL, USAYE ©|-8-5}3it}.
ApERd 9 B 33 WK 2SS, 19] ol 4T 2
ke Wk BEEAE Aste] Uehith B3 2 £
AL Y EAHEA(one-way ANOVATF ThEHH 9] HAYH
(Duncan’s multiple range test)y S E=HZ 072 35t ATE
TE5HYh 98 ¥ F IEEY fo4 AFS SgnE
st A5}l QojR 1 gkt p G 2L 2 AN

=

2ot 3 nE

=
Tl o] oF 40%(A2S T 71%) WelolH, o]
% ARG A] glycinin(11S globulin)@}  B-conglycinin(7S
globulin)©] 65~85%% X} A5} ATH(Yang 5 2000). Z9] of
oAb 2A0IA 3 ofuteAlo] Heka e oLt 1%
HsE 7500 Mste] B ofelwAle ol EFSHT o]
1878 B8 F9 727 4 A} Hl) EFAIE
]2 = Q 35}tk (Van Etten 5 1967; Ogawa 5 1989). o|Z3t

1. 2 B ETY NYDUE s
O
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AT e 24.e BE0) B Aol trehjol o
i 7157 £ 7R Hefo| =8 B, vl vl
¥} FtEl o) = trypsin inhibitor, lipoxygenase, lectin 2 a-
amylase”} EZSHETHLiu K 1997).

2 AFoME FA T 65FS R 38 AT
A3l B-conglycinind} glycining £A15% 0™ 1 Ad}H= Fig.
13} Zt}. B-conglycininz= A-8-2} Ajck#o] 2534 mg/gi}
250.1 mg/g, glycininS Ajehaiz} chalFo] 193.0 mg/gd} 180.3
mg/gl 2 g FF H|Wslo] H2 #FS UEtHFig
1A) ¥5H0] Kim 5-(2022)9] A1} 5 Alg EF<del
% B-conglycinini} glycinin T4 %2 o AolE HEHH=
o, o]AL AR Ty & oo 7] AR
Atz ). E3L B-conglycining} glycininin $FFO. 2 HE ¥
29| I BHOIHA FFY ILR{7E BRI 11S/7S vl
A ESLS W, thFo] 0958 thE FFT Hlalste] tha
EA YEFth(Fig. 1B). 118/7S H]&-2 3% ofn| 4kl o
Bl 3} AJAEQlo] 789} Bl sto] 11SOA B #& &
= Hol= A0 g JYrES B7Iske 710l H7 = shH,
4 2 73 E4 49 AT vErdd] wet =R
Ao Ax/dxt et IHo] s Ao E dHA UrhKim
5 1994; Mujoo 5 2003; Liu 5 2023). o|o] w}2} Song 5
2021)9] Aol A] HE] i} AIAE|Ql o] 7 w3td
S0l 11575 H180] & A0 SIAL, & A7
T}z Helg 4 AR oA DB £ Y g
oM sk, T 7HE9 I¥H 7HIe E4ol= HHd
Ao ® AZEH

. R. oligosporus &&0i| 2|gt Z4t 32| F2[0H0| At

2. R
g pist
R. oligosporus a0 oSt 24t F9] S-glofu| At S
A 300
Of-Conglycinin (7S)
mGlycinin (118) - _
)
g 200
|
3
=]
&
& 100
§ I
w0
0
DBK DP DWK SDB SY cI4

Soybean Cultivars

wske ANpId g2 % YRS HOR ofuluAlg
A5t om, A&H 19859 ofv| At S Table 2] 1t
ehic} €29 fejolulndl ge BE U ololedt B
of =z} 0.04~10.45 mg/gP]| 1L, 715 arginine©] Wi =2 T
F= Uetilth 989 F ofv| Al TEF2 3.96~17.29 mg/g
H Lol A Tl > Akl > J2H4T > T > AF > o
FY FF AolE e, 5 E H|FS opn|Ake] £
AL 11.68~31.78%2} 68.22~88.32%=F H|TS~ ofu]l-Afo|
Bopoule st AR W8] BT Song SQOIHS F
8EES L= g AFolA Zh felotu|ieite] & fo]
£ SRS, A 9 4% A, A 2] AL
b 4 QITh SHRleh. Egh Werolulidle] 2L o
FARLOY, FoAs 50 W& ZolE Ut
H R oligosporus ‘T EE2 Y=} v sto] tfFEY of
A4t Shgol] F7ksto] 1.37~16.95 mygg HEE UEHRL,
glutamic acid, alanine, glutamine, arginine, leucine 5-2] H3}7}
Zt. olo] w&t F IaE9] F ofn|iil e A4 STt
5ol 99.97-129.77 my/e UEPAL, TS > Afeha) > 4%
4% > A% > 0% > AR AR % oflAt Hael
F5 &9 ZpolE HAH: R oligosporus TaO] o3 T
opu| At 24E& WHI= THF o] 11.68%A 40.73%, thE
0] 22.98%0f Al 37.44%, tLF0] 18.89%Of Al 36.09%, ATt
2 21.61%O9 A 39.35%, A-5-7} 31.78%° A 36.59%, HAH4S
7F 20.29%071 4] 36.4%= ¥sleto] RE FFolA TR &
w7 0] PSS SIHATHF 2). olo} Balat
o] Aoki 5-(2023)] Aol 4] moringa® A| 3+ §lH O] {2
obvliAbe W A3} vlmslo] WEE e UL Le
3, 53] Glu, Ala, Argo] 7] S7bso] 2 QI79} 2L AT
£ YERTh E3L, Vong 5(2018)2 F 715 At (okara)©]
R. oligosporus WA F phytic acid®} &84 20|39 T4,

08
0.6
0.4
02
0.0
DBK DP DWK SY CJ4

SDB
Soybean Cultivars

A

d

11S/7S Ratio

Fig. 1. Storage protein content and 11S/7S ratio of soybean on Korean cultivars. A: 3-conglycinin (7S) and glycinin (11S)
content. Each value represents single data. B: Data calculated from A. DBK: Danbaegkong, DP: Daepung, DWK:
Daewonkong, SDB: Saedanbaek, SY: Seonyu, CJ4: Cheongjasho.
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Table 2. Amino acid contents (mg/g) of raw and fermented soybean on Korean cultivars
Amino Sample Soybean cultivars Frvalue
acid condition Danbaegkong Daepung Daewonkong Saedanbaek Seonyu Cheongja4ho
Raw 0.29+0.02°%®  0.16+0.01¢ 0.19+0.01° 0.37+0.01° 0.36+0.00° 0.37+0.01° 277.9765"
Ala”  Fermented 11.88+£1.17°%¢ 10.63+2.02%¢  14.27+1.26* 9.98+1.19°  12.96+2.08"%  13.61+0.61" 3.9153"
t-value  —17.14277Y  -89751™  -193228™  -13.9794™  -104720""  -37.3418"
Raw 10.45+0.30° 0.95+0.01° 2.10+0.04¢ 4.10£0.04° 1.28+0.02° 3.40+0.04° 2,304.9402""
Arg  Fermented  9.22+0.71 9.84+0.56 8.39+0.14 9.98+1.01 9.51+1.35 9.89+0.23 1.7444
t-value 2.7525 -27.6599""  -77.8186""  -10.1021" -10.5287" -47.9855"
Raw 1.91+0.05° 0.210.01° 0.42+0.01¢ 1.58+0.02° 0.35£0.01° 0.49+0.01° 3,630.9051™"
Asn Fermented  2.74%0.50° 4.55£0.24" 3.67+0.04% 3.79+0.05* 4.631.11* 4.60+0.06" 6.5642"
t-value -2.8854 -31.2881""  -143.9033""  -73.1057"" -6.7048"  -128.7577"
Raw 1.42+0.03° 0.89+0.02° 0.90+0.02° 0.630.01¢ 0.48+0.01° 0.86:0.01° 1,056.5774™"
Asp Fermented — 5.43+0.45" 2.38+0.11°  1.37+0.08° 3.94+0.03" 2.60+1.41¢ 1.78+0.05° 18.6323"
t-value -15.5295""  -34.1006"" -9.7532™"  -163.0838"" -2.6102 -30.3687""
Raw 0.46+0.08" 0.38+0.09®  0.26+0.03° 0.39+0.06®  0.30£0.02*  0.310.03" 5.2331™
Glu Fermented 16.95+0.80*  10.81+3.32¢  11.75+2.11°  15.56+2.48"%  10.87£0.97°  12.52+0.43%¢ 5.1291™
t-value -353124"™" -5.4473" -94454™  -10.6138""  -18.8536" -49.1245™
Raw 0.08£0.01®  0.050.00° 0.05+0.01¢ 0.09+0.01° 0.07+0.01° 0.08+0.01* 23.2250™"
Gln Fermented  8.300.06° 9.98+0.07°  8.08+0.09% 9.66+1.25"%  11.27#2.64"  11.732027" 4.6682"
tvalue  —256.8898"" -24234627" -162.4822™"  -13.2350"" -7.3622" -75.1524""
Raw 0.06+0.01° 0.04+0.01° 0.04+0.01° 0.07+0.00° 0.0620.00° 0.07+0.01* 28.2000™
Gly Fermented  3.67+0.36* 2584024 2.22+0.06° 2.93+0.23% 267040 2.79+0.08" 10.1285™
t-value -17.1473"  -18.6120"  -62.3565"  -22.0000""  -11.1898" -59.1263"
Raw 0.70+0.02° 0.040.00" 0.09+0.01° 0.51£0.01° 0.17+0.00¢ 0.39+0.01° 3,627.8400™"
His Fermented  4.49+0.28" 3.23+0.24° 2.99+0.21¢ 3.76+0.36° 3.34+0.25%C  3.27+0.13¢ 13.6170™
t-value -233751""  -23.2038" -243759""  -157917"  -21.7037" -38.7557"
Raw 0.08+0.01° 0.06£0.01° 0.08£0.01°¢  0.11£0.01° 0.09+0.01° 0.07+0.00% 35.0400™"
Tle Fermented  6.23£0.37% 4.63£0.08°  4.08+0.20° 5.42+0.30° 4.72+0.56° 4.8240.11¢ 16.7398"
t-value -29.0606" -98.6148""  -34.8743""  -305815""  -14.3097" -72.3942""
Raw 0.19+0.02" 0.150.01° 0.13£0.01° 0.20+0.01° 0.17+0.01° 0.17+0.01° 24.2625™
Leu Fermented  10.460.44" 8.39+0.08° 7.23+0.29° 9.54+0.228 8.14+0.76° 8.45+0.13¢ 249917
t-value -403590""  -183.3851"7  -429685"  -73231477  -18.0788"  -111.0879""
Raw 0.27+0.03° 0.17+0.01° 0.17+0.01° 0.26+0.01° 0.22+0.00° 0.17+0.01° 382733
Lys Fermented  8.01+0.60" 5924025 529+0.29° 7.16£0.40"% 63240985 6.09+0.06° 10.4620""
t-value -223917""  -39.9438""  -30.51747  -29.7870"°  -10.7661"  -184.9523""
Raw 0.10£0.01° 0.06£0.01° 0.0620.00° 0.09+0.01° 0.07+0.01° 0.07+0.01° 234571
Met Fermented  2.09+0.10" 1.69+0.01% 1.45+0.07¢ 1.78+0.04° 1.6240.20%  1.64+0.06" 13.9791"
t-value -3429777"  -219.5819™  -36.0718""  -81.9218""  -13.2232"  -44.9081""
Raw 0.20+0.02° 0.16£0.01™  0.1520.01° 0.22+0.01° 0.170.01° 0.15+0.01* 28.7125™
Phe Fermented ~ 7.85+0.33" 6.46+0.16° 5.94+0.14° 7.32+0.23" 6.38+0.35¢ 6.63+0.02° 26.5548™"
t-value -403837"  -683054™"  -7224977" -53.6199™"  -30.5000"  —471.4893""
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Table 2. Continued
Amino Sample Soybean cultivars
. .. F-value
acid condition Danbaegkong Daepung Daewonkong Saedanbaek Seonyu Cheongja4ho
Raw 0.25+0.08 0.19+0.02 0.24+0.10 0.30+0.10 0.24+0.03 0.19+0.05 1.0478
Pro Fermented  7.8042.51 7.48+2.34 5.78+1.38 6.25+0.47 7.02+1.44 6.19:+0.29 0.7272
t-value -5.2085" -5.4762" -6.9233" -21.1962"" -8.1717 -35.0590""
Raw 0.15£0.01° 0.05£0.01¢ 0.07+0.01¢ 0.1120.00° 0.09+0.00° 0.150.01° 211.0000™"
Ser Fermented  4.85+0.33 4.70£0.05 4.01£0.09 4.96+0.28 4.70+0.81 4.86+0.12 24797
t-value 247392 -169.1689""  -78.1748""  -30.5664"" -9.8948" -67.6886""
Raw 0.13£0.02° 0.08+0.01¢ 0.09+0.01° 0.1240.01®  0.09£0.00  0.10£0.01* 16.5091"
Thr Fermented — 4.71+0.25" 3.95+0.035¢  3.57+0.12¢ 443£020°°  4.13+0.71°5  425+0.12"8 4.4107
t-value -31.5447" -219.5974™"  -503670""  -36.7917"" -9.8658" -59.6659""
Raw 0.22+0.02¢ 0.10£0.01° 0.1520.01° 0.5120.01° 0.48+0.01° 0.3240.01° 1,943.6250™"
Trp Fermented  2.31+0.07* 1.64+0.06° 1.49+0.13¢ 2.02+0.08% 1.63+0.06° 1.68+0.03¢ 15.0180""
t-value -29.8709™"  -26.5851"  -10.0344" -18.0194™  -182379"  -50.2213""
Raw 0.20+0.02° 0.13£0.02° 0.1120.01° 0.160.02° 0.14£0.02*  0.13£0.01* 11.0095™
Tyr Fermented  6.08+0.29* 5.02+0.23% 4.35+0.17° 5.51+0.20° 5.00+0.64" 4.90+0.08"¢ 10.0470™"
t-value -353000""  —36.9985""  -444744™" 464586  -13.1086"  -109.5993""
Raw 0.13£0.01° 0.09+0.00° 0.10£0.01° 0.13+0.01° 0.110.01° 0.100.00° 29.3667"
Val Fermented  6.70+0.48* 4.77+0.11€ 4.04+0.25" 5.65+0.30° 4.83+0.65° 4.9240.13¢ 18.0292™
t-value -23.4593"  -713693""  -27.5788" 3179177 -12.6363"  -64.9722"™"

D Ala: alanine, Arg: arginine, Asn: asparagine, Asp: aspartic acid, Glu: glutamic acid, GIn: glutamine, Gly: glycine, His: histidine, Ile:
isoleucine, Leu: leucine, Lys: lysine, Met: methionine, Phe: phenylalanine, Pro: proline, Ser: serine, Thr: threonine, Trp: tryptophan, Tyr:

tyrosine, Val: valine.

2 All results are expressed as meantstandard deviation (n=3).
3 Means with different letters (**, ) within the same rows are significantly different from each other at p<0.05 by one-way ANOVA

followed by Duncan’s multiple range test.
Y The t-values’ star symbols within the column indicate significant difference at p<0.05 by independent samples #-test.
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% *p<0.05, “p<0.01, *"p<0.001.
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Fig. 2. Amino acid properties of raw and fermented soybean on Korean cultivars. Data derived from Table 2. Each value
represents mean+S.D. (n=3). n-EAA: non-essential amino acid (Ala, Arg, Asn, Asp, Glu, Gln, Gly, Pro, Ser, Tyr), EAA:
essential amino acid (His, Ile, Leu, Lys, Met, Phe, Thr, Trp, Val).
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mean£S.D. (n=3). Means with different letters (*°, *®) within the same sample conditions are significantly different from
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Research Ethics Rules of the
Korean Society of Food and Nutrition

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

Chapter 1 General Provisions

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

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

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

truth in academic research and fairly verify misconducts.

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

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

Chapter 2 Ethics Regulations on Research Conduction

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

scholars

Article 5: Data Management

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

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

by publicly presenting the findings.

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

presented in the findings or results of the study.

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

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

Article 8: Order of Authors and Affiliation

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

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

accordance with custom.

Article 9: Responsibility of the Corresponding Author or Senior Author

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

co-researchers have a great influences in their careers.

Article 10: Citation Principles of References

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

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

references.

Chapter 3 Ethics Regulations on Misconduct

Article 11: Definition of Research Misconduct

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

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

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

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

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

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

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

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

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

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

Article 14: Practices to Avoid

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

process.

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

IRB approval is as follows.

Date of enforce
Research type (After date of enforce, make Note
indication of submission)
human subject Jul, 1, 2017
Animal experiment Jul, 1, 2017 Suspend periods(6 month ~ 1
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
regarding the quality of dissertation, the experimentability of research, and conceptuality and interpretation, and must be
able to adequately explain or support the assessment made upon his/her judgement.

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

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

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

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

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

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

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

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

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

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

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

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

Society.

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

not corrected.

Article 20 Purpose and Composition of the Ethics Committee

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

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

Publishing Committee.

Article 21: Rights of the Ethics Committee

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

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

submit materials relevant to the case.

Article 22: Judgment and Sanctions of the Ethics Committee



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

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

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

reinvestigate, if necessary, upon the reviewing objection.

Article 23: Protection of Informant and Examinee

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

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

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

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

Article 24: Procedures and Contents of Disciplinary Sanctions

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

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

his/her affiliated institution and journals.

Article 25: Revision of the Ethics Regulations

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

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

amended regulations without additional pledge.

Addendum

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

These regulations shall enter into force on december 3rd, 2016.
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1.

Guidelines for Submitting Manuscripts

Guidelines for Submitting Manuscripts

The journal of Korean Society of Food Science
Nutrition shall publish
research notes, and provided, That reviews shall be

review research articles,

published only in cases of appointment by the
Society and deliberation of the Publishing Committee.

In principle, the first author and corresponding
author among paper contributors shall be limited to
of the Society invited

only members excluding

research papers.
Submitted manuscripts should not have been

published before in any other journals.

should
electronically via online submission at the Society's
website (http:/ksfikr).

The author submit the manuscript

For information of Manuscript submission please
contact the editor.

E-mail: foodnutrl@naver.com

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

to the Society.

. Peer review

“Peer review” is used to help ensure the highest

possible quality in published manuscripts. All

manuscripts will be treated as confidential and will
be critically

read by at least two anonymous

reviewers, selected by the editor and associate editors.

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

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

Scientists with expertise in the subject matter will
validity of the
results  of

evaluate the manuscript for

experimental  design  and originality,
significance, and appropriateness to the journal. The
corresponding author is notified as soon as possible
of the editor’s decision to accept, reject, or request
minor or major revision of manuscripts. The editor
will consider the revisions, and recommend to the
editor-in-chief either to accept or reject the revised
manuscript. The author will then be informed by the
editor-in-chief of the final decision. When the final
revised manuscript is completely acceptable according
to the The Korean Society of Food and Nutrition
format and criteria, it is scheduled for publication in

the next available issue.

. The language in the manuscript should be Korean or

English in Ad4-size paper setting, typed using a
computer with font size of 10~12 points and the line
spacing should be set at 200%.

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

affiliation on the first page of the manuscript. The

author’s (or authors’) name(s), and
running title should be provided at the upper part 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 dokok

different, superscriptions of ™ should be put at
the end of authors name in order. The same marks
should be put in front of respective affiliation. The
corresponding authors should provide author’s name in
English, affiliation, affiliation address, telephone, fax,
and e-mail. The authors’ names in Korean should have

[T3RL

in between the name and the author’s names in
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11.

12.

13.

14.

15.

Guidelines for Submitting Manuscripts

English should have “” in between the name.

The English abstract should be provided in case of
the of the
manuscript. The abstract must not exceed more than

Korean manuscript on second page
200 words in one paragraph and it should provide a

general view of the manuscript by including the
and results. About 5

keywords should be included at the bottom of the

research objectives, methods,

page. (All of the keywords should be written in
lowercase letters.)

Article structure should be in order of introduction,
materials and methods (or research methods), results
and discussion, summary and conclusion and
references, in standard. In addition, the manuscript
should be in written in a continuous form regardless

of page number.

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 manner so they could be understandable without
referring to the text. The title of table should be
given at the top of the table and the title of figure
should be given at the bottom of the figure. Tables
and figures should be stated as Table 1, Fig. 1 and
etc. when they are quoted from the text body.

Footnotes should be expressed as Arabic numerals of
D23 at the bottom of tables, and no sign should
be used. Moreover, * marks must be used to
present significance probability of p<0.05 or p<0.01 in
statistical analysis. In multiple range test, alphabets of
a b ¢ d and et

should 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

16.

)

2)

17.

18.
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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
should be provided. For one work by more than
should

surname of the first author followed by “et al.”

three authors, citation include only the
For two or more works by the same author by
year of publication, the signs such as a, b and c
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).

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)

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

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
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cited references are as follows:

1) Academic Journal

Kim KW, Ko CJ, Park HJ. 2002. Mechanical
properties,  water  vapor  permeabilities  and
solubilities of highly carboxymethylated

starch-based edible films. J Food Sci 67:218-222

2) Edited Books

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

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

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

Association  Official

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

Huhtanen Preparation of cold water

6) Internet Source

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

cause. from

19.

20.

21.

22.

23.

24.

Article should be
accordance with Chemical Abstracts. Academic terms,

abbreviations presented in

if possible, should be provided in Korean.

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.

revision is

In principle, accepted during the

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

matters, in case of deemed necessary, may be revised

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

in the journal of KFN shall devolve on the Society.

The paper contributor should pay the expenses for
publication (50,000 KRW/page).
printing of images and book publication with more

In case of color

than 30 volumes, the actual expenses must be paid

by the paper contributors.

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

month.

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

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