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[Abstract]

This study examined that have excellent antioxidant effect and expand the base of consumption of
lotus leaves. We added 1%, 3%, and 5% of lotus leaf powder to traditional gochujang. pH was the
highest in the gochujang with lotus leaf powder 1%(p<0.001). The moisture was significantly lower as
the addition of lotus leaf powder increased(p<0.01). The viscosity was the lowest with lotus leaf powder
5% was found to be 15.61 dPa-s(p<0.001). In chromaticity, the L value was the highest in the control,
the viscosity of gochujang became darker and lessened(p<0.001). The a value and b value showed the
highest in the control(p<0.001). The salinity was the lowest in the gochujang with lotus leaf powder
3%(p<0.001). The sugar content decreased as the more amount of lotus leaf. Total phenol and total
flavonoid contents was the highest in the gochujang with lotus leaf powder 5%. The DPPH radical
scavenging ability was higher as the more amount of lotus leaf. Reducing power and a-glucosidase
inhibitory activity was the highest in the gochujang with lotus leaf powder 3%. The gochujang with lotus

leaf powder can be expected to have higher antioxidant activities and to be a health functional food.

» Key words: Lotus leaf, Gochujang, Physicochemical properties, Antioxidant activities,
Health functional food
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I. Introduction
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II. Materials & Method

1. Materials
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(237212 PP, 1F7IRE AEABT, W12
I LSAAE, 2eal Age ofUAEIAIIEE

Table 1. Compositions of gochujang with lotus leaf powder

(unit : g/2,000 g basis)

Sample GLPO"” GLP1? GLP3Y GLP5?Y
Glutinous rice (g) 400 400 400 400
Barley malt (g) 100 100 100 100
Water (mL) 2,600 2,600 2,600 2,600
Meju powder (g) 118 118 118 118
Redpepper powder (g) 470 470 470 470
Salt (g) 212 192 152 112
Lotus leaf powder (g) - 20 60 100

Y GLPO : (Control) gochujang with lotus leaf powder 0%(w/w)
2 GLP1 : gochujang with lotus leaf powder 1%(w/w)
3 GLP3 : gochujang with lotus leaf powder 3%(w/w)
4 GLP5 : gochujang with lotus leaf powder 5%(w/w)
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2. Method of gochujang with lotus leaf

A9 A7t el wielge Kim(3lo) AxuEe
Q% 2Astn 9 A7) 42 Delslo] Table 13] 2
o] AZsILE. hLTtH Fo S HEsHL A7 T
anlAle] 7152 E vfstel NEVIE YL I0j2stn
AT Al Zasidon], AERYEE Fig 11 2
ok AV 400 g2 3 AR 59 20l kit 2712 A
A% ke 252 olgsto] 408 B AT FHs| Bobt

7o EastA O‘WH <E7F 60°C7F HAE o 1A%
U FesAE Attt 1 tha WAL, ﬂ%‘:ﬂ?
A, AY7LRE AFUisha 2,000 go] E wirhx] &g 7t
sto} s3I A5 2,000 g2 1%, 3%, 5% H]?-_r
2 AT 20 g, 60 g, 100 g2 F7Ist 9] 252
Yasigth Aad 15342 29 8710 got 21Cz 4
Je F5710SMI-04C, JS Research Inc., Gongju,
1

SO 2ot

‘ Soaking glutinous rice (30°C, 4 hrs) ‘

‘ Draining (washing) ‘

\ Steaming (‘100°c, 40 min) \

\ Coolir‘lg (20°C) \
M‘ixing

(malt 100 g, pure water 2,600 mL)

Saccharification (60 °C, 1 hr)

Mixing (Meju powder, red pepper, salt, lotus leaf
powder 1, 3 and 5%)

Concentrated
(malt sauce to 2,000 g)

Fermented (21°C, 91 days) ‘

Fig. 1. Flow diagram for manufacturing of lotus leaf

gochujang

3. Measurement of quality characteristics of
gochujang with lotus leaf

3.1 pH

pH 542 doleloli] D34S $28) 2% T8 1
Z4 AR 10 g¥& Fste] £54 90 mLE A7IsH ok
1A &9t wHP7|(Hotplate  Stirrer, MSH-20A,
DAIHAN Scientific Co., Ltd. Korea)ojA] $85] w7ls}

S9ICk o L EXONS 640 rpmolA] 1087F PR
Q7](UNION32R plus, Hanil Scientific Co. Ltd.,
Korea)2 olgafe] YAHelR The A5 ahe Fstol

pH meter(CyberScan pH510, EUTECH, Singapole)Z
whestol 38] S7gstoich 1]

3.2 Moisture contents

n7Ale] 2BERES AOAC WH(17) WEstel 57
siitt %ol 5 aEp7lol 13 AlgE 28 A
Feioict, el 134 A2t A% 99Ol 29 )
Al 105~110C2 A" =27 =24
(Moisture Analyzer, MB-45, Ohaus, Switzland)& A}
&ste 39] ¥hE E4sHi:

3.3 Viscosity

A= XA EA(Model VT-06, rionviscometer,
Japan)g ol&sto] Al2E 2% 20°CoA IHEEE
0.3rpmS2 No. 1 rotorg Agsto] bEzQt 1201t &
et O BiS BASIYCH, g9 D= dPacs
2 ®I|eIATH 18]

3.4 Chromaticity

HiE0] N Ao 5

= 23] Sistol AI3Ier % S95et 8710l ot *ﬂﬂ
71](Lov1bondRT Series Reflectance Tintometer, UK
Hunter color value, L(lightness)?f,
38] uia SAstoich

) v

(redness)
b(yellowness)3;-S

3.5 Salinity
@Ei Mohr H[19]02 Az X500] GA%g 54
3t O} NaCl 2foe @aksto] mAlatgict. aotelolA

1S 55 &Yt U 1 g Al&S F5to| pure
water 10 mLE A7}t 1 mLo] 2% K2CFO4§ do r}
S 0.1 N AgNO; 891 Ho] 15550t A1

HOIXIA] ob5 Wi7bA] AJste] 39] vh= §

3.6 Sugar contents
g 258 pxA A g 10 g€ F5te] 284 90 mL
2 Akt 5 EJK]E*%Eﬁ](PR—\?Ola, Atago, Japan)Z

=2

yk=sto] 33] SA5190),
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4, Measurement of antioxidant activities of
gochujang with lotus leaf

4.1 Total phenol contents

Total phenolic content= Folin-ciocalteu ¥¥ Z,
Ths2do] FEAS Ut WAL Hysiel 5551
oH20]. 374 1 g of EtOH 10 g& &&=t Alzol 2%
Na,COsZ 10 mL 75t 257F LAzt S &%)
2 100 pL 50% Folin-ciocalteu’s reagent(Junsei
chemical, Japan)E 20 27°CojA 3187F vHX|51 S
4% ZX7](T60, UV-visible spectrometer, UK)E 750
nmz 245t EIR. s BESA #EEA
querceting  ARESIZIY, ©elE
equivalent)/mL=Z UERJICT.

mg QE(quercetin

4.2 Total flavonoid contents

Total flavonoid content= 134 Alg 2&5F 2%
25 mg/mL2 s|Asto] EAJ5itE 13AS 1 gofl EtOH
10 g &3 AR diethylene glycol 140 mL2} NaOH
2.8 mLE Aristo] wylsta 1A]7F =9F 36°C water
bathof] A ¥FGAI thg, S8 £7471(T60, UV-visible
spectrometer, UK)E 420 nm=z Ad7%ste] S4sIA
Quercetin(l mg/mL)g #F=A2 AMESIGCH F 1
kS mg QE(Quercetin equivalent)/mL @92 7k
rstol BIS FoIct

o

4.3 DPPH radical scavenging activities

DPPH radical A7% &AL Burits?} Bucar|21]o]]
U2 HYgstol sl Al £&A 05 mLE
methanolo] =91 0.4 mM DPPH &9 5 mL-& A7}5to]
308 & YAA BHESE o©fF 517 nmoA S8 =5
73519}, Troloxs BEF2A=E ARSI BEIAS
J2]0 o oS ghaksigon, @)= mg TEAC(trolox
equivalent antioxidant power)/mL=Z )& BA|5ISCH

4.4 Reducing power

Rreducing power:= Oyaizu[22]9] ®HHS HAsto =
Astact 100 pL A]Eof 500 pL 0.2 M sodium
phosphate buffer(pH 6.5), 50 pL 1% potassium
ferricyanide S 285t0] 49°CollA 2127t ¥HSAIZ O3
2.5 mL 10% trichloroacetic acid(TCA)S gh2oRo g
21 10271 650 rpmoflA] HAlE2] st S 500
uLofl 500 uL pure water, 100 pL 1% ferric chlorideS
dol ettt O §49% 574718 700 nmz A5kl

sttt TroloxS BE=EE ARESIL T9= mg

TERP(trolox equivalent reducing power)/mLZ 3t
BAJSL,

45 a-Glucosidase inhibitory activities

o-glucosidase X242 Matui S{23]9] ¥hHo ot
2t 575, Algo] FEe & 25 mg/mLz S|4
5jo] AFR3IICE. 20 LAl AIFIE A]20] 80 il enzyme
solutiong A7t 36°C water bathof]A] 58 =9 gt
SA171 TR, 9] ¥wk2olo]| phosphate buffer(pH 7.0) 50
mLo] =9 1.9 mL 1 mM PNPG(p-nitrophenyl o
-D-glucopyranoside)2 7}l 36°C water bathof|A] 16
&0 BREAIZIG 8 2.0 mLE 2o 58= 577
(UV-visible spectrophotometer)& 400 nmz A%5}to]
E7JstAcH18].

5. Data analysis

2 AdoA AtEE Aup 32 v 39 o] 73]
Hro 2, SPSS Windows 19.0(Statistical Package
for Social Sciences, SPSS Inc., Chicago, IL, USA)&
0] 83}9c}. student’s t-test ¥ LPufR]EAIE X (one
way ANOVA)Z ol8l] thzel Aaazte] fojs
ASSIGIk. ARrE ATRES WAL BFEAR Uef
Yo, $AMe §ol4%2 7sl7] 918iM Duncan's
multiple range testg AA|SI 00, FoaE2 a=0.05
2 AR5l 24].

III. Result
1. Quality characteristics of gochujang with
lotus leaf
1.1 pH

Y¥tlo 2 pHe
Agol ogh R4k A%
d 609 LI 574l
w714t da digol] 97 o] fAIEH25]. A ATt

Z7M= Table 22t 2t} A9 1%

A7) 15730] 4.81= 7P =AITE giRAet Ro)A &b
S 571845 pH7F daste

Al Aol S YEfAL QleK(p<0.001). Shin 5
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fol A EWA oZo] At
Qlatol Mzt Zhastcit 4

oL
|o
u
=

(2612 A% A5 NS W pH 449000 el
2 A 1Ol pHE BF 460017 HUSIGI.

Kim & Song[27]2 7|92 YL 1.5AF pH 4.58~4.64
2, Kim[28]2 Oh=3 gts 92 137 pH 4.65~4.78
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2.3 Viscosity
A A7}

1579 Hr= Table 1o UERCH e
L tj&2 771 6.81 dPars2 718 WAl UERI T, AY 5%
sAto] 15.43 dPars2 UERY A9l A7lEko] 7t

pHol T4E 2R¥Yol Aol Hwrt goxoR F7sigr
Qlu

ubd o 8 paAe] el 2NTAA o

C! 3 -amylase®] oJ5l] ©4efz9] olgfAlgo] o5t 7 57t
2 Qlsto] ZAFH3]. BHHo] &4 7|1t Ae= 57t
2.2 Moisture contents st 54 570740 7P =9 O O3 RE dAs e
A A7F u3de] RS Table 20] UEUITy. B 0[27]9b= &fo]7f )=t ol 1574 AE Al A7F
VY] R WA SA0A tie Fagt A ' AJRe] FRAQI Afolof mef FA] e B JoR
A 2o] Ao] Rs/dol Yo vl HEA VIR Az
7F siEEt)y. dytdos uRAo]l S4JEHA ogRQl
oyt o]gFl Moprto] ThpRalish] sl Q= 2.4 Color
280] ofgrte tht20] prdo] 97]AF Bl ot3e uRgol M= WY AEZ Bk 585 a4
02 uhuA 9lsl 280] ofo] Lojuty| mjRo] Otk A[HEL Q= nERF2 A7 f-E k= ol
850 2716k AQ0d|[30], & Apoas Aol A AShE ZhAeh APl Wol= B0 M2 =S HolE=y
7}ako] Zristaz Avstero] Qojxlo g b uehdct  Tf8]. AU F7F 157430 M= Table 20] UERQIT
(p<0.01). A9 3%= A7pst n&xAbo] tiaet 7Pt & L2 tiR7F 7PE =ten, A AVl 5SS
Afeh RS LR A YERETHp<0.001). agh2 S22t 7P =7 UEL
slolrl &g A7Ish 1EAko] fBSteko] stokrs  WOH, A%l AVF nAgE Al AR s o= Qs
Uz ore pAXUCE Ao 7o stokr} whagwia] v o Ad FUIo]l FUIELE ()l fsHl =T
Ast= gdkoz A5 1[31], wAlS A7Kst naAkel  (p<0.001). bt 9T thE7F 7P =7 HERH e Ad
749 DE A|R0|A B 120U7Hx]= ABskeko] ARIA  A7Igo]l 7S (o]l sl = UERHT
02 ZUIH e 482 3hast wislo] wawpgolq 4 (p<0.001).
Bo MMy tjRo]9ly T o]So= E2ish Hale URAFol Ao NRIIRE Ee G Heayd _h
Holx] orolcH7]x stdct Jgut s8ke Wo pAaxke  of 7|7t wiet EeiR|Y, A ussde] Fe Ha-5/d7]
A7tk WA Qo] 7Hastd=r) o= Bt I20] ¥ajxl (P ¢ Y= L-value 29~32, A& a-value 16~18,
}\]—EH =) oﬂtﬂoﬂ o] ;\] of]A] urayst 7}13;;;\1 Ao FMET b-value 14~18 58 Uehf1, Bi7|7to] @

2z 5

ol

=2
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0.
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=

Zt 702 AR

s9 wAee] Alael ] 1 Apa ol
o (carotenoid)&2] sHeF
AcH8). sxlet 1

PEZOA dojual Qleog

Table 2. Quality characteristics of gochujang with lotus leaf

o] Aztel= A 22 £F L-value, a-value, b-valueZ} ZAsH =t
ZRAFO)Al(capsanthin)&

ol olsl Aare
X]—J 1\H77P ] %5}: —]

£33 FlzElzolc
Fo e 7102 Hof

R 1%

Arete] 4

o
=

l"lO >’_u

HEt 571

0{)4

. o Viscosity Color ..o, Sugar content
Sample pH Moisture (%) (dPa-s) L-value a-value b-value salinity (%) (% Brix)
GLPO  4.79+0.015” 62.48+0.095%" 6.81+£0.840% 2331404079 17.83+0.153” 10.99+0.345° 2.334+0.058% 32.43+0.306?
GLP1  481+02897 63.01+0.0569 8.63+0.270” 220440180 145240225 10.03+0.081° 2.00+0.000” 31.90+0.954®
GLP3  4.63+0010° 627240322 1255400619 225440350 1082+0.332° 9.67+0.023” 1.504+0.1009 31.13+0.379*
GLP5  450+00219 62.17+£0.1972 1543+1070° 2156400812 892+0.176” 8.91+0.180° 1.10+0.100° 30.50+0.265
F-vlaue  159.243xxx* 9.936%x §3.587%xx 20.555%*x  875807x*x  56.326%xx  152.000%** 7.119%

The abbreviations are same as Table 1
Values are MeantS.D (n=3), ***p<0.001
Means*S.D with different superscript in a column

are significantly different (p<0.05) by the Duncan's multiple range test
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2.5 Salinity
15740] e Table 29 2o} A A7 S7h &
Wge daslel Axg A2e Acde St
Awst dobrle %ol 9
Ael
dE2 Yoty B9l Kim (34} 2%
ojgo] A TR 28K9] QEo} oF 5~
0%77}7(] Xfo]& HOoltky B st on, Jeong S{35]2
2Rupe] AjEjAl L&A 15489 Hwrt 415~ 12.0%7}
Kl copslcta wusteict. Qo] kel g2 1AAS
alo] Hx|EHAE Alodo] @H%k Est Wopx]7| E&=g|, U
E52 19 AP H9 DRI 215 Aol g
R s | A ‘i WYES =O1A 47§
L Ap7|7te] Wkt
ste @97t a7eh

[e}
TEA} 138G B A

rob rlo ol np
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NESA R B
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2.6 Sugar contents

T5740] e Table 29 22O, A% W71l 571
ST e A YERGTHP<0.05). o]72 A ApA|<]
BRI 7 g A JIUER AR ol 52

3. Antioxidant activities of gochujang with
lotus leaf

3.1 Total phenol contents

5t dF= 543 Zibe Fig. 1o UEH vlet 2
L TIAT A 5% A7F LAAIA 7Y = YERe
219l 1% A7t nAoIM F1 etk A 19%7] of
ZYCH o e 7o ofao]l x|7leko] QK| 9o} ¢§0lo]

H=y oitE dRgel vlol § WH2 Ao AlrECh
AlZ9] 2R} OiAAFEQ] polyphenolA] €7419] 2722
flavonoid, lignan, tannin £0]|1[38], phenolic

hydroxy?|S 7HL e E2lm=dd 229 =3l

T} gEse) AT moret A ork39)

mg QE/mL

0.14
0.12

0.1
0.08
0.06
0.02

GLP1 GLP3 GLPS

Fig. 1. Total phenol content of gochujang with lotus leaf
The abbreviations are same as Table 1
QE: Quercetin equivalent

3.2 Total flavonoid contents

Total flavonoid AFet AEZ|A0] Osf tiFo 2 AY
e ARgetrize) S oRAZl RN FAeks S
gatc40). ZRwolEr AL Aok 53

ol E8olof Fued} g, FUZ. YU, YIS,
SARTFEALGo] S]]

5 Zapuvolcalere Aol 5% A7F mAlA TH
9om, A9 19% A7t nEAIA P WA Uehdet

Fig 2). o= A9 W7ol 571245 Agancl Se)
Bhsit Sehuolc ol FRhe APAu4zele

0.6
0.5
0.3
0.2

GLP1 GLP3 GLPS

mg QE/mL

Fig. 2. Total flavonoid content of gochujang with lotus leaf
The abbreviations are same as Table 1
QE: Quercetin Equivalent

3.3 DPPH radical scavenging activities

rtet S 7Y o ARt vlsl oget
DPPH= cysteine, ascorbic acid 522 HE Aol
o} +AUAIE AlEow stUElol Pilals 5o
ge] ARGEAL ITH43].

Fig. 304 Hoj&= viel Zo] DPPH 2ttjZ AM52

Q910] Aol wolAE B Ueht Ao 5% A7t
n77go] FAlaksol 71 & 2 ¢ 4 ek, Chol44)
LAY, AR, 922 AN T Aol AUe AN
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Aol 7MY =2 UEhY 7154 Alsidol ddE A
Tshe Zo] uAlEe o 4 alcr Lee 5{45]9) 42
gatsh Lol A gH/dAtshA|el BHA(butylated hydroxy
anisole)?} S-AFsHAU BHT (butylated hydroxy tolune)
wrh o 948 Zoe wustr

o, gt

03

arll

GLP1 GLP3 GLPS

o
P
wn

o
ta

mg TEAC/mL
[=]
-
I

[=]
s

o
=]
ol

Fig. 3. DPPH radical scavenging activity of gochujang with
lotus leaf
TEAC: Trolox equivalent antioxidant capacity

3.4 Reducing power
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Fig. 4. Reducing powerof gochujang with lotus leaf
TEAC: Trolox equivalent antioxidant capacity

3.5 a-Glucosidase inhibitory activities
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Fig. 5. Inhibitory activity of a—glucosidase of
gochujang with lotus leaf

IV. Conclusion
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