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Benefits of the Addition of Marigold (7agetes erecta L.) Powder on Quality
Characteristics and Antioxidant Properties of Rice Cookies
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ABSTRACT

This study investigated the changes in the quality characteristics and antioxidant
properties of rice cookies containing marigold powder. Rice cookies were prepared
with different quantities (0, 1, 3, 5, and 7 % marigold powder / 300 g of the weak rice
flour) and marigold powder. The addition of marigold powder increased the crude fat
and crude ash content, whereas the moisture and crude protein content of rice cookies
showed a decrease. The hardness, a and b values, total polyphenol content, and the
DPPH and ABTS radical scavenging activities of the rice cookies increased with increasing
amount of marigold powder. The pH and bulk density of the dough, the spread factor,
loss rate, leavening rate, and L value of rice cookies decreased with increasing marigold
powder content. The results of the study show that marigold can be used as a natural
antioxidant, and the quality characteristics of gluten-free rice cookies could be enhanced
by the addition of marigold powder.
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L A&

W2|EE(Tagetes patula L.)= BA|Z7T QA
Aol 2FEE, I3k}, Apad AEEH
vztolli= 70-809 A &R AuHiE 4=
tHChoi et al. 2009; Park et al. 2017). H2]Z&
= =3k thay 23kFol &5hH(Lee 2010)
% £7], o 50l A, 3, SHN MAE FH

oA 7}A 2L tHChoi et al. 2009; Park et al.
2017). WEEE W & 7IEE kot FiFY
90% olde] FH]ICE Hd=lo] lriQuackenbush
& Miller 1972; Park et al. 2017). #ZZE]
FEES 98, ¥R 528 AEHIL, IF A5
A% /A 9 AFARE E8(Khan et al. 1996;
Park et al. 2017), 45} 9 ARS}oAof ofgt A
X &4 Hho](Zitterl-Eglseer et al. 1997), Z&+
A A (Park et al. 2017), ¥=3HKang 2013)
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F oA AF Az 2 AF7F SIS Ak (Lee
& Jin 2015). WHE ARE A7IEE HA5HA
=254 A7HE & AF2 Aol AsteEth=
H17} Qtilee & Shin 2009; Lee & Jin
2015). AT S0 F71= = &5l Rot vl
A& W7t Fof Ag/do] Lsto], S 9
(Lee 2014; Lee & Jin 2015), 2~HH]oKKim et
al. 2017), %A13KShin et al. 2015), WEHETT
EZ(Byeon et al. 2017), "|9E(Jung & Lee
2011), EHA(Kim et al. 2017), FZA=
(Ryu & Chung 2018), 2 3715 (Lee & Lim
2013), Bt 71dE(Lee et al. 2013) 5 7154
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1. A=

E AFo|A AF7] A|zo| AMEH HEHATE
(Daedoo Foods, Gunsan, Korea), BH8Samyang
Corporation, Ulsan, Korea), ®E(Anchor,
New Zealand), AF{(Haepyo, Jeongeup, Korea),
2 ZH(Pulmuone, Fumseong, Korea), Ho]7z}

2t (Jeonwon, Gimpo, Korea)S AlZof|A



HElE=

dsto] ARESHATE HElEE Y2 20209 &
ghQlof A ZL9kxA|E(Seoul, Korea)S Y5t
of ARgstitt.

2. HEIEES oot 719 M=

delze Bue Wrjeh 4] A4 v vg
ARE flste] EF719] HHE A7Jung & Lee
2011; Lee 2014; Shin et al. 2015; Lee & Jin
2015; Byeon et al. 2017; Kim et al. 2017;
Kim & Chung 2017; Ryu & Chung 2018)&
Harsto] v AVEE o o] HglEs £ Y]
a(w/w) A% & BF7] HAEE st
A cBlded & F719] 2 wigt]= Table 1
I} o] sigltt. HZlEt 22 A7 o2
AL B 2HContro) 2.2 311, th27 wEEt
5 gl dish Wgless BEE 44 1,3, 5, 7%
Table 1. Composition of rice cookies prepared

with different amounts of marigold
(Tagetes erecta L.) powder

Addition rate of marigold
(Tagetes erecta L.) powder (%)Y

Control M-1% M-3% M-5% M-7%
Weak rice flour 300 297 291 285 279

Ingredients(g)

Marigold powder 0 3 9 15 21

Butter 180 180 180 180 180
Sugar 120 120 120 120 120
Egg 60 60 60 60 60
Baking powder 3 3 3 3 3
Salt 1 1 1 1 1

YControl: Rice cookies with 0% marigold (Zageres
erecta L.) powder

M-1%: Rice cookies with the addition of 1%
marigold (7agetes erecta L.) powder (w/w)

M-3%: Rice cookies with the addition of 3%
marigold (7agetes erecta 1..) powder (w/w)

M-5%: Rice cookies with the addition of 5%
marigold (7agetes erecta 1..) powder (w/w)

M-7%: Rice cookies with the addition of 7%
marigold (7agetes erecta L.) powder (w/w)

o APL AT SEHEY H Yttet 280 DIxl= I 587

Y 7kete] 718 A2 A& AULCE oFA
o, 3, 5, 7% 7D, HlEE 22 A&
7] Az WS HHZog Wol| ARgEE 39
(creaming method)& 583} A| x5}k
%71(QF-0519H, Daeyong, China)g ©|-&9
Yoo RERlE Reee gee) Helg oy
g & FolFal AR 23] UHro] Yl 7o)

oA A Wel 4o] A At HEE 7

I

Weighing ingredient of
rice cookie
|

Melting the butter for 30
seconds

Adding sugar twice
at two different
times

Mixing for 2 min at
speed 1

Adding eggs thrice at

| -—

three different times

Mixing for 2 min at
speed 2

Adding rice powder,
marigold powder,

baking powder

Mixing for 2 min at
speed 1

|

Sheeting
(thickness: 5mm,
diameter: 49mm

}

Baking in the oven
(170°C, 13 min)

|
| Cooling for 2 hours ‘
|

| Finished rice cookie ‘

Fig. 1. Manufacturing process of rice cookies
prepared with the addition of marigold
powder.
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gk, A2 mE] Al 2242 33]= Lol ¥
o] ||| A e 4lo] 38 JHE R&Y
A HEUT. Al A BrEETRE, wo|oer 1
21 HEgZE EES 39| Yol 7157t HolA|
FrE FZHOZ Z 42 T U2 Yoz HY
| 870 o} 1AIZF 52t WA EFollAl
AXFH . ¥ FAE vhl 92 Aol IdiE
ol83] 0.5 cm FAZ FYsH U1 AE 49

ol

¥F F7] EZ WS ol & Huo| W
g ok S 170C, BUE 160CE HH3|A 10

BE7F Qg7 LE(DUU-43, Daeheung Seoul,

Korea)ollAl 13% &< +5th. +9d BF7]=

ARl 24 1AIRF 5% 20 + 4T =2 Y

ZFA]A OPP(Oriented Poly Propylene)ol] E&+

Sto] 24417 & 7Esto] A sl HE=

T B4 A7IRE 7] AR B2 Fig. 19 YEt
At

=

& £42 AOAC(Association of Official Analytical
Chemists 1984) ®o] &oto] =& F 4
FAxHHOZ 105ColA 2A1ZF o4} 2 x5}
AqFstion, AN T2 Soxhlet F+EH

(Soxtextec System HT 1043 Extraction Unit,
Zohanzl sk

Foss Tecator, Héganis, Sweden), Z=¢Hlz

-2 semimicro-Kjeldhl®(Kjeltec™2400 AUT,
Foss Tecator, Hilleroed, Denmark), Z3]&
S 600C A 3]s (F-4800, Barnstead,
Boston, MA, USA)C.2 Z74st9oH, B3l

2 A& 100004 =, A, 2eEd 9

BN T R

4. #3719 MEY, &4 ¥ WHE =3
HEss 29 7t 277 HY-4(Spread
Ratio) A= A (Width: Diameter, cm)tH]
7 (Thickness, cm)Q] B2 AAIF I, AACC
method 10-528'H(1995)& 7102 HIA A
= SAsItE A7 A2 vEEE 2 A
74 A7) 5/E SEOE Yts] FEg & AA|
9] dolg &Hsta, FF7]= 90° AN F
Y HHo=E Zﬂiﬂ dolE &4 & 3 A9 A+
3= Tolsit. A7 FA=
f1e] &7 57H% 2|07 o} Fol5 F745t
, % A719] B0 A1E HHEo] ol
S48l &7 g Aol gt Bt FAE ALt
Rtk A7) 1709] Bt AR Bt FA= 33
HHESto] ZA4Jsto] Hatgls ol&s5iilth. &4dE
< AF7E w7] A3 & Fo] FF9 AolE
77| A W= FHOE Uir 122 S35
ot A2 WEEE J7t BE1E 97 A
T F9 5T Aol TV 2T AFINE
7| A & & ST ZolE 77 S4sto] #
oo W& HZE AESIYlH o5 Ay 47 5
3] RHEsto] HAISHIT

A7) 1] oIt Bt
A7) 1709] oIt Bt

r°1'

2] 7(cm/7H)
FA(cm/7H)

A4 A% =

r°1'

= ;ﬂ.ﬁ‘o 1719 =% X
égg:al 9 1719 5% Kg)xlOO

=71 A RS 1719 3K e)

e R AFA SR
ooE — — _
izt 719 B7] A - 32 5F e

5. W57 vizol pH ¥ YU
MeEs 2 Wt B U B4 mokg
SJ5tof pH 9 Weg S pH ZHL 5



HElE=

4 45 mlel A7) 6k 5 g2 JVIRE v
homogenizer(Bihon seiki, Ace, Osaka, Japan)
of4] 7,000 rpm= 307t w23} AlX1 thE o
HA|(Whatman No. 2)& ojilsto] ojdS pH
meter(Mteeler Delta 340, Mettler-tolede,
Ltd, Cambridge, UK)Z Z745}Lt.

A7 959 4= Choi(2009)9] o=
S5ttt 50 mLe| HIAA-TE Yol 30 mL &
FrE A9 A7) BES 5 g2 2ol S0y
Fuog 9% 34 sto] Ry it £A o
(g/mL)=E Altsto] Z735He

6. @379 3 &H

HEgIZe &9 A7t B9 238 S
Rheomether(Compac-100, Sun Scientific Co.,
Tokyo, Japan)g AH&sITH ARSH 232
R.D.S(Rheology Data System) Ver 2.01< ©]
23] A5ttt Rheomether A2 Max wt:
10 kg, Table speed: 120 mm/min, Distance:
50%, rupture: 1 bite ¥ prove:= A& 2 mm2)
number 4 needled °©]&3] &F7] xHOZH
H 4 mm AFSIES A T T A PAE=
244 E4S S5l SAFolA REA=
wjo] A5t717}F W= 9] {l(maximum force)&
33] ¥k SAsHaL, A3} 2 B x(hardness)®
HAISFGIT

7. WFI|9] M =

WEBE B A7} 47719 NS Q8o 7
g wF7le] mEe A AAA(Spectro
Colormeter JX-777, Color Techno. System
Co., Tokyo, Japan)E °|-&3] 43t &Y
F7REolA AF7] WS} A7) 9] Sl
3 53] HbE SAsIAth A=s AMZ(adl,

P EF710] FREY H Sitet 20| Oxl= e 589

+redness/-greeness) ¥ SAE(bgk, +yellowness/
-blueness) ¥ HE(LF, lightness)g &5+
om, ojuf ARERF HE WIHO] aghZ 0.13, bt
2 -0.51, L3 89.39% HA F ARgslict. ut
3 FHR A7) P ofolE i
(Iphone pro, Guangzhou, China)Z &35}t

X

8. EF719 gitels =8

i
I

D Aad 24

HEEs £ J7F AF71= 100 g 80%
=& 1,500 mL 37t & &7 @Zo] FAHE o]
Q= Heating mantle(Mtops ms-265, Seoul,
Korea)olAl 65CE AAstal 3AIXHY 33] =&
HPH 0 2 Whatman filter paper(No. 2)& o3}
ATt Rotary vacuum evaporator(EYELA
VACUUM NVC-1100, Tokyo, Japan)E o]&
SHAAL RS 40T 78 AJolA 8HiE A|AS
T A 55 T AR AR RIE f8iA -70T
2= oA ¥s Haskoi

2) fEEE B 29719 & E2vE

nop
&

0.

Wt &9 A7 A7 ogE FEEY &
Z8ds ¥ %2 Folin-Denis phenol
method®(1912)°] Foto] S-S AAISISIH.
HEZe &% J7F A7) e FEE AR
ImLoll 2% Na;CO3 &% 1mE 7}sto] A2
HIX8t & Folin-Ciocalteu reagent(Sigma-
Aldrich Co., St. Louis, MO, USA) 200 «.& 75t
o] Zokvt & 44 30TAA 30+ &<t WA

. HEZA2- 760 nmoflA] UV-spectrophotometer
(Shimadzu UV-1601PC, Kyoto, Japan)& <
g 4o, EFEZHL tannic acid(Sigma-
Aldrich Co., St. Louis, MO, USA)E o83}
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s AFAE st & EYdles I
mg tannic acid equivalent(mg TAE)/g dry
powder® UERHL}

3) DPPH¥} ABTS radical &A% &4

HEEt 28 A7 A9 ogE FEE
2,2-diphenyl-1-picrylhydrazyl(DPPH) radical

2752 Biois(1958)2] ®Hel &sto] S5k
o HEEE £ F7F 2R g FEE2
747+ 0.1 mL, 0.2 mM DPPH 1 mLZ AJ@o]
g 5 saelol 3087 37C0IA AR
SRS RS P gl o2 e Yol v
AlFHtt. &%= ELISA microplate reader
(Model 680, Biorad Laboratories Inc., Hercules,
CA, USA) 517 nmollAl Z7siSict.  DPPH
2 oh3t o] [1-(A& A7
SFE/ AR “’XVHL?J B345) x 100 AXPEo
2 WEge vepelc

DPPH radical scavenging activity (%)
= [1_(AbS sample / AbS blank)] x 100

HElEs & A7 25719 ogE FEE9
2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic
acid(ABTS) radical 2762 Re et al.(1999)9]
g S8ste] 45kt 7.4 mM ABTS &
N3} 2.6 mM potassium persulfate 4 A
% & 59 vE&2 &5kl ABTS radical ¥o|
2(ABTS") /3Z 9ol 24A17F &<t Aol A wF
SAZT 1 Foll ABTS" €94& 0.7~1.0 +
0.029] F4=7F vehd w714 734 nmollA
=2 345t HZEE B H7 2719

ogtE =& 0.1 mLe} ABTS" &9 0.9 mLE
Se & 302 B 37CAA BREAIF . 73

7HEE Alm Al oeEs 9 BRAIY & &
== BLISA microplate reader(Model 680,
Biorad Laboratories Inc., Hercules, CA, USA)
£ Ak8stel 734 nmolld S4sH3lrh ABTS
radical 2752 23} o] [1-(A|& 5<47]-—T£94
FLE/ANR FR7H FE)]x 100 AXPEO

2 MEge Yehpltt

ABTS radical scavenging activity (%)
= [1_(Abs sample / AbS blank)] x 100

9. AKX

2 A9 BE 71AA A olgkehs HAe &
AREE SPSS(Statistical Package for Social
Science)2 BAA g s}o] o|&slct AFo|
gt Al 2o] B4 33] vhEsiith. Adad 3
A B Wit + BEQAE HASIG oM,
AF Fo8 A8 4 HiA] AR (one-way
analysis for variance)& ¢ ¥ Duncan? o}

A4 e ol8ste] p<0.05 #EolM S 4

of

lI

1. AF7|9 AR

HEEt 2299 A7FS 2Esto] Az &
F719] GHHdE 4 2= Table 29+ At o
gEE A7 o8 2 3.14 £ 0.45~3.66
+ 0.07% M9z Hg2E £ d7Hdol 571
5 RO T2 WoAl= BRE Bk A
7] dAgtollAl F719] & o] i AFE K
FAITA =712 (Ryu & Chung 2018), & 2
7}%(Lee & Lim 2013), FIHAEL(Kim
Chung 2017) H7Rt-2 tiZ3to] H|8) &5Ly]| 4=
i o] wWeksdl, olEgt Ak 7 FAlRS

FE
&
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Table 2. Proximate composition of rice cookies prepared with different amounts of marigold

(Tagetes erecta L.) powder

(g/100 g)

Component(%) Quantum of marigold (7agetes erecta L.) powder added (%)
1 3 5 7

Moisture 3.66 = 0.077* 367 + 0.09° 3.65 + 0.10° 347 + 0.17° 3.14 £ 045
Crude fat 2672 + 0.15° 27.22 + 039 2732 + 0.40° 2821 * 0.07° 28.04 + 0.04°
Crude protein 3.56 + 0.22° 347 £ 0.14° 2.92 + 0.20° 2.86 + 0.14° 2.67 £ 0.29°
Crude ash 0.48 + 0.26° 0.49 + 0.06" 0.79 + 0.05 081 + 0.12% 091 + 0.07°
Carbohydrate? 61.92 £ 0.60™ 6515 + 0.52 65.32 £ 0.60 64.65 £ 0.59 65.24 * 0.45

YMarigold( Zagetes erecta 1.) powder was added to rice flour (300 g) in the proportion 1, 3, 5, and 7%.

2100 — (moisture + crude protein + crude fat + crude ash).

YAl values are expressed as mean +

SE of triplicate determinations.

“2-dMeans in row with different letters are significantly different (p<0.05) by Duncans multiple range test.

9NS: not significant.

3 st} & AT 2
2 Agolglrt. vietRE 22 Wi S710] ol

=

o] 2ol ‘7%’0}%1 A

o Agdc

FAY FFL iRl 26.72 + 0.15%% 7}
A2k, 7% HA7HES 28.21 + 0.07%E HE
v el |

T 20 7ol SIS A e S
7¥sto] §-9&Ql Aol Bty 2Tk ke
7% H7HEo] 2.67 + 0.29%= 74 23k, o
T2 3.56 + 0.15%2 7P =34t f=ZE=
T A7l 371 S8 2ehlE o] Shefo] b
Az o= HZEE Y Tl =orlel et
D715 o] £01E57] el BF719] e
2 FFE UHE o] S TR ACE AL
EH 23E9 F gixo] 0.48 £ 0.26%
2 7P 3, 7% HA7REE 091 + 0.07%%
HEEE £ J7ige] S71deE 2389 ¢
F FYHow FUkIth ©rdkE
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02t

ASE Y WHE
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719} Z7FoHA] k2 iRt 719 A7, FA,
H3E A, E4E € BHES 7 T}
Table 3°] Yetwlth. &57]9] 2732 T
4.99 + 0.10 cmZ 1%2} 3% H7H-d= &
Ao|7F Ao 5% H7H-FEE oo R
Aolo] 7% 710l 4.80 £ 0.0 cmZ 7
At HEEE EES 7Rt 2719 Eol=
Z0] 0.82 + 0.10 cmZ 7P W3tom, o
T 2% J7Hgo] S71dol Wt wotAl= B
Koozl 7% H7kolA FojAe® EobAl
HYGe dE2e] 6.09 + 0.120% Hj2E
9 A1) S E oAl A% B
Fom, 7% H7HE oAM= 4.66 + 0.27& Hix
THY fojHos L,%ﬂl Hehdet. 7] #1340
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2 A& EUH FIFE T By
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Table 3. Spread factor, loss rate and leaving rate of cookies prepared with different amounts of

marigold (7agetes erecta L.) powder

Quantum of marigold (7agetes

erecta L.) powder added (%)"

1 3 5 7

Width (cm) 499 + 0.10%% 502 + 0.09* 501 + 0.12° 484 + 0.11° 480 + 0.09°
Thickness (cm) 0.82 + 0.10° 0.83 + 0.03> 091 + 007 093 + 0.10® 1.03 = 0.06*
Spread factor (w/t) 6.09 = 0.12° 6.05 £ 0.11° 551 + 0.18 520 + 021°  4.66 + 027
Loss rate (%) 9.08 = 0.60° 9.00 = 1.47° 904 = 1.97* 856 + 0.21° 814 % 0.19°
Leavening rate (%) 100 + 0.00°  98.06 + 292* 9876 = 1.05 92.03 + 4.42° 90.12 % 6.02¢

YMarigold (Zageres erecta L.) powder was added to rice flour in the proportion

rice flour 300 g.

YAll values are expressed as mean * SE of triplicate determinations.

Ya-dMeans in row with different letters are significantly different (p<0.05) by Duncan’s multiple range test

S B 7}20] o|a}31Al EHOR 77 WY
FFS Z 5 Aok stk 7719 £UBL
gzl 71 WA Uehton, vjglgs 2
599k 7%% A7HeE 2L ThE 25l Hjste] 9
s Asteolct. HBE il vste] o
o BRI R F719 B9 W 5=t B
Fg4E AstEiglon, vas 2 sust 7%
2 WK 2L G 250 skl Sols A
SpElgick. £ 91pe] 23t vlelEs e Aleel
H05E W97 WYH, £4F 9L B 7
L deBe 2 Ak 0 Fol0) met s
g s, 3 8o L SR ol a2
o] Wolgl 0w 7719 BYAEI A540
Fe uA dEBE B Es w97 Aol

=

ﬂlE

HNF 7] et gaE

3. w37| Hise

o

1, 3, 5, and 7% based on

Aog Az}

| pH & 2=
Zt B2akg Frlel A7)

Y= Table 49 &t HZlE=

A g2 BF7] H=9] pHe di®

0.02% W7 &8 A7 1%,

=]

e 212 Aot g

6.81

A9l pH=
AHA419] pH=
not shown). 273Xt} H

+ 0.0402 FoFo& i
6.39 *
6.74 *

0.01°]

W59 pH o

warg A7k

3%, 5

Ic HU]’
=2— 1=

o] 7.02 £

5%2] pH
}J\—]— 7% 7517]'% Oﬂ/\ﬂf

Stgict A7HE
I, dEEs 2
0.000= UEhdtdata
o] pH7}

W) gl 2o HgI= Fridge] s A
719 pH7} AstE ASE HoIAh Cho et

Table 4. pH and density of rice cookie dough prepared with different amounts of marigold (7agetes

erecta L.) powder

Hems Quantum of marigold (Zageres erecta L.) powder added (%)

0 1 3 5 7
pH 7.02 £ 0022 715 + 0.05  7.09 + 005> 7.00 £ 0.01° 681 + 0.04
Bulk density (g/mL) 126 + 0047 125 + 0060 122 + 0.04° 120 + 0.04° 1.19 * 0.05°

YMarigold(Zageres erecta L.) powder was added to rice flour in the proportion

flour 300 g.

DAll values are expressed as mean * SE of triplicate determinations.

1, 3, 5, and 7% based on rice

92-dMeans in row with different letters are significantly different (p<0.05) by Duncan’s multiple range test
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Table 5. Hardness of rice cookies prepared with different amounts of marigold (7agetes erecta L.)

powder
Quantum of marigold (7Zagetes erecta L.) powder added (%)
0 1 3 5 7
Hardness 070 05 4 96452 98876 + 89.94° 1003.07 + 8838° 1197.07 + 6115 121881 + 79.15°

(g/cm?)

YMarigold( Zagetes erecta 1.) powder was added to rice flour in the proportion 1, 3, 5, and 7% based on rice

flour 300 g.

PAll values are expressed as mean * SE of triplicate determinations.

Y3 Means in row with different letters are significantly different (p<0.05) by Duncan’s multiple range test
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Table 6. Colorimetric characteristic of rice cookies prepared with different amounts of marigold
(Tagetes erecta L.) powder

Quantum of marigold (7Zagetes erecta L.) powder added (%)

Items
0 1 3 5 7
L 75.09 £ 1517 6585 + 0.93° 6175 £ 0.79° 5892 + 0.85¢ 52.82 + 0.80°
Dough a -2.69 = 0.15° 10.14 £ 0.23¢ 1894 £ 027° 2436 + 1.06° 26.06 £ 0.78°
Hunter b 31.77 £ 0.39° 69.80 + 0.76° 66.57 + 0.78°  63.48 + 045 5417 = 1.18¢
color* L 83.95 + 2.20° 7335 + 1.12° 6575 + 2.04° 6622 + 0.87° 63.40 x 0.65°
Cookie a -1.84 + 0.38° 6.05 £ 0244 1227 + 045 1471 + 043> 18.00 + 0.22°
b 27.10 £ 1.32° 73.18 + 0.77°  71.82 + 1.5 7042 + 1.71° 70.01 + 105
YMarigold (7Zagetes erecta L.) powder was added to rice flour in the proportion 1, 3, 5, and 7% based on rice

flour 300 g.

DAIl values are expressed as mean * SE of triplicate determinations.

9dMeans in row with different letters are significantly different (p<0.05) by Duncans multiple range test.
"Lt lightness, a: redness, b: yellowness.

(Lee et al. 2013), 1|9 B (ung & Lee 2011) = BT A7l dejsio] A23 &F7]9] vh&
< FAE A71E SVl wet A7) A 3} 79 B27] A(crust)Q] MEE 2A3F A=
23T sto] B A7 Ael= AptE ATE Table 67 2tk ¥E0] WEE Ushj: L3S
Hodr. W gs B W7k Svlo) el gasts A%
& Holon, 7% 7L 52.82 + 0.80°F 7}

5. &F7IA A= g e g Bor T §o4Q XolS

delEs Bee B 779 WED 0B molth MRS Uehlhs aghe tEeol -2.69
T2 5 77] 91%9) AL Fig, 20 2o} W2

Quantum of marigold (7Zagetes erecta L.) powder added (%)Y

0 1 3 5 7

Dough

Cookie

YMarigold( Zagetes erecta L.) powder was added to rice flour in the proportion 1, 3, 5, and 7% based on rice flour 300 g,

Fig. 2. External appearance of rice dough and cookies prepared with different amounts of marigold
(Tagetes erecta L.) powder.
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Table 7. Contents of total polyphenol of rice cookies prepared with different amounts of
marigold(7agetes erecta L.) powder

Quantum of marigold (7Zagetes erecta L.) powder added (%)
0 1 3 5 7

Total polyphenol
(mg TAF/g)

YMarigold (7agetes erecta L.) powder was added to rice flour in the proportion 1, 3, 5, and 7% based on rice
flour 300 g.
DAll values are expressed as mean + SE of triplicate determinations.

180.02 + 25579 186.94 + 2.50° 191.20 + 6.97* 198.10 + 236" 204.29 + 2.73°

92-dMeans in row with different letters are significantly different (p<0.05) by Duncan’s multiple range test
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=2 A7k 56 5 EEe 9 wole A Sl weE SRt 24 22 (Kim &

2 AF719] 7521 SHA vlEZg WHo| Lee 2019), ¥ E&(Hwang 2016), 47+

2t Al B2ah A7} F7)(Lee & Jin 2015)2] FLAn}ol A

T 2uro] HyleF 2710 wet DPPH 2 44

7. M2|ZE AF7|2] DPPHRt ABTS radicaldf| Lo] Zrkske Aoz yeht B Ay QA
CHet TAt S0is ATFS Ve

Wl Zt BS 7Kg Bt7] &89 DPPH HEZZE &57] 559 ABTS radical £74
A ABTS &7 574 Aok Table 8% 2t Lo gixilo] 2347 + 0.82%= 7F¢ Weko.
DPPH free radical®] £462 Se}H-0]=9} A7 1, 3, 5, 7% °lA= 27 36.69 + 0.97,
HEAt 59 HiEd SEE0] A A8 AR 5625 + 0.34, 77.07 £ 0.62, 78.82 + 0.24%
& S0, g o o A Wy WelEs 2w AkF Sl g
SilA UTHL B E ABTS radical &A-5°] izt =]l {32
THKim 2020). @A 84S Ad E43 vk& 2 Z715k=s S Btk ABTS 23} w3hit
5 4k A4S dol BUP] Wk LS Aol sm gole wISAA AYEL ABTSE 415
s = E42 71 U= DPPH radical> nm, 645 nm, 734 nm, 815 nmoflA F-2]&2l

A2 A shebgeld, MuA whE AR Wl ¥ gagms yehdcia st 2% 734 nmolA

ASFsE ST & 7] Wil of= HA &4 w2 =4319tShin 2007).
o] et 245 Hechkedl o= St olgj3t AL WelBT But Hrleko] Zrfet

(Thongchai et al. 2008). DPPH radical 47 22 2 Zajuls SIRFE S Aiy] o] 9 o)
s 574 A vEEE 2EE AR 2 B Als 21 Zvlo] 7]Q1% Holy] giRolgty By
71 HELE 3.47 + 0.41%8 YR, H7F | 6} QokKim & Lee 2019). 70 BT A7t
T 1,3, 5, 7%elAE A7 556 + 052, 7.66  F7)(Choi et al. 2009), WIS B H7} 7]

+ 0.89, 8.57 £ 1.39, 9.30 £ 0.34,%= 71 (Lee et al. 2017), Yol Bar M7} 77

Table 8. DPPH and ABTS radical scavenging activities of rice cookies prepared with different
amounts of marigold(7agetes erecta L.) powder

Quantum of marigold (7agetes erecta 1.) powder added (%)Y

0 1 3 5 7
DPPH radical 347 + 04179 556 + 052°  7.66 + 089 857 + 139° 930 + 0.34°
scavenging activity(%)

ABRTS radical

. . 2347 + 0.82° 36.69 + 0.97¢  56.25 + 0.34°  77.07 + 0.62° 78.82 + 0.24°
scavenging activity(%)

”Marigold(ﬁgc‘tc‘s erecta 1..) powder was added to rice flour in the proportion 1, 3, 5, and 7% based on rice
flour 300 g.

PAll values are expressed as mean * SE of triplicate determinations.

92Means in row with different letters are significantly different (p<0.05) by Duncan’s multiple range test.

DPPH : 2,2-diphenyl-1-picrylhydrazyl

ABTS : 2,2'-azino—bis(3-ethylbenzothiazoline-6-sulfonic acid
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