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Abstract

This study evaluated the quality characteristics of rice cookies prepared with different amounts (0, 3, 6, 9%) of hibiscus
powder. The pH of cookie dough decreased as the amount of hibiscus powder increased. Additionally, the moisture content
and spread factor were higher in groups containing hibiscus powder than in the control groups. Furthermore, the L-value

decreased with increasing hibiscus powder, while the a-value increased. The incorporation of hibiscus powder into cookies
decreased hardness. Additionally, consumer acceptance testing revealed that the addition of up to 6% hibiscus powder was
desirable in terms of overall acceptability. The total phenol content of the control groups was 12.32 mg GAE/100 g, while
the levels in the groups containing hibiscus powder ranged from 23.32 to 59.86 mg GAE/100 g. Finally, DPPH and ABTS
radical scavenging activity increased with increasing hibiscus powder level. Taken together, the results of this study indicate
that amending cookies with 6% hibiscus powder can improve antioxidant activities without affecting sensory quality.
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LA = 2 ZH)7} 7Heslal 9l A& ololA (Han 2011) 2 &H]) &
218 gk okt 7RARe] AT 2 lde] dAsHA F
S|H| A2 (Hibiscus sabdariffa L= oF% o}$3} F-3- 83k Aot} 22 HE, AE, T, HE B, )
3lo) &3l 300% ol ZEAES] FHo7 Iy W o} A, e 5 YEES Z2F TSk AL(Kim 2011)
Ao 2ol da] Aej=l ltk(Sinela et al. 2017). 22 o] F TA-L 6~8% =] et W] Eofile
FARE AF 2 AE H=E o]&H $a A= AF 25 gho] glo] A g Adtou Aelet B (Celiac
AA, eIkl sPEEAANAM = AAA 7S Ad A= diseaseyS FslA] €7] wjizell W - A} - WRF AR A
2 o] A AAR SR A7t o] FAA AL Atk(Rasheed WIS glald = e 2 A0t AT 3 F
et al. 2018). M| 27| e F2 33} 28 Axsle] 1 e F7NE BE dRFol Folele 1o ES] o) &
2 o] &stAY Edslste] SH |, A, A, Ay, olo] Ha e 7heH aRRbEe] AR A AT 73 gkl
234, F9, Alol= Fol| o83t Uri(fie et al. 2018). wEl WrRE AvlEE giAEa 1SAAEE Hrke
SH|2AE ofAFEHAL A, AL 58 gl 7] A7 YAl ek g drEE TN B2(Kim
Ao] FESH Aluta o] Q1AL QEEAJoRd A Axef <5 & Chung 2017), Al¥ YE(Kim et al. 2016), ¥3 =2
AL m ZEReoE 5 e SNHES ofsA g (Jeong & Han 2015), £F7F%(Choi 2012), o}l3-(Han
skal Qo] FAts), i, A9, A, FrES, 9t 59 2011) 5 H7Kt Az A7) AFE<] Ut
T} Hold Aoz BarEl vl QJth(Zhen et al. 2016). oo & AFollM= 7150 e AoE Lzl §]H]
ShA, A2 Eluetollr Q3 717 3 FA o= o]g3) AL FEE oY FFEORE st AFTE Azt
2 ZHEOIA| gt < o] AAEEse] AslE sl Hzb 4 54 FAsde AnEoEN e 7] g
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N A2 g up

=/

Aol AREE FH| AT BE(100%) ol HEAS
TYsted AHEE 2 9] B "I7HR(CI Cheiljedang
Co., Yangsan, Korea), 27} (Daedoo Foods, Gunsan,
Korea), #|©]7]3-$-1 (Ruf, Lebensmittelwerk, Quakenbruck,
Germany), A ®(CJ Cheiljedang Co., Incheon, Korea), H
Ej(Lotte Food Co., Cheonan, Korea) ¥ @7 ZU2+S
AlsollA Y skt

2. MFIo| M=

SH| AL F A7 A= ofe] 2R M) A4
= vl O R <Table 1> 7+ HIRH| &R A3 THLee
2018). A&, A, T HEHE 287 AHEE § v
Al T2 L7F, A7, WolH ke, sH| AL B
S Y3 o] 3027 EFeI g HojgE B4 4°C 4
FaoA IXZE SA8AIZ v EUE ARSSke] T4 5 mm
= %‘1 A7 5eme AP ER Aol SIE 150°C, o=
L E(FDO-7102, Daeyoung, Seoul, Korea)olA| 17
-ErZ} B 2AIZF 51t ihdste] Adol| ARE-sHTh

A7)0 pHE SF5 27mLol ¥k 3¢S YW 287
ZE353ke] pH meter (Hana HI 2020, Woonsocket, RI,
USA)ZE Z783IiT.

<Table 1> Formula for rice cookie added with Hibiscus powder

ngrodicrts (&) Group"

redients

¢ £ C-0 C-3 C-6 C9
Flour 50 47 44 41
Hibiscus powder 0 3 6 9

Rice powder 50 50 50 50
Baking powder 1 1 1 1

Sugar 40 40 40 40
Egg 20 20 20 20
Butter 60 60 60 60

DC-0, Hibiscus powder-0%; C-3, Hibiscus powder-3%; C-6,
Hibiscus powder-6%; C-9, Hibiscus powder-9%

4. WF7|9| &, SFEE M| FE
dET SHT 27mLel| F7] 3¢S Wol #+Asiet thy
dAFRYs AL A5 T 200uLE FHdst G=A

(Atago PR-101a, Tokyo, Japan)Z 743} “Brix® #A|3}

RS AR 1 g HEE AFste] H9d 7 &
% 7](MB-45, Ohaus, NJ, USA)Z 105°Colx =433t}
WA (spread factorye 7] 2743} =& S5} of
2 F2el wh AlLsISITHAACC, 2000).

Average diameter of 6 cookies (mm)

Spread factor= Average thickness of 6 cookies (mm)

A= AMRAIX 777, Juki, Tokyo, Japan)S Al-&-3}o]
S48k WE(L), A% (a), FHE(b) o= UERA O
Z}zte] Almmitt 63] SA st WdaS Telth

A== EAZ%71(Compac-100, Sun Scientific Co.,
Tokyo, Japan)E AFE-5le] S43IATL 27 load cell: 10
kg, adaptor type: diameter 10 mm, table speed: 120 mm/
mindlq 7} A2 @ 63 W 24aec

7. ZH|AL TS = Z=A
A0 7155 7R AFYE B 1598 T

z]j/\] $] °l W }‘Ei 7t A& 7Nl Wﬂ;— UlXW

= vRE 22 AFSsinh A, &, B 2217, A1 1
T=E 7 HAEHS ARGl Wrkekes st (1d: HH g
s}, 44 BEelr), 73 vig- Foh). £ ?i—?-t— tHRIth S
ARl ’EOJ,‘—EI_ 1o} 133kt Approval Number:
1040656-201810-SB-01-02).

8. 3= &

A57) 20 g9l 70% methanol 40 mLE 7}3}e] 404
47 ek 3 A135-2] 7] (Supra-21K, Hanil Science Co.,
Inchun, Korea)S AF&-31%] 9,000 rpmollA] 3057 4182
S o FHSH AedS Foe gE s S48 As
2 ARget FHls S AIEEY 0.1 mLe /T
1.9 mL°ﬂ 0.2 mL Folin & Ciocalteu ¥|&5-8&%4-& 7}5le] &

sat =y

et & 3E7F A 2oA wHS-A]HTH(Dewanto et al. 2002).
o|% i&i}ﬂ"‘h}é £ O4mL9} F 1.9mLE 7t
slo] A4 A7 WESAIZ] & B33 Al (WKSP-2000UV,

Woongki, Seoul, Korea)S 0]%—0]-0:] 725 nmol| A EFEE
243t} Gallic acidE o]l FE¥ EF=AE 2H4
3t T Alge] FHE TS mg gallic acid equivalent
(GAEY100 g©.2 3150t}



9. tsks &M

7)) akels-e DPPH (1,1-diphenyl-2-picrylhydrazyl)
radical 22753} ABT (2,2'-azinobis(3-ethylbenzothiazoline-
6-sulphonic acid)) radical 2~75g ©]-&3te] Lol gt}
DPPH radical 27152 Blois (1958)¢] ¥l w} A28
ol 0.5 mLoll DPPH &4 (1.5x107* M) 2 mLZ 7}5lo] 30%
B HRSAIZL & 517 nmol| A TRt 7ol ALkt

DPPH radical 22715 (%)
=(1*18 F7Re] FBEAE F 7R $-°35)x100

ABT radical 27152 Re et al.(1999)2] W& Z15}]
S48kt =, ABTS 893 2.45mM potassium persulfate
E 1412 EF(viv)ste] Ao il 12417 WAgk &
734 nmell 9] 2= ghe] 0.70 o7} HEs SRS 3
Ak g 1.5 mLE F3hal AE89 20 pLE 7Fete] A
oA SEZF WA F 734 nmollM FHEE G5t o
3} zro] ALkttt

ABTS radical 22715 (%)
=(1-AE H7R] FH=AE F A7k $35)%100

10. SAIXE

BE AL 33] o) whE Zste] A AFE 3
H(mean)+ X FH 2 (standard deviation)Z F A TH BA
#2]:= SPSS software package (Version 20.0)E ©]-8-3t
TAREA (ANOVAYS AL Aet 7 Bl 919 AL
212 Ducan’s multiple range testZ p<0.05 oA &
3& AgsAth

lo dr ¢

]

S| 27 B Hrbe dElste] Axs AF7) vks
o] Uw9} pHE A3 A3= <Table 2>9} 2t} U=
2ol 4.40 g/mLO 2 UERES SJH| AL B AUt
2 FolF 2}o] glo] 4.20~4.33 g/mLOE YERT) o] 72
A= oJF 7FE(Moon & Choi 2014), B1E H2(Song &
Lee 2014) 7} 7] AFollA Bargk 73z gk vk
o] Wee WRAEE UepiY 4 WK e A
H2 olgs e dErt @ow FI7F gEs|] o v
dert wom FA FAXE Aol va RyE 8 9]
THKim et al. 2013, Cho & Kim 2008).

HkE=o] pHE o] 6.5302 7P Ekon HArae
3.74~5.572 SH|22A 2 Bk Hvieo] S71EE 1AEk
=, ol FHIAAXS pH7F 24008 W] wjie] 7]
W] JEs F Aoz FAkEnh £ E(Kim et al.
2017), °F2 7F(Lee 2014) H7} 7] AFoM e BAs
A7Vgo] F7FETE pHutol SolAl= A3 Halsle] &
A Al 2t
2. 7719 2, sEEE, HE MK+

A7)0 B, TR, HAATE S8 A=
<Table 3>3} 72t} WX 2.47~2.80°Brix® 3|H]| A7 B
 H7tel| wt Frkeke Al oy e 3% H7t
T AFol, 6%k 9% 7 Abelell= &feol 7k fIATH(p<0.05).
FERIFE R0l 6.76%= 7Y ST HrkEol

<Table 2> Density and pH of rice cookie dough added with Hibiscus powder

" Group”
Composition
Cc-0 C-3 C-6 Cc9
Density (g/mL) 4.40+0.177 433+0.15 430+0.17 420+0.10
Dough pH 6.53+0.25% 5.57+0.63¢ 4.20+0.60° 3.744£0.20°

DRefer to Table 1.
DData are presented as mean=standard deviation (SD).
IValues followed by different letters differ significantly at p<0.05.

<Table 3> Sweetness, moisture contents and spread factor of rice cookie added with Hibiscus powder

. Group"
Composition
C-0 C3 Cc-6 Cc9
Sweetness (°Brix) 2.47+0.57%9) 2.53£0.57 2.70+0.10° 2.80+0.10°
Moisture contents (%) 6.76+0.17% 7.04+0.01° 7.12+0.02° 7.15£0.01°
Spread factor 4.61£0.067* 4.88+0.12° 4.86£091° 4.82+0.24°

YRefer to Table 1.
PData are presented as mean=standard deviation (SD).
HValues followed by different letters differ significantly at p<0.05.
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7.04~7.15%2 ZTHTF E3hou}t H7RE 2olle 5231
Zpo)7k UrehA] 9kth(p<0.05). 8H] 27125 7ite] S
o] =R o & AL S22 e P
o e MAFie] S HiYo ot A3z F5H o
Y E2Song & Lee 2014), Fohul E2(Kim & Choi
2013) A7} F719] A9, vz "7kt 7l s &)
o7} I, &= F7F 2 F7](Choi 2012), =74 &3
A7F F7](Son et al. 2017) AolM = FAE H7tgo] F
Vs FEEE] kAT ¢ vk, AR A7t
F71(Lee et al. 2015)14= 7HA3tiATial BAlsHiTh,
HAA AFE xRl 4612 7H Ega JA7ae
4.82~4.880 2 thEwH T} SH| A7 i HIltollA =4
YERTE o] 22 AHgRe AlY B H7F F7](Lee 2015)0

7] FAZ QH T ek, APHL WiEe WY, FAR, &
= o i FF T dFE TEvKim & Yoo
2017), &2 QtollA -5 7H W deoll el #Astr]
AlAFSEaL DA o] A A% ATt ok el 2
83 Aol Yol {52 AL HIALE ©HFA €
thKim & Yoo 2017, Oh & Kang, 2016). Kim & Yoo
017y 237 A7F F718 A, 574 H7rgol S7He
5% HPA A7 Z7IAAL o) 2 AV s
= W el mobd oF WellA AxEE AZke] A
AEglom olo] we 3] Wi Azke] Lojd 3
do] STk o' BAsigtt ol & AgellA vEhd
SH|2A 2 B Prhre] FRGFo] tazuct o} ¥
A4l 374 A%E 53 o 732 Ak AREHOh &
Kang, 2016), oFZ7F+(Lee 2014), 7]% 2= (Jung & Lee,
2011) 37} 77] AFE BAR W] F7185% o
Aol S7reIdthaL Barsigith 2yt YR (Kim et

al. 2017), Z4LE2((Lim & Lee 2016), 7-oFv} E2(Kim
& Choi 2013) 7} F7] A7ollA= BHE s34 o] A
stTia Barsksd

2. Mg

A7)0 M= <Table 4>} 7o) Yelgth 79 He
(lightness, L)= tlZ&0] 78.7022 7P &AL 0|72~
b H7lbeko] 71 4831, 4123, 35.72 <022 R
o2 A TH(p<0.05). A% (redness, ay= Ew0]
—1.912 7P 9kl 7o) 11.01~23.18% 3[H|2AA A B
F A7 S wet freldos S7IE (p<0.05), ©
= M)A Be] £ Alo] g F AR A%
o} o 7+ 4 B2 (Seong et al. 2017), AHE7](Yun &
Chung 2016), K2 7F-(Lee JA 2014) 37} 7] Qo)A
T FAE St wet W astal s Skt
2 AF A9 fARE AFEgE Bisidit. e
(vellowness, by= thZw°] 29.38% 7 =A Yel 3
7he] 0.37~3.98% tZ2THT WA YERE oL s|H[ A~
2 B Hrbg St mE I3 A Holx] ettt

d

I

3.8k

A7)0 Hx 24 AF= <Table 5>9F 2t} tZzT-o]
1,968.45 g/em*Z 714 ¥ F7FEL 1,053.50~1,228.69
glom’E ZRFRT} SWgko} su| 272 Bk ekl o}
2 994 Aol YERA gith F719] Are FAE
A7beg, wise] 1, SR T, Aaa Sl o8l 9
W=t (Joo & Choi 2012) ¥ Ao tjzro) H7kre]
TRl B BA JER olef st At Ar 1hdel o
TS T AR FEHH FRFHo] STl st A
k= AT A3HKim & Yoo 2017)9F D6l 4 =

<Table 4> Hunter's color value of rice cookie added with Hibiscus powder

Group”
C-0 C-3 C-6 C-9
L (lightness) 78.70+0.86%49 48.31%3.75¢ 41.23+1.63° 35.72£0.57*
a (redness) -1.91+0.14° 11.01£0.45° 19.86+0.41°¢ 23.18+0.72¢
b (yellowness) 29.38+1.69¢ 3.98+0.39° 0.37+0.95* 2.00+0.92%
DRefer to Table 1.
?Data are presented as mean=SD.
IValues followed by different letters differ significantly at p<0.05.
<Table 5> Hardness of rice cookie added with Hibiscus powder
Group"
C-0 C3 C-6 C-9

Hardness (g/cm’) 1,968.454335.067%)

1,228.69+98.50°

1,133.97+86.72° 1,053.50+125.10°

YRefer to Table 1.
PData are presented as mean=+SD.
IValues followed by different letters differ significantly at p<0.05.



€9 (Son et al. 2017), =7 2 (Lee & Jin, 2015),
L=UEHKim & Lee 2015), &=l wlg} EZ(Yu 2014)
A7F F719] AFolME FARS] F7FEF STl wet B=
7t AR HEgih vhde, 79l B2 (Lim & Lee
2016), A7 7F+(Lee et al. 2015), Y ¥ (Song & Lee
2014) 7} F)ATNA = o159 H7EE SVl wet A=
7t S71e Basigin)

4. 2H|AF 7|S = ZEAL

SH| AL Fd H7E A7)0 AR} 7S % ZAF ATt
£ <Table 6>3 Zth M2 dgiFzto] 5814, H7HEol
4.00~6.508 02 9% H7kto] 7MY w2 ATE HrHEAE
H(p<0.05), ©]& B]H[E=ALe FH2A0] 715 3 A9
FIFS F AL & F YA S YixTo] 5561,
o] 431~5.138 2% H7IEAL Uk 4.56~5.567H 02 thx
T2 3% 9 6% H7RE Hlle A0 2ozt glo] H7t
o, 9% A7k 7P W AR HriEe] A 3ot
Aok gE] BIn| A 9] slnte] A JFS = Ao
2 F2Hr) 27 450~5.19808 Hrleo] AlE 7k
FrolAQl ztol7t et MAAR] 7S EE tlZRato] 4.38
A, 3% HA7RE 5.199, 6% A7 5.888 o2 foZd 2}
olglo]l H7hE WhH, 9% A7REE 456807 7Y vre
WS Wot 7150 oAl AL & F AT o)
o] A3E Fjet & o F7] Ax Al sH|EAS B
6%7HA A718lH £& 202 AlEE

A el A frefE E2u 2
phenolic hydroxyl (-OH)”| ™
ole 5A40] o] st Ak, v A &R F HYf
3 A EAS Uepdtky B3 vk Graf et al. 2005,
Lu & Foo 2000). 3|H]2=AZ 2 7t AF7)9] Fls
kS gol A3} <Table 750 YERS vle} 7ro] iz
o] 1232 mg GAE/100 g2 7P Wkl 3% A7FE 23.32
mg GAE/100 g, 6% 7 38.94 mg GAE/100 go|om™
9% HA7HES 59.86 mg GAE/100 g0 & 7P E=UTH(p<0.05).
SAEL H7F F7)(Kim et al. 2017)9] & Z¥E e
22.37~205.09 mg GAE/100 g, 373715 H7F F7](lee et al.
2015y 46~132mg/100 g, &=ol vz} £ A7} F7)(Yu
2014y 35.31~108.47 mg GAE/100 g&-& Z}zF Jepsta 3
A& A7 S7l vt S7kskdokal Barsiei.

DPPH radical 227152 ®2}A1e] DPPH7} 34tkst &4
H-EshH ShdEo] gAEE g o|gste] St
(Gulcin et al. 2005). thZT0] 29.52%, H7Fto] 53.89~
91.05%= sH|2=AL i Hrpgo] S71ErS S8t
(<0.05). EIMA EX(Kim & Chung 2017), OFZ71+
(Lee 2014), AY E(Lee 2015) 37} F71¢] DPPH ]
Z 2A%5S 247t 14.66~85.52, 23.17~87.57, 16.96~32.86%
o] AR Yetti FAE 7t s&7t okl wet S
7ValeS BT

ABTS radical 2752 ABTS®} potassium persulfate”}

A Well 278 o)/d<l
o9 st €A 4
'(‘SE:]OL

=

<Table 6> Sensory characteristics of rice cookie added with Hibiscus powder

Group”
C-0 C-3 C-6 Cc9
Color 5.81£1.322%9 4.00+1.09° 5.25+1.00° 6.50+0.89°
Smell 5.56£1.09° 5.13+1.25%® 4.94+0.99% 431+1.01°
Taste 5.50+£1.09 5.4441.20° 5.56+1.09° 4.56+1.15°
Texture 5.06+1.12 5.19+1.42 4.94+1.28 4.50+1.21
Overall acceptability 5.38+0.95 5.19£1.27 5.88+0.95° 4.56£0.96"

DRefer to Table 1.
IData are presented as mean=SD.
IValues followed by different letters differ significantly at p<0.05.

<Table 7> Total polyphenol content, DPPH and ABTS radical scavenging activity of rice cookie added with Hibiscus powder

Group"
C-0 C-3 C-6 C-9
Total polyphenol content (mg GAE/100 g) 12.32+0.822 23.32+1.01 38.94+1.33 59.86+2.02¢
DPPH radical scavenging activity (%) 29.52+8.18% 53.89+2.22 83.28+0.60 91.05+3.50¢
ABTS radical scavenging activity (%) 2.71+0.13* 40.54+0.13 60.02+£5.16 96.72+0.66°

DRefer to Table 1.
?Data are presented as mean+SD.
IValues followed by different letters differ significantly at p<0.05.
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r]I.

F2-5le] U= ABTS radicale] HEAo] dkikal &7
3 GME= e E o835t SHTTHRe et al. 1999).
Z70] 2.71%, 7o) 40.54~96.72%% ¥ 272 B
T 7k Skl wet felF oz SUtsidnh oY
A7F F7](Song & Lee 2014), Al¥] 2 7} F7](Song
et al. 2014)2] ABTS radical £7%5< 77} 2.53~28.80,
2.90~9.74%% o|5°] H7FF F7tel wet HAb Eokxithar
BT F ZEjuls T sl (hel
IAE 7T E Aoz dEA Jed £ A= s
A2 B2 HrREe] F EYvE ] dRdE 29
olof w2} DPPH radical 22752 ABTS radical 275 %
713 Zlo g Vet

£ 1o

d

B Apo e su|aALs B Y A )9 FHEA

ot 7| Qs L7 AR thH] S| AAL FES 0
6, 9%= 7lsled 718 Azl FHEAF Fitsg
280t} A7)0 WeE 420440 gmLE A8 7F
o] Q1 Zfo|7F Yl TE WH=e] pHE 3.74~6.530.= &]H]
2AL F Ut FMErE Asla =
2.47-2.80°Brix® 6%t 9% 7kl =7 ettt
A, 3R AL B Hubgo] SRS HEe
A3kl AL (ay= ST AEe &R 3]H]
Az B 7Rl fashs 2o E yERdth 4| 7
3% ZAF A e 9% Hrkrol 7P w8 4R HrkE
AL FF Bk 9% H7kEo] 7P W AR HUHEAS
w AR 7Ees 2T 3, 6% A7kl #24<
zto] glo] Wr7HE ®EA, 9% M7kt 7P W@ Hrt A5
£ ot} e dERS 12.32~59.86 mg GAE/100 g &
R 272~ B A7kl wlel =718tk DPPH radical
2A%3 ABTS radical A% 727} 29.52~91.05%,
2.71~96.72%% 30|27 22 B2 Hylgo] Zr1skeE Z7}
st 2 Ads B8l AF7) Al Al SH|aAL B
6%7H] 7k tixwrin lslse SEL 7S %
SHAAM = 2|7t Yl AlFe] 2 ZAeR 7|

Jo e & o
ot
2z

[V oy Hto7

—

ol
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