PISSN 1225-4339  eISSN 2287-4992 THE KOREAN JOURNAL OF
Korean J. Food Nutr. Vol. 34. No. 1, 001~014 (2021) DTRAIIZHORSIS] X
https://doi.org/10.9799/ksfan.2021.34.1.001 H)i)ﬁAEDONSTEI%]OIJ

M

Hel 24 Ao ¥37(9 sitst Y 3 F2 §4d

im

IR RNPIE
Sejolrist EsloleTiotel ABAAREIAT T4,
“ZHoAetn Esllatity ABAMRTIAT B

Antioxidant Activities and Quality Characteristics of Rice Cookie with
Added Butterbur (Petasites japonicus) Powder

Hee Won Choi and 'Ki Hyeon Sim

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

Abstract

This study evaluated the antioxidant activity and quality characteristics of rice cookie with added butterbur powder in a ratio of
0, 5, 10, 15, and 20% to confirm the possibility of butterbur as a functional food. The moisture content, spread factor, leavening
rate, and hardness of rice cookies increased with an increase in the amount of butterbur powder; whereas a decrease in the pH and
baking loss rate was observed. The L and b values decreased as the amount of butterbur powder increased, but the value was the
lowest when 5% of butterbur powder was added. The sensory liking score showed the highest preference for 10% butterbur powder
regarding appearance, flavor, taste, texture, and overall preference. In the principal component analysis (PCA), the addition of 10%
butterbur powder positively affected the measure of food acceptance in terms of organoleptic properties of butterbur. Besides, as
the amount of added butterbur powder increased, the antioxidant activity of rice cookies increased. Based on these results, it appears
that the addition of butterbur powder to rice cookies in a 10% ratio can produce rice cookies with excellent antioxidant activity,
overall quality, and high preference.
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(Kim & Chung 2017), S|H|AAA B (Lee & Chung 2018),
23 E%(Lee JA 2019) 5O OIS 7154 AE 2AE
H7ret AF7)E0] Eol /A= ot

W Q(Petasites japonicusy= Ut AFEe 25
Y FRANY FEALY ARAE FHOE FA|OA
APt = 8FH(Compositae) 2] THAAY 224 E 0]tk (Seo &
2008). A =HE o™ ™| I AFsto] B Y= ol-&
SHAY Axsto] B A== ©]-&-5F1L(Choi OB 2002; Seo
S 2008; Lee 5 2015), &3t} E= £528= A
2T o] &35} tHOh 5 2006; Seo 5 2008; Lee 5 2015). &
5] Rzt A= wHeZE Jsf, A9, A, o)k, £2F, &3, 2
7 5ol A%50] = Ao r LA QA AR o]&
HIA, WYl B 2552 S, YAY, A4 o
A BA 2T 0]-8% Y Th(Brattstrdm A 2003; Cho 5 2006; Seo
5 2008). M9]9] 5ol gt A2 E WY FE2E9 G4t
3o} FAATH(Seo 5 2008), MY F=E9| FAtslet FHS
RBIKKim 5 2006), HY] FEE 2ZAE 54 2 £33}
t]x= &23KJi 5 2010), HAZFE 2|3 apoptosis THE
Z(Lee 5 2000), W FEE2] FEH=7] A7H(Choi OB
2002), 91918 71 Aol7h H920] W AW £F L %
4F5} A 30 BA]= PO 5 2006) 5 Thdt AP AT
E2 Boto] WY ek fmsd 715/ 0] ERIE A

I8y WYl 3t 250 vl9f o] & AEoE &85t
A= vlulet Ho g Mo g 243 s ol
AEA PA = FFE AT Lee 5(2015)9] A Qo] 4]
Fo= /Rt Al we A7F AW FE54(Lee KH
2011) Hof] Hx1 ¥ Bi7} Qitt. wgha] & AtoA= = &
aH|F ST W9 NEIIX Y A RRE TS FE
A71 1A} 9-5231 715 7HE] W& M40 & wWol o] §
e A7) FHE il A Sn FEEHS ¥
7He B9l HA9Y He £ 2719 AR Bk
A} s

WE U
1. B
£ A7 APARE AT P9I 20209 5U| AR

A0 R FHEE =i o] YXRE B4 eskeith &
7] AxE Y3t Alm2E B7FF(Organic Rice powder,
Chungo Co,. Ltd, Gwangju, Korea),  E](Arla non salted butter,
Arla foods ambs Holstebro mejeri, Aarhus, Denmark), &-3+(Join,
Yongin, Korea), Bl d8(CJ Cheiljedang Corp., Incheon, Korea),
4~3H(Grain sola salt, Sinan Solar salt Co,. Ltd, Sinan, Korea)<
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Hel 22 M=

= SZ7AX7](FDUT-8606, Operon, Gimpo, Korea)S
o]-&stof -80ColA 2AIXF TAARE SIlth 52X S
W= E27](MP1015, Housoen Electric Manufacture Co.,
Ltd., Jiangmen, China)E ©]-85}0] 243t $of 60 meshe]
ZA|(Testing Sieve, Chunggye Sanggongsa, Seoul, Korea)ol| %
TAA -70C Deep freezer(New Brunswick Scientific Co., Edison,
NJ, USA)o| HystaA A5t7] A|zof AHEsHI
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3. Di9lo| YskyE o

wole] YRR AE

AO|M®
Z(Ministry of Food and Drug
Safety 2019)°] WS Fsto] HAstech S8 FaHS
105ColA T taAZHOR BAGAL, Eeh 3
< Kjeltec System(Kjeltec Auto 2400/2460, Foss Tecator AB,
Hoganas, Sweden)E A2-5}0] Kjeldahl 235F 02 BA519]
o AR g2 RA 571 (Soxhlet Avanti 2050, FOSS
Co., Hillerod, Denmark)E AF8-5}0] Soxhlet FEHO 2 HA
19, R3E FeFS 550~6007C2] A7) 3)3H= (LEF-1058,
Daihan LabTech, Namyangju, Korea)S AM&-5lo] 2% 3]35HH
o= BASH ©pdhE b2 A9 AA SH100 g)
oA &, 2ehld, AR, 2317 59 TFS Akt
SEL T

& A]o]df(total dietary fiber, TDF) &2 4ol &
A} (Fibertec 1023 System E, FOSS, Hillerod, Denmark) & AR&
oto] G4 FFHOE HA6ttt A& 1 g 0.08 M phos-
phate buffer(pH 6.0) 50 mL%} a-amylase(Sigma-Aldrich Co., St.
Louis, MO, USA) 0.1 mLE 0] 95Co]|A] 1527} ¥r-3-A]71
Zof Ao Wztsto] pH 7.52 283 ThS protease (Sigma-
Aldrich Co., St. Louis, MO, USA)E 0.1 mL 217 60°CollA 30
27b wyksoink. ThA] Aol Wrtslol pH 458 2% &
of| amyloglucosidase(Sigma-Aldrich Co., St. Louis, MO, USA)S
0.1 mL Y31 3087t wHloto] A&y} Thufdo] §4% 7p4
EHE Sttt A& ES A AT A5 60T ofgh=
il ALoA oF 1AZF FA5to] Aol dRE 7itetel &
of crucible® ofT}stAT H-2 FhAl= 78% oEHE, 95% ol
2, OHE o7 AAste] AxT The S S4sto] of
el ARNOE F HolHad FFS AEsHech

oft 0
HI

i
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F

fto

TDF (%) =
(Residue weight — Ash weight — Protein weight — Blank) 10
Sample weight

0

4. Q| 22 A7t 4F7| M=
Wl 22 A7F ZF719] wigHl= Kim & Choi(2013),



Vol. 34, No. 1(2021) He B AU} A

Jeong & Han(2015), Lee JA(2019) A9} 2|9 ofjH] A
< S ARSI, A7FRO] WYl 222 0,5, 10, 15, 20%
HEE H7loto] BF7)E A 23U H(Table 1). AFE HE
E-d5(MQ9005, Braun, Kronberg, Germany)Z 2F 1827+ 3]
B3k o] Agat AYE Yol 93} o1, S EERE
¥lo® Lhire] A7He o] oF 387k HHste] APtz
e 047101] Aol e A7heet e RS Esto]
F7] W5 Al Zet ol daste] WALl A 3027 74
Al o 3 mm FA|= gol 38 mm2] A7 ¥ = A5t
At AFE F7)= 170CE A E3E Q E(EDF-213X, ESCO
Sanayi Re Ticaret A.S., Eskisehir, Turkey)oll A 158 &< 2
Fof ALolA 1A st Algz Addo] ARSI

oE. et

[\e}

5. D9l BE &7} MT3l0| B SN
1) S8 g
AT 719 8 FFS H A FEZST7]|(MB45 Moisture
Analyzer, Ohaus Co., Zurich, Switzerland)Z 105Col|l 4 &7}
Rtk 7 RS 1 ¢ AFelo] 33] W 24T Bag
BEEAE dehiglt. 99 692U )R 42
YYE BUT o= ZYa

™

OII

2) pH

A719] pH= AlHEE 5 g2 F5lo] 90 mLo] FHS
37 homogenizer(PT-2100, Kinematica AG, Luzern, Switzerland)
& 15,000 rpmo| A 357 w3} sHITh A5 2 Whatman
No. 2(Whatman plc., Kent, UKQ)Z o] 73t th2 o] NS pH
meter(FiveEasy Plus FP20, Mettler Toledo, Schwerzenbach,
Switzerland) 38] WHR3te] ZYotol BRghh EEHAE
LRI, 99l B9] Bt 871Re) pHE S

Table 1. Formula for the preparation of rice cookies
supplement with butterbur powder

Concentration of butterbur powder (%)

Ingredients 5 s 0 s ”
Butterbur powder 0 5 10 15 20
Rice powder 100 95 90 85 80
Butter 40 40 40 40 40
Sugar 20 20 20 20 20
Salt 1 1 1 1 1
Egg yolk 20 20 20 20 20

Total 181 181 181 181 181

o2 2gaac

3) HEM, £AE, WIHE

A5719] 17X (spread factor)> 7] 6702] A7 (mm)z}h
EA(mm)S Z435to] AACC Method 10-50D HPH(AACC
2000 0.2 AtEsHRich Ai719] AL 7] 6715 7IEE
gEsto] 11 Zolg 43 Fof 479 F71E w0== A
AR B I AolE A S @2 AE 628 U
o BIS ANIUL A9 AL 9] 7712 A
22 o} 27 ¥olg ZYT Fol Al Hol 2 £AE
w0l ol 27 Fol EolF ZHsle] PL #AE 717t
602 Liro] Baghe Qitt. B77]9] 4418 (baking loss
rate)¥} &S (leavening ratey> AE7|E H7] AF9 FF
o2 717} 53] ke 2Aste] 1 Holo] et MRS ST

2 WEgs EERAE e

Average diameter of 6 cookies (mm)

Spread factor = - -
Average thickness of 6 cookies (mm)
Baking loss rate (%) =
Weight of cookie dough (g) - Weight of cookie (g)
Weight of cookie dough (g)

%100

Leavening rate (%) =
Weight of cookie dough — Weight of cookie |
X
Weight of control cookie dough — Weight of cookies

4) M

AL7)9] M= ZF AR LEf(lightness, P&, agk(red-
ness, A8 I), bgk(yellowness, SHA I )y ABX}A|(CR-400, Minolra
Co., Osaka, Japan)Z 33] WHE =45l H7hy} EEHA}
2 Y 952 WY 283 A7IR] a7 ST
=3t i o 2 259t M =3 Aol Mx}AQ] BA
= FoiA #E WIS ARESElET, ol L, a, b g2
27}y 93.56, -0.36, 3.78°]| it}

5) 4=

571 9] 7 T (hardness) =72 Texture analyzer(TA-XT2
express, Stable Micro System Ltd., Haslemere, UK)S A}2-5}0]
7 AR 53] kel 248 Fol Bz REEAR
eI ojujo] &4 ZAL pre-test speed= 3.0 mm/sec,
test speed= 1.0 mmy/sec, post test speed 1.0 mmy/sec, distance=
3.0 mm, trigger force:= 5.0 g, probe type 2 mm2] cylinder2

=st9ct



27710 7K Fol oA A1 T 2098
oz BEusll WRY FAPPEI Al B4 B
F212 shol TH7lo] FolPhES stk T
7}= 715 % H7Hpreference evaluation)Q} A HAFRA]
(quantitative descriptive analysis, QDA)O. &2 0] Q.5 24]
o TsH7HE APstA L, HdSolA TsB7t Lol o
2 AREE 438 HARF 15 em, 9] 2.5 em, BAE
7 em)ol] 1704 ot AlF5kATt. ofuf 5B Almof Higt
HAo] I oA &3 Ol A 2AkE A7)
7t EAS= 438 Aol 275t ATk, HEE7t
Zoll A& 7o gto] E55A] s 3t AR5 F7IRt T
dets A= & Aes: B Fe HEEIA ASSHAth
7125 7= F712] 2P (appearance), F(flavor), F(taste),
Z A 7 (texture), HHFA Q1 7] S = (overall preference) A=
B7FIEE olglom, 9 HEHO R 7S %7t w245 9
Holl 7k ArE =5 Skt AFE] BARRAS F71
o] ¥52 EAol webA =4 e (greenness), S (grass), T
(sweetness), Uk (bitterness), B->"r(astringency), 7 I (hardness),
H}AFSh(brittleness)& B7FHES SFQ1AL, W4 E4E Ak
AR B WRE RolES 159 HEYOR W)
ot} 3 ATFA HAREA] (quantitative description analysis,
QDAYS B3 vi9] B W7I%} B B4 BIhE A
E3t o2 F4E E4(principal component analysis, PCA)S
ANEET B e Syl A el sl el
o] A7l 41919} 59 TEE AH WIS AWK 3
A TH Approval Number: SMWU-2006-HR-053).

6. P 2L A7 WFI|9| eitsl &Y

1) eitst £FEE NZX

A7) 10 goll 99% &S 90 mLE H7F5Ho] homo-
genizer . 15,000 rpmol 4| 35 ot FU2h S AZ o
shaking incubator(SI-900R, JELO Tech., Suwon, Korea)of 4|
100 pme] %2 25CAA 2417k ZBeH}. 212e) AR
%52 Whatman No. 2& oj1}35}lo] -5T 0|5} WAL (R-
B141GD, LG Electronics, Seoul, Korea)ol| 4] H345}HA] A
3t &/ Ao ARgstaith

2) & W= e

37191 ¥ H= $HH(total phenolic content)2 Folin-
Ciocalteu & S-83F Yu 5(2002)2] ®HHog =X 5t}
ZF AE FZM(0.1%, wiw) 200 uLof] 5= 2,000 pLe} 2
N Folin-Ciocalteu phenol reagent 400 pLE & 7}3t o} 3827¢

1y

T2 A7t} o] 8 Mo 1 N sodium carbonate(Na,CO;) 800 1L
g Whstel ol RolA 1A YANA BHYEA
(V-530, Jasco, Tokyo, Japan)Z 750 nmo| A ST =5 =45}
At EFF AL gallic acid(Sigma Chemical Co., St. Louis,
Mo, USAE EFEAE v HAFTAS 2T o2 &
g 33 WE =5l mg garlic acid equivalents(GAE
meg exac)2 BRYT EEUAE Lehyoick

(=13

ot

3) & EglE 0= gz

BZ719] & ETH:o|= Slgk(total flavonoid content)>
Davisl& 683 Um & Kim(2007)9] ¥ 08 Z33}9ict. 7t
AR FZ29(0.1%, w/w) 1 mLo] 90% diethylene glycol 10 mL
2} 1 N sodium hydroxide 0.2 mLE o] 73o}A wHgE 3o
37CE IAE FAA tg B8 TA = 420 nmof| A 53
TE =2459tt. EFT AL quercetin(Sigma Chemical Co.,
St, Louis, Mo, USA)Z ¥+EHE v AT 24
3 the BYEE 38] WHE 235k0] mg quercetin equivalents
(QE mglg extrach= WFgHT EEHAE Lrehpolck

me
O

4) DPPH 2iC|Zt AHEN

&5719] DPPH 2tz A <4J(DPPH radical scavenging
activity)2 Blois MS(1958) B1'& 3-83dto] =3stt. Z
A|Z 22N 4 mLo|| DPPH solution(4x10™* M) 1 mLE 91
AolE Fof sidlo] 7] e A29] o] T FojA] 3087t
AT oy EEEAR 517 nmol| A FBEE 57510
A= A7 FEEY] Sl Aol MEE(%)E of
of 33] ¥HE =7goto] Wt REUARE YERf Qo

Z719] 98 (reducing power)2 Yildirim 5(2001)2] 1}
Hog sttt 7 Alm 594 2.5 mLE 02 M sodium
phosphate buffer(pH 6.6) 2.5 mL2} 1% potassium ferricyanide
(KsFe(CN)g) 2.5 mLE ¥al 4 o]F}lt}. o] EadZ 50T
water batho]] A 205 59 534|171 $0f 10% trichloroacetic
acid 2.5 mLE A75}9IT). o17]] 5 mLE Hoto] ZR4 5
mLe} 48 F.0]| 0.1% ferric chloride(FeCly H,0) 1 mLE ¥H-S
A7) ohe Bt e A2 700 nmol| A EREE £ 5o 3
F3T BEBAR UERiolT

5) shel

6) SOD 7AIZA £3

A5719] SOD S-AFH(SOD-like activity)S Marklund &
Gudrun(1974)9] ¥I'H-& Ko & Sim(2014)9] B o 2 3-8}
o] 24519tk Al@ 2208 02 mLo| Tris-HCI buffer(pH 8.5)
3 mL, 3 mL%} 7.2 mM pyrogallol 0.2 mLE #7}5lo] 25Co]
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A1 1087} ¥H8-A171 ThE | N HCL | mLE H75to] w82
HANA 4920 ol FYEE 243t} SOD FALA
o A7 WK RAZRETe) Y Aol WEEH
AHEsto] Wl EREAR Gepyg.

7. SHEYS

=

B ool =& Ail= SPSS for Window 24.0(SPSS Inc.,
Chicago, IL, USA)0 2 EA3519tt A9 Azl WY gt}
A7HE0] AR R 9 olgkeha] 4 Axtof disiM= =
R 4 ANSLT, W B 7} 479 nE
A= A LEAREA] (One-way ANOVA)S AAISHITH 7-}
A& 7] 8-9]A Q1 ZFo]7} 912 ¥ Duncan's multiple range
st AHFEALS 5o Ao ArHp<005). 3E HARA

oA o9 B Ao A B4 Ajolo] TAE @k
B3] giste] BHA AU BAGOR TR HAL
AAISFAL, A E Y varimax YA S B3 AHE &
Zolsirh

1. &F7| HZE0 AL
U M=o EN

= Helo LHMEDN} M

ML
s

AF7] Ao AHH W9 IR ET F Aol R &

T 54 A= Table 29 Zh H o] ATHFE S

%‘% 93.21%, TH A 4.61%, 25 0.20%, S]& 1.55%, <=3}

E 0.61%, & 4]o]dF 3.26%7F TRElo] e Ao=Z e
2=9

ok M= AR $59] 93%7} $EOE ThE ABEE] 1|
3 LSsHA ol Wekal, 11 theo R ZehE o] ool
e JESET £2 208 UEith 53] AFoorEet

Table 2. Compositional analysis of butterbur

w9l B A7t 8] YIS BY U B 54 5

A9 AF LR HlolEH o] 2o M = ™ 91o] UNHIE
UYL S 93.50% DR 231% A 0.14% AL 131%
BBk 274%, B Aol 4G 270%E B AT A} oz
of Fol 7k YA A9 FALHA Solgl RO vkt
TH(Ministry of Food and Drug Safety 2020).

w77) Azo] ASH vig] AT AR S8 Wk,
pH, MES 2T ATHE Table 33} ek, o 9] B0 S
FL 1444%2 A7LTO] B F 11.03% Bt ol |
PG WSS BT 2 T ST AL
A5 THp<0.001). FEE W= L2 WAyl A7F27}
91.62% =410l Q] B 41 475t} = tH(p<0.001). FA =
£ YEHE agt2 B7FE7F 05602 WY Bk -471H
o EUAL(p<0.001), LS YEHH = bk B7HE7} 6.07
e 2 832EY 5%’5&%‘31](%0 001), B7H#2] Lt a
ZhS Ul9) BTt O w0l bk Wobd mig) w4
F719] A PS5 A0E Aelelct pHE U9 B
2ol 61302 WI% aestrt usked, vis) RUe At

SHE A7) 9] pHYF WolAle AL 3H15H thp<0.05).

2. Ml 2 &I 4F719] E2 &4

WK 4719 S g pH 57
& Tabl 4 e, Wi9) R ke A2 g
2 W9 B RAIZO] Lo6%E 1 WSk, )
5% H7Hto] 1.20, 10% F7HEo] 1.32, 15% F7kto] 147,
20% A7kl 1782 M) RS Brlgol SNUSE 4
F79] 58 Yool Bk A2 HERITHp=0.001). ©]
2T Y 2T AR B BT R S8 YUY

AT oo
i off &

(%)

Moisture Crude protein Crude lipid

Crude ash Carbohydrate Total dietary fiber

93.21+1.27 4.61+0.93 0.20+0.14

1.55+0.21 0.61+0.14 3.26+0.26

Each value represents Mean+S.D. (n=3).

Table 3. Physicochemical properties of butterbur powder and rice powder

Moisture

Color values

Powder type content (%) pH L (lightness) a (redness) b (yellowness)
Butterbur powder 14.44+1.91 6.13+0.02 41.4740.36 -4.71£0.18 8.32+0.75
Rice powder 11.0320.60 6.65+0.02 91.62+0.08 -0.56+0.01 6.07+0.15
t (p) 34.883 (<0.001)"™ -9.617 (0.01)"°  -232.62 (<0.001)™  —40.85 (<0.001)™ 1241 (<0.001)""
Each value represents meantS.D. (n=3).

Hoak

*p<0.05, ""p<0.001.
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ol
e

O g me] g ARl AA| 5 o] Table 42}
Zo] 14.44%S} 11.03% M 9] Bao] A7l Rt 25 gt
o] 37| wiZoll B7FE 4l M EEe] H7hgol 501 =i
5 AF7)9 & Fol FTlote Ao w AZtET F5
B A7} &5L7](Jeong & Han 2015).4 Ao A= T
20 0 TR AOVG7F 4 BAAE el B9
o] 7o) ol WIS 41 Tl 45
o2 MU T B BY W ATIUE Pk

F[E

FIF 4
PR i=)

ID(2015)9] ATFAL 23 BHS H71eH-E 58 3lefo]
Z7lete Ao® Uehdth B3] B A7) us3t 7154

o
AZ AYE A7GE v B F7 BE7|(Jung & Lee
2011), SHF o B H7F A7) (Lee & Jin 2015), 27 2
o 27} B (Lee IA 2019) ATOIHE BIHE Al A7b

37154 AE A9 kol F71ASE S8 Pl 5

B A3 A5 ol AAR) S Bl el
#7719 2 GHE Vel s 02 Baa,
EQ 719 S8 G GEE 10% TR Aol &

Z5}e}l 19| (Lee S 2006; Jung & Lee 2011), 9] Eat
A7y AF719] o7 FEE | £ ot & u‘%oﬂ
OFZke] Apol= UAITE AR 1.20~1.78% HE & o7 T
o] Wl Grobx] Aol STt Aoz AR

9] - A7 A9 pH w9) B £l
6372 7P =%, W9 BT 20% H7kto] 62302 7HF
22 A0 E Yeigoy WY & H7F B7] Ttoll= pH
Aol7} Qi A2 UEhithp<0.001). 3] H 9| U3} Z7]
o] &= oxalic acid, succinic acid, citric aicd, malic acid, lactic
acid, formic acid 5°] 0= AL 2 H I ES=H|(Cho 5
2006, 2 A9 A2 WrIe o9l Bero] phs 61302
W7PRS] pHEL 665 Hek WolA] vi9] R UGS &

—a=

Table 4. Moisture content and pH of rice cookies with
added butterbur powder

Concentration of Moisture
butterbur powder (%) content (%) pH
0 1.06+0.05° 6.37+0.02°
5 1.20:£0.02° 6.26+0.02°
10 1.32+0.03° 6.26+0.03
15 1.47+0.04° 6.25+0.01°
20 1.78+0.03¢ 6.23+0.01°
F (p) 185.11 (<0.000)™  24.39 (<0.000)™

Each value represents mean+S.D. (n=3). Values with different letters
(*°) within the same column differ significantly (p<0.05) through
one-way ANOVA followed by Duncan’s multiple range test.

sk

p<0.001.

o>
N
el

F719] pHE Wolze Ao R Helth W] £t vlgh
71573 A% 2AE 7t BRI oM T B7LE o4l 7t
St 7154 A1E 2419 HrleFo] BoldE pHrt Zadhe
A0 R Y, SUF o ETS Avist A7) v
(Lee & Jin 2015)0|t} v]g BT H7} AE7|(Jung & Lee
2011)9] oA £ A Ao} v]5gt S vEhfof
B7LE 4l J71eE AR pHoll ¥ = o= o
dEh ol s dXs 59 AAE RS Sl HY
9] 87)Ato] ZAEE Ao R BHIE oA (Lee 5 2015) BT
710l H7lok= Wl 229 pH £Eo] Basittd Hel &
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Table S. Spread factor, baking loss rate and leavening rate of rice cookies with added butterbur powder

Concentration of butterbur powder (%)

0 5 10 15 20 Fo
Spread factor 1.24+0.02° 1.4440.01° 1.47+0.01™ 1.51+0.02° 1.58+0.04°  100.74 (<0.000)™"
Baking loss rate (%) 18.13+1.20° 15.47+0.50° 14.5340.50°° 14.27+0.80 13.73+0.31° 16.82 (<0.000)
Leavening rate (%) 100.00£0.00° 85.42+2.88> 80.26+2.62% 78.79+4.55° 75.91+4.17° 25.64 (<0.000)”"

Each value represents Mean+S.D. (n=5). Values with different letters (““) within the same row differ significantly (p<0.05) through one-way

ANOVA followed by Duncan’s multiple range test.

seokok

'p<0.001.

7] (Jeong & Han 2015)%} Zo] v 9] Huto] H7}eFo] Z7}
s HYT EHE0] A SIS Ao r iSRS
U AA M 2 25719 HAde ST Ao HY
L2 A7HEE HPgS SURHAN &4 FAast=
Aoz Uehgth o]t A= welof o &

7 F719] i et et o &4

A AstEE A2 JASH] wZolth(Lim 5 2009; Jeong &
Han 2015). ok, o9 22 M7} 257]9] 9= 27 of
Al H71RE M9 B9 7 ool =ot w9 £ A7t
o] Z)eeE [P ZUlEA|ar =2 sleko] Alo]A

]

G0 Fe S7HIA I AIM Lol 2%t

il

(]
flo
oN

i)

AolA
25}

=

Wt o
0,
i

O 2H EAE AstE AAlshEA F
o= FhEth(Song & Lee 2014). E AL
A3}t fAbHA BHA BT H7E BF7](Kim & Chung
20170 A= FA RS Hybe] S7HaE S48 fda
5l Aoz Husyr)

Wgeo w9 Bul 7ol 100.00%E 7Y =9k,
Q] Bub 59 H7bEo] 85.42%, M9 B 10% F7Ho]
80.26%, ™ 9] Eat 15% H7}Eo] 78.79%, M9 EaF 20% I
7Ho] 75.91%% M9 BT HrFge] F7HdSE A
o] Aol Fadhs BFE BUTHp<0.001). o= A}
= AN Hlg] AR w2 v £EY w2 SF

dFor e 2| M7 vl ste] A1 HHg

3) Mz

W] £ M7 AF719] Mk £ ATk Table 63 2
ot M9 B J7F 25719 BEE el L WY
I BVl 82618 7Y Etou He £ vk
o] FI7FLE FLrt WobA W) B8 20% M7 3146
o2 7P W2 Ao 2 YERGTHp<0.001). £3] Table 3|4

L Hlo} Zro] W72l MEl 91628 M| Bko] Hrgl
41.470] B3} 28f o]/ obA] A7FE thAl W9l B AT
7lol F71EE WY H7Ek vFste] HErt Fashs
Ao = wetEnt ol Ayt M9 By} vgh 58S
7H SUE 4 2 J7F A7 (Lee & Jin 2015), 35 2
A7} B7)(Jeong & Han 2015), 1] B2 H7} AL7](Jung
& Lee 2011) 59 Aol = FARE 2TE H.

He] B A7)0 AMES el agh2 M9 &
T 70l -5.072 7P =% He B 5% 7
o] ~11432% 7 Wekth(p<0.001). 3] M9 & A7
1 10~20% F7HES aglo] -9.69~-6.560.2 W9 Bk &L
7ol BleiAl = RRAT # 9] B 5% F7kEo] BlsA]
£ =371 2ol w9 £ H7F] vlEsto] e
A5HA] G 2o UEhth HRlols AEA YolA 54
= U= SEEF M4 4Eo] S01310](Choi HS 2017) ™Y

[©)

Table 6. Color values and hardness of rice cookies with added butterbur powder

Concentration of butterbur powder (%)

0 5 10 15 20 Fo
L (Lightness) 82.61£1.00° 46.04+0.57 37.37+0.45° 33.27+0.46 31.46£0.99°  2,469.80(<0.000)""
Vca(l’lllzrs a (Redness) ~5072022°  — 11432026  —9.69+0.10° - 7.48+0.30° - 6.56+0.73 125.34(<0.000)"™
b (Yellowness) 41.7840.65° 30.10£0.62° 23.49+0.70° 19.53+0.82° 17.43+1.20° 424.96(<0.000)™"
Hardness (N) 287.704+40.39 538.60+£52.28"  1,263.26+474.19° 2,487.10+£1,038.80° 3,380.921,290.33¢  32.30(<0.000)""

Color values (n=3) and hardness (n=5) represents mean+S.D., respectively. Values with different letters (*°) within the same row differ
significantly (p<0.05) through one-way ANOVA followed by Duncan’s multiple range test.

ok

p<0.001.
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Table 7. Sensory liking score of rice cookies with added butterbur powder

Concentration of butterbur powder (%)

Sensory attributes 0 p s 20 F (p)
Appearance 5.60+1.85™ 6.50+1.73° 7.45+1.05 5.40+1.14% 4.60+1.60° 10.52(<0.000)"
Flavor 5.15+1.98" 6.65+1.81° 7.70:1.13° 5.53+1.73° 4.46+1.76" 10.99(<0.000)""
Taste 5.35+1.87° 6.65+1.574 7.30+1.13¢ 3.90+1.33 2.90+1.12° 32.93(<0.000)™"
Texture 4.1042.13° 5.80+1.80° 6.95+1.36° 4.50+1.50° 3.60+1.57° 13.04(<0.000)"
Overall preference 4.70+1.87° 6.40+1.50° 7.40+1.10° 420+1.28° 2.90+1.02° 33.23(<0.000)™

Each value represents mean+S.D. (n=20). Sensory liking score was evaluated using a 9-point hedonic scale (1=disliked extremely; 9=liked
extremely) to assess the following sensory attributes. Values with different letters (*%) within the same row differ significantly (p<0.05) through

one-way ANOVA followed by Duncan’s multiple range test.

sokok

p<0.001.
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02 He EEZ 15% ol 7L Al & A= HIs| A
719l gt 712 =7} 7 RdTh(p<0.001). W12 &2
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Table 8. Quantitative description analysis (QDA) of rice cookies with added butterbur powder

. Concentration of butterbur powder (%)
Sensory attributes F (p)
0 5 10 15 20

Greenness 1.00:£0.00° 4.90+£2.27° 8.00+1.56° 10.90+1.29¢ 13.55+1.82° 193.70(<0.000)""
Grass 1.00+0.00° 3.90+£2.29 5.65+2.60° 8.30:£3.20° 10.05+3.46° 37.29(<0.000)""
Sweetness 7.5043.12° 4.90+3.02% 4.65+2.74° 3.25+2.02° 2.10£1.25° 12.87(<0.000)"
Bitterness 1.05+0.22° 470+£2.47° 6.85+2.68° 9.65+3.23¢ 11.3543.63¢ 44.79(<0.000)""
Astringency 1.10:£0.45" 4.30+2.54° 5.90+3.40° 8.804.14° 10.50-+3.83¢ 27.46(<0.000)""
Hardness 2.90+2.32° 4.75+2.36° 7.97+2.00° 10.45+2.33¢ 10.85+3.57° 36.80(<0.000)"
Brittleness 12.35+3.18¢ 10.10+2.65° 7.45+3.05° 6.20+2.78% 5.0543.71° 18.40(<0.000)""

Each value represents Mean+S.D. (n=20). QDA was conducted using a 15-point intensity scale (1=very weak; 15=very strong) to assess the
following sensory attributes. Values with different letters (*°) within the same row differ significantly (»p<0.05) through one-way ANOVA

followed by Duncan’s multiple range test.

seokok

'p<0.001.
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Fig. 1. Sensory characteristics of rice cookies with added
butterbur powder by principal component analysis (PCA).
(A) Sensory characteristics by PCA plot (B) rice cookies
added with butterbur powder. W: butterbur powder 0%, O
butterbur powder 5%, @: butterbur powder 10%, A:
butterbur powder 15%, @: butterbur powder 20%.
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Table 9. Antioxidative activities of rice cookies with added butterbur powder

Concentration of Total phenolic Total flavonoid DPPH radical SOD-like Reducing power
butterbur powder (%) content (mg GAE/g) content (mg QE/g)  scavenging activity (%) activity (%) (0.D)
0 39.34+2.58" 29.5240.45° 29.4243.10° 44.04+4.02° 0.47+0.01°
5 70.68+3.35 48.08+2.54° 80.50+0.28° 87.29+1.16° 0.9440.03°
10 130.7845.23° 61.05+0.69° 86.21£0.36° 91.7520.30° 1.3240.02°
15 150.5740.65" 74.68+2.26" 88.49+0.25° 94.54+0.19% 1.66:0.02°
20 167.48+3.69° 104.00+1.80° 93.13+0.40° 96.00+0.09° 1.88+0.03°
F (p) 753.490(<0.001)"™ 764.574(<0.001)™ 1,020.918(<0.001)™"  406.093(<0.001)"™" 1,486.867(<0.001)""

Each value represents MeantS.D. (n=3). Values with different letters (*°) within the same column differ significantly (p<0.05) through one-way

ANOVA followed by Duncan’s multiple range test.

p<0.001.
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