fm Check for updates

J East Asian Soc Diet Life

34(4): 249 ~261 (2024)
http://dx.doi.org/10.17495/easdl.2024.8.34.4.249

249

— = - it P — =
Zu 2% FHJ| olSHle] E& EMa sHitsl M
2 # of
et AEG e ns

Quality Characteristics and Antioxidative Activity of Madeleine Added with
Citrus Peel Powder
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Professor, Dept. of Food and Nutrition, Gangseo University, Seoul 07661, Republic of Korea

ABSTRACT

In this study, the quality characteristics of madeleine prepared with the addition of citrus peel powder were investigated.
Citrus peel (Cp) is a by-product of tangerines, a specialty of Jeju Island in South Korea. The basic formulation of madeleine
was prepared by adding 0, S, 10, 20, and 40% of the Cp powder to the flour. The weight and dough yield were the highest,
and the loss rate was the lowest in the 40% Cp powder formulation. The height and volume tended to decrease as the amount
of Cp powder increased. The brightness (L) of the muffins decreased with increasing concentration of the Cp powder, while
the yellow (b) and red (a) colors were the lowest in the control group and increased as the amount of Cp powder increased.
The total polyphenol and total flavonoid contents of madeleines increased significantly with the addition of increasing amounts
of Cp powder. When the antioxidant activities were measured with the 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-azino-
bis-3-ethylbenzothiszoline-6-dulfonic acid (ABTS) radical scavenging activity assays, the antioxidant activities of the madeleines
increased with the addition of Cp powder in a dose-dependent manner. Sensory evaluation was the lowest in the control with
respect to the texture of the madeleines prepared using Cp powder. Appearance, flavor, texture, taste, and overall acceptance
were the highest with the addition of S, 10, and 20% Cp powder. In conclusion, the results show that the addition of 20%
Cp powder while making madeleine would result in a product of higher quality.

Key words: citrus peel, quality characteristics, madeleine, antioxidant activities, sensory evaluation
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B Ao AFgE #3(Citrus peel)= 20221 12l A
20239 39 AFE AAEA B2 Fstd AFEAZRT]
(MEF-K306S, Magic Chef Co., Gyeonggi-do, Korea)% 713
& T = ulA|(SHMF-3450S, Hanil Electric Co., Seoul, Korea)
2 st ARt 1 vre] Al=Ql HhE i (Dachan
Flour Mills Co., Seoul, Korea), 4 &(Beksul Co., Seoul,
Korea), ®El(Galimfood Co., Incheon, Korea), ©Z(Haemil
Farming Association Co., Gyeonggi-do, Korea), #l|©]7] 3}-9-1
(Breadgarden Co., Seoul, Korea), 22=(CJ CheilJedang Co.,
Seoul, Korea)< AlFollA F4ste] A8l
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TEAAReZ et FAl= AAA (1B-410, Innotem
Co., Gyeonggi, Korea)S ©]-&3le] =3319 a1, Eol& k&
dle] 71 =2 F-91E vemier caliper(150 x 0.05 mm, Eagle
Co., Beijing, China)2 Z@agom, Hile Zaxg
(Kim WM 2018)2 ®HE3sle] =433t
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4. ots#lel pH &3

vhEdle] pHE @ vkl 5 g¥ 7 50 mLE 4
£ T FA|(8 um filter paper; 1002 150, Whatman Co.,
Incheon, Korea)Z ]33} pH meter(pH7110, InoLab Co.,
Mexico City, Mexico)Z 33%] HHE =3 3Ith

Weight of madeleine dough —

Baking loss _ Weight of madeleine x 100
rate (%) - -
Weight of madeleine dough
Dough yield Weight of madeleine 100
= X

(%) Weight of madeleine dough

nEde] FEITFE AOAC(AOAC 2000)H-S o] &3}
105C 7Z7](KC0-150, Kuk Je Eng Co., Goyang, Korea)l|
A o] B A xste] S5t e A3 3719
A8E 33| whRste] S5kt
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M= nlsdle] 9H-S MXFA(CR-400, Konica Minolta,
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Table 1. Formula for the madeleines made with citrus peel powder

Citrus peel powder content (%)

Ingredients (g)

0" 5 10 20 40

Wheat flour 200 190 180 160 120
Citrus peel powder 0 10 20 40 80

Sugar 200 200 200 200 200

Butter 200 200 200 200 200

Egg 200 200 200 200 200
Baking powder 4 4 4 4 4
Salt 1 1 1 1 1

D 0%: flour without citrus peel powder, 5%: flour with 5% citrus peel powder, 10%: flour with 10% citrus peel powder, 20%: flour
with 20% citrus peel powder, 40%: flour with 40% citrus peel powder.

Osaka, Japan)Z =<l Lak(lightness), 28 =21 bak(yellow-
ness) AAER agk(redness)= 33] WHE SA 3 TE 2T
o] EFgkol Lk 87.5, agk 031, bak 03291 ¥lA9] cali-
bration plate® X7 3slo] Al-&-3}tTh

o] oy} o Ee Aeled dEvjdste] 7h
w2 Galaxy Z Flip 4, Samsung Co., Seoul, Korea)= 2<%}
T A

7. & E2lds ¥ & E2Eo|= EE 24
Z 242 Folin Denis®H(Folin O & Denis
SIATE A5 95% olEhE 20 mLol| v
A 10 g& 3L 10,000 rppmol| A 283t homogenizer(VM96-A,
Lab Companion, Daejeon, Korea)Z w8 3}3 & 3,000 rpm
1583F YA 2aleta o x](8 um filter paper; 1002 150,
Whatman Co., Kent, England)Z2 o]3}sle] AFE-3ISI Tl 96
Well platel] A& 10 L, S5 90 puL, 2 N Folin-Ciocalteu’s
phenol reagent(Sigma-Aldrich Co., Missouri, USA) 10 uL&
3kl & 2o 58 HF2A]F) AL, 7% sodium carbonate
solution 100 pL, SF5 40 pLS 2aL oA 90% Bk-3-A]
Z1 &, 750 nmellA] MMR(Multifunction microplate reader;
MMR SPARK®, Tecan Co., Mannedorf, Switzeriand)Z &%
=% 3}93\‘3} R e gallic acid(Sigma-Aldrich Co.)
AMeetR A, F ZEldlE S-S mg GAE/g=2 YERITH
Z ZgH o ]‘: gk 12492 Moreno(Moreno MIN &
2000)o.2 =35Itk A8 FAZEES &= ¥ s
g} FLA Azt A8 96 Well platell AlS 20
\ % <= 80 uL, 5% sodium nitrite solution 6 pL& E§3F
204 5% H-2AI7] a1, 10% AICl; - 6H,0O(aluminium
chloride solution) 6 L= 7}eta A Lo|A 62 Bk3-A17]

W 1912)° %—
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< 1 M sodium hydroxide 40 pL, SF 48 pL=
510 nmo|4] MMR(MMR SPARK®, Tecan Co.)=
=739 th. EEE2A L quercetin(Sigma-Aldrich Co)& AF

93l & SR wolE dEke mg QE/gR YERAATH
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8. DPPH % ABTS 2tC|Zt &5 &1

DPPH % ABTS =48 sample2 10 g9 AB8Z 95%
ethanol 20 mLell &35k 10,000 rpmel|A] 2323k A o}t
% 3,000 rppmol| A 1558 YA EE st AENS oJtate] A}
3131tk DPPH(1,1-diphenyl-2-picrylhydrazyl, Sigma-Aldrich
Co., Missouri, USA) &tz 47 /32 Blois MS(1958)<]
HPH S W sle] Sample 100 pLot 0.2 mM DPPH &< 100
pLE 96 well plateol] &33t & Wo| gle F-2olA 304
FoF ¥HSAIZl & multifunction microplate reader(MMR
SPARK®, Tecan Co., Switzeriand)Z A3l 517 nm 37

A FHEE Sl th tET-2 HEFI C(ascorbic acid;
Sigma-Aldrich Co., Missouri, USA)E AMH-319 11, th5-2] 4]
o2 AAFste] DPPH 2tz 2755 AFEsIith

DPPH radical scavenging activity (%) =

_ ({OD of sample
1 OD of control x 100

kel &9l ABTS(2-azino-bis-3-ethylbenzothiszoline-6-
dulfonic acid, Sigma-Aldrich Co., USA) 2}tZ 2A%sS
Arnao MB 5(2001)¢] HPH-S Wdsle] 2435130tk 7.4 mM
ABTS9} 2.6 mM potassium persulfate £-2 5 v &2 &
grato] "lo] QlE AFeolx] 2443 BESAIA ABTS stock
solutione | %3} t). Phosphate buffer saline(PBS, pH 7.4)
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o= 32438 ABTS stock solutions 734 nmol|A] F3=7}
0.70+£0.027} =5 27 3l] ABTS working solution® 2 A}
43199t} ABTS working solution 800 uL<} sample 200 pL
£ &3tsle] o] gle Aol 1083 vEeAIZ & I
734 nmol|A FFE=E =33 c) dl2T2 HEF C(ascor-
bic acid; Sigma-Aldrich Co., USA)E AF&-3193 11, t}5-2] 2
o= AlLkstel ABTS giZt 27sg AFEsisith

ABTS radical scavenging activity (%) =

[ OD of sample
1 OD of control x 100

9. 7|2 A}

nlsdle] 713 % AAE AL A AEdorsly) 48R4
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A DA 35H St 57 HEHE ol gate] vl (1
), @EA), 0GR, THEH), e FHEHR 3
1A, 71 5% AALE nfEALe J1R x AR x Eo0]E 2
x 2% 2 em’ EL71:?-_ e} ok HAoll Hol AlFstdth =
B
=% o]’/v\.l—, A= ﬁ*}h— Alg Z_]—Q] S 2'501:—% HAArslale=
3 A 5ol HAA) B9 wnlc} g QLS e f1s
£ 3} th(Yoon JA 5 2024).

10. EA Xz
A& A ze] A A 2]= SPSS 22.0 package program(IBM
SPSS Statistics, Chicago, IL, USA)S Alg-3le] Hi+EFH
A2 UEhiRlaL, Alg 7Ee] Apol= ANOVA(ZAHEA;
One-way Analysis of Variance)E AF&-3l% o, A& 71e]
frojde dzle] oA d

1 (Duncan’s multiple range
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1. ofsale] 27|, =o|, 21| 2 pH

] BuS Arlsle] Az nfSae] 27, Zo], 2,
pH 5% Z¥}= Table 20 YeRH u}sﬂr 2} npSale] B
29 LS 0%, 5%, 10%, 20% 2L 40% H7lrollA 7hzt
2133£0.74, 21442091, 22.40£0.90, 22.27+0.98, 22.95+0.81
go 2 &y B Hylo] Zrlete] wpe} foldoz Z}
B THp<0.05). ol £ BTS Myl & visale] A3
AT} B)E=sH BT Hrleko] ZUMESGE nlERlY A

7} F7vske 43S YERII(Kim WI 5 2014), BHjj 2 2
B et BEs AU nkedelA = l‘?—‘é‘@ﬂaﬂ <7t
g Fifo] Faste 43S YERITHChoi YI 5 2022).

nsd FA Y H3lE A 8o EAY 9 W=, Yoon
JA2022)9] Aol ofshd Hfa
SEo] $ste] FAl9 e Beltu 6}2}3/‘, 1 B
o ARt FRE BRde] @9 3

2 o =712 Hol Aoz Algd
nEale] Eol: =3 B 0%, 5%, 10%, 20% 2 40%
A7REANA 22t 2.36+0.10, 2.4140.16, 2.26+1.14, 2.21+0.15,

1.91£0.18 cm& 3] EZ H7}eko] =
o)H oz Fhashs AgFS HATHp<0.05). vhEde] F3&
] 2o Hrigo] /SRR fhadle A B
Y frolol 2ol It WoE ehil A9l glutenS WS
T& w) B2 g} o] e A HeE o So%

<! EO]H](Bae JH & Jung IC 2013), =23 24 A

Z7}ete2 ol

N

0
o,
o|N
N

T A HH, gluten BAdol B a3k 5 FFo] W
Aete] wiEdle] Fxe ostE 3 s FrkLim EJ

2023). B3 ¥ Hrlo] el vhEde] H3) wig)

test) = AH88to] FolE p<0.05904] ST 7} 99 ol f= SFEl FAo] ofste]o] dor wA A
e j#d Zog AtnEch
Table 2. Baking properities of madeleines with citrus peel powder
Citrus peel powder content (%)
Property
0 5 10 20 40
Weight (g) 21.3340.74"%2 21.44+0.91° 22.40+0.90 22.27+0.98% 22.95+0.81°
Height (cm) 2.36+0.10® 2.41+0.16° 2.26+0.14® 2.21+0.15 1.91+0.18°
Volume (mL) 40.8343.76" 40.71+3 45° 40.43+4.61° 40.00+£5.77° 39.29+4.50°
pH 7.30:£0.04* 7.20+0.05° 7.16+0.01° 6.97+0.044 6.82+0.05°

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.
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nlEde] pHE 239 22 0%, 5%, 10%, 20% 2 40% 3
7kl A ZH2E 7.30+0.04, 7.20£0.05, 7.16£0.01, 6.97+0.04,
6.82+0.05% #y B Hrieko] ZrldE foldow 7+
2BFATHp<0.05). olH gt A3 AAAS HUke nEd
(Lee HI 5 2022), 3 A4 3715 A7} vi=#(Jeon JE &
Lee IS 2022), 214+ & 7} »tEdl(Kim KP 5 2016), =
o}= A7} u]-—Eﬂ(Lnn YT 5 2012), Eﬂ%%‘ﬂ = A7t U}g
#l(Bae DB 2016), T=7]9] fAt HEES H7)e sl
(Ryu Y 5 2018)°lA = Hl%'é} Al A= Hrteke] S71d

% pHe fHasisit v ZAgad-g A7kt vEd(Jun

KS 2019)4 A osiA —Er“a‘—% A7t nHEE(Kim BM &
2016) M= A& FH7bEo]l S718rE pHE F7sksith
23] Bde] AFo|= MI(Oh SW & Chung KH 2014),
F7)(Choi JH 2021), 2]%HLee EJ 5 2012)cl|4 23] £
7to] Eold4E pHe #4ste A es Hof nisdle] ¢
T Hl5=ek Age Bk oleld A= HME AR
oz g9 pHrl WrFEe] pHE

2 etz

%ﬁ% T UL elERe] wY] e WS e E
HEF2 Table 30l 3EA]SH vhe} A B7] E4& 3
T 0%, 5%, 10%, 20% = 40% 7Vl 242} 14.69+2.94,
14.2243.64, 10.41+3.60, 10.9443.93, 8.21+3.26%= L}el}
40% 7oA el o g2 Blth(p<0.05). nEe] W=
< gl ol BAHA FEo] e = 23 £ 0%,
5%, 10%, 20% = 40% A7}l A Z42F 85.3142.94, 85.78+
3.64, 89.59+3.60, 89.06+3.93, 91.79+3.26% = UEL} 23] &
13___]— @7}%1:0] 5_7]_5101] u}ﬂ. %9/]7(4 o 5—7]—5}°jﬂ—(p<0 05)
nEdle] w7 EAER RS 72 vEE FAR ALk
A dojAl= #re® =3 B Aol 77}%‘-?% -‘%74]7}
7kt w7 EHES HAaska v e

o
3, WATEG AR AlRe] FE FEol awa 3

e Ao

rlo
Y
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EHES Ao, F&2 F7FTHKim SJ & Kim H
2019). ol¢} FARSE A¥= =] E3S 713 v Az 7]
oA thxwd vlwsl] 23 H7pE @ 157 EAES B
THOh SW & Chung KH 2014; Choi JH 2021). o]} Hitjo]
7Agko 7= dAEF(Bae DB 2016), 77 (Lee HI 5 2022),
o142k 9J(Kim KP 5 2016), E4%0}&(Lim YT 5 2012) A7}
SRl A AR Dﬂ%bl 7T E w71 i@%—ﬁ— o}
Ae Ao E Yepsith

nhsdle] FREFS T 2To] 11.2041.30%= 7HE Wk
3L, 5% H7RE 12.40£1.34%, 10% 374 13.00+£0.71%, 20%
A7 13.20+1.10%, 40% H7HE 14.20£0.45% 8 Z7}sl=
e BHATHp<0.05). ol gt fAlSE A3 AR T &
Z7HJeon JE & Lee IS 2022), A7 3 7HLee HI 5 2022),
3A bEla B H7KKim BM 5 2016), A% H7)
(Jun KS 2019) % #1397} H7KKang JH & Chung CH
2020) vFEElA Al H7be] ST E FREES S
7Valith @S A5l F 2 wdo] zlo] A
7k Al 87t 22 drht & FgskeAld wet ek =
(Jeong EJ 5 2013), 23|83 U7} 3y} v)wa) Atha o
2 A|RS] H7bgeo]l YN golrwA 2F"le] 27} ol
A FE R3Hdo] Wolx| 7] % tiPark SH & Lim SI 2007).

o

0.

=, TS Aol ot 23 Bde £ o] ¢
Fot] S FFol] Wil =29 £ Hrleko] ke
F= FEo] Frtel A, Fy) 2] Ha M) vl
40%= TR FXE A7l Ao R Hol 20%7HA] 9
237 9 H7P)Eo] 443 3o s AlsHrnt

3

29 HE AR vhEsle] WE o A== Table 49}
2t sl Ml Lik(lightness)S tEwroll A 78.88+
0312 7 =%k, 5% H7M 78.46:0.86%, 10% M7
77.1120.81%, 20% A7k 76.21£1.57%, 40% H7katollA
73.48+0.78%= 71 Hol 23] H7tRo] SIS st

Table 3. Specific gravity, baking loss rate, dough yield and moisture content of madeleines prepared with different level

with citrus peel powder

Citrus peel powder content (%)

Property
0 5 10 20 40
Loss rate (%) 14.694+2.9402) 14.22+3.64% 10.4143.60% 10.94+3.93% 8.2143.26°
Dough yield (%) 85.3142.94° 85.78+3.64™ 89.59+3.60% 89.06+3.93%* 91.79+3.26"

Moisture (%) 11.20+1.30° 12.40£1.34™

13.00£0.71% 13.20+1.10® 14.20+0.45°

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.
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Table 4. Color values of madeleines prepared with different level with citrus peel powder

Citrus peel powder content (%)

Property
0 5 10 20 40
L (lightness) 78.88+0.31%) 78.46+0.86% 77.11£0.81% 76.21+1.57° 73.48+0.78¢
Inside a (redness) 0.04+0.17° —0.07+0.14° 0.39+0.18™ 0.84+0.58" 2.49+0.39°
b (yellowness) 39.68+0.19% 39.76+0.73% 38.36+0.47° 39.13+1.19° 41.36+2.04*

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.

Atk 29 2 AR Ak AT E AR A o
A, FAAE LS =39 J7hko] 7185 dasto
Sl 2 fAE 23S B tH(Lee EJ 5 2012; Oh SW &
Chung KH 2014; Choi JH 2021). T8}, E<o}, AL Z, A4
T7HE, A B AU nEle = AlR H7kRe] ST
s WEQl Lk st oFgA= Ads Bt
(Lim YT % 2012; Bae DB 2016; Kim BM % 2016; Jeon JE
& Lee IS 2022). W1 ==719] fakt BEES 37k v}
S A5 HI7PL Lkl 3 vXA] FUTHRyu JY
= 2018).

ANzl agk(redness)S tHZET 0.04+£0.173 5% H7k
—0.07+0.142 717 ka1, 40% 3 7ko] 2.49+0.39% 713
ol L@ v 2 23] B8 Hriso] St E Sokel
= A% Bk olfd A= 28 EZ(Jun KS 2019),
E5olF(Lim YT 5 2012), BIEF(Bae DB 2016), A%
(Jeon JE & Lee IS 2022), A2F #="F(Jang JO 2007) L
A4 BKim BM %5 2016)2 3713k niEale] e}
7 392 718 WA (Oh SW & Chung KH 2014) ol 4]
T AR vEbstth v o] A3E vERd erw
HLee MA £ 2013), B=719 f2HF HEERyu JY 5
2018)S A 713t el A7 HrlEo] Tt E AL
Q1 agko]l ZAsiiith

A =01 bak(yellowness) 23] 2 0%, 5%, 10%, 20%
2 40% F7kEolA 22 39.68+0.19, 39.76+0.73, 38.36%
0.47, 39.13+1.19, 41.36£2.04% 10%, 20% A7} 40% 3
TR AR folAel FHE B thp<0.05). E Ty &
2 371 MR 23 HrlEge] St T
ol bgko]l Z7F12m(Oh SW & Chung KH 2014), A%t
(Kim BM % 2016)¥} 7}8KJun KS 2019) 2% 37} vps
A= fAFe AxE Btk v A% F(Jeon JE & Lee
IS 2022), e FHBae DB 2016), 2T(Lee MA % 2013), &
Fol&(Lim YT & 2012), 2% A="J(Jang JO 2007) &7}
SRl M = Al H7bo] S/ E ARl bake] 1
aste] B Agte) whle] e Bt

AE= A5 50 e Bo] nEdllE g5 I olA
caramelization©l] 2|3} A& Lo 7|7 KLim YT 5 2012),
A7Veke AE7E 7 Y afe] Ao os) wiEdle]
Ao P &S mZItHKim DY &
pe] Arlo] 284S Wk o FHdy, Heds

o

o] aige] AT gl hel Ano] g B
AERLS
B3] $UL GG vhEA olwe W % 9ug 4
=

gk ARl e = o] YeERfRIth(Fig. 1). #¥]2] H7he] 571
G55 vt Ae o TR niEdle] ¥ Eolvt 3t
Zdhs s #EE = A=), Lim EJ2023)0] A7l wf
2 A7HF HUbEF A E gluten P gk o] F
Fo g npERle] T2 gstEa oz FAe Hof F
Tlo] e Aot glloyt AFA 0w Folo] HaE Y
o7 Aoz AtgHrt

gt F Fejvled & SetE ol §E Table 59 2th
% Z99s IS U7 0.7340.03, 5% H7FE 0.93+0.08,
10% Z 7} 1.25+0.04, 20% 7} 1.53+0.03, 40% 37}
3.33£0.16 mg GAE/g= 23] Hrleo] 715 foldo
2 Z7RIITHp<0.05). & el SRHES T2 2E
Z28PHA] aromatic phenolic hydroxyl”]E 7FA| 2L 3lof &
Uz-s AAsHs ksl A7 A7) Aok AT A9E
Bt thKim KP 5 2016). 8 A4S H713E 23124
o]=¢] % ZaldE S 12% H koA 100.31+0.71 mg
GAE/100 g 2 & 74 Hrleo] a7idss & e
= T Fojd oz Frlste] & A3 fAkeE e U
ERATHp<0.05, Kim HJ % 2021). &% 33 S99
takS BA13 Park GH $(2011)98] Aol wlaw 3189
% ZYds S HF 8306 mg/geli, e A%
33.192 mg/gl 2 HERE ASET ] ZedEs &

o rr
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Fig. 1. Madeleines with various levels of supplemental citrus peel powder.

0%: Control (flour without citrus peel powder).
5%: Flour with 5% citrus peel powder.

10%: Flour with 10% citrus peel powder.
20%: Flour with 20% citrus peel powder.
40%. Flour with 40% citrus peel powder.

Table S. Total polyphenol and total flavonoid contents of madeleines prepared with citrus peel powder

Citrus peel powder content (%)

Property
0 5 10 20 40
Total polyphenol 0.730.03)2 0.93+0.08" 1.25+0.04° 1.5340.03° 33340.16"
(mg GAE/g)
Total flavonoid 2.9740.31° 3.810.64° 43940.28° 5.88+0.30° 6.67+0.28"

(mg QE/g)

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.

o] Eol AAFAs Dol ot 7leA AR E

sitha gt} A S A7) vlEd A (Lee HI & 2022)
oA el F ZEulEs S 301.67 mgmLE 7 U
< we vEhla, B3 kel R & ZelHs
I F7Fsk 20% kel A 49770 mgmLE 7 =
< g5 JUERATh g 22719 ikt HEES ke
sl A7 Ryu JY 5 2018)914 = 3% H7btolAl & £
& ko] 0.3120.04 mg GAE/g® thZT R} 2 = =
gtom 7R H7} wisdle] A7 (Jun KS 2019)94 &
2o & Ze)ds & 172.34+7.95 mg/100 gol| ¥ w3}k
o] 20% HA7hrelA 191.70+7.95 mg/100 g2 =A] Z4 =9
1, £ B3-S H3 vpEele] A(Kim WI 5 2014)°]
ME &£ HArte] Vs & ds e ~7}oﬂ 5%
H7bro A FElgh S48 Bol Alge] HUlbee] S71Es

% s7kete A FAd 4 AATh

% ZefE o= RS 2, 5%, 10%, 20% 2 40%¢]
A 272y 297031, 3.81+0.64, 4.39+0.28, 5.88+0.30 2
6.67+0.28 mg QF/go 2 &3] 3| 7}eo] —7]-2} 2 go]xel
7 EAtHp<0.05). & AdS Uk =AA Aol
A7HKim HJ 5 2021)14] & Zetio|= ke 129 A
7kl A 92.02+0.66 mg RE/100 gC & & & 3 7}eko]
/TS F FetErolE IR et B Aot &
A 78S R THp<0.05). 10% 3|71 H7t npsdlo)
F ZefRwols SRS 138 my/gC 2 t1E7(0.77 mg/g)©l
Hlg] Etem, A9t F Fefiieo|= e 17.98
mg/gl- & =7 YETHKang JH & Chung CH 2020). =2
HEe SetE o] =A9 v FekE o EA R WY, 2t
Hi-ole ke & FejulEe] et ¥-o] AthGu YR
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T 2017). EtExol=E SH4ts) gudst, g, et 3
g 59 A2ld 42 7KL Jth(Benavente-Garcia O &
Castillo J 2008).

AyAo g I Fds AU viEdle & Eeued
ZF ZetH o= go] ol 3ksl 5o 7eA AR

o ARE A B

5. DPPH 4 ABTS 2iC|Zt &7 &4

23 E8E HUke kel kst A4S $1% DPPH
gz 7o 242 Fig. 20 A|A1g B¢} 2ok DPPH 2t
Oz 2AGEE gzl 15.16:0.35%2 78 W9kl 5%
A7 32.1747.24%, 40% H7bE 45.29+7.42%2 -] 5HA|
7V 2 (p<0.05), 10%9}F 20% H7Hr-E 5% 40% 3
7heEt A<l At S HolA| eiskal, #3 BdS ke

vl=#le] DPPH o]z &4 42 positive control¢! HIE}
9l C(82.75+0.31%) Bt W& ghS Bt & 42E H7t
g AR A 0| 29| DPPH 2tz &7 4L 12% H7he
ol Al 86.70+2.13% = & AA Hrlgo| SV E S8
o & A7t AR A3ds JERAThp<0.05, Kim HI &
2021). Kang JH & Chung CH(2020)2] 9ol ME 371+
= 10% Z7}et npEalle] DPPH radical £27%5°] 83.45%%
= S EJ e, 97k bl S7HES DPPH
radical 2275 0] S7I8te] & Ao} vlS=et AgS Bk

100
80

60

DPPH radical scavenging activity (%)

HORA oF RAHEAETS

g EFE DPPH Uz &A 4L ZH5o] 41.9%~
58.2%%} 3|7} 70.5%~76.8%2] WS Ho] 7de &
Bt} Fyle] o] &2 Aoz yelgrKParkk GH %
2011). vFs#le] DPPH gtz &7 24 AyPATES 24
B 7k B 20% 7k 28.86+1.59% 24 718 B
7} B]&o] Z7}gte) wl ol I(Jun KS 2019), A Euk
7% 7k 40.11%2 7P =& e Bl B Hobek
o] 71 mel G2 Eol o (Kim WI 5 2014), A
732 20% H7krol 34.89% 2 =2 s UER L A7k
A7Vge] $7184-5 DPPH &2 &4 4L S71s8ke
(Lee HI 5 2022). ©] £lol= <14t <, AElF, £ 7} v}
Sl N HrtEo] F71e45 DPPH &tt]Z &A &4
Z7eb= A eS BItHKim WJ 5 2014; Bae DB 5 2016;
Kim KP 5 2016). 91A1& AW AR 2ol =3} 52 <

]v_ ;(}_,T ﬂ.}:] %}o] zﬂ}&g,_ﬂ] 6]—/\]-311- g;d_o_ o] oﬂzﬂ—
AHr B Z-E A A S THRyu JY 5 2018). AT 2t Zedl=
DPPHS} ABTS ght]Zo] Xtem o3t girj 252 Hg
W C, butylated hydroxy anisole(BHA) 52| 3ts} 23}
Whg-to] WAL =), olelgh Aze] Wsta kst &
Z2%HChung HJ 5 2015).

29 2 ?47%& nsale] ABTS ozt &7 242
Fig. 39 A|AIgt vle} 2o} ABTS Bz 24 4L U=
T(21.18%)3 5% H7HH20.87%)NE FelA 2ozt Y

F

40
20
0 '

0% 5%

10%

20% 40%

Fig. 2. DPPH radical scavenging activities in extract with madeleine added with citrus peel powder.

Each value in meant+S.D. ASE: ascorbic acid.

Value with different letters were significantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 3. ABTS radical scavenging activities in extract with madeleine added with citrus peel powder.

Each value in meant+S.D. ASE: ascorbic acid.

Value with different letters were significantly different at p<0.05 by Duncan’s multiple range test.

EhA] @kgkom, 10% H7kE 32.87%, 20% A7t 35.59%,
40% H7FE 7435%% =1 Hrbeko] 2718 27119
11, positive control?] HIEF C(87.37%)%F FAMHI 715t
AL ZF F AAHp<0.05). FF HAE S A3 24
AAo]Ze] ABTS #HtlZ &7 &4 12% H7hrdllA
58.86+1.57% = F& AA o] IUMEFRE SUkete] B
AT frejd oz fAkeE A e JERATHp<0.05, Kim HJ
5 2021). 7 FF9 ABTS oz &7 @48 380
5.26%~9.58%%}F ¥}3] 7} 48.23~78.03 mg trolox eq/g] W9
£ Bo] 72 #5ET 397} 24 YelsdthPark GH &
2011). vlEAle] Mo A7 20% &7 28.29% =
2 #E YEalee HI T 2022), A 7% I
78.23%(Kim WJ 5 2014), Z=7]9] St HEE 3% A7}
T 61.85%(Ryu JY 5 2018)& A 29| H7lgko] Z7}3tol| w
2} ABTS 22 &7 4% 718t} Chain breaking
antioxidants$} hydrogen donating antioxidants& 25 5% &
T A& ABTS gt Z(H 542 kst 243 v sh=
Aoz WAL o3 WA FHxr =T & 9l

(Chung HJ 5 2015). E3]o|= flavonoid 6091& 2 caro-
tenoidsAl A4 1155 sl da dLel#]|, 3, It

olgl2, 3¢t o BHL Jlom, ¥ S 2t naringin,

1ol gaks} 2hgo o
g god aASe] 43 Aoz FdE i (Moon SW &
2004; Lee JH & Kim GH 2010).
=9d FREe] e FEEE ZEE s Ao
DPPH®} ABTS #tt]Z 275 43S & A =1
), 295 &3 7154 AF Nl 2AE ARSE 71X
7} e Ao g g

6. 7|5 AAl
B9 24 AR vhEde Vs
o8 g AN 7 EE FBE

AN

= Table 67} Zt} 23 EEZ
(appearance)2 UIZ=T 4.36+0.80, 5% 71 4.31+0.82, 10%
A7 4.0840.872 A w1t Fox7F 1AL, 40% H 7t
T 3.61£1.02% 7Hadlo] 9 Fel] thet AT s Yolx|= 4
32 HAtHp<0.05). flavor)= <&} B3 A B
o] HET 4.22+1.07, 5% H7HE 3.8940.78, 10% 7t
3.78+1.05, 20% 7 3.92+1.08, 40% H7H 3.42+1.08 %
23 % FHrhEe] F7istel mep grolxthp<0.05). Bt
(taste)S THR 3.94+1.19, 40% 7kt 3.47+1.160.2

H7hgo] F7104% ol ont frelAel Aol glglow,
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Table 6. Sensory evaluation of preference test of madeleines prepared with citrus peel powder

Citrus peel powder content (%)

0 5 10 20 40
Appearance 4.36+0.80"2 4.3140.82° 4.08+0.87* 4.00+£0.89® 3.61+1.02°
Flavor 42241.07° 3.89+0.78 3.78+1.05® 3.92+1.08"™ 3.42+1.08°

Taste 3.94+1.19° 3.9240.81° 3.97+0.94° 3.94+0.98" 3.47+1.16°
Texture 347117° 3.86+0.99* 3.78+1.05% 4.00£0.96° 3.92+0.84°
Overall acceptance 4.03+1.18° 3.830.86° 3.94+1.06° 3.71£0.96® 3.26+£1.04°

Y Each value in meantS.D.

? Value with different letters were significantly different at p<0.05 by Ducan’s multiple range test.

el =2 (texture) = T 3471172 7 Wgka, &9
T Hybo] S7tESE gl aA ol digt A
Holz] etH(p<0.05). Lim EJ(2023)2] A3 A
Ae e FARe] 54 2 HE, %
ety Buged], 29 28] SMEs
71l mlEEle] £ vt wolA M=
HslEs Holx| ¢k Zo=z AlgHh
AukR ol 7] & E(overall preference)t WZET, 5%, 10%
A7l A Fe4Q1 ztelg HolA] gkskont Alge] M7t
gfo] F7HEE Yol 40% kol 3.26+1.042 4
£ Hthp<0.05). nlEdle] Az Al 23 BES Hriske
e WA 71ZErolA HrhskA] e miEdlET A
s &35 Hol 23] vpsdle) AzE ulgasit
Hw, g3 B 2% g visele] o uh g g
2] D FHA 0l 1S =AM 5%, 10% 2 20% 7kl B

=2
S~

o o —
o o T, o

S do Ty W e

=
o
)

¥l

=
—

Oh SW & Chung KH(2014)9] 7+ ¥}y E4-S H7leh
A= o, g 2A, g, st AERl REEEA 10%
H7hro] 7HE Ao Ao VeI, Lee EJ 5(2012)
o] ZHEHy EEE AN AW s SAA, 9, 3
gl ARk Rl REEEelA] 9% M7kl 7P s B
2 Yo, Choi JH(2021)2] &3] & A7} T+
oI, g, g, "l Al Wk Q] PSR A 3% Akt
o] 7 AaElE Ao = Yega, Lim EJQ023)2] 3 ¥
I AH7F F7A = Aol gt AE%= 10%, 15%, 20%, &F
of that MZ=E 5%, 10%, 15%, B 2270 that A&
TE 10%9} 15%5 dashs 2oz Yelhgded, drkde
2 23] Hrlee] S7kshd Alutz) &ute] Frlsle] 7| aw
7 Astdvta ok JAo7HEE Ak viEdle] A9 <
A%, 7], Bt gla, Feelg, ARkEQl vhERRelA] 3%
HA7lbo] 71 E& S HtkKang JH & Chung CH
2020). ALEF-S H7iet nlEde] Aol e o, A, g

7, EE5L FE, Fud$ AR, "2, 3 9 AREEQ V)
=5 74 AzHoz S5t 47} 3%} 5% M 7

£ Ao ushded, Azel 546 olal 1 gae Al

2 o

23 S 0%, 5%, 10%, 20% 2 40% H7}ete] A%
Sl F4 54 AT 299 Hrlee] S
do] TAE F71el 1, Eole Aasison, 1

ol 2ol 7} AATHP<0.05). H7] £ 40%
A7l A fejd oz vgron, &2 =3 Mo
71EeE goldog ZI18IAthp<0.05). nlSele] 5ot
g U] 11.20%2 7H8 Weka, 40% A7kt 14.20%
2 29 Hrlkee] S7HESE ST tHp<0.05). A=
FEARI 23] FHUtEe] 37T HELD)E Roksla,
AAERl agke F7Feldou, FAZ(bEhHE 10%, 20%<}
40% H7RHAAT S7HE BATHp<0.05). & s &
S o= RS 40% H7hrol 242} 3.33 mg GAE/g#
6.67 mg QE/g= 23 Hrlge] T7IErE Sk
DPPH %! ABTS #ttZ 47 &4 40% H7kto]l 247}
4529%% 7435%= 23 7] wEk F7Fethp<
0.05). 715 % A b= ¥ 3, gt glaa] gl ARkAQl 715
HollA] 5%, 10% B 20% H7Fo] B8l =% th(p<0.05).
ANSS T8 EH ksl g3 7| S SollA] 29 &
& 10%~20% H7Fste] vhadls Alxshe

N

o|N

Pl
)
N
o
o=
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