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Quality Characteristics and Antioxidant Effects of Madeleine
Added with Vaccinium myrtillus L. Powder
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ABSTRACT

This study attempted to confirm the optimal amount of Vaccinium myrtillus L. (Vm) powder added when manufacturing
madeleine using Vm powder as a material with excellent functionality. The product characteristics, consumer preference, and
antioxidant activity were measured. Madeleine was prepared by adding 0, S, 10, 20, or 30% of Vm powder. The weight increased,
and the height decreased as the amount of madeleine added to Vm increased, but the volume remained unchanged. The baking
loss rate decreased, and the dough yield increased. The moisture content increased as Vm addition was increased. On the other
hand, the pH decreased, and the color was dark purple. The L (lightness) decreased as the level of Vm addition increased; the
a (redness) values increased, and the b (yellowness) values decreased. The appearance decreased with Vm addition, and the flavor
and texture did not affect the amount of Vm; the 10% and 20% addition groups were more preferred in terms of taste and overall
acceptance. In the 30% Vm addition group, the total polyphenol and total flavonoid content were 5.42 mg GAE/g and 11.95 ug
QE/g, and the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging capacity and ABTS (2,2'-azino-bis-3-ethylbenzo-
thiszoline-6-sulfonic acid) radical scavenging capacity were 48.51%, which increased in proportion to the level of Vm addition.
Considering these results, the most appropriate mixing ratio of Vm powder in madeleine was 10~20% in terms of quality

characteristics, preference, and antioxidant activity.
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W 2l(Vaccinium myrtillus L) 222 2K Ericaceae) Vacci-
nium(ArY TS Ao 2 30em = At 2 S5
£ 54, Bolg]7l, wAAE oA A2]3tcHLee H &
2024). X2 T= 4009 Fo| Fobrlotol] AAlskaL gl
H, 2% A & gE TR2e EFE(Vaccinium
corymbosum L)<} I 2] (Vaccinium oxycoccos L.)7} L.
gharol| A Aulsle Wl /e EFuE7F dutd ol dug
o] JgAare mn|sltlLee SO 2012; Youn JH %5 2015). 2|
g d25E 2, 713 Fo Azl AMEE A, oS,
WU, s 5o < gk X Fell &) )3 (Friendrich
H & Schénert J 1973), W2l Foll& bt olels 29

e EFota lem Higld dfd Afde Fde &3
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7} 9ltKSeeram NP 2012). LHg]E SE24F o
] 98-S AT Fe] 2EH2E dAls] & A
ol d-A Q0 3= Fa1(Jakesevic M 5 2011), dulg] F
ZE7 HjE] E B3 v HoJg OXYS ratsoll A Yol 7}
E45 Tvkeke 2 AE YA Age] sleld A~EY A AR
oM FFAQA JgS HSthKolosova NG 5 2006). &
T Agke] YFEAAR] AT A3k HEHRE AT
el el F2E5 45 B2 vl Al A C-ukeAd Ty
Z(CRP), NEIFZI(IL)-6, JNEIFZIIL)-15 F B=71Rle] &
Z FEIL AAEte] v A5 e o H XE &7
= ZolslithKarlsen A 5 2010). TE Wwg] FE50] 2
Aol A Aol nAE GES YHo R AT A
AlE, 34, 5% £5E, 8 2 9A] OiH] ZR=CS)llA
ofn|3t A¥s el HE U] FEE0] 2] F
2 24 9 WA CSE 7T H AR LS dS5HA
tHKamiya K 5 2013).

el 98, 2AE, A0, 4S9 4FoR 9 AHS
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o|th(Park SM 2015). H|g]oll= AlofUd,
o, deyd, dFUdY} X5, AgEA ofgiH| s 5
o] TFRE FHE AEAlORD vFAE TSk 9o o]
= adE] dojE e~k o 2 HolA gHk(Piberger H
5 2011). StEAJoPAS AbAo|A] HeA A7 ket
WS Hu o} =& pHellA = FAlo] ¥= gl Ed=
| g]o] iE AdEA L U2 v SgE0lE
o g 2% S FHE waA FEo] tiakE
th(Crozier A 5 2009; Khoo HE % 2017). A &) Z-& 3}
U o]de] &A-E o] FA] 2 HMAE EFelE REEAol &
glst B2 4k ~EY AR dEF 4 2 FE(reactive
oxygen species; ROS) % WH-Ad A AF(reactive nitrogen
species; RNS)# ¥h-g-ate] W] A7, Ax 45 de 2 4
AR AA 71 frAlell VHE 3RS wlRItKLeopold JA &
Loscalzo J 2008). 131}, Wu|g] FEE9] JdEAeldLS 3}
Al ZHgo = ksl ~Ed|
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W 2] (Vaccinium myrtillus L)+ L2~Eg|olqt 24, v
(Gompyo, Daehan Flour Co, Seoul, Korea), "4 &}(Sam-
yang Co., Seoul, Korea), °J71 F WE|(Dongguerang Co.,
Daejeon, Korea), ©7ZH(National Agricultural Cooperative
Federation, Gyeonggi-do, Korea), Hl]°]7]3}9-tJ(Galim Food
Co., Incheon, Korea), 35+ 22F(Samho Co., Gyeongsangnam-
do, Korea)> QIE{Hlo|A Fuljeldn, & ZldE, 5
Hiol= 9 ksl =7 A3 Folin-Ciocaltew’s H& Al
o, ZEgAal AZAE, ABTS(2,2-azino-bis-3-ethylbenzo-
thiszoline-6-sulfonic acid), DPPH(1,1-diphenyl-2-picrylhydrazyl)
59 A]¢k2 Sigma-Aldrich Co.(MO, USA)°llA ol a}sd

2. oj=d M=

ntEale] Az Al delg] B H7FES Yoon JA
(2024a)°] dPAF<} oAu|HE S Faste] U] &
7FES- 0, 5, 10, 20 2 30%2 BiEFsFIth(Table 1). A%

£ WH=7](BS-201, Busung Co., Seoul, Korea)S IO 2

e
FEIEA BB Yo MEE 50l FIFROR 4%
&
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e 247h BBl Yol ol T, WE 38| % Lhro]
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1, 2%, 3etollA ZH2h 1%, 2%

5 >

SERER

T 3
wrRksta, v E, Wwle] B, baking powder

Bt H = 2l

2 2F3 2e 7HF ARE A(100 mesh)ol] A e F
oAl Soll WS 25 g¥ HaL, SIE(18010)F oFHE(17
0C) 2%=7} 233 oven(BS-023, Busung Co., Seoul, Korea)
oflA w3253, 1A1RF WEete] Adsiich

Table 1. Formula for the madeleines made with Vaccinium myrtillus L. powder

Vaccinium myrtillus L. powder content (%)

Ingredients (g)

o 5 10 20 30

Soft flour 200 190 180 160 140
Vaccinium myrtillus L. powder 0 10 20 40 60
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%, Control (flour without Vaccinium myrtillus L. powder); 5%, flour with 5% Vaccinium myrtillus L. powder; 10%, flour with
10% Vaccinium myrtillus L. powder; 20%, flour with 20% Vaccinium myrtillus L. powder; 30%, flour with 30% Vaccinium myrtillus

L. powder.
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3. o=dl 77|, 0| I Fo

RRERle) RAlE AT 9 304 38 W 2SR, =
ole nlEUe o el 7Y B RES He]B(150
0.05 mm, Eagle Co., Beijing, China)E °©]-&-3}] 33}, H
7= Yoon JA(2024)2] EAIX| S o] g3le] =A%t

AN AL H 5 X
4. 57| EHE, v= 8, T2 Y pH FFH

Baking loss rate (%) =

sl W] B - whsdle] 2

x 100
shE W] 7
mhEdle] 7
Dough yield (%) = x 100

nhsdle] FESFS AOACQR000)HC 2 Z%3te] dry
oven(KC0-150, Kuk Je Eng CO., Goyang, Korea) 105C 2%
oA ol = Azsim, AT F Y 33 B
Zgete] a4 B4 AR AR EAAR HE e}
e, pHe 71 Wl vhERl 3 g2 S 30 mLel| ¥
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Minolta, Osaka, Japan)Z lightness(L%k, "8), yellowness(b#k,
A ), redness(adt, A E)E 47 33] HbE =451 0, W)
9] calibration plate ET#ke Lk 87.5, agk 03145, bgk
0.3209% RAstH o, ntEale] W - 2132 camera(Galaxy
Z Flip 4, Samsung Co., Seoul, Korea)S ©]-&-3fo] &g slo]
#zets]

A 270€] thst 2 Fd et eHA ) o
Ao 2 S 0|58 38 9] Y& Who} 53 =
HE At Wl AS(1R)AAFE wlS E25(5%)
St om, WsH Al A nhEdle] 27]e 7h=
x A2 x o] 15 x 1.5 x 1.5 em’Z 2} 8 FHAlo] oI
NE Fol A8-31%1 2™, appearance, flavor, taste, texture$}
overall preference®| 5714 &2 =3I t) 712 = HAR
WP A AT (Yoon JA 2024)2] Wgel wheh waystsih.
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238 20 mLE ¥ 10,000 rpm©]|
3 mO 2 15817 YAlEelsted]

uO
3

T ZElvEe Fe A< Folin O & Denis W
(1912)2] WHH-Z o]83led 96 well platol] sample 10 pL, 32F
Z5< 90 1L, 2 N Folin-Ciocalteu’s 3 A] 2KSigma-Aldrich
Co., Missouri, USA) 10 pLE ¥ A-&oA 5 min ¥Hg-A1Z1
T 7% SR EE(sodium carbonate) £ 100 pL, 32} &7
T 40 WIS A7KskaL of T ZellA] 90 min ¥HEAIZL F 750
nmol|A] B 2E wlo] A2 Zo]E 2]t(MMR SPARK®,
Tecan Co., Mannedorf, Switzeriand)& SE=5 =33
Ze) AN gallic acid, Sigma-Aldrich Co.)S FFEA & AFE-5}0]
total polyphenolic contentE mg GAE(gallic acid equivalent)/g
o= wHHY
F ZHEo|= g2 HA3dA <1 Moreno MIN 5(2000)
o] A= 83 96 well platell sample 20 (L, 33} SF
80 L, 5% oFaArA(sodium nitrite) 42 6 L E1 A2
15 min RESAIZ] T 10% 3 8Fd-F 0] E(aluminium chloride)
4 6 ILE P A4 6 min ¥H$3H T 1 M FAISPUE
F(sodium hydroxide) 40 uL$} 32 S/ 48 LS E315}0]
510 nmolA] T RE nlo]| AR ZHo]E 2]t(MMR SPARK®,
Tecan Co.)E °]83ld FF=F %3l quercetin(Sigma-
Aldrich Co.)& FTE4 = A%d& 117 total flavonoid content

£ ALkt 3 ug QE(quercetin equivalent)/gC 2 F 3T

8. DPPH 2! ABTS 2iC|Zt & &4

DPPH ¥ ABTS 5% & AZ2 vlEd 5 g7} 95% o€
L 10 mLE 4331 3,000 rpmollA] 108-7F L4l Ee)ste] A
9% A2t DPPH 2tz &A%E e Add
(Blois MS 1958)& €839 96 well platee]] AZ
Y3 0.2 mM DPPH solution 100 pLE go] &3t 2
2kt efol Al 30 B Aol WXt Bke-E Fr=dt
% v} RE nlo]A 2 Z Yol E 2]t (MMR SPARK®, Tecan
Co)E AH&3te] 517 nmollA F8 =5 S48, of~=
2 H Hascorbic acid; Sigma-Aldrich Co.)= control2 3},
DPPH Uz &A%< WEERZ AL

(S—B)
C

DPPH radical scavenging activity (%) = {17 ] x 100

S : Sample®] TH=
C : Control®] 3=
B : Blank®] &3%=
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ABTS 24 2758 AU<dHAmao MB 5 2001)<]
H-S o] 831] 7.4 mM ABTS(Sigma-Aldrich Co.)$} 2.6 mM
ZFAE-F{(potassium persulfate) solutionS % E35te] W

Akt el A 24413t AFol WA ste] whg-E =g
% ABTS stock solutione THE-11, 14Hk3A2] 4] A 4(phos-
phate buffer saline; PBS, pH 7.4)2. 2 3]2]3}0] 734 nmol|A]
4 =7} 0.70£0.027} H =5 2743 ABTS working solution
2 AH83lTh 96 well plateo] AZ 200 uLE Y31 ABTS

working solution 800 pLE 2] E£3sle] WS 23t AH)

oA 1034 FRF el WA, ¥ te 2E nt

olZ7Z#o|E 2]tJ(MMR SPARK®, Tecan Co.)% 4=
734 nmel|A S48, ol~F=2HAKascorbic acid,;
Sigma-Aldrich Co.)< controlZ 3}, ABTS |zt &A%
WMEE2 ALk

s

:;I

3k &
=

=

o
=

x 100

ABTS radical scavenging activity (%) = [17%

S: Sample2]
C: Control«]

m>4 ©
o
IUE

o] TA Ae Z2aH
(SPSS Statistics, Chicago, IL, USA)E Al8-31%1 1,
759 o] F5-2](One-way Analysis of Variance)<
AHESH] AHEstem, AT 7te] fede e

<0.05°14 Duncan’s multiple range testS AF&-3}$1Th

< IBM SPSS 22 package
A=} Al
Zj = O B X

o WAl

T‘T‘

1. o=
10 I RRCREIE-R
7 3k-2 Table 29}

dle] TS o] 9 3]

&30}
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2 30% H7lrolA 22 21.29+40.49, 21.86+0.69, 22.14+
0.69, 22.43+0.53, 22.86+0.69 g© & WH|g] o] H7}eko]
Bollel wet S7lete A ake]l UETHp<0.05). ©l¢F
AR ATl #9) BT A71E whEdle] g, A
59 M7bF Sl wEt npEde] FAR vldste] Stk
%13L(Yoon JA 2024), 742 B2 7} nfSdld A= A F
7tFo] VS FAE S7bellth v AEgs Bel
AgATE dslet EU4% A7k ntEdloA e &4
A7eo] S71EE FAZF A a(Kim WI 5 2014),
BEAZ] A7} nlsdlo A= BtEA R 7ol 7}%}?%
A= A5t Yoon JA 5 2024a). vlEdlS 2w F
ﬂl«l HAsh= A7k A Re] ddd ks W Het Als
TE ERYHE AW & FAl0] 7S HolA HH o]y
3 Azole A4l ek & 93-S d=THYoon JA
2022). 2] & 7}& =7l whel npEdl EA7F S}
ot A& ol e ARie] dFoR AlmHrh
ol Wulg] EEE 0, 5, 10, 20 2 30% H7bolA zt
Z} 25.60+0.55, 25.40+0.55, 24.20+0.46, 22.60+0.55, 20.60+
0.89 mm= nFsale] 77| o vith = ue] Fie] 7ol
HoldgE A tHp<0.05). o9t FAKEE Age Zv)
£t A7 vlEd(Yoon JA 2024), A B 7} vlEl
(Yoon JA & 2024b), A EES H7Hst vlE3(Kim W] &
2014), EtEAIZ] 7} vFE#E(Yoon JA 5 2024a)°] = Al &

o)1=
AT

ul o
2=

ol =
=

o] Hrhgo] /eSS Eole HAssith
npEdle] Byl F4S o] g3 FAX|ZhHo 7 =359
= 1 AT ] 220, 5, 10, 20 R 30% 7]

Z¥7} 50.112.37, 49.89+2.98, 49.44+2.01, 48.333.12, 47.78+
2.11 mLZ 2lnjg] Bde] Hrlgo] Wold4E volx|= A
FE Bl A ot feofAl G gtk 239 2 A
7} mEald ] &3 #H7}Eo] Zlake2 nlEdle] Ryl
Frel Al Gl glol Wulel 7t wisdl A3t fARsE
AT Yoon JA 2024). BZ A& A7} npEd(lee YK 5
2024), A2 £ 7} wHEE(Yoon JA & 2024b), Ut} 3

Table 2. Baking properities of madeleine with Vaccinium mytillus L. powder

Vaccinium myrtillus L. powder content (%)

Property
o 5 10 20 30
Weight (g) 21.29+0.497°) 21.86+0.69" 22.14+0.69% 22.43+0.53% 22.86+0.69°
Height (mm) 25.60+0.55" 25.40+0.55° 24.20+0.45° 22.60+0.55° 20.60-+0.89¢
Volume (mL) 50.11£2.37° 49.89+2 98" 49.44+2.01° 48.33+3.12° 47.78+2.11°

D Refer to the formula in Table 1.
2 All values are meantstandard deviation (S.D.).

% Values with different letters within the same row are significantly different at p<0.05 according to Duncan’s multiple range test.
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Z B9 AU AT AR Hrteke] S
2 By)= 74389 tKShin JH & Yoon HH 2024). H 7139
278l baking TP oA F-Eo] o] AtS vEE AE
o2 A7k A 5ol i FrY o] e Ahadt 22 Ad
o] o FFdlo] B i & FfHo s FE35H &
o] baking Al F-Eo] Q2% Zo| #adtn Eo|9t Fie
7231 ¥ tiBae JH & Jung IC 2013; Lim EJ 2023)

2. 57| =48, v 2, 2= Y pH

deg] Bd-S H7ig visele] w7] £4&7 v 8,
T B pHe Table 37 231, 77| S4&2 dde] &
TS0, 5, 10, 20 E 30% HrbEANA 22 14.86+1.95,
12.5742.76, 11.43+2.76, 10.29+2.14, 8.57+2.76% % e}
2] TS HrkelA| @2 dixwelA 71 =k, g
Iiﬂ%hﬂ 7V E vrobA 30% H7bollA 7w g
< "HQ'([KOOS) A7 vk g8 dtow sahd

A ] 718 dolut 2] WskE 714 oA HW(Lim
EJ 2023), LHg] E2¢= 0, 5, 10, 20 2 30% H7FtellA 2zt
7} 85.141+1.95, 87.43+2.76, 88.57+2.76, 89.71+2.14, 91.43+
2.76%9/] %}\-_0_ oq H]Hﬂ;ﬂ 1:'1:1—0 7‘<—17]-FJ:0] UJ—o].Z]o]] H]—Z
o] & ZU7IIAHp<0.05). vtEdlS & ul Yehe
w7 SHE 2 Hks FE2 vEdle] FAE o] st 741AL
gk grog ] el Hviee] St wet A

7Vl Hol w7] £ &S AT vhE Nk g2 %7}%
Atk o9 FAE Ayke =9 85 71 nlE2l(Yoon
JA 2024), 741 &% 7} vlE(Yoon JA 5 2024b), &<
B A7he rtEdl(Kim W 5 2 14)011*1 Algo] H7teFol
7l we) g7] SAES YolH o, v 82 TS
St} ol wigle] Az2 = E}Ezﬂﬂ(Yoon JA 5 2024a),
g3 AJ%(Lee YK 5 2024), E-5ol5(Lim YT 5 2012), 1
5132K(Shin JH & Yoon HH 2024) 37} vlEalo) A Alge] 3

Oll

7V 7kl el w7 —’Eé%t % Fete 43S BATh
de] s Hriet sl 2 2
20,5, 10, 20 2 30% A7kl ZH2E 11.16£0.38, 11.92+
0.94, 12.16+0.74, 13.9120.16, 14.24+0.66%= FER} L w2
EES A7kebA] 2 diEwollA 718 ek, v A7t
go] S71ETE ok 30% H7ktellA 7HE =2 e v
EFThp<0.05). & AT} AR AEFe Beols A7t b
Sdl(Lim YT % 2012), 29 B¢ 713 vl=dl(Yoon JA
2024), ekt =& &2 37} vlE(Shin JH & Yoon HH
2024), GF AR M7}t viEd(Lee YK 5 2024), A B
H7F uFEE(Yoon JA 5 2024b), zﬂJMT 7} wisa
(Kang JH & Chung CH 2020) 2 E}lEA|E] 7} vl&
(Yoon JA & 202421)g Al 89 H7teko] HolAd wat &
ek _2_7}3]_1:_ 1S Bt} vbH) wke] AekS Hol

=, r“‘

_{

ATEE F7E ‘ﬂ% 9 S 713 nEE(Kim KP 5 2016)
3} H=HE B M7 npEEl(Lee YK & Lee IS 2024)°] 91

=
=), dErE 28 A7) nlEdod s thxate] 53

2 16.62%= 7V E3ka1, 30% H7krolA] 9.05%% e &
A Hol A8 bl S s FEEEE fda
Sttt SRR A5 F, Aol S T @
WA A T ol 7 8Rlell 9 e, 58], A5
T sk #o] glo] B8 FFohe Mol dFe W
<l AR 22 F84 Aol frae a1 38k sl
nHERle] RS S7MI7IWHLim EJ 2023), Al89] &
Fol Aoz W Fell viel Ui wew 23] 2
FHl F2IF =zl e RskEo] vopd = lk(Park
SH & Lim SI 2007). Z#A 02 & AFelA] wpsale] £
ke ] 2] i Jtgo] AEste] His F
7] w2l Lule] L Hbge] Skl HlEAos
a7 Bola, dudTels e SRt
ol 40%E d& 4F FFHe] T2V =z A vhaRle] Al

Table 3. Baking loss rate, dough yield, moisture, and pH content of madeleine prepared with different level with Vaccinium

myrtillus L. powder

Vaccinium myrtillus L. powder content (%)

Property
0" 5 10 20 30
Baking loss rate (%) 14.86£1.957% 12574276 11.43+2.76 10.29+2.14% 8.5742.76°
Dough yield (%) 85.14+1.95° 87.43+2.76" 88.57+2.76™ 89.71+2.14% 91.43+2.76"
Moisture (%) 11.16+0.38° 11.92:0.94° 12.16+0.74° 13.91+0.16" 14.2440.66"
pH 7.20£0.01° 7.17£0.01° 6.90+0.02° 6.79+0.02° 6.63%0.04°

D Refer to the formula in Table 1.
2 All values are meantstandard deviation (S.D.).

® Values with different letters within the same row are significantly different at p<0.05 according to Duncan’s multiple range test.
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2 AR e Aoz Algdh

lEale] pHE WHlg] B4 H7kehA] &2 tizTolA
720£0.01% 7P Eskom, e £8& HHEESE fre
o2 vrolA] 5, 10, 20 ‘3—1 30% M7kl A ZH2E 7.17+0.01,
6.90+£0.02, 6.79+0.02, 6.637+0.042] 7S YEFHTHp<0.05).
A8 A< Lee HJ (2024)4 Oﬂ?oﬂ [q—_E’_ ulw|e) Bk

p

jx:

= & 8142 7}ﬂ lj?}iﬂ% 20% H7HE 7912 7PF v
ral(Lee HI 5 2022), ¥71% <4t o 7} npEde] pHE
2T 7742 7P E9kom 7% A7k 6.830.% 71 Bk
I(Kim KP 5 2016), EFEAZ] 7} nfEdle] pHE hET
7492 7F =9kom 40% A HE 5.57% 7P B3EI(Yoon
JA 5 2024a), B50l5 7} nl5d9] pHE hET 7.88%
7}% =9kom 60% H7kE 6457 7FF Yki(Lim YT 5
2012), d=R|E B3 A7} vl pHE ET 7.742 7}
7 =qkom 7% H7kE 6.832.% 7Y YrolLee YK & Lee
IS 2024) ¥ AT} FAFSHAl AR H7o] S71dr5 pH
oAl = A gke] vEpsith ey o) o) vt 2 e
713 npEle] pHE thZ2T 53704 20% H7HE 6.51
S7FIR oW (Jun KS 2019), A th=lA 3-8 H7)gh
nElo & thET pH 6.50904] 20% 37k pH 7.330.2
A& H7bEe] S71etel whet pHE S7fete 4 3Fs Bt
(Kim BM % 2016). »F=319] pHE= H71g A|5.9] pHoll <
g ol GEix]7] wio] WHele o] pH7E Yo A
59 Hrbo] S7HEE pHe HolAl= Aotk

HU o rlr

3. Oj=3lo| M gl ot
wile] B A7k vhEa e Ao wle] A
3k 3k-& Table 49} 2ol ¥7]91 Lak(lightness)< 2]
<0, 5,10, 20 B 30% H7bellAl 242} 82.05+0.71, 73.17+
1.24, 66.68+0.44, 59.23+1.24, 54.48+1.18% tZ=ol|A] 717
QL Wule) Aokl $7184E felhow vl
W) el o] wedslo] A7l F7HASE o F917]

e o

AL

o

HoFA oF BAEREAERS

ZAo Rz HATHp<0.05). HFols vwhsdle] Late dxs
67.29914 60% H7hr- 54.092 EsolE Hrleko] Zvle4
= 72319 3 (Lim YT 5 2012), A7 S 3713 npEdle]
L3S o2 85.280014 20% H 74t 79.86 0.2 A7 37}
o] Z7IekRE 74451 2 M(Lee HI 5 2022), W& ES
H7pel nlSale] Lahe tlz 74.34900 4 20% H7hE 55.65
2 7} Hrteko] ZVeE 7448k I (Jun KS 2019), &

= AR T7HFE A7k vEde] Lk g2 77, 3001]%1
60% H7VT 48412 /1T Arlgo] Z134E Ak
HJeon JE & Lee IS 2022). tlF-22] AFEClA AlRe] H

7bol S7tEE B7IR Lk fashe s Baloy
2719 Akt BRE 7L vkl Lk v 42.65,
3% 7 41672 AlRe] H7P7F Bl felA]l d&FE

n| X2 EIcHRyu JY 5 2018).

248 e E agh(redness) UHg] 2250, 5, 10,
20 & 30% H7FrolA 4 —2.94+0.18, —0.48+0.19, 1.72+
0.15, 3.37+0.17, 5.72£0.25% Lt¥} vt A Hol 27
ol A 71 sk, dueg] Hrbdo] S71ETSE fodom
FolA HeAlo] A Bl Hthp<0.05). #3
H7F vFEAe] aghe T 0.04, 40% H7bE 2497 A8

5?—_

o] Hrhgol SUHESFE F2M2 2 o%xq B Aol falet
738l AT Yoon JA 2024). ©] &ldl= BAFe} frateh 7
o Ve OS_%LOHL ZFE Aot } @l(Jun KS 2019),

A1 B2 A7) nFEd(Kim BM % 2016), EFEA|2] 2
} nF=2l(Yoon JA 5 2024a), Q?JE'A%} A7} vhEE(Kim
= 2014), A B H7} vlEE(Yoon JA 5 2024b), )
22 A7) ntEd(Lee YK & Lee IS 2024), B3 A}
F 71 npEdl(Lee YK 5 2024) 5°] ith ¥ Alg
lol S7FrE H24Q1 aglo] A44d A2 &

At R EH7E rlEd(Ryu JY 5 2018), §71%
9 7} rEE(Kim KP 5 2016) 52 A7} vk
ZAS YE= bak(yellowness)S gl 42 0, 5,
10, 20 2 30% H7lzellA ZH2 35.31+0.48, 27.93+0.53,
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Table 4. Color values of madeleine prepared with different level with Vaccinium myrtillus L. powder

Vaccinium myrtillus L. powder content (%)

Property
oY 5 10 20 30
L (lightness) 82.05+0.717®) 73.17+1.24° 66.68+0.44° 59.23+1.24 54.48+1.18°
a (redness) —2.9440.18° —0.48+0.19¢ 1.7240.15° 3.37+0.17° 5.7240.25°
b (yellowness) 35.31+0.48° 27.93+0.53° 19.61+0.31° 17.77+0.23¢ 13.9240.18°

D Refer to the formula in Table 1.
2 All values are meantstandard deviation (S.D.).

® Values with different letters within the same row are significantly different at p<0.05 according to Duncan’s multiple range test.
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19.6140.31, 17.77+0.23, 13.92+0.18 = L3} fAFe AakS
Kol gjz2adlA] 7P =9ka, el Hrtae] SteEeE
frold oz wolx] galo] @ojxl Ao R HRITHp<0.05).
olo} FAFSHA Ut & B Ut viEde] bk Uz
T 4141004 32g A7k 24.99% Uakal 3 7heko] SrEs
2 o ZrS veERAth(Shin JH & Yoon HH 2024). T3}, o
ZT A B A7) rlEEl(Lee YK 5 2024), d =R E
A7) vlE(Lee YK & Lee IS 2024), 2 A TS 1%t
tl=#(Jeon JE & Lee IS 2022), £AE T A7} vlE3(Kim
W1 & 2014), BlEAIY] 2 H7} vHEd(Yoon JA &
2024a), Hsolg= A7KeE vE(Lim YT 5 2012)94 %
ANge] H7lEo] F7HEEE bk ol o] dojxl
Aoz Yehylth v gy B H7) el bk tix
T 39.68, 40% A7 413602 A|29] Hrleko] Z713ke
5 A Folz & A7} viH|EE A B3(Yoon
JA 2024), o]8gt A g ¢ H7F vEdJun KS
2019), F=71919] faht HEE B2 W7} npEARyu JY
% 2018), A A 22 A7} nFE(Kim BM & 2016),
A7 A7) nrEd(Lee HI 5 2022)0l4 = Vel A 89
A7Vl VTS bk ST

nEdS F= oA ARE AFRE Fo| e istsio]
ZASt, A gl E9] A+ polyphenol &3HE©] polyphenol
RSt E Aol of3) AbstE|o] A A4 P e ohH, &
o] Aw7} npEdle] 2o A F YHoR dxxuz
Aol Mal= gl 7st &

A
[e]
ot sxol glo] SIS BRAAS W 2re) Ao] v

_I
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=
o
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™
of
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o el afre] Mo] glom Hrlkehe Alge] M ofs vt
Sdlo] A AT o gkS ¥H=dH|(Kim DY & Yoo SS 2017).

hue] 2] Hrbge] s e 7R, a2

Eejols 2 2o ke ok 54 wEo R Alsdrh
deg] BES A7k npEdle] Al SiHe] o) vk
< A2 @S Ao Fig. 1o Yepioh Unle] 2de] A7t
o] 7V E npEdle] H2ae Msta o F91%a, vt
9] Eol7} grol =, #ole] fHae nEdlE vE
U7 A7l AasH =W glutens FAdsHE o 2
gk o] e T KoMl Ha ole wiEd #3229
okslE 2o Hlo] =olo] AR o]ojA| Al ETHLim EJ
2023). o]# g o] = Uwe] HrtEe] STke nhEdl =0l
o] AT FUsItheE A2 Fig 1914 g0 4= A

4

due] 282 7k nhsele] 7| S % fARE appearance,
flavor, taste, texture®} overall preference®] 57}4] &8 =%
3to] Table 59F 21, X <(appearance)ol|] et A=+
due] 284S0, 5, 10, 20 2 30% H7krolA 247 443+
0.88, 3.61+0.92, 3.64+0.95, 3.29+1.21, 2.75t1.32 2 thZ79
As=rt 7P ko Wue] Hrtde] S71ETE nke
Ao ARF gt A3 A tH(p<0.05). AH| A=
ol F5% AFE EUR AFe] As Hu
Z&sHA Ha, 2o FRel ek Bk A gl
g 71X 7} slo] o] M E BlojuA =W A
e, & AFelA dzare] oie 7MY Ase

0% 5% 10%

20% 30%

Fig. 1. Madeleine with various levels of supplemental Vaccinium myrtillus L. powder. 0%: Control (flour without Vaccinium
myrtillus L. powder), 5%: Flour with 5% Vaccinium myrtillus L. powder, 10%: Flour with 10% Vaccinium myrtillus L. powder,
20%: Flour with 20% Vaccinium myrtillus L. powder, 30%: Flour with 30% Vaccinium myrtillus L. powder
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A% o8l o] f W E o7 Holw g=rE B My} s
glo] ool tigh 7ok A & AT} FAHA A5
H71eFe] S71EE Ak =tl(Lee YK & Lee IS 2024),
1o AR ZTE A7} nEd(Jeon JE & Lee IS 2022), %13
7+ H7)ek nEel(Kang JH & Chung CH 2020), #3] 3
7} eFEEl(Yoon JA 2024)9 - %= FAFe 23S Btk

WAAl(flavor)ell i3k Az =E Wulz] B2 0, 5, 10, 20
2 30% HrbrelA 24zt 3.5040.75, 3.68+0.86, 3.93+0.72,
3.61+0.96, 3.57+0.88 = Uul2] H7}ke] J&FS w|XA| F3
o, eSS HE ] AR texture= WANLF ¥ 523 74
2 Kol 0, 5,10, 20 L 30% HrhEolA 2hzt 3.61+1.10,
3.46+1.10, 3.64+1.16, 3.93+1.33, 3.75+1.21 2 F< &l z}o]
7F itk ol gt AEe BEAE] A7t niEdldA® e
v BtEAE] A7 WAl Azt 93E vxA Rda
(Yoon JA 5 2024a), &8 Azt £ 7} npEdld =
22 A3E BtKChoi YJ T 2022).

S| Sltaste)ol]l et 7| S Al S HSHA] &
S &7 3.39+0.799 30% H7FE 3.39+0.96 2.2 H| =8k gk
o7 AFEI} Wekom, 10% 7 3.96+0.922F 20% 7}
T 407+0812 FoldoR £& ATEE HITHp<0.05).
AR H7} npEdlo A= 5% 10% H7kre] vt that
A&7} =9 a(Jun KS 2019), BolES H7et nisal
2 20%%} 40% A 7F Al Btell tig A5 =7 EUTHLim YT
S 2012) 22k A97HF H7F wHEdll(Kang JH & Chung
CH 2020), EtEAIZ] 7} nF=#(Yoon JA 5 2024a), Bl=
v E B A7 vpEal(Lee YK & Lee IS 2024) 2 =93
7} mFEE(Yoon JA 2024)°14E Al82] H7l7} uhol et
71E =l JEE mx|A] HIck

WA Ql M & =(overall preference) SA| dlol] thak A&
ToF AR 8RS Bl 10% H7kE 3.79+0.832F 20% 7t
T 41120992 Foldoz Mawr) =7 Jelda, 30% 3

7bo] 2.96+1.142 7}

HoFA oF BAEREAERS

1l
N
Choi YJ 5(2022)9] &g #a=p B A7} lsdlod e gt
S .

- ZZ 7 A 3% A7l A
KP 5(2016)2] 7% <14t & 7} vlEdolA

"7 A A% @ oA, Al el A Eeln $5ee

°om, Kim BM 5(2016)¢] 34 t}alat

% 37} vhEdld

AME ol Az Bt o AREA ]l REEERA 10% 7k

o] 7P =% 7F =93, Lim YT
7} s A& Bt
7hte] Aswrt Eokth

ka 9n, 715 % S
A e vhedle] ARy, o g

=

o

(2012)9] HFols A
2 FHEEo|A] 20% F

A7 e =5 HEHY
74 AEHoZ 7]

2 AN S 5w

S AA) AT G

wol= SHEL- Table 6

0, 5, 10, 20 2 30%

4.44+0.01, 4.62+0.11,

5.42+0.07 mg GAE/gl. 2 tzo] 7P Yo wvg] 7}

ol F/E5E

=272 714

=
FRR S

el FEE S7HHATHp<0.05).
ekl 40 OH(3}O]
F

oA, 21ka Al

Table S. Sensory evaluation of preference test of madeleines prepared with Vaccinium myrtillus L. powder

Vaccinium myrtillus L. powder content (%)

0" 5 10 20 30
Appearance 4.43+0.889%) 3.61£0.92° 3.64+0.95° 3.29+1.21% 2.75+1.32°
Flavor 3.50+0.75 3.68+0.86" 3.93+0.72° 3.61+0.96° 3.57+0.88"
Taste 3.39+0.79° 3.61£0.96™ 3.96+0.92° 4.07+0.81° 3.39+0.96°
Texture 3.61+1.10° 3.46+1.10° 3.64+1.16° 3.93+1.33 3.75+1.21°
Overall acceptance 3.39+0.99" 3.29+0.98" 3.79+0.83% 4.11£0.99° 2.96+1.14°

) Refer to the formula in Table 1.

2 All values are meantstandard deviation (S.D.). 5 Point intensity scale (1: extremely dislike, 3: moderate, 5: extremely like).
% Values with different letters within the same row are significantly different at p<0.05 according to Duncan’s multiple range test.
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Table 6. Total polyphenol and total flavonoid contents of madeleines prepared with Vaccinium myrtillus L. powder

Vaccinium myrtillus L. powder content (%)

Property
oY 5 10 20 30
Total polyphenolic content (mg GAEY/g) 3.16£0.067  4.30+0.02° 4.44+0.01° 4.62+0.11° 5.4240.07°
Total flavonoid content (g QE/g) 2.76+0.09° 4.38+0.51¢ 5.49+0.33° 7.97+0.47° 11.9540.86°

D Refer to the formula in Table 1.
2 All values are meantstandard deviation (S.D.).

» Values with different letters within the same row are significantly different at p<0.05 according to Duncan’s multiple range test.

Y GAE: gallic acid equivalent.
) QE: quercetin equivalent.

A B 2 g ZE Al sk bt Y 5ol Aeldd e
7B glow B, Fefhicols o] st 43
thRyu JY % 2018; Yoon JA 2024). Lee HJ 5(2024)2] A1
of wEw duz] Ede] F EEds TS 31181 g
GAE/igl.2 23 %91, Li H & Jeong IM(2015)2] 170
ostd wglFel F ZElvle IS BFuEl 52.58 mg
CAE(chlorogenic acid equivalent)/g, °FZUYo} 136.23 mg
CAE/g, o}AlolHlg] 71.59 mg CAE/g, ZL#H|2] 36.89 mg
CAE/g 522 veht dugle T Zejdls o] =2 A
o2 Yeiyth A EEE AR niEdle] A A
(Yoon JA & 2024b)°llA] F Z&ldE 32 dl2To] 048
mg GAE/ge 2 7P 93k, 40% H7krelAd 1.52 mg
GAE/ge 2 7H & 2 vehv A &2 H7be] Bot
A4E F FdE = Sttt S92 #7t qt
Edlo] AGKim WI 5 2014)0 4= 5g A7kl & 28]
A& &&o] 0.03 g GAE/mLE & 0.02 g GAE/mLXE.C}
=orow, =y A7l npEdle] A5 (Yoon JA 2024)°M &
o) 2 0.73£0.03 mg GAE/g, 40% d7Fol A 3.33+0.16 mg
GAE/g® S =1, =791 fikt EaE X7t nks
gleo] AT Ryu JY 5 2018)°1A Wz 0.14 mg GAE/g, 3%
7kl A 031 mg GAE/g® SH AT AP AF-SolA
T 2 A7 Ak AR HTbel ST E F vs
o] FEw Frlete A T F UATh

g gAMFER 3t ETtEo|Es ofaT B2 BHAL
A 3HE, dFR0E S WA SR I, A<k
gt 5o o] HauEo] Stk(Benavente-Garcia O &
Castillo J 2008; Kim JH & 2022). ¥ oA & Zgfr
ol F EP|ulEd ¥ AEe Bof WdE] B¢ 0,
5,10, 20 2 30% F7brolA ZHzh 2.76+0.09, 4.38+0.51,
5.49+0.33, 7.97+0.47, 11.95+0.86 png QE/gC.& th*to| 7}
Z wm ] HrbEe] SUHESE & EetE o= g
T 71 thHp<0.05). Wulg] B¢ F ZetE kol 3
22 1,110.86 pg Rutin/ug -2 S F 31 (Lee HI 5 2024),

—

w2l {e] F St ols e EFHE] 1.98 mg QF/g,
olZuYo} 342 mg QE/g, oFAlelHlZ] 0.73 mg QE/g, T
2] 1.29 mg QE/g 2% UEITHLI H & Jeong JM 2015).
2719 A EEES AU viEdldA dx2ae] F
glE o] = 82 0.03 mg RE(rutin equivalents)/g, 3% 37}
oA 0.04 mg RE/gE YEFHIL(Ryu JY 5 2018), 23] 3
7} mEdol e tHET 2.97+0.31 mg QE/g, 40% 7k
6.67£0.28 mg QE/gl 2 =% F 3 (Yoon JA 2024), ELHF
22 F13E nlEdlo e 5g HrbEolA F ZekEeol=
slako] 0.022 g QE/mLE thZ 0.003 g QE/mLETH =3to
H(Kim WI 5 2014), J97F5 H71g npEdlol A 2t
0.77 mg/gC 2 7F4 Skl 10% 74t 1.38 mg/gl 2 71
=9tKKang JH & Chung CH 2020). 2 Aol A Wwg] 3

= 3
I fAPI B A eR ke 39S BAE
o HPATENNE UG A%E HAT & YAk

6. DPPH 2 ABTS 2iHZ &7 &4
delg] s Arke npEdle] ghlste Aas 93
DPPH radical scavenging activity= Fig. 29} 211, nl|g] &
2E 0, 5, 10, 20 2 30% F7FelA zbzb 23.60+0.56,
35.64+0.49, 40.11+0.87, 46.78+0.37, 48.51+0.07%= UH|2]
A7egel vlaEst] frelshAl S7Fekal, ascorbic acidi
86.28% % =% ¥ AtHp<0.05). A= thFat As}ehut-g-o
A A radical S @415, FAE A radicalS ATP A4
ol A zFale AbAe)t whgsle] ItslES FASHA
AR frdeted Ak
3l 242 ol A& st 98-S dhRyu JY 5
2018; Yoon JA 2024). DPPH radical®} ABTS radical-> A}
radical 2 @48} 291 ascorbic acid, quercetin & butylated
hydroxy anisole(BHA) 53 ¥h-g-3tce] HAE 1, o] HAQ]
A=E =Hslo] sitsl 48 A4l DPPH radical
scavenging activityt= H.2}o] EAlr]o] gkl oz WAy
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Fig. 2. DPPH radical scavenging activities in madeleine
added with different level of Vaccinium myrtillus L. powder.
All values are meantstandard deviation (S.D.). Values with
different letters were significantly different at p<0.05 according
to Duncan’s multiple range test. 0%: Control (flour without
Vaccinium myrtillus L. powder), 5%: Flour with 5% Vaccinium
myrtillus L. powder, 10%: Flour with 10% Vaccinium myrtillus
L. powder, 20%: Flour with 20% Vaccinium myrtillus L.
powder, 30%: Flour with 30% Vaccinium myrtillus L. powder

= =5 S sKChung HI 5 2015; Kim YJ 5 2024).
Lee HJ 5(2024)2] 917l wPf—L?i dwg] #de] DPPH &
Oz 2AGE 88.83% %2 A Yo o] ofxzzr
At 86.28% KT} =2 Folt}. ElEAZE I3 nfEHe]
Aol A DPPH 2Ho)Z 27 B8 40% H7koll A 16.94+
1.43%% BFEA2] H7bo] 371845 S718FA 21 (Yoon
JA T 2024a), X975 H7HeE npERle] AFolA = 10%
A7FolA 83.43%5 UEhY o™ (Kang JH & Chung CH
2020), EAFTH AFS HMe npEdlE EAEES 5%
k] 7}%% ok 82% =] =& DPPH @tz &7 A4S
A3(Kim WI 5 2014), & ZZAE H7kgk npE2lo
ﬁ?oﬂﬁt = -4:’_-7‘4 ol Aol Z71E Hol | mg/mL &
ToA 71.02%E YERH 2™ (Choi YI 5 2022), 3] BT
713 mlEEl S 40%0l 4] 45.29+7.42%2 H.$13(Yoon JA
2024), ALY L MUt e 40% 7oAl 49.68+
2.22%Z YERATKYoon JA 5 2024b). ©]23F Ag Ao
ANES BT Tk oEA o F DPPH oz &7 &9
7 Bleon 2 Aot Ze s HAth
ABTS radical scavenging activity= chain breaking gaksl
A€} hydrogen donating &H4FskA| 57 o] 7hsshH & F440]
galg]o] ShsAlo R WA= g S35t *&go}—ctﬂ

dwe] TS Hriek wiEdle] SA%e Figo 33 2o
(Chung HJ 5 2015). ABTS 2% 2A52 Uulg] £8¢< 0,

5,10, 20 2 30% H7bEolA 22 18.00+0.68, 23.17+0.57,
27.93+0.62, 34.01+0.35, 43.58+0.08%% =4 =20 21, ascorbic

2. gAeh

HORA oF RAHEAETS

acide 32.82%% FHEo] el 7ol 7
DPPH o)z &ASH frAkeE A3 EOM >7ks
(p<0.05). APAF<] ABTS 2tt]Zd 27 5S Ao A9
B 40% H7F nEdle 42.6240.87%2 S HIT
(Yoon JA 5 2024b), 23] &% 40% H7} vE3-E 74.352%
SO (Yoon JA 2024), E}E A LS 40% A7l v
< 61.13£0.05%2] S HTHYoon JA 5 2024a). ©|&]
g A3Fe 2 ATk FARH UrEM SWE} AL &
Hl#sHl S7keke 3le 491 & F Stk

WH|2]ol| & anthocyanin, ascorbic acid 52 ¥4k} A ol
el o AlEE st Sdde] ke dishe,
gt} gkdel AH Ut Yr} It Chan SW & Tomlinson
B 2020; Lee HI 5 2024). dujglol] ke Ak} A H-ol
polyphenol®} flavonoids /g ¥°] DPPHS} ABTS 2|z 47
W*Oﬂ PSR B AlREY, duEE AF Tl
3].0:] 7] o}‘é ‘9_1 ;(]14 ;.ﬂﬁ 7Hl:ﬂ—oﬂ _9_61 7]._./14 o] 9}\‘—

ﬁd
i
;a -

XLJFU

Aoz FtHT
2 <
B d3E 959 7|54 S Ad A dug S &8st
of nlEAlS Azt AFE 54, LAk 7w 9 gt
3l &8 SHste] Ao HA HrtS Felstux A
Hg] B350, 5, 10, 20 2 30% FH7Isle] sl S s

o). vhEae] W il
solo] gag Hglom, Bik

<7l wket w1 kst

A7 gl w571 &4
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Fig. 3. ABTS radical scavenging activities in madeleine
added with different level of Vaccinium myrtillus L. powder.
All values are meantstandard deviation (S.D.). Values with
different letters were significantly different at p<0.05 according
to Duncan’s multiple range test. 0%: Control (flour without
Vaccinium myrtillus L. powder), 5%: Flour with 5% Vaccinium
myrtillus L. powder, 10%: Flour with 10% Vaccinium myrtillus
L. powder, 20%: Flour with 20% Vaccinium myrtillus L.
powder, 30%: Flour with 30% Vaccinium myrtillus L. powder
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.|_4

2o, 82 S7IeIATHp<0.05). FESEFE
1.16%, 30% Z71t 14.24%= Wwle] Hrbeo] <
Z7Veka 3, pHE BHAZ 2T 7.20, 30% H7kE
dule] H7bo] Bobdas skl th(p<0.05).
Ao waldel dua] drlgo] Z71E4E Lk
ﬂ} 7]. ]_ ou:] b%}—o— 71—5:-3]_04 xﬂ o. 7<]

AR THp<0.05). 71T == %_:UQ—% 2] 7k

o fé[ ].E‘co]] Oﬂ-sk
]gOHH‘: 10%9} 20% 7+
o] T HATLEE HY 005) s Zojuls S 30%
A7+ 542 mg GAE/g, & Ea}i‘—olc F2 30% A7t
T 11.95 pg QE/go = Hug] HrteF St vleste] S7}
319931, DPPH 27 27 %2 30% M7k 48.51%, ABTS
S 2A%5E 30% H7FE 43.58% = Dulle] A g 2ot

o vle|sle] F7FektHp<0.05). o1& g AHES T
4 54 % 715k WA} gatkst g4 wofa] e
B Hrhste] vlEdlS Al xsiels o 7P A3 it
< duE] e 20% H7behe Ao e, ok
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