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Quality characteristics and antioxidant activities of
macaron added with white bean powder

Da Hee Kim', Su Jin Kim', Seung Yeon Baek', Young Mi Park', and Mee Ree Kim"*
'Department of Food & Nutrition, Chungnam National University

Abstract In this study, we produced macarons by adding white bean powder at various proportions (0, 25, 50, 75, and
100%). The macarons in the 100% additive group had the highest moisture content, smallest volume, highest weight, and
highest sugar and reducing sugar content. The macarons in the 50% additive group had the highest spread
factor.Furthermore, their pH and acidity demonstrated the greatest air bubble stability. In the Hunter color system, by
adding white bean powder, the L value gradually decreased, whereas the a and b values gradually increased. The hardness,
gumminess, and chewiness decreased with the addition of white beans. Flavonoids and total phenolic compounds, 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activity, and superoxide dismutase (SOD)-like activity were the
highest at 100%. Additionally, their overall acceptability was the highest at 50%. These results suggested that the use of
white bean powder to produce macarons have numerous advantages.
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F(soybean, Ghycine max. Ly &S F2 o= 3= 2uet
2t le] whe] Fo g A AALAY v, A, 28 T
o] AR, 7, THE, T, FVIE 5 HEAFIY A
Fo= tsiA o] &HAYTHaT, 2019). T slEa) o
Aol Fa Fdo] He 5% AF2EMoon F, 2011), T
o] 3621%, BrstEo] 32.99%, 2ol f7t 25.60%% B da7t
T AFOIILNAAS, 2016), FEo] Tzt A 7h4 =
Foll B3] 912 opv|stely Bt ke B3|t
(Lee 5, 2016). Holl= T AL 42 olaZgts, &
Y, AT, StEX oM, EFE, HEa 59 7154 AR
E3 2 7155 gk A7t Bol oA wt 7154 AF
o@H9l &go] 7I=EE AAo|th(Moon 5, 2011). Tl FH
3 AEgy B0l o]AZEHEE oy ITEEQ JiERA
FARE 25 7FA WzF oA o AERAY oS tiA|E]
= stu= A EA Al Z~EZ7 (phytoestrogen)] #ale BT o}
Fot ATES Bl olAFEHEE FZF UlAKKim, 2002), 73
71 524 WA (Won 5, 2001), &< 58 2 7198 7)4(Oh,
2006), 8% ZE|<EHIE FAKim 5, 2010b) 5o &S 1B
A & & A diF SYrde AeA ZaEA] ot AT
29 I ERx ARR-EY, B {31 Clostridium perfrin-
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wt Fol ks EdEe
grRiol=, o]AZPgE, EFHE, QAXZ, olu|it HAE=,
2 5ol Btk Hayes 5, 1977). T2l olzg g
I B sl g guiel mEk F2 ARSE 7R Aol 2
s P 3=

UAE 2hde] A 4t 9 Fr7polgte 7147
FEAE vt FEENE Bxe] fEEd 7 5o

571 7% AF 2 YUAE GANA tdsil E8F
FA o] ThPark, 2019). 2014 7|5 U UAE 2A7%
2 TEE AFES Holw, AA 9 A oF 10.7% (8%
9,7602] €HE ARSI ATIAL Sl TAHE A1 e] AlEs)
2 P48 ZEvd Al AiPelgte 719EE T e
w Mg TAE 2FE] 4H7E & AAolth o] HAE A
A E Folu FH/HE AMES UAES] AFo] wo] Wrhal,
2016).

nFEe g F A MY TAE AlFo s A oWl mok A
2E3e st 2 AHREA AR Stk vkeS Al F
FdstA BrFR7E A1EA G HRE, FARE oOHEE JHR
£ AREeta, EsIR )9 77t E 7F AR R T Park 5,
2018). oHE= 7FE= WEHE il 449 98-S
3 gtz ZnE zh=tk(Villarroel 5, 1993). 3 Wule] AEA
WA Hrbete REEE AEE Zhe= Blo] SAolth(Park
=, 2020).

A2 A7 EdEz Qs 154 A4S
H3 93, YAE AIF7EA] S i) vigks dite 7lE
4 ARES HUFE AT FEA, s A2 H7E v
Z(Choi 5, 2015), &HiZF H7F w72 (Kim, 2017), AN FH
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Wx7He, BOUHE, doupyte, ssiote) M7 vigks(Park
5, 2018), 7N FH7) viFhEBack 5, 2019), T H7L np
7H-(Hong¥ Yoon, 2020), 3 7} »l7Hs(Pak 5, 2020) 52
2 AT e A2 AL

mebd 2 Al e H2 UAEACNAN HeEd = vt
Soll, 25 F&ast Agdo] TR ofEE JHRe aAgh
e HEEE F e ¥ TVEE AUisle elEs A=
S RAA ST FE FVREE oREE V1R 4AHIER A
sted HrplFlon, Alxd 3T vphed FAEAAT Fitst
A, SAE 45t AT A7k A WEg 2 el

Xz %

AE=

B AFA AR LR A (coque)E OHEE 7HE(G&M
Food System, Gyeongsan, Korea), <77}3-9-U(Serom Food,
Icheon, Korea), AA®H(CJ Cheilledang, Incheon, Korea), ©ZF(Hap-
piness Egg, Daejeon, Korea)®} 3 7}5(Jangsuchon, Anyang,
Korea)& AH8-3151tt.

opisel M=

72 Azl AFE MEHE Table 13 7t} npplEe de
NS BoA HArtshe olguijy ez Az, 3F 715
= olEE JIRE 25, 50, 75, 100% thAISt] Hryetaith. HA,
AR AZE flste] drlel A9+ E2 B2 1gC7k 2 o
7HA] AR gk Bk WS AZs] Yt Bl @23zt
of Aee W ol 90% A4 wi7kx] WES X3, WAL A
A ABRAIHS 4o] eHRg Ml AR ol 2L Ho|AE
£ Azx3] Y8t ol2= 7HEe 3T UM, et 9
xS Al o7ldl g HElS 3ol wro] Yol A,
AEmyo] gol whEde)] wES 5em IR FUsH B
B e AL 307 AX3 T QiEolgE 150°CE AR
Sk QEOA 1087 T2 F, WEEE 1802 =Y § 57 o
Feth TR e Z3E 2200 1A]7F 43 Foj] Ao

7HE-o PR npbe 239 v FEg o 1g #
ste] Ao $E=77](Infrared Moisture Analyzer, FD-660, Kett
Electric Laboratory, Tokyo, Japan)& =73} T}

Table 1. Recipe of macaron added with white bean powder

optEel |, FAH, HEd

w7 23 il dis £, FA, H434e 4 §
e FAXIH(AACC, 200002 339, FAE A S
(KB-500, Kyungin, Seoul, Korea)Z Z=A3}dtl HFAA A&
(spread factory= AACC “(10-50D)AACC,1995)S Akg-kod A
akste] ik Aol FA ek A7) BE vgtEe
ATl dig FA9 AAES digimatic caliper (CD-15CPX,
Mitutoyo Corporation, Miyazaki, Japan)= =743+ & 7S F7
2 U ARFIATHAACC, 1995).

opiEel gE o el

e vHE 23 20gS FA Blske] 22A A2 A S
I 7T 45mLe FE3FSTL 40°C2] sonicator (Powersonic 420,
HwashinTech, Busan, Korea)ollA 307+ WES-AIZ1 5 4326.7xgoll
A 2087 Y4152 (Centrifuge, Combi 514R, Hanil, Hwaseong,
Korea)dte] @2 A AE A8 &2 A&t G=A
(SCM-1000, HM digital, Seoul, Korea)oll A =e] A|g {A&
Azt d=& AT

A2 dinitrosalicylic acid (DNS)Holl &]3F vl oz =2
et TY3 AR S DNS S90S 1:39] H]EE 95°ColA
WS A7 WZbe AL 550 nmE A3 B33 = A(Epoch
Microplate Spectrophotometer, BioTek Instruments, Winooski, VT,
USAZ FHEE 43l =9 FFoz epdeh 253
A& EE=(Sigma Aldrich Co., St. Louis, MO, USA)S &% ¥
2 9-gAA YEpAT

OFESel pH ¥ &=

pH= 3% 344 ARgg AlS €48 pH meter (20 Benchtop,
Orion Research, Beverly, MA, USA)Z =73} THAOAC, 1990).
AEE 10mLE 3 53 AlE&9%0] 0.1 N NaOH (Samchun,
Pyeongtaek, Korea)®] 7}l ¢Jsfl pH 830 =@3sp717H4] &+
= NaOH H7FHmL)S acetic acid o2 WHEkslo] 4k o
F(%) 2 E e AT

optEe Mz
Nt nlE 5220 A RSl 22 He A F
7g FEZ TF(50x12mm)ell BESHA FAL A=A (Spectro-
photometer CM-600, Konica Minolta Sensing, Inc., Tokyo, Japan)
= Lgk(lightness, =), agk(redness, 2 %), bgk(yellowness, &2
) ST BENAL L3k 99.37, att -0.16, bt —0.07%

Ingredient (g) Control" WB25 WB50 WB75 WB100
Sugar Sugar 120 120 120 120 120
syrup Water 37 37 37 37 37
Meri Egg white 48 48 48 48 48
erngue Sugar 12 12 12 12 12
Almond powder 120 90 60 30 0
Almond White bean powder 0 30 60 90 120
paste Sugar powder 120 120 120 120 120
Egg white 48 48 48 48 48
Total 505 505 505 505 505

UControl: Macaron without White bean powder, WB25, WB50, WB75, and WB100: Macaron made by substituting 25, 50, 75, 100% of the almond

powder.
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PEE L

oFEEel 7|A ==z

1A 227 texture analyser (TA/XT2, Stable Micro Sys-
tem Ltd., Surrey, England)Z A|52] XA 7S Z43ste] AAH o
2 $£X33 Zo|thKim &, 2006). AES 7|AE A% 23] ¢+
2359 W Force-Time L Zo|A HoJA = parametersS 3
AEe 2ALE ST B AN e wipts 23 AAE
Z1AIZ 7 Al HoiRl 7= (hardness), A (springiness), 33
*J (cohesiveness), 7373 (gumminess), %31/d (chewiness), &4 (resil-
ience)2] FTAIE YERNATE 714l S48 272 p/5 probeE F3l
pre-test, post-test & test speed= 25 2.0 mm/isO 2 A3 oM,
strains> 20%=2 A8tk F42 103] o) whEsi.

O0FEEe| Edi=0|= &2

7 A3 20gS A Est I2A 42 A 3¢
< 50 mLE 40°C2] sonicatoroll A 4A]17F WES-AIF| 3L 24A17F
Sheh, 71 ol 4326.7xgollA] 2087 AR St Ao Ao

s}

d

°
=
evaporator (N-1110, EYELA, Tokyo, Japan)Z &ulE 3@sle] &
SHE AUtk FFH 200 mgoll WEE 1 mLE 42 2 FA

3} g4 dge] A8 g7 ALEEITh

ZglH o= S Davis (Davis, 1947)H 2.2 T35t} &
2bsl &2 AlE 8 100 uL 90% diethylene glycol 900 pL-&
ZH Z3gE Fol 1IN NaOHE 20 puL WL 37°CollA] 1A]7F Wk
A71A 420 nmZz AT EFFEAR FFEE 45 UE
Slth ®5=19-8 naringin (Sigma Aldrich Co., St. Louis, MO,
USA)E &% E=2 ¥H3AIA YeRiT.

opiEel & HisM SigE &8

% A=A I3E S Singleton 5(1999)2] HHS ARR-3}
Ak Farst FF A8 & souLel SFS SouL 02N
Folin-Ciocalteau & (Sigma Aldrich Co)Z Y1 I 41& & 5%
S WE 2 Foll 7.5% Na,CO, 400 L= ¥ el 30
T2 WEEAI71AL 760 mE A BEAGEAR FHEE 53
st YeRSIth %5241 tannic acid (Yakuri Pure Chemicals
Co., Ltd.,, Kyoto, Japan)& &%= ¥=E WFSAIA YERNATE

I

oft

O07k82| DPPH (1,1-diphenyl-2-picrylhydrazyl) 2ICIZ 27s

DPPH ]2 271%-& Blois (Blois, 1958)8% ARSI &
T H=E N kst €4 AE &9 s0uLel 1.5x10"mM
DPPH €9 150 uLg 232 4ol 3087 wE-g-A17]12L 515nm
2 A%t EFETARE $HEE &74ske] Vet DPPH
HZd 2S5 %) ol AoZ Alteldion, A3 NS
o] A griZe] 50% AAE o] &=l IC,#eE YERNA
HGoldstein 5, 1979).

AbSC nmml_lA‘bS
Abs

Free radical scavenging activity (%)= s %100

'Control

OS2 SOD (Superoxide dismutase) FAF &4

SOD A E4& Marklund®} Marklund(1974)2] Wi S A&
3tk v MR gk gkt 4 AlE 89 20 uLol| Tris
buffer (50mM Trist10mM EDTA, pH 8.5) 260uL, 7.2mM
pyrogallol 20 LS ¥ 42(25°C)01A 1087F X8kt o
Fol 20nm= AT EFFEARE THES sl Asky

pyrogallol®] & 81Tt SOD firAb 24 (%) ofefe] 4oz
A, AFp2 AFSEE pyrogallole] 50% A&l = @
IC,#re= Yepllet.

=

off
ki
;

ABS o AbS
ontrol sample 1
Abs <100

'Control

SOD-like activity (%)=

oFEsel 2= sS4

wFbE 33 digh #AsHrie AR §ALE YsAthE
gty A 993 AEEE] WAL SEuA S9HsE:
2006-SB-075-01). & Al FHS ol <5 T
st e dEdA 8-S Uit ® St A= 54
Z13}7] (darkness of color), 112}~ %= (smoothness), 314
(nutty flavor), ©3F(sweet flavor), A3+ SHnutty taste), T
(sweet taste), &3+ % E=(moistness), 73 =(hardness), 3
(chewiness), §§ 3t A % (unpleasantness), AHF2 21 481 (overall
acceptability)oll tiste] 78 A= (18- ksict, 78-w¢- 7
sitho 2 Hrlslsinh Alse ME o Al 2] 4zt 849
7 3 GAle gHe wigbs 323 FE R AlSsAa, AlE 7k
Hrtell mAe YEE ol Mg &5 A AT AT

.ﬁ
SH 0% 12 &

KR
=

5
<

L

SAHXE|

= Ao A3 3 ol 4T ke SPSS 24.0 (Statistical
Package for Social Science. SPSS Inc., Chicago IL, USA)e] 7]
=5AE T3l WHrEFUAPY] FHE YA, AR 7
Hd-S vwsh] S5k EAHEA (ANOVAYS Ads1$93, Duncan
9] 5 9177 (Duncan’s multiple range testy2 F3l A& 7+2]
ol ApelE A

=}

7=|J‘l_|. I;I_QI k-,

=

opptEe =&
AFL Aiet wppke Z=0] 7 §Ee 54¢ A3 Table
29} 2} Uiz, AF 25% H7HE, 50% H7KE 75% 7N,
100% F7HEe zHzh 1022, 8.36, 12.89, 13.38, 13.55%% &3t
o] IF 25% H7RrolNE TASATIL, 50% o) H7REE
Ble froldos S7HeIink(p<0.05). oR2E 7het 2F 7R
FEAFE A7 759, 483%2 SAH o] AT JHE] SR
o] o}tz Hla] VF 25% F7lEolA FEIF] Ui
g o2 AlgHch 2y 3T "Rkl 50% odel e
M o] ofdd Bl FUlslEd, o oR2ret T
o] Holdf el 77t 145, 25.6%% A7) Aoldfol o
B, F 90l 85%% FEAIS= hemi-cellulose, cellulose, lignin
52l Aoldfr(Han 5, 2008)°] 2l 42 HAEo] oA
Shgol S71ek Ao ® ALRETHNAAS, 2016). =, 33 H7HF
o] 50% ©o]4el ANETME 989 FESGFRT FE BAE
o] O & YL we o7 Hol IF JIFE HILFE n}

N
ol
o
I
Iy
ot
U
[o
b
ox W
N
)
o

opFtSel 5o, 2AH, HEY

pbe 539 F3, 7|, UH], Eol& 43 A= Table
2¢F k. Rale wpbee e A7) S FE QRle®
(Park &5, 2020) TNE2, BF 25% A7, 50% H7WE, 75% 3
7V, 100% H7RES Zhzb 2733, 26.83, 24.50, 22.50, 21.83 mL
2 TS AWESE Rt o8 o® A th(p<0.05). H
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Table 2. Moisture content, volume, weight, spread factor of macaron added with white bean powder

Sample Control" WB25 WB50 WB75 WB100
Moisture (%) 10.22+0.40%% 8.36+0.28° 12.89+0.04° 13.38+0.14™ 13.55+0.42°
Volume (mL) 27.33+0.58" 26.83+1.15 24.50+0.50 22.50+0.00° 21.83+0.76°

Weight (g) 9.7340.06° 10.00+0.17° 12.37+0.32" 14.03+0.29* 14.13+0.23°
Spread factor 4.26+0.04° 3.81+0.01° 4.27+0.20° 3.59+0.19° 3.19+0.08¢

DAIl abbreviated terms were defined in Table 1.
YAl values are Mean+SD.

IDifferent letters (a-d) in the same row are significantly different by Duncan’s multiple range test at p<0.05.

Zt U] FHr7Rolxe] B AasE 3T 25% H7REC] 1.83%,
BF 50% 7RSOl 1035%, AF 75% H7HEol 17.67%, 5
100% H7kte] 20.12%= HA2F AR, 3F A7iegel wef F
9] g2 JJoltER Hul9 3§ LAHAE 10%E At
i FFE 50% olstR Hrbste A7AE Axshke d &
QI AR S AR HRIh F8] T white layer cake
(Lee 5, 2006), 34H 238 2] Alo|=(Park &, 2008), &
2ol d+ AW (Lee &, 2012) AFolA Fo] A Ao]df
2l celluloset}t W71 52 A7Hgel wet §37F HAagdoiay B
3T SlFo] olErrT) Aol Tl ko] Eria
249 A3E S (NAAS, 2016), 2 Ao e sl e
2ol T e o3 o] Hirt 7has) mge] RuE
A= Q0 AF Pgdol A (Yangt Oh, 1999; Park
5, 2020)8k] Foj7F gk Aow Al

FAL 7Ae R, BF 25% A7k, AF 50% FE, 3
2 75% H7RE, 8 100% A7 ZHzF 9.73, 10.00, 12.37,
14.03, 1413 g2 2 3T Hrlgo] BoldSLE FAE fol4o=
S7FtAthp<0.05). ol= 3AF H7lge] F/EFE FETH
(Table 2)°] S7FslA7]el el et 771 S7FaLl At

7] AL QEAA RSS2 o W] FAVE 3
At A7l Srkeke @8-S Ul (Finney 5, 1950), A3
A AF7E & AFol =2 AFolgL AAXIHDoescher 5,
1987). tlx<, 3F 25% H7HE, 50% A7, 75% A7,
100% F7kte] HHA-e 24zt 426, 3.81, 427, 3.59, 3.192 3
F 25% FA7REIA Frol 5438] Wolslthrt 50% F7kellA
Aol Tk -, Al L oo HykrellA HRAFol At ¢
oA THp<0.05). Az AFAA HARLELS e #He| =
dl, et vlEdvhs A7 A2 (Henry, 1976)01 2l =
o gt o] tiEwHY AF 25% H7hre] wgol v

W el wobd WAl ko, Ads Pl Al

A H7Ae] Rt sl ATAMKim 5, 20169 el
shEEnth A0 B Aol s) rhE WEe] ol
A e Wl ek, 8T 50% ol BrlrelN WA 9
o] wolAe Zlow AREY. %, d7e) vl e 3
ol G WAL adlol A 483 Ao Azw 1
2 WRge) 7HE BE AT 50% Wkeel €% 4 b B
7ol Fe AFE Aoz Y7L

)

0FEEe| g ¥ ghelet

7 39 2 9 S9S 579% A3 Table 3%
o} G AL UlERE, FF 25% J7RE, 50% H7RE, 75% F
7HE, 100% H7HES 242t 64, 6.6, 6.7, 6.9, 7.1°Brixo. & TS
A= Gt S7IATHp<0.05). ol e Wyow 73

oRtE 7MRe] Y 24%Brix, 3T 7HES FEE 3.0°BrixE,
3AF 7HRe] BxTF 5o mE Adety Alsdn A3S A
7VErE dubo] ] ARIA| AL, Fo o|aEEEe ddAE
I3 ZYZEHE =
5 Jbete wkEe AR We 77t 39 JUbs
A G 714 o] HES sk Zo] Atk ST
S oz, 3T 25% H7RE, 50% H7RE 75% H7RE, 100%
A7 717 0231, 0.240, 0.253, 0349, 0.384%= B=s} wlzk
TR Fol frejdoz F7FsIAthp<0.05). A3 g
sucrose”} 42.93 mg/g, fructose”} 3.36 mg/g, maltose”} 2.30 mg/g
02 AZHAIMoon 5, 2011), °HEE== sucrose’} 33.7 mg/g,
fructose”} 0.80 mg/g, glucose”} 0.7 mg/g, inositol®] 1.1 mg/g A&
Hell w2l (Fourie2} Basson, 1990) 33l B3I <1 sucrose®TF
ofvgl S e Hgh w2 RS o 5 Ut ol FUT
2 maillard reaction®} 7H2@3} ¥kg-o] Ao} wizhEe] ZAs)
o 710E Ao & Bt}

o, MmN ot

OFISel pH A &=
b E 39 pH % e A3}= Table 33 7Tk
pHY A9 iz, 8F 25% HA7FE, 50% A7, 75% H7HE
100% H7k-S 22k pH 7.16, pH 7.11, pH 7.02, pH 6.95, pH
69302 AFS H7IgH Wt pH7F 24st i thp<0.05). AH=e
A Uz, BF 25% H7RE, 50% H7RE, 75% H7RE, 100%
HA7REe Z42F 0.10, 0.14, 0.17, 020, 026%% IS A7l
= folFoem o] S71sAtHp<0.05). §F v (Park T,
2020)> BE ELS H7IESE pH 7.22-7.132 ol A
2, W e E(Kim2 Sim, 2017)S GRS H7}ERE pH
7387302 Hro] #Adt £ AR Aol fAIAY. HFTS
A7VEEE pH7E AT ol Foll THE f714h oluxAl
¥4 5 S ge B4 gielgly AgdEd. 939 /7]
2 8L citric acid’} 3.09 mg/100 g, tartaric acid”} 3.28 mg/100
g, malic acid7} 0.82 mg/100 go| 3. SFEA} ofAmlEAN E¢] o}
vt} Ca, Cu, K, Mg, Na, Zn 59| §712& ©o| &f3ld
A pHell G3FS mXE= AoZ HelthMoon 5, 2011).
e dle] 7|2E olgste] Axzshs 2FE<lu], pHet
Ae7E 712 QgAY 2 93RS Frhy dEAUTHLee E,
A

>

A

i
e

oy

O

tlo

[¢lret
2016). 'FH¥-2 pH 82-9.6°] &ZT AFCIAT, T4 AN
71328] Aol Al FUYel] Wil e VxS o8
A Az Adde dEF 2% £ Y s=2e=s A=
shte] WRiolgkal & 4= QItH(Chae, 1997). & A7lX = pH7}
F0l 7k BT 50% H7kEAA 712 Al & AL
2 AEHET ES 2F] AwTt FolALE 7]Fo] oA,
Fo7b Zragichar degle] wek Alwe] St gk Fujo]
&S F 7oz HATtHAshet Colmey, 1973; Oldham %, 2000).

~

ofl, !
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Table 3. Sugar content, reducing sugar content, pH, acidity, and color value of macaron added with white bean powder

Sample Control" WB25 WB50 WB75 WB100
Sugar content (°Brix) 6.4+£0.0%% 6.6+0.0° 6.7+0.0° 6.9+0.0° 7.1£0.0°
Reducing sugar content (%) 0.231+0.002¢ 0.240+0.004* 0.253+0.009¢ 0.349+0.007° 0.384+0.000°
pH 7.16+0.04* 7.11£0.03° 7.02+0.03¢ 6.95+0.01¢ 6.93+0.01¢
Acidity (%) 0.10+£0.01° 0.14+0.02¢ 0.17+0.01° 0.20+0.02° 0.26+0.01*
L 86.51+0.06* 83.68+0.15° 68.66+0.01° 67.36+0.03¢ 63.39+0.54°
Color value a 2.55+0.03¢ 3.60+0.03° 7.88+0.06° 8.53+£0.09* 7.76+0.38"
b 16.43+0.04° 18.03+0.16¢ 23.80+0.21° 24.38+0.13* 20.09+0.23¢
YAll abbreviated terms were defined in Table 1.
YAll values are Mean£SD.
IDifferent letters (a-e) in the same row are significantly different by Duncan’s multiple range test at p<0.05.
Table 4. Texture characteristics of macaron added with white bean powder
Sample Control" WB25 WB50 WB75 WB100
Hardness (g) 680.77+15.679% 600.89+55.22° 339.12+15.75¢ 289.47+8.06" 213.86+7.98°
Springiness 0.455+0.10™%% 0.473£0.13 0.367+0.02 0.416+0.05 0.463+0.09
Cohesiveness 0.16620.04" 0.140+0.01° 0.286+0.04" 0.290+0.04* 0.295+0.02*
Gumminess 113.62+26.85" 84.05+8.07"™ 96.63+12.65® 83.80+12.51™ 62.93+1.44°
Chewiness 53.42+23.93* 39.11£7.33® 35.50+5.78™ 34.52+1.24 29.18+5.97°
Resilience 0.037+0.01% 0.030+0.01° 0.067+0.03 0.087+0.03" 0.085+0.00*

DAIl abbreviated terms were defined in Table 1.
YAl values are Mean+SD.

IDifferent letters (a-¢) in the same row are significantly different by Duncan’s multiple range test at p<0.05.

“NS: not significant.

opFESel M=

m7bE =8 AeE 5435 Ade Table 33 2l Lakel
Ae dze, 8T 25% H7RE, 50% H7RE, 75% H7RE, 100%
A7V 72} 8651, 83.68, 68.66, 67.36, 6339 FHo] FrelFH o

A8 tHp<0.05). w2 YReAS W Wk, g A7t
G55 AAoR Mo] ofFAH. BT wPhe(Pak T, 2020),
2 oSl (Choi 5, 2009), THFE2 H45°] H(Kang 5,
2012004 FAEE FH7ISHl w2t Lgke] idste] & Aot
e e BT ol ol Hlg) o] o g 3
Aol 28 maillard reaction?} 7l %ﬁ]— Hhso g Zalsly) o
ojk At AtrHET) agke] 79 2 2.55, 3.60, 7.88, 8.53,
77622 Fho] HAIH R FUISIAL, bkl A 77 1643,
18.03, 23.80, 24.38, 20.09% 75% HA7N7HA] o] kst 2
ol A7t Alele kol A THp<0.05). Woo 5(2018)2] A
Tl FE 28, B 2xoAM HEFE aghd) btel Tl
Athal HAslgeh & Aol FE IS VIl wet a
ol gAF oz 7k 218 1 T B2 apts /R A
of W Azeta HolH, byt T mpRERolR|NL, 75% 7t
THE bgto]l Ad Ae migbge] @ A B R o FeA
7] Wil bgke] Ag Aog Alg )

aFIsel 7IAN =Xz

H7hse] Ae] ZIAA 223 S A3k Table 49 2
th Are W P o (Kim 5, 2006) R, IF
25% FH7WE, 50% H7RE, 75% H7RE, 100% W7k 74zt
680.77, 600.89, 339.12, 289.47, 21386 gC % TS H71&4
A=7t F2sttkp<0.05). ole AT H7hEel wEh M,W/k
(Table 2)°] A o2 ZFrtete At F&dhs A4=, vt

227h F3aR] neh 24400] PEHNL 202 AR

t}h. &g ke (Park
] u}a}i(Honngr Yoon, 2020) TolME

2~8
T

=, 2020), Iz "FIEKim 5, 2017), &
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tefo] Frbetal, vt et FEEET 4xrt §

el 3 ol r) gwE ko] =2 3
o mjz} wo] Fgido] fhaale] Fulo] {A|Eol
| Axe] e mxl AR AlsHr]

A2 B3t = AEEKim 5, 2006) 27t
473, 0367, 0416, 046302 =AM IF L 715
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2006) Z}Z} 0.166, 0.140, 0286, 0.290, 02952 ZA =™ 3 Z
50% o’F A7 A F2 FoHQd Aolg HAtHp<0.05). HA
< WA Y] AEE AP)7] 7Fsd AEE e AFE(Kim
5, 2006) ZFZ+ 113.62, 84.05, 96.63, 83.80, 62.930.82 =Hw|H
A g oz gho] A THp<0.05). ol Axe 72 A¢S
Holm, Frg g 227l o) Ado] oFsliittal Alsdrt. 4
e A AEE A7) 7HsS AdEIE(Kim 5, 2006) 7
7} 5342, 39.11, 35.50, 34.52, 29.18% ZH = a}
v oAl 2ol §id

il

=
X

o

==

5
-

o

-

oo 1:101‘

oy o &
—_
o o

i I?t filo
= = o,

N
O

)
oX
2 rlo

=4
~
&
=3

[e)
23le] Q7o W Aow ApztEL) Q%ﬁ’%‘& Z}2+ 0,037, 0.
0.067, 0.087, 0.0852 AlF 7Fe] F]4Ql 2}olE HAR| T 7
& Holx| gk}

OISl S22 0|E &

SRR A= a+°‘°lur 2 5ol ole =Re] Aol &
gieo|Ee FEhds 71£%£ 3tm -OH71& EFstx Y=
gl -OH7|7} AFelE é{loPc 42l FE(Cut HFe)t A7



TS AR rbbee] F4 54 3 sk 637

1.5 r

a
b

1.0 r c c

0-5 _ d I I

00 J 1 1 1 1

Control WB25 WBS5S0 WB75 WBI100

Fig. 1. Flavonoid content of macaron added with white bean
powder. All abbreviated terms were defined in Table 1. All values
are MeantSD. Different letters (a-d) in the same row are
significantly different by Duncan’s multiple range test at p<0.05.

Flavonid content (mg/mL)

e 58o] o} 3 3= 7-tkKang 5, 2015).
n7bE AAe] FEfRwol= e 49 A= Fig 13
2t} iz, SF 25% A7RE, 50% H7RE, 75% A7RE, 100%
A7e 22t 0473, 0.808, 0.858, 1.033, 1.715 mg/mLo 2 33
< ANEEE Zgneols 3ol foHor Frkelen 3
Z 100%2 AR vFlEe o] vls)] Zelnico|= ghar
o] oF 3.6 EUTHp<0.05). ETHIo|=e] UFO] o] hFa}iE
2 E3] Foll R ke eyt Eria dEA ok F9
=

2002). T3 ZetHco|=A] A4l QFEAJobd S SFo = 120.17
mg% E3HE o] thoFet AEE4S YebdtiBaet Moon, 1997).
mEbA o] TR olAEgRIe R QI3 TS FHE wigtE
9] FgtHxolE Fo] w2 AR AztEW, F AR AT
(Yang 5, 2006914 27HF H7Hgo] S7Hd5 At olad
g ghepo] wolIttal & Bel ARSIt webs o=
7HE WAl AF 7R diAE wibgel g4tkst &gl gk 7]
o7t &5 Zolgtar 7|t

O7tEel & Hied steta &

2 w4 seHEe AEAAA FweshRyust Moon, 2003),
9%(Choi, 2010), FZIHKimZ} Nho, 2018) 52 A4
7Y, kst Bt w2 EAE dEA ok v A S
g AZo] tiFEE FARl] 717l tig Sasde] At
= EZo|tH(Hong 5, 2014).

nbs 239 F dsd e s 8% d¥e Fig 2
oF 2tk oz, IF 25% A7, 50% H7RE 75% A7k
100% 7Rt ZH7F 1.101, 4.490, 5.356, 6.844, 11.266 mg/mLL-
2 TS Aieel wet foHo® =moldE EATHp<0.05).
HEsA SES SetRwols, Heuit 59 £48 x3st=t
Folle olfd dAsA sigtee] v EFE Uk Foll Hsit
& 2 3ksl g3E e Ze® HIiEEH(Baet Moon,
1997), 2kge] dlsat B9 Bae 5, 1997014 T2 F&
=4S 2= p-coumaric acid, p-hydroxy benzoic, trans-cinnami
ol AEHATL RS o] F kst EF= chlorogenic
acid, ferulic, sylicylic, t-cinnamic 5 22 A Uep=d ©]
AEES 2% AZHIAT & 38 oy By o
ool ksl 283 et Tl a7t sivke gdRI Ba

oy & o o2t
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Fig. 2. Total phenolic content of macaron added with white bean
powder. All abbreviated terms were defined in Table 1. All values
are MeanzSD. Different letters (a-e) in the same row are
significantly different by Duncan’s multiple range test at p<0.05.
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Fig. 3. DPPH radical scavenging activity, SOD-like activity of macaron
added with white bean powder. All abbreviated terms were defined
in Table 1. All values are Mean+SD. Different letters (a-e) in the
same row are significantly different by Duncan’s multiple range test
at p<0.05.
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HAtkJeonZ Park, 2015). Lee2} Lee(1994)2] -ollA 7+e
ez F29 AFH o=l F HEA sEE

032%} 0.14%% 3Fo] o £ FFE BVl tixLnt
Tl H7H rbEel ¥ FeA SRE Il B2 Ao
AZPE T, WS ool w8} Aol ERo] He AFLE
el o g 1o 4 ek

OF1Ee| DPPH (1,1-diphenyl-2-picrylhydrazyl) 2iC|Z 2715

DPPHE #2 HePo] 2 gitZ=2, 3itsl £49] -OHY|
o] 98] o] BMLE A S EFFLAR 2Hsle] Fak
3} g4+ = UtkJeong 5, 2012). EHHZ A TS b
3t EHAEE 8 e, 53 F e dEgde 7o
g A#AAIE 7HITHKim 5, 2009).

u7bg 339 DPPH S &ASE IC#EHr Selzol
50% 2~AE wo] sr)o= JePd A3 Fig 33 2k tlx
=, BF 25% TR, 50% JA7AE, 75% A7RE, 100% A7 RS
Z}z} 159320, 48024, 36747, 32590, 25132 mg/mLE AF H
7hFol FTFEFE 1IC, 7ol Rl th(p<0.05). 3, 1C ko] 7H¢
2he BT 100% H7kee] kst @4o] 7MY =2 As o
ATk ol Fol FgHEHde datsl B ZEtEwolE, ¥
=4 33E, BN E, AR, ouxsh HEHE, Alxd Fo
ksl g3l Q% Aolgta RSt Baet Moon, 1997). W
kA BT 100% F7ReA EetRxolE g Ay setE
2o| ol DPPH U Z &A% F3F 28 Ao AlgHT.

Lo
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Table 5. Mean scores of intensity test of macaron added with white bean powder

Sample Control" WB25 WB50 WB75 WB100
A Darkness of color 1.0£0.0%% 2.5+0.5¢ 4.8+0.5¢ 6.0+0.0° 6.6+0.7°
PPearacee g oothness 5.4+2.0° 4623 4.5+0.5° 2.840.5" 1.5£0.5"
N Nutty flavor 2.0£0.8° 2.8+0.5¢ 4.6£0.5° 6.0+0.0° 7.0£0.0°
avor Sweet flavor 6.0+1.1° 454160 4.140.8 3.6+1.2% 2.942.0°
Tt Nutty taste 2407 3.3+0.9d 45+0.9° 6.040.0" 7.0+0.0°
aste Sweet taste 5.6£1.1° 4.0+1.4° 3.8+1.0° 4441 3% 4.0+2.00
Moistness 2.8+0.5° 3.840.5" 5.040.8® 5.041.9% 5542.8°
Toxt Hardness 5.4+1.1° 5.441.1° 3.941.0° 3.541.6° 25413
exture Chewiness 565139 4619 4.0£0.9 4.0+1.1 45423
Unpleasantness 2.0+0.8¢ 3.1£0.8° 3.8+1.0° 5.0£0.9 6.1£1.2°
Overall acceptability 4.040.9" 5.042.0° 5.440.9° 4.1+1.8% 2.841.7°

DAIl abbreviated terms were defined in Table 1.
YAl values are Mean+SD.

IDifferent letters (a-¢) in the same row are significantly different by Duncan’s multiple range test at p<0.05.

“NS : not significant.

O7FE2| SOD (Superoxide dismutase) fAF &4

SOD= ksl a4z AYA 2] superoxide2] AFs}Alol] &
ofatnz, kstAel ogh 4t} oA EFE PolR A SOD
AR S A3t (Jeong 5, 2012; Kim &, 2010a). 4+3}
= L Fusl= pyrogallolS superoxide9} HHS-
sl ApsAkslE B8 24 EdS AAdske, 2aEE
2 F74ste] SOD FARMS T3THKim §,

Fag A

i

T
-0 Y\ ylil
Fe EGE=

2010a).

)

u7bg 339 SOD AF 84L& 1C, w3t pyrogallols
50% AsN=Ee vm)e2 vehd A3l Fig 33 2t dlE&,
BF 25% H7KE, 50% A7RE, 75% H7RE, 100% H7RES
7z} 2055.55, 961.26, 839.29, 647.64, 56034 mgmLE 3IF&
7HEEE ICHol FolA o= hadle] FF 100% H7Ee]
bslgo] 7 & AL & F ATp<0.05). o= Fol R

ol THFE P8} BAEe o3 Ao= ARHL

0piEel Y 54

nbe 230 e 54 A= Table 59 2ok A Xsp=

B THp<0.05). °l= M=ol Lgk(Table 3)0lA Hzo] TS 3
Vg Hak o Tl mEr Aol sk "t Eokxl A
o2 A7a njunse e AF 50% 77 i
A7t 2 W, 75% o) H7REREE sy Atz
7t 284, 15822 Y9t} ol 75% o4 H7EolA QB9
A e B9 UE o] BT SiHe uhs B
o] EEEFINHI, old dHo AR Ha Foe] FAo]
Aol gl AoE WZFATHKim, 2013). 24F TS Tzl

7}

&

o] 2.8, BF
71319 eH(p<0.05). °l& 3F

ZH(Table 2) A3} 433tk Are tzzolA
100% d7hEeld 25802 fejzos 7Haeldthp<0.05). ©]
= 3F FAvkgo] wgsle] 74shs A%(Table 4) A7 A4S
sk QAL 3T 75% 7RIS kel 2Asithrl, 100%
A7V A ghol Zrkelgdedl, LERES 23 Aoz 9%
AR AZETHp=00%). HES Fxe ATS ArlsiEe o

2 frogoz 37t

o =
AR

100% F7REollA 5.58& Holn foxo=z 5
A7Vl weste] Fvlsle 8

543, 3%

tl(p<0.05), T 50% H7FENA 3.8

Hog RFHrh ot v =T MRkl EEE 3T
50% H7FEolA 54902 7P == (p<0.05),

Tl Fa%k SR, e Y] FFHANE 38T

3} o] A Ao] 1 olfreta AzkETt.

o OF
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o

o% o

# d7e oREE VIRE FARRE ke vkl 718 &
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