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Abstract

In this study, quality characteristics and antioxidative activities were comparatively evaluated between the macaron with
egg white powder added at the ratios of 2, 4, 6 and 8% and the macaron with added liquid egg white, in order to determine
the applicability of the macaron with added egg white powder. The analysis of amino acids indicated that the group with
8% of egg white powder added showed the highest total amino acid content of 7,584.20 mg/100 g. The group with 4%
of egg white powder added showed the highest sweetness (p<0.01); whereas, and the group with 2% of egg white powder
added showed the highest pH (»p<0.001). In terms of the chromaticity, L (p<0.01) and a values (p<0.05) were increased
with the increasing percentage of added egg white powder. With the increasing percentage of added egg white powder,
textures such as hardness (p<0.01), chewiness (p<0.05), gumminess (p<0.001), and cohesiveness (p<0.001) decreased;
whereas, adhesiveness (p<0.001) and springiness (p<0.01) increased. The results of the sensory evaluation indicated the
highest preference for the macaron containing 6% white egg powder, in all items. DPPH free radical scavenging activity,
SOD-like activity, and reducing power were increased with increasing amounts of added egg white powder (p<0.001).
Collectively, the results indicated that the production of macaron with the addition of 6% of egg white powder is the most
suitable mixing ratio for enhancing the preference and quality level.
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Table 1. Recipes of macaron added with egg white powder
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Concentration of -
egg white powder Almond Sugar Egg Egg Egg white Sugar Water Total
(%) powder powder white white powder © © (®
&) (2 (2 (2 (®

0 250 250 90 90 0.0 250 62.5 992.5
2 250 250 90 88.2 1.8 250 62.5 992.5
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6 250 250 90 84.6 54 250 62.5 992.5
8 250 250 90 82.8 7.2 250 62.5 992.5
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A7HE0] 556.39 mg/100 g, 6% F7}E0] 571.25 mg/100 g, 8%
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1.18 g, cystine 1.88 g, methionine 3.01 g, tyrosine 3.21 g, glutamic
acid 10.89 g, phenylalanine 4.94 g, valine 6.02 g, histidine 1.67
g, proline 2.92 g, glycine 2.89 g2 B I EJATHFAO 1970).
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Table 2. Amino acid contents of macaron added with egg white powder

273

Amino acid

Concentration of egg white powder (%)

(mg/100 g) 0 2 4 6 8 F-value (p)
Asp" 685.59+17.55 707.41427.66 713.094+26.44 727.74+36.65 762.34+34.92 3.307(0.057)
Thr 238.90+44.91 242 27+44.07 247.74+41.80 251.46+46.24 267.46+41.94 0.193(0.937)
Ser 392.81422.92 397.27421.91 406.64+20.95 413.96+20.76 439.00+20.46 2.167(0.147)
Glu 1,540.46+41.77°  1,566.78+41.63®  1,588.24+16.55®  1,637.93£53.61°  1,695.08+69.43° 4.918(0.019)"
Gly 375.93+11.89 385.20:£13.08 388.29+15.24 395.44+16.37 410.43420.24 2.040(0.164)
Ala 459.46+39.27 475.92+39.14 482.88+37.23 504.97+42.80 537.32+45.20 1.630(0.242)
Cys 92.46+2 46 93.57+4.00° 96.60+1.17° 95.72+6.85" 104.89+3.28° 4.432(0.026)"
Val 211.17+18.67 218.54425.21 223.92423.95 230.67+24.18 243.95+17.39 0.956(0.472)
Met 37.96+11.27 39.94+9.77 41.0349.13 47.55+12.62 56.43+16.86 1.137(0.393)
Ile 148.62:+4.31 155.81+11.04 156.85+9.00 161.86+14.05 174.20+10.53 2.553(0.105)
Leu 437.11+12.71 461.9626.54 492.41£31.10 511.23£56.95 582.32+98.94 3.107(0.066)
Tyr 141.7036.55 150.9130.45 159.56+29.37 174.50:£22.47 208.51+14.89 2.66( 0.095)
Phe 339.78+19.48 374.16+24.35 388.91+27.19 398.25+35.33 417.27432.11 3.182(0.063)
Lys 252.9942.26 256.12+1.72° 266.53+6.70° 268.46+5.73° 290.16+2.11° 35.448(0.000) ™
Trp 186.02+2.39 188.00+1.88% 191.53+2.11® 198.84+9.41> 203.09+7.84° 4.828(0.020)"
His 148.33+0.91° 154.07+4.45® 156.31+4.53® 158.77+£7.29% 166.34+3.25° 6.222(0.009)"
Arg 523.05+0.92° 537.94+16.55" 556.39427.44° 571.25429.10® 595.92+33.28" 3.944(0.036)°
Pro 378.4144.28" 385.93+11.98° 390.93+9.45° 399.32+18.07 429.79+28.57° 4.212(0.030)"
Total 6,590.724261.16  6,791.804326.45  6,947.84+309.60  7,147.91+427.54  7,584.20+435.03 3.361(0.055)

D" Asp: Aspartic acid, Thr: Threonine, Ser: Serine, Glu: Glutamic acid, Gly: Glycine, Ala: Alanine, Cys: Cysteine, Val: Valine, Met:
Methionine, Ile: Isoleucine, Leu: Leucine, Tyr: Tyrosine, Phe: Phenylalanine, Lys: Lysine, Trp: Tryptophan, His: Histidine, Arg: Arginine,

Pro: Proline

AIgE obuli= Akl lysined] o] F7FsHE AL HUHY
o, B Aol A= vt ulgste] lysineo] Z7haks
Ao UEETHp<0.001). ebq HFo} FRo] RE of

Table 3. Volume, weight and spread ratio of macaron
added with egg white powder

Concentration

1)1=AF1 lysine@} methionine& AR -9, dH M7 of egg white V(Onlql]ljle W(eif)ght Spre?;j)ratio
9] 290.95 mg/ 100ge] )3l 8% H7}to] 346.59 mg/ 100 g powder (%) & ’

2 F715t7] giol o5 A ofn|iibint ofye), 3Hitst 0 10.67+1.53" 5.13+0.07° 52.76+1.32°
B/gol = cystine= Zobe 4 Qle Al AHCho & 2 16.00=1.00° 53940.07°  49.53+0.71°
2013). Al a7 A ZA JulBake x5 o g

013). wet s AlAol s BrreiA = | 4 17.33+1.04> 5.780.11° 47.06+0.74°
oAl RZE3F B4 ofm] 4kl methionines H| A HAFSH |

S A0] 03t cysteine S| B3-S obu|ALS Z}EFF 2 9 6 19.17+1.04 6.1420.10 42.06+1.13
ol A Tl o] At ofUel, 7| S ZAE AR & 9 8 21.67+1.53¢ 6.38+0.08° 40.73£1.15°
oA ulrlE o] Jokut ZAAY =2o] E Aoz AlgH F-value (p) 32.404(0.000) " 104.458(0.000) " 70.893(0.000)"

o},

2. 71, 3 LAY

GRS AUk vhed] R, 3% Wl 5=
93t A3h= Table 33} Fig. 13} 2t} Ryl Wl B2d
o H7hte] 1067 mL2 7 W2 Ao WERGaL,

X

*¢ Values with different small letters within a column differ
significantly (p<0.001). Each value is meantS.D. (n=3).

T 2% H7to] 16.00 mL, 4% A7FEo] 17.33 mL, 6% A7}
0] 19.17 mL, 8% A7}L0] 21.67 mL <o 2 W Rak 7]
o] F7KISE Hu]7k F745He 202 LehgThp=0.001).



274 PRI

Fig. 1. Photographs of macaron added with egg white
powder. a) Liquid egg white, b) 2% egg white powder, c¢) 4%
egg white powder, d) 6% egg white powder, e) 8% egg white

powder.
S o) WrhEol 513 g0 2 1Y W Ao yehd
3, W ET 2% H7Eo] 539 g, 4% 7&7}—7’-0] 5.78 g, 6%

H7}Zo] 6.14 g 8% H7FEo] 638g 0.2 W Eul Hrjer
o] ZFB4E FFE Z/5He o2 UEtipe0.00)
WAL o] H7lEo] S276%E A SR i
8% H7h2ol A0T%EA WulEe Hleo] FrhaE 7t
ashe Ao UeRtrhp<0.001)
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5F AR R} o 72 Zojete] nrhge] Row
e 2= A S7HAA BTt glaAof gk F2
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Kristinsson 2005; Yang 5 2009). o]2{gt ol o] g2 7))
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go] we Aoz wsldrt. olefa AT AUE ik
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AAHE Fu]7} Zash7] giZo|ti(Yang 5 2009). & A
oA Wl B H 7} uprlE 9] pHE 7.30~7.382 4] Yang
(2009)¢] AL B ZAPH 7.72, 76C) 0.2 THE Ll
W3} ulg pH 28& 7T Y Aom e,
wjoluko 2 YHE wrlgol He) 71E WAelo] pakEle] 3
sof Fapol F7bekn WAl Fastel SBE PAE

Ial

é Mo 2 B 01)1
(]

E

it

r_p H]I oIr{

A 7] & Al F A FE 3R
7Ee] PR 94t A2 UEsteh ol ] 7]
A o) Wl A i, T A1) )
S5, o) el £5, 84 A 55 W W7 59 o
o z7e] 9G] ol uhrhgel] uize 7} A
J\E et ehuae] AY2AE BRol FE Aol wE
Al g Ao Z AR EHTKOldham 5 2000; Liang & Kiis-
tinsson 2005; Yang 5 2009). E3] & dF9] A& rdel o}
7HeZ A F= Ao|=of vl wrkA|Tte] Fra TRt
2 100% AHg] Mok elols) Eashe] 2-8%¢) H]&
2 4% AFgell] TRol] Gule] 7 E YAl AstEA
FOWAS 2319 ¥9 ol FhHe 5 ol F

WabE Ao BerEe Y] /X GRS oy
A %9 ovoglobulin®} ovoalbumin®] §FFL W1, 7] ¢+
4& Goll 23t HA el 7]1993k= ovomucin®] F7Fo] Ak
(Yang & Oh 1999; Yang S 2009). waba] W] 7] 41
7 QEAAe WS F= ] T2l ovoglobulin, ovo-
albumin, ovomucin 59| A7}&Fo] Z7134E Hu|, =2
A4 Foll ARE 7ol w3} gae] B 428 T
Atka & 4 9tk 0% Guolo] 7 B wEL A5
3 A= ovoalbuming Fo|u pHE] WS}of| whahA| A HE
171 whol, e 27} oirhe Az Al 7% QH
2 gol7] flalN SHH HIO2 pHE AL & JES
/\39«] A 7\"7}0}01 A|Z3}= ZA(Song 5 2014) = vl7}E
9} FFS Eol 2% woled =20l E 5 U

2 Az %E}

sl e AU HEge] ow ol 4o
A3 O o] SEFA 4= JtiDoescher 5 1987; Kim
5 2016). E3] nprbEREL op ek, 2 At AES 7]
YT Sea Uge Beo] gt B v i)

AgeE ZASE A4 wok MYAo] Fop 1, AYS

[e]

.}

)

P 5

w.olo B
[O -{II

2 ZA5PH HFAo] WolAtYu HH 2014; Kim 5 2016).
SERFo] B WU Tl SEAe] e dugue

Aol nFhES Az Ak sEako] ZrastuA W
o) HEo}h wolA 1 HYAo] asol, npphg 1ol Fu
52 moyo] SEHAA g AReA FAEo] ol 7]
7l PAEE Aos et wakA oAl Az A
wjo) oAl Gl Rere Wosks Ao) nhrlEe] HAAe A
SIA71A BT BAE ol F|ojsk Ao wekH,

3. =2 pH

RS H71% npphe o) =9 pHE S 2
Table 49} 2tk Y= Yol H717o] 6.10 Brix, &
6% A7) 6.23 ‘Brix, 2% H7H20] 6.40 Brix, 8% H7}t
0] 640 Brix £22 Y7} =2 2oz LeERFTHp<0.01).

2
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Table 4. Sweetness and pH of macaron added with egg
white powder

Concentration of

egg white S?;?SSS pH
powder (%)

0 6.10+0.10° 7.36+0.02¢

2 6.400.10° 7.3840.01¢

4 6.47+0.06° 7.34+0.01%

6 6.23+0.06" 7.330.01°

8 6.400.10° 7.3040.02°
F-value (p) 9.227(0.002)” 15.458(0.000)"

#¢ Values with different small letters within a column differ sig-
nificantly (»p<0.001). Each value is mean+S.D. (n=3).

H7HEE ol Hrhtat GEst o7t e o2 et
= SR 8% ko] 13008 7Y Rotal, &
Hi R 2% H7kEo] 7.38% pHZL 7HE 2 ALE UEy
THp<0.001). w2ha] Geaiol H7ltof H]af Ghul Bk 7t
9] FE= F7FHL, pHe #HAshe A2 ¢ 5 U
ulzhgel QlojA] G| g et pHE 7|2 ¥
HRA ol mA = FaFo] Atk o] 7] At kA
2 o] A=} pH, WRE A9 2= &, Ul thal
o T 3N vk, B A7FF 7Y o8 21Y FFS
£l wi7h-9] pHeF FEol wekA nrhe o] A5
H3le 4= Qlth(Oldham 5 2000; Liang & Kristinsson 2005;
Yang S 2009). Kim 5(2016)2 Eulg 23S 3713 vy
F7olA Ente EUS H7IEE W59 pH7L AstE A,
HAGT £AHE, YHE2 Hashs A0 R Byt E
3} Yang 5(2009)2 pH 7.72¢} 76°C 2 A0 2 e e gah
2 4 FE Ao|32E AP woll ¥F=52] pH7} 5.89F2 4]
498 dHEUR ThE oA FE Ao]=29 pHSI 436K TH
dZeo 77k Ao g BHustglet, A FE Aol A
Zo] A3 pHE 52~6.0% A 2702 Aoj39 &
S & AE 5 doka £45¢1h o]¢f Zo] dH o] pHIL
A Aol ulzhg F71eh Zo| Wl Ege] 7| gAY
< o] &% Al AFo| Fa3 olf= dHo] A (pH 9)
A o= 712 AL FIISHAIN, QHEA3-2 A dtE= B
Hojl o] S o] o (pH 5~ wol= 7129 3
A3} obA A o] olx]7] wEo]tHOldham S 2000; Bac S
2003; Yang 5 2009). whetA] uizhgat o] G o] 7|2 AdS
o] g5t Al AEF-Z AXT o= A7 A H7ste] pH
£ 533 B2 R U 7|27 A FAAEEAE kA
A oA HER AR F£29 W2 pHE FA5t= A

o
&
o
)
Ir
L
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U

o] FThBae 5 2003; Song 5 2014). £ ATNAE chus
A7k b e pHE R Hrlepe] SAHRSE gas
£ AR Ve ke AR A g Yt
= YA Aol FAH o] Luju Fo] F7bska

WAL gasks 5o BUEATY ol 24% 5o

-

fr e &5 N

9] A=E wolal, AFe]l FA4H= ATt
g2 AT Ao el

IARE 7]2uks REHY HAISH HE7] w2l o=
T AEL e o 254 A3 HristH AR okd
2 Eol=g =89 EkBae 5 2003; Song 5 2014).
B2 WP 25 TdstA A Wste 7|5 FA
fFASH=H =&o] FrHChoi 5 2015). & AFoA = &
wol Wil /K4S PRI ol Ao it
webA] wiokg Az A el 7| %ot ol HE
Foll Auke A7kstel FAAS FAAZIE Rol uvt
Fo nul, WA, BN o) US4 WA

58 Foliu Ego] ¥ Ao BehHEch

3]

—_

A

X

d o
=2

N

4.

Y ET-S Hr1e vuipbe] Me 54 A= Table 59+
2ot 928 YeiflE L dET 2% H7kto] 86.45,
4% H7}o] 86.53, Wruiol HA7lLo] 86.56, 6% 7ol
87.38, 8% H7}o] 87.682 iR HylgFo] ZrlstaE
Lgtol ¢Ftt S7hst= AEFolthp<0.01). A =E ety
£ gk Iy Hrito] -1.872 7P Woky, dEy
4% H7HEo] - 1592 7P A U thp<0.05). FH=E
UeE= bt ol H7lto] 10.89, dulEd 8% H7k
o] 11.08, 6% H7Fo] 11.17, 4% H7Fzo] 11.17, 2% A7+t

Table S. L, a and b values of macaron added with egg
white powder

Concentration Hunter color values

of egg white

powder (%) L a b
0 86.56x022° - 1.87+0.02°  10.89+0.10
2 86.45:040°  —1.65£0.06°  11.82%0.60
4 86.53£0.36°  —1.59+0.12°  11.1720.22
6 87.38+0.33> - 1.86£0.10"  11.17+0.63
8 87.68+0.15° - 1.66+0.17°  11.08+0.33
F-value (p) 10.341(0.001)"  4.287(0.028)"  2.018(0.168)

= Values with different small letters within a column differ sig-
nificantly (p<0.001). Each value is mean+S.D. (n=3).
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o] 11.82 £0 2 &2 Ao g Yeyton, talid X7leko
wEba] FYE 2ozt Gls AR YEryith
BT Hrol whebA Lgke] Zpolzt v A2 T
Y H7EgFol 71l whebaA @A o] vhul Buabof o) 7]
3 o] 3ptE|o] Hrt Tk A= AlmETh Choi
5(2015)2 g FheFo] =2 rhapET A u| R &
URAE upphgel H7lgE AgEo 2437 w24
= AYEA} ofn| At FFFo] w2 JHPEE
L= fAashal, ANE T FUMes AR B
sho] & Aot gRte AaE YeEhliglt nbed] e
= AE AR Fo) gof| 23t vks-9l Zhehd vh33) izl o]
ofu| 7] e} Fo] L5 =7} Bhg5te] uho|dr k3o o3|
ZA57E A= o] o] =X A Frh(Fennema OR 1996; Choi
S 2015). 2y 2 AFoA dET HrlEpe] S
FEE S7FHAEL 7hebd kg o R A4St SR A=
2 =7t 24 @gotd g AsA7|A = e AR U
Ebgtth B3 Gl B ko] FUtetel E ulrhEo] Tl
2 g FEs FSUFeA L Tl o] ofn| 7|9t o] &
93| =7] 7t ulo]¥ ¥k E3E A2 4] gohA P&
7t At A= G ALE YET Yang 5(2009) = b
BT H7F A FE Ao|aE WulEe] pHF BE4E 9
T7F woha 2 Aot fARE 2aks Hauskgch 18y @
HiE9EO] pH= ZH ol gk J3FS Fo] pH7F 238 Yee
At gl Aol M ET} Zoba| A ZATE ghgo] F
7Vehe Aoz B4ttt B Ao R HrieF
o] 37V pHe Hast YEe= F7HHARE ANz
BT Ml wheba Sk A HHEStE AL
eI, A= A0 WBkeR] (gt whabA] o] HEt
TAIE 24|, dEd Jrt npphe-2 Gl ot uprt
ol vl %2 pHE 7|32 FAdHo| FdE| o] e F715t
= ¥hdof|, 7ebd vhEat Wdes ghgo og ZAsE o
od A== Fro} Tl FheFo| A grof Ao} A A

[¢]

o7 2

(TR T

e huor|

=4 EFIYEIA

=7 deRere HriekA g uhgat FREH Holrt
A e Aos AREch

5. HIAX
i B kS H71e upyhg o] "lax =% A3k Table 6

I Aok A2 Gl R dlol H7hto] 475,878.93 N
2 7H =) vehga, dajEak 29, A7 449,127.83 N,
4% H7FE 374,148.63 N, 6% H7HE 309,996.33 N, 8% A7}
T 28499390 N =0 2 i Eak Yrjeko] Z713t42 Ax
dol HAashs ALz U THp<0.01). FAHAHS G
H7hto] 853 Ne&2 71 A YebgaL, el 2 8% A7t
T 490 NO& 7P W2 A0 Yo}, Wil A7t
ol F71EFE FAZ0] SAHCR foH o g Hast
A e AR Ugyth FAREE duld Hrlgto] -
33157302 7P WA yebgal, deEE 2% HrkE -
5,811.23, 4% A7t -8312.17, 6% H7HE -25,761.37, 8% H7}
T -36,24023 <=0 &2 el B Ttk weba faHo] S
7¥oh= AL 2 YETHp<0.001). 242 iR d 8% A
7}o] 0.57 mm=Z 7F =4 Ve, 6% A7 0.53 mm,
4% H7HE 043 mm, 2% H7HE 039 mm £02 el Hr}
0] 032 mmO 2 7P A UehaA G EE Yool &
Vg gL S AL 2 e tHp<0.01). W
L ol H7hto] 45,793.86 N - mmO &2 71 A YE
3, Rk 89, Hybgto] 23,066.20 N - mmo 2 7P o
Al vebbA GBS JriskeE JEAdo] Fade A
© 2 YeERFTHp<0.05). AL Wil H7lto] 91,223.41 N
o2 7} =4 veERG T, Gl 8y, H7ME 50,147.69 N
S 2 7P 2A yehbA Gl gy Hrlego] SU1eE 3
ol Zaste Ae® YBHtHp<0.001). 33842 ¢l
H7HEe] 0252 7P A U, G ET 2% 7k
0.19, 4% A7} 0.17, 6% A7} 0.16, 8% H7FE 0.16 &0
2GR Hrego]l S-S AW HAT 2ol

Table 6. Texture properties of macaron added with egg white powder

Concentration

Texture properties

of egg white Hardness Fracturability Adhesiveness Springiness Chewiness Gumminess Cohesiveness
powder (%) ™) ™ (mm) (N - mm) ™
0 475,878.93+23,304.22°  8.53£3.80  -3315.73+1,93339°  0.3240.02° 45,793.86+9,573.22° 91,223.41£9,47539"  0.25+0.02°
2 449,127.83+25,684.45°  6.10£1.04  -5811.23+153.53 0.39+0.12* 38,975.60+7,982.98° 83,903.10+11,484.35"  0.19+0.01°
4 374,148.63£104,829.57°  4.90+1.04  -8312.17+1,137.22°  0.43+0.02° 28,183.33+6,742.56® 51,954.83+1,127.37*  0.17+0.01°
6 309,996.33+36,260.17°  4.90£1.04  -25,761.37+11,708.99"  0.53+0.06™ 24,508.38+9,750.26° 51,831.58+7,616.83"  0.16+0.02°
8 284,993.90+6,719.43" 4.90£2.08  -36,240.235,106.56°  0.57+0.05° 23,066.20£1,151.19"  50,147.69+5,774.55*  0.16£0.01°
F-value (p) 7.725(0.004)” 1.697(0.227) 18.472(0.000)™  7.118(0.006)"  4.913(0.019)" 19.160(0.000)™"  18.878(0.000)™

¥ Values with different small letters within a column differ significantly (p<0.001). Each value is meantS.D. (n=3).
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LEFSTHp<0.001).

3 = Aojze] BaHe] 3] AT
3 Yang $(2009) R pHrL A3AA Aol
=3] upphge] AR A7t A Ge S8
e vhEo] FhdEls Foto] BH ABE st YR
B} oR 727} sl A4 ¥ 4 ATHChoi 5
2015). £ ATl RAR A7l ZAHL4E SRk
o] Zraste] AmAo] ZAHETHE AWATESY] Ao} o
28R = eFFo LK Kim & Park 2006; Lee 5 2007; Kang 5
2009), LR H7lero] S7FASE pHE SEUFE 74

e

Aol hnwe] Aol FHR4E pHY FRFFL

Hstelo] ¥uloh FHL F745ta ATHE GASAL, B
YA B S5t nokE BRo A3 B o
3} EZ3RAE whSh Beo] glow, WS el 4
AR B2A7 YA EE Aoz 24ET 53] 72 @
A Eo] N EES} B AoAASS Ful7t A AnA

o] wrh= QA IHChabot JF 1979; Yang 5 2009)= Ho}
el Hlgke] Soluss 7z I Ey B
Ao nshge Hueh Faol F7hHn Anel Rold
A "l AR o) tiRt 54 A B ol
29l EAE WAL Aoz FlgE,

6.

R HoE nhEe) BBt Avks Table 73
2tk Zzhe] W7t Aaks WA S webd =34
hEA Ugied, A0 YRS 6% Y7k nokg
o] 71ZE7} 7H A Uit R 6% F7ke nit
o) WeH SAS A 4777, o 4548, % 477, 2%
4927, RUAQ 7|5 47THOR BE B EAA

712=7F 7P A dEs

e Y} obe EASH L GAS By
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e R 6% H7hEa 8% B7kEol BUsH 477
HoZ 71 =qkon, 4% A7t 4.5474, 2% A7t 4.007,
chajel Hrlgo] 323 w02 J1EEsL WA vehg
(p<005). STE PAET H7h2T} G BrhE o] F
23 71 5E Hol7k 9l RO ekt ol At 9
#rlEEd G F w3l 3% A4, 3= 59 23
Aol RS Wk dae) HohE o) FR
Aol7k g A0 k] ol 53, dujRes 3
7VEE £3(p<0.001), $3Hp<0.001), H=(p<0.01)= &7}
SHIL WA P00 FAsHe 2O Lrehhd daae
W7k 4B 715 EE Foltd] Bgol Hi A0 oA
THTable 7).

e GmEe 6% Whe] 45440 Y o,
4% H71E 4.1534, Gl Frht 4.004, 8% H 7 3774,
2% 7KL 3318 28 7|5 %rt A vEig e, MEL
of ol2el Rolt vhehtA] ggleh

ghe G 6% H7b2ol 4TTHOR g Eskon, b
Wl A7} 4467, 4% H7lE 4.087, 8% H7ME 3.854,
o Bl JHE om IR S e, w1
o )29l ol Ggie. TR el JEFE Fi P
S pHOA] I EEe Y7E4E GEE0lE F7H5HL
PH<0001)E ASoHE R0 vehgot, 537kl A
SR Mo} el iR 7| B RS o FEE F74A7)
A5 el H7be] wshH FHS /| EEE Fol Ak
Gt Aoz vhebger

2Age GO % HrhEol 49280 T RO
u, 8% H7hE 4397, Wae) Brhaa 2% A7hE 4157,
2% H7VE 4154, 4% BA7VE 3924 202 755} 2L
AOR ekt ok, we) HrbRa G R H7bE 11
F Aol UehbA gt A0 Uehdth ol 23t
L 247 7R GHS F 5 Uk BVEHY R,

% WA Fol YT WPl NU4E 2T /&

Table 7. Preference test scores of macaron added with egg white powder

Concentration of

Preference test scores

egg white

powder (%) Appearance Flavor Taste Texture Overall quality
0 3.23+1.24* 4.00+1.63 4.46+1.66 4.15+1.52 4.00+1.63
2 4.00+1.53® 3.31+1.55 3.62+1.56 4.15+0.99 3.69+1.32
4 4.54+1.20° 4.15+1.28 4.08+1.26 3.9241.12 3.92£1.26
6 4.77£1.74° 4.54+1.20 4.77+1.64 4.92+1.38 4.77+1.48
8 4.77+1.48 3.77£1.17 3.85+1.52 4.39+1.50 3.85+1.21
F-value (p) 2.663(0.041)" 1.429(0.235) 1.193(0.323) 1.084(0.373) 1.189(0.325)

** Values with different small letters within a column differ significantly (p<0.001). Each value is meantS.D. (n=3).
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L5 Fol|ANL Gl M) v WA 7| Bl
7“ =Y Ax2 F JF2 TX] ';!\OI"C Aoz :ﬂ"?_‘r%‘:]'
Akl 7| B YRt 6% HrkRo] 477402 v}

]|

A =orom, Waiol H7LE 4.007, 4% H7HE 3.9274, 8%
H7HE 3.854, 2% H7HE 3.698 £02 AH¥kAQ 7| 5w}t
=2 AR ygtou, MELRY f930] Zpol= flslth
wEbA S AlQstales 3 o 23, AN 73 E
S =37 EAO JduEgE Hylgko] ZUMELE 7|3 E
7} EolA| A gk ol A7) vlE) EEEH 7T ES =
AFA = B ALE UeRTh o33 A2 HE, urhs
of dHET 6% H7tste Aol BeAl EAS HIRE &
AEALE 7 ¢ &+ de FAY iz dgE ok

7. Eiiet gy
G BukS H71et upylE o] §AksE 4 A= Table 8
3} e DPPH 2ht]Z 47232 o) H7)E 30.04%0]

o, W Bl 204 A7 34.06%, 4% A7HE 36.10%, 6% A7}
o+ 39.97%, 8% H7I 40.70%=2 FERE o] Hrlsko] Z7}
TpE F7Fshs A2 YEHHTHp<0.001). SOD FAREY S
ol H7lto] 14.44%0|w, Gl ET 2% A 7L 17.73%,
4% A7 19.74%, 6% HA7HE 25.90%, 8% A7t 27.85%=
duRate] Hrlao] Z7AS Skt o= vebitt
(p<0.001). L2 o) H72 0.130]w, 2T 2%
A7HE 0.14, 4% H7HE 014, 6% H7HE 0.15, 8% A7HE
0.5 W] Hlao] £/l FAE glol 2715
o] GABE BHE ST AL & 4 ACHp0.001).

chol chal e gatel, a A Aulolel, ek
Y g 7Aool e Aoz dEA chMiguel T
2007; Mine Y 2007; Erdmann 5 2008; Tanzadehpanah 5 2012).
E3] Py} HY3loll= ovalbumin, ovotransferrin, phosvitin@}
Fo ol ®at ol 2}, phospholipids®} Z+2 A|H}, vitamin
E, vitamin A, selenium, carotenoids =-2] &FAFs}t S48 714 &
A Eo] wo] S0 tHCotterill & Geiger 1977;. Huopalahti S

rn\l _l

I

A=A FITEA
2007; Li-Chan & Kim 2007; Nimalaratne & Wu 2015). o]& &
W) Gl e gl BA0] FAT JRe T ARon
o) hild AL A BAS ThE B ohe eBaE
=3 B} peptideS AAte] FALE BAo] Zrlwith
(Kato 5 1989; Matsudomi 5 1991; Cho DY 2014). o] 5
S F o) 7hE 8 &<l antioxidant peptide 2]of| %= Tt Ty
A 7he] GegS Fo) GAls BAo) ABEE Aom 1
A S{i_Tl(Davalos 2004), E3] ] giAS kg - AR
B9 AH SRS TRANN AR He 3
{45 o] 7HEE A2 LheldThYin 5 2014). ol et
AAISE A ATE ohish U2 4, Yotz
S SO E Feie) Al ke Be] S
2 ety 71 - Az e BE s gy slm
ksl YIS S/ Lol He Ao wekdr
(Sakanaka 5 2004; Li 5 2008; Peng 5 2009).
olo} o] yhul TrlE.e Fieralo] o8] FHatel ol
Z7 R gk, el Tl R ZRR| R o 2 RALSE SR o] ol
A740] 9IrkMoon 5 2012). 53] ole] F7.9) vhu gy
%9] 3139l ovotransferring HEL Substs thlE ol
davjoz $gola ST dEAT /)% fA5)
Ak, T, G, Futolel s Qo= welele 2AsHe 7]
9] F7HHo 2 Q= Ao 2 B E Y THSchade & Caroline
1944; Valenti 5 1985; Xie 5 2002; Giansanti 5 2005; Rath
5 2009). Ovotransferrin2] ﬂ*}ﬁ} gAdof digt AdgAof ut
2 H(Ibrahim 5 2007; Xu 5 2007; Moon %5 2012), ovotrans-
ferrin2 DPPH 2}t]zt A7 &4, metal binding activity, SOD -
Ao e AL E YEhgth o] ¢o Tl go] &
oAUE Aoz L R ofn| it cysteine= FAFSH
Ao] & AoR X% tHLehtinen 5 2009; Nimalaratne
& Wu 2015).

llT( ruL‘ FI[‘

Qo w #=

Table 8. Antioxidative activities of macaron added with egg white powder

DPPH free radical
scavenging activity (%)

Concentration of egg white
powder (%)

SOD-like activity (%) Reducing power (O.D)

0 30.04+1.30° 14.44+0.32° 0.130.00°

2 34.06+1.30° 17.73+0.14° 0.14+0.00°

4 36.10£0.39° 19.74+1.38° 0.1420.00°

6 39.97+0.25¢ 25.90+0.97 0.1520.00°

8 40.70+0.06° 27.85+0.53° 0.15+0.00°
F-value (p) 80.223(0.000)™ 145.201(0.000) 40.053(0.000)™

*¢ Values with different small letters within a column differ significantly (p<0.001). Each value is meantS.D. (n=3).
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SIS Uk FAE HolwA Holye =2 9
A WHREe ol s1SE Az, 9% é%_'—, 3
B4, YA B 5L vl Brieke] Gl el of
A A 8 A S AEsc,

RS Hk vpphg ofule Ak BAT A3
W BT 8% H7E9] ot Al FTFo] 7,584.20 mg/100 gO. &2
Vg 5L Ao Uehgth £ dujEre] Flege] 371
42 glutamic acid(p<0.05), arginine(p<0.05), cystine(p<0.05),
lysine(p<0.001), tryptophan(p<0.05), histidine(p<0.01), proline
(p<0.05) 59| ofu]iebEo] Z7Hehe Ao Velsith R
o} FFe dujRare] Wkl FAUSE k5 Ao
2 Uebghp<0.001). 342 e Hrlego] Zba
S PLFATHP000]). FEE Rk 4%, H7bzo) 7}
7 5O B(p<001), pHi R 2% Hrhio] /4 £
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=X I(p<0.01), agh-2 BT 4% Hrlto] 7MY BT
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