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Abstract

The aim of this study was to evaluate the quality characteristics, antioxidant activities, and sensory properties of
macaron with cabbage powder (CP). Physicochemical and sensory properties of macaron with different amounts
(0%, 1%, 3%, 5%, and 7%) of CP were examined. The quality of macarons was evaluated based on spread factor,
baking loss rate, color, texture, antioxidant activities, and sensory evaluation. As amount of CP addition increased,
spread factor, baking loss rate, and L and a values decreased, whereas b value increased (p<0.05). For texture prop-
erties, hardness, cohesiveness, and springiness were increased by addition of CP (p<0.05). The gumminess and brit-
tleness did not show significant changes up to 3% CP addition although significant changes in 5-7% CP addition
(»<0.05) were evident. The total polyphenolic contents, DPPH radical scavenging activities, and reducing power
were significantly increased by addition of CP at high concentrations (p<0.05). In the consumer acceptance of mac-
arons, 3% CP showed the highest in color, flavor, texture, and overall acceptance and 5% CP showed the highest
in taste. Meanwhile, macaron containing 7% CP showed the lowest scores in texture and overall acceptance
(»<0.05). These data suggested that adding 3% of CP was the optimal concentration for making macaron.
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218 918 AF o] 7hsE o2 Z|d T
Sl S=(Brassica oleracea L.y= B A17}F @A o1<] A
wjFoly Axpstate] iz vER], vd™, o] R 2
vlo] EA| ] (phytochemicalys theF $-stal ATHChu et
al,, 2002). o= A E 28-S ot= HIEFY Ko A
d¢] BlglRl U7t Skl gHreElo] do] 1Al 59 A
2o a37F O (Cheney, 1992; Ferland & Sadowski,
1992), S5 93.3%, T 0.6%, A 0.1%, G2 5.6%, =
Aol dF 1.4%, B 05% 5ol dfrHel UAthJin et al,
2006). B3+ S ferulic acid, caffeic acid, p-coumaric
acid 5% H&3te] akshA] 8-S -3 U THCao et
al., 1996; Rice-Evans et al., 1997). &3], glucosinolatesZ}
= =48 o FHetal do] HdA sl ek A
EA4 ] Woir|ze Fas TS st (Mathias et al.,
2006), 28] T ZFIF o)A myrosinasedl] o3l 7HEiE
3 Ho] oF A AAgHE Advhal deA S th(Hayes
et al,, 2008). FullF= &A Ao MYE= Ee= Folu F
22 B IF7E S7FEA Sl el s AnrE 54 9l
o, FE AA Z2 §AY HA= o WHoE W
sgol AFSE Ut guiF EES HUe dTEe A
7] (Yang, 2009), =¥H(Kim & Yang, 2010) 5°] o™,
2 5 AFAge] g GeEF 2Es &8 A AW
2ol A= G (Lee, 2010), A= Alo] =] Az} A
3} 24 (Kim, 2015), 284 Alo|=e] FHAEA B Fits)
A (Kim & Kim, 2017), 719 F2 B Ashi=] &7
(Lee & Lee, 2017) 522 w318k A o]t}
mEbA 2 AFE F4ol 8 754 vks AlxE
At 7| 2AEE Algatal Agld 715/l 2 dulF &
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< AlFolAM A FYste] ARSI ol ETHEE o
SHA| T (Incheon, Korea), ¥~ 27| TH(Icheon, Korea), &2
CIAI YA F(Seoul, Korea), Al 53 (Gyeongsan, Korea)oll A]
2 e 9lste] ARESIATE Jin et al. (2006)2] Ao
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Table 1. Formulations of macarons prepared with cabbage
powder

Cabbage powder content (%)

Ingredients (g) 0 1 3 5 7

Almond powder 200 198 194 190 186
Tant Pour gy,0ar powder 200 200 200 200 200

(;?,{]{q) Cabbage powder 0 2 6 10 14
Egg white 72 72 72 72 72

Egg white 72 72 72 72 72

Meringue Sugar 200 200 200 200 200
Water 50 50 50 50 50

A Z+E= Table 19 AAIE wgv]ol] Wl Choi et al. (2015)
o WPHE AN WF st Axsidnt. Gl L] ot
Fe AnAF AT 0%, 1%, 2%, 3%, 4%, 5%, 6%, 1%
2 Az A3 AFF70 Zpo|rt TSR] FUAL, 1%
o]%Fel H7t Al Bt xA o] ZHasted AHAF 7|5 w7
Al Ueh Aol F-AEATE B APelA i F &
< OREEVRE THE VISR 0%, 1%, 3%, 5%, 1%
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= A g g Eoll ¥o] =21 £ 118-121°C7F
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Young Machinery Co., Seoul, Korea)oll 4] 5%7F -8 3 9
BELEE SIE 150°C, oFE 140°CE H50] 827 U] +
Hom, g wFhES A2oA A7 FF Was &
L83 ol Al 5= ARSI

opFtEe HEY =7 &8

ulbEe] A A< (spread factor)= AACC WH(10-
50D)ell ©Jalf ool FAE o]&ste] HY AFE 5
SATHAACC, 1995). A2 T et 273 ] vlg v
el o2 wpkge] A2 vike oE FHeR BE
3 & AA 7S Digimatic Caliper (CD-15CPX, Mitutoyo
Corporation, Miyazaki, Japan)Z 374 3}3 n[F}5-8 90°= 3
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3 3] *J (Spread factor) =

nl7hE o] #7]44 & (baking loss rate)S "FMES 7]
A & FFE S5k ool 23} o] AlLteraitt.

=1 = =
S F e HUHS vkE e A== A (color
difference meter, JS 555, Color Techno System Co., Tokyo,
Japan)E AHESle] PhAHES] S HES 38 W 2
Stk 2 742 Hunter scaled] 93] vl1E9] L Zh(HE), a
GEAE), b ENE)0E Bghe FHAT. oluf AL
o 3 WA ThS 1=99.32, a=0.78, b=-0.01°]t}.

opize) Zxzt

Z2A7+& rheometer (Compac-100, Sun Scientific Co.,
Ltd., Tokyo, Japan)& Al83}] 7 E(hardness), &5
(cohesiveness), B2 (springiness), X Zd(gumminess), 7}
1 (brittleness)S 53] WHE S8 8kal B A siaint. =
71ES 20x20x 10mme] =72 22} 4HPL w Aol
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Louis, MO, USA) I mLE Y& 3 A4 3
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o] g8 HFEIM O ZHE &3 T)

DPPH radica =< Blois ¥ (Blois, 1958)° wel =
Aaach T2 ¥2 Ax3 AE 01mLel 0.15mM
DPPH €9 0.1 mLE Y3 ALoA 3027 ykL3t
518 nmolA FF=E =433tk DPPH radical 275
A& A7 AR FR 7R ztolE o 2]df] it
ERf At}

N
L
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DPPH radical scavenging activity (%)
=(1-(N& Z7H79] FFeMNE FH7T9 F35))
x 100

S S Mau et al. (2002) 2 Seo et al. (2008)¢] =Y
o] wat 248t 5 Az AFE 025mLel 02M
sodium phosphate buffer (pH 6.8) 0.25mL<} 1% potassium
ferricianide 0.25mLE 3L 50°ColA 2087+ wkg-ak &,
10% TCA (Trichloroacetic acid)E 0.25mL ZE%3}3it}.
1000 rpmoll A 108 AA22]skal e 0.1 mLol S/

n7bge] 7185 AAE Civille & Szezesniak (1973)9]
el wet vizbge] 544 % 7 el tiste] SA]A]
21 2 Fsta A 2083 AlFrlEA 108S 23t

WS ez SIS GRS o83l s
Pofd 5714 9] B A2 A Pk BrHEn

& v2A ste] ANG H, & AR B vk o

nh ek =2 e A7 =S skldh. 4 Ad

S
3L kA9l 7] S % (overall acceptance)dl] T3t =5

71 AAEE ARt SR e, 73S we- =
, A8 B 132wl dojde 2 YERfislt

SAX2|

BE AF A#A9 FAAE = WindowsE SPSS 12.0
(SPSS Inc., Chicago, IL, USA)S Al&-3lon 28y
Hd EEEAE oo EAMEA 3 Duncan] o5
AZHol w048 8L s th(p<0.05).
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o vl AP 277t 3.942 7P =A yeEbs:
om ullFE B 1-7% H7HFAAA = 3.54-3.282 T2+
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Table 2. Baking properties of the macarons containing different amounts of cabbage powder

Cabbage powder content (%)

0 1 3 5 7
Spread factor 3.94+0.05%) 3.54+0.07° 3.40+0.11° 3.32+0.07 3.28+0.07¢
Baking loss rate (%) 8.69+0.12° 7.96+0.05° 6.54+0.05° 6.36+0.05¢ 6.29+0.09°

YValues are mean+SD (n=3), means followed by the same letter in a row were not significantly different (p<0.05).

i 2016, & AP BNE RS Dol FHE
2 ol EslFo] Ha] ATA O B g3t Mol dfad
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o APl Yoz nistel WAl 715 WAl
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o] BETF HPA ol Aoithe Barel fAMSE A 3S
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F BT ArtEe] FEFE folH o g paste 4TS
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Table 3. Color values of the macarons containing different amounts of cabbage powder

#elH o Frtehs

Color values”

Cabbage powder content (%)

0 1 3 5 7
L 72.60+3.68% 63.82+1.03° 60.73+0.91° 56.09+1.12¢ 53.15+1.77¢
a 1.53+0.26" 0.24+0.17° -0.26+0.14° -1.02+0.14¢ -0.7940.13¢
b 18.76+0.64° 19.22+0.14° 19.32+0.54° 20.61+0.52° 21.19+0.60°

YL, Lightness (white;+100~black;0); a, redness (red;+100~green;-80); b, yellowness (yellow;+70~ blue;-70).
IValues are meantSD (n=3), means followed by the same letter in a row were not significantly different (p<0.05).
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C D E

Fig. 1. Visual comparison of the macarons that contained different amounts of cabbage powder. A, 0% cabbage powder added; B,
1% cabbage powder added; C, 3% cabbage powder added; D, 5% cabbage powder added; E, 7% cabbage powder added.
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] YRR R Ix7) s x| =ulA] 7]elsts A

o werEths A} go] FPHOE ¥AT Bast

Tkl BarE|Qlek. oj¢} o] Hrel w5A 542 7t
ste sk Adske AE) R o8 g 4T
S wolu], E3 vl 7] YR £1 ) we} 3

o|7} Y= Ao e
opFEe| ettst &
Sl e kst AxE rigbEe] ksl S 9]
=274 A= Table 59 2t} FHAEA 3TES QA @
g FXH AE 23 AR ] SR 27l o] o] Ak
71(OH)E 7HAAL Qlo] Az} 7ho Rajel Ajtsh= A
Aol lom Fits}, ek 9 AES G a3 5o A
224 71%5S 7 2L 9 tH(Nozaki, 1986; Nakatani, 1990).
% Zg9s T2 Yz 205.81 pg GAE/mMLE 7H3
A e FulEF BT 1-7% H 7ol A= 209.13-
22421 ug GAE/MLE ZTRT fo3og Zrshe 4
g2 B
DPPH 2tz &A%5S ditst @48 AAlete M
HAAR Wi 2 #uy & e st B4
B A FAAE ol g st # 3t
e 3231 Bepde] o g gy =
b Tle R a 2R st 22 S S

Tlton

Table 4. Textural properties of the macarons containing different amounts of cabbage powder

Cabbage powder content (%)

0 1 3 5 7
Hardness (g/cm?) 2,773.60+323.14°D 3,119.59+195.73% 3,178.35+225.38% 3,463.22+237.75* 3,468.25+187.03*
Cohesiveness (%) 15.72+1.75¢ 17.43£2.14° 18.15+1.34° 18.65+1.73* 18.5241.52°
Springiness (%) 53.80+2.24° 72.65£2.19* 72.08+1.54* 76.23+£2.05° 76.32+1.33°
Gumminess (g) 210.84+17.95° 161.57£18.57° 211.86+17.45° 313.25+£25.43* 341.11£18.31*

Brittleness (g) 115.91+8.73° 117.71+8.52°

156.17+9.23° 238.67+11.21* 266.53+12.12°

YValues are mean+SD (n=5), means followed by the same letter in a row were not significantly different (p<0.05).
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Table 5. Antioxidant activities of the macarons containing different amounts of cabbage powder

Cabbage powder content (%)

0 1 3 5 7
Total polyphenolic contents (ug GAE/mL) 205.81£5.72°)  209.13+0.52°  219.05+4.53°  223.72+6.22°  224.21+3.81°
DPPH radical scavenging activity (%) 28.63+0.53¢ 54.05+0.47° 69.51£0.97° 93.15+1.66° 93.82+1.29°
Reducing power (O.D. at 700 nm) 0.36+0.01° 0.62+0.01¢ 0.76+0.03° 1.00£0.03° 1.15+0.07*

YValues are mean+SD (n=3), means followed by the same letter in a row were not significantly different (p<0.05).

Table 6. Consumer acceptance scores of the macarons containing different amounts of cabbage powder

Cabbage powder content (%)

0 1 3 5 7
Color" 5.17+0.02<Y 5.22+0.01" 5.43+0.05° 5.31£0.03° 5.2440.09™
Flavor 5.06+0.02¢ 5.14+0.05" 5.28+0.12° 5.27+£0.07° 5.20+0.03®
Taste 5.45+0.14¢ 5.53+0.12" 5.76£0.11% 5.81£0.19° 5.41+0.12°
Texture 5.05£0.13" 5.17£0.21%¢ 5.47+0.32° 5.32+0.13* 4.93+0.13¢
Overall acceptance 5.13+0.09< 5.34+0.11% 5.65+0.08" 5.43£0.21% 5.05+0.16¢

YRate using a scale of 1-7, where 7=excellent, 6=very good, 5=good, 4=fair, 3=poor, 2=very poor, 1=bad.
YValues are meantSD (n=3), means followed by the same letter in a row were not significantly different (»p<0.05).

2 o] &5 ATHQue et al., 2006). YT FES AVFE S 3% HIHETF 22 5439 5282 7Y =4 UERST
ul7}Ze] DPPH #H]Z AASLS HZTF 28.63%ETH 1% grol] tist Frh= 5% A7FE7F 581E 7HY =A JERGE S
A7HoA 54.05%E Ueht FA4 5] S7Fekl o H 7% H7HE 5412 7P 9 3 UERTh 237
F D 7% HIHE 93.82%% 7MY w2 w2 B o F AR 71sre] A9 izl vis) 3% H7HrelA
Hj S Bk Hrleko] Z1skRE folFow 2%k low 74zt 5473 5652 7P E=A veRteu 227l 7%
ERsE E‘r(p<o 05). A7HE 49302 Ueht Hashe A Belon A

A H L2 ferric ion (Fe*") EFE] ferrous (FHE A A2l 7|E=AME 7% H7HE 5052 7MY 92 3h& 1
-@ro}b SEE 700 nmolA SAHE FEE FoE UE A vke Alx A F B 7P AR M
A Z(Sa et al, 2010)C. 2. SLH S Y217} 03622 = Ao vehgtom A k| vl ZW_}J AnNkA <

1 o debtenl gk i 974%) SRS TR 3% Bk daETEn B Aew %)
0.62-1.15% §212 0 2 %7 VErsthpe<0.05). ol F& Ao2 vehdeh. 244, AwAel /EE] 4
% BovE ¥, DPPH SUIT 2705 2 BAe ¢ S ozl ws) 7% A7k g WA dekson of
MiF B grkgel $7H85E RoM0R i Usde & 93 FEE%) ol dARE A7k A PulE 55
ol AYBY 5L Ve B4 BH0] fo o wga Pt gl FelA BRI} HepAm, S 1

3 2 S7bele AdE il EEe] A diol A HAol YR AellA 4ol dtelA FHo] Ast
2 v)7l o= WA o]l @ A3k ofREATEY =Y UE Ao AR ol F Aske FuiF B
Absheo] BR bl 7HR(Choi et al, 20169 S717F & A7EE F71e] A(Lee & Lee, 201704 £817 7]
(Lee et al, 2015)5 H7Fek vpbEo]l el Hlel & 3% AAF 23, A, FEgL J, AAHY 715z
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