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Quality Characteristics and Antioxidant Activities of
Macaron Added with Black Sesame

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

ABSTRACT The aim of the study was to assess the benefits of fortifying macarons with black sesame powder,
which is high in biological activity. Macarons were fortified by adding varying amounts of black sesame powder,
and the physicochemical properties and antioxidant activities of the end products were evaluated. The moisture content
and weight of macarons were higher in the black sesame additive group than in the control group, whereas the volume
and spread ratio were lower. The soluble solid content and reducing sugar content were the lowest in the control
group and increased with the addition of the black sesame. The pH was observed to be 6.89~7.16 in both the control
and the black sesame additive groups. The L, a, and b values on the Hunter color system significantly varied from
the control group with the addition of black sesame. The texture of the macarons in the black sesame additive group
showed a decreased hardness, gumminess, and chewiness. Macarons in the black sesame additive group were observed
to have higher total phenol and flavonoid content as compared to the control group. 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging activity and superoxide dismutase (SOD)-like activity increased due to the addition of
black sesame, thus resulting in higher antioxidant activity. The overall acceptability for the 30% black sesame additive
group was the best in the sensory properties test. We conclude that the addition of black sesame powder has a positive
effect on the antioxidant activities and sensory properties of macarons.
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Table 1. Formulas for the macaron added with different ratio
of black sesame powder

Black sesame powder (%)

Ingredients (g) 0 15 30 45

S Sugar 60 60 60 60
YU Water 185 185 185 185

. White egg 24 24 24 24
Meringue g, oar 6 6 6 6
Almond powder 60 51 42 33

Black sesame 0 9 18 27

Paste powder

Sugar powder 60 60 60 60

White egg 24 24 24 24
Total 2525 2525 2525 2525
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Kenwood Appliance Co., Ltd., Treviso, Italy)® 1%l A
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1995a).
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Texture analyser(TA/XT2, Stable Micro Systems
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A& 33} tannic acid(Yakuri Pure Chemicals
Co., Ltd., Kyoto, Japan)& A}-&3}$ich.
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FNE AT Ao R FUSA AMEste] AT Als
100 pLol 90% diethylene glycol 0.9 mL, 1 N NaOH 20
pLE ¥ 31 37°C water bath(VS-1205W, Vision Scientific
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2 H3 A3} Table

2%} 7t} FAE gixto] 9.73 g, 15% HA7tto] 9.90 g,
30% H7bte] 10.27 g, 45% ﬂﬂ%o] 11.03 go.2 AL H

A7k wlgol whet F7bekel, o)

wlhE uRe] ¥

feel F7hz Qe _@%ﬁ%%%e%%asiqﬂﬁ

th F9= FA whd o] AEgS Bl diFxato] 27.33 mL
2 74 Rom, A7t 15% H7btel 25.93 mL, 30%
A7 o] 23.17 mL, 45% 7kl 21.00 mLE 27
TS AN A4S R e Ao Ee
A7V FAL Fret R Fhe) TS FE AoR
Atg g HAARS ET 4.26, 15% H7HE 4.06, 30%
A7V 3.90, 45% 7V 3.67= ALY HIF Hlgol wt
a_ 17%7]] _:.xqgoiu} J]x]/ﬂ_q u}—%g sti TF ] _,_toﬂ/q
T 3ABE Fl W5 T Ast A o] AA =

o] tHCurley$t Hoseney, 1984). ¥ g4 wh=o] 34,
FETE, FARY olstetH B4 9 A bl dF¥E wE
gl wksel] 5ol7bes FAlRe] Aol fa el zod 5
RS ST Aol R a7 RS FE skl v
o] frgdel dad AT Hes FAT F e FaTe
o) o] Pratmz WPl aBMiller 5, 1997;
Peom, 2013)
gk, E8E, pH

ALANE H7re nioteel 9%, 399, pH ZA¥4+=
Table 33 o} G thxato] 6.40°Brix, 15% 7
o] 6.60°Brix, 30% %7}o] 6.80°Brix, 45% ZH7htol
6.90°Brix® 7] A7t vl &o] Fold4E vt S7H
o} S gzl 1.61%%E Y= AR 7
do S nyon 15% A7 1.78%, 30% HA7FES
2.49%, 45% A 7}-o 2.90%% A2 Hr ke uEt 59
o2 718 tH(/X0.05). Y d2 gd53ES i
AFe] Az 5 A gpstEo] o|FFu

HARow Xl*ﬂ% =R b Eﬂﬂ‘ﬂ 3 ?J%k

T

Table 2. Moisture content, weight, volume, and spread ratio of macaron added with black sesame powder

Black sesame powder (%)

0 15 30 45
Moisture content (%) 10.2240.40°"? 10.31+0.03° 10.39+0.21° 11.35£0.39°
Weight (g) 9.73+0.06" 9.9040.10° 10.27+0.06° 11.03£0.06°
Volume (mL) 27.33+0.58° 25.93£1.79° 23.17+0.58" 21.00£1.00°
Spread ratio 4.260.10° 4.06+0.31% 3.90+0.16™ 3.67+0.17°

YAll values are mean+SD.

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

Table 3. Soluble solid content, reducing sugar content, pH, and color value of macaron added with black sesame powder

Black sesame powder (%)

0 15 30 45
Soluble solid content (°Brix) 6.40+0.00"? 6.60:£0.00° 6.80:£0.00" 6.90+0.00"
Reducing sugar content (%) 1.61+0.02° 1.78+0.04° 2.49+0.04 2.90+0.02°
pH 7.16+0.04° 7.08+0.02° 6.97+0.07" 6.89+0.01°
Color value L (lightness) 86.51+0.06" 84.88+0.08" 82.32+0.08° 79.46+0.04

a (redness) 2.55+0.03° 0.49+0.00° 0.46+0.03° 0.34+0.01°

b (yellowness) 16.43+0.04° 8.790.05° 7.2240.20° 5.74+0.02¢

YAll 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.
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59| gtaFo] 27.42%2 olE=9] 24.77% Wl =k7] o
woll G fld kel AeE IR w5
7hebe Aoz YZHETHNAAS, 2016) oleld gl 3
i AEel 4 3 guiste g2 4% E 5 sled,
sheldell o9k vl et W TS FIAID B ok
& 7be & @1 AR E GFE vA AR F4 3
gt we 9E F F ArHKim, 2004). PHE Alx
Al AR e IEA PGS vIA R
=S Fola Agol 344« Ak %7%]7‘ o =M
el 712 GAYE A7, ol 7o) fhaets
#d e Ao w AREtHKimI} Sim, 2017).

pH #2715 FH7ekA @& dxol 7.1609%2 7H4

RO, 15% #H7ko] 7.08, 30% FH7F¢] 6.97, 45%
A7hol 6.89% eyl Be] Aol FAALRS v
24 Q. ol AN HAZ HG wAEA 719
£ 1~5% FEoz A7 A AR 2190t Baek 5,
2019). oA AF3k npe} o] ssAJo g 5o 2o =w
aFALe] gREElEo] o|FFu R R Bauy, 12
AAel A HEH 0D UFHIL f7)ko R e ErhAida
£, 2007). WRERA o] e Wrh ulge] 24 7
ol Z7katoll e o Fo] ARa) o) pHe} Abxel
Aoz Ak A3 AFAA W5 pHi

A O] GEE Tzl phZL ol

Z;l o7

Aol Aste= 2 YelgtH(Park 5, 2020).

AL/ H7ts nigt2e] Mw ATE Table 37 2t}
5 YehE Lk vlxo] 86.51019em Hbet&
27 %%01 Z7134=5 747} 84.88, 82.32, 79.460.2 13
2 ol tH(/X0.05). agk2 txTo] 2.55
S S Helom H7ktE 0.49, 0.46,
= AgS e bk tlzTe] 16.432
\)

2P e 3R gs Belon Hrkwe 47t 8.79,
7.22, 5. 742 AL EEel Htel HlElste] A
AEFE Bt 2 AR Ak Wi, AR, A B

LI, o FUA BRS %

A71e 7] (Lim¥ Lee,

A7t QA eerh o] kAol ehaA A4t F
3ol Solgli 48] e Bie] 7121 2102 (Namy}
Chung, 2008) Tkt A7 A% B kAol 2 gl
A Aol DNA 4 2 wet ofAl, akel 34 5o Ae)

AN ol A2R WA A2 AU % A

e A8 A% AE 1A A% Fol o8 SISl
Caen gwsl B g 240l welAun .
L EohE Fol HE olgelA B & Qo] esle 4

ZRF AQPRELS Aro] Fals BT 7)5A 22
o] ol AAE 0 Z AH|AE AloloA] C1VE B

TIAH ==

ALNE A7k npobgo] 7IAA 223 4
49} 2}, A= A2AE H7kekA & tizakel A 680.77
go® 7P = YEtson, A2 Hrrekel wat fo] 4
o2 7+Aste] 15%, 30%, 45% 77k 217; 476.11 g,
426.81 g, 311.74 g2 YEFGTH/X0.05). A7 &2
2 A gFo s v Ry fAHo| 743 viatkE
o 22 FAol| W& ol 2o Agto] & o] FoX]A
e Ao 7 AR H Y (Lee 5, 2015). A} EES sk

FIAAME o9} e S B oH(Lim¥ Lee, 2015),

E FARE e eobgelM e sEX 7HF(Hong 3
Yoon, 2020)2} % E%(Park 5, 2020)S 713t npotE
oA frAtek S B U 2o R AT T
w H7t wgkEe] 30% M7kl vE] A 2 30% H
7hate] AE) oF7h vk FFodn). ©rE A S gzt
0.45, A 7kr°] 0.33~0.402.2 % % H A7V W& AR
7] fre] Al Zpol= uAS\’iD}(E ). SRS gxETo
0.17, A&7 #7}to] 0.152 &
Hog thxat 7kt Abold -rr/]ﬂﬂ ztol= il
(720.05). A4 tzto] 113.622 7Hd =931, 15% 3
Zhato] 71.26, 30% A7 el 61.74, 45% H7bo] 44.63
o7 e H7bel whet ZAsklvh AL 15~45%
H7FaRo] 14.95~28.44% e 2T+ 53.42¢9) H]E)

Z A7k

F}+= Table

5
4 -

2015), 21"-(Choi®} Chung, 2005)3} Aol w& A9 A SAE 3EEe gixgto] 0.04% 3 15~45% 3
Table 4. Texture analysis of macaron added with black sesame powder
Black sesame powder (%)
0 30 45
Hardness (g) 680.77+15.67""? 476.11+20.16" 426.81+18.20° 311.74+47.25°
Springiness 0.45+0.10™%% 0.40+0.03 0.37+0.08 0.33+0.03
Cohesiveness 0.17+0.04™ 0.15+0.03 0.150.02 0.15+0.03
Gumminess 113.62+26.85" 71.26£15.25° 61.74+4.96" 44.63+1.07°
Chewiness 53.42423.93" 28.44+7.14° 22.64+4.57° 14.95+1.52°
Resilience 0.04+0.01™ 0.03+0.01 0.03+0.00 0.03+0.01

1)All values are meantSD.

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

INS: not significant.
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Fig. 1. Total phenol content of macaron added with black sesame
powder. All values are mean+SD. Different letters (a-d) above
the bars are significantly different by Duncan’s multiple range
test at P<0.05.
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AeE Qe Atge) & A= g A% Fg 19

+ AY
Zoh g F2e 1.10 mg/mL, 15% H7FES 1.62 mg/mL,
30% F7Ft2 2.97 mg/mL, 45% 7F& 3.37 mg/mLE
AL A7Vl nlEste] S7kskivh. A2l = 7154
=29 A 2 gad sEE 5o A EA o]
stAl EAEH FEAolIA 9} ¥ A MAE E3E T ¥
=5 SEe] %] Alse sitsl @ TS v A=
Ao g2 AL ATHNam¥} Chung, 2008). Shahidi 5-(2006)
Ao A 7l Z9 o= 29.7+0.9 mg catechin eq/g2l
b &7 F3)ol = 146.620.6 mg catechin eq/g] =
A&/ ol HEHYed, DPPH &z 2754 vzt
7V =A SA =T

SEtELo|E &

H2NME H74e vivked] & ds 3% 23+ Fig. 2%
Zoh ) F2+E 0.47 mg/mL, 15% F7FES 0.49 mg/mL,

30% A7FEE 0.60 mg/mL, 45% A7FELS 0.69 mg/mL=
AL A7bel wel Srbebs A4S BT Zhou &
(2016)2] Aol A ZAe] FFol whet 5.80~8.04 g CE/kg
o] FtH ol=rt HEE o AL Mt St wE
A7z Atagh A F99 M DEANA} A5

Ao] FehpiolE Gl o= AE JFS M 5 U}
3 wsste] el F1e) o) o ge] 2 Aow
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Fig. 2. Flavonoid content of macaron added with black sesame
powder. All values are mean+SD. Different letters (a-c) above
the bars are significantly different by Duncan’s multiple range
test at P<0.05.
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DPPH ZiC|Z ANS

HeANE H743 w72 9] DPPH &uZ 27% ICs0%k
A= Fig. 37 2} ICso%k2 DPPH 2t ZE 50% 47
stEd e FEg thxo] 1,593.20 mg/mL, -7
15% Z7F+< 914.53 mg/mL, 30% 72 804.85 mg/
mL, 45% Z7hre 461.50 mg/mLE YER AL H7t
ol whet freo] A o m ol th(/X0.05). F = e B
FehE o= e ek 58k SHE Hglow o]ek DPPH
Pz 2A%5S 2HE A 2 zl= Ao Atz gt
Shahidi 5(2006)°] wWa=W H27] FEEL Rt
DPPH itz &75o] wokomn, AAMT 9 AAMEA T} 2+
& Fadi Bt olyzl HAolE EA YA 2 tEAo}
A 2 Ehd A A Aol EA)57] ) 2] M
7} & DPPH 2}t)Z &7]sel S8.% 3|
B39 HKim 5, 2009).
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Fig. 3. ICso value to scavenge DPPH radicals of macaron added
with black sesame powder. All values are mean+SD. Different
letters (a-d) above the bars are significantly different by Dun-
can’s multiple range test at P<0.05.
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Fig. 4. ECsy value to SOD-like activity of macaron added with
black sesame powder. All values are mean+SD. Different letters
(a-d) above the bars are significantly different by Duncan’s mul-
tiple range test at P<0.05.

SOD [AL &4
HA2AME H718E nlgbs2o] SOD A &4 9] ECsoat 23
= Fig. 49} v} i 272 2,055.55 mg/mL, 15% A7
2 1,622.88 mg/mL, 30% A7} 1,114.24 mg/mL, 45%
HA7b-S 708.35 mg/mLE H-e7) H7hkel whal o3 o
2 ECsosko] Hasle] aHatsl &ido] S7hshe Ao vEl
WEHZX0.05). 8] #lE Aol SOD fAF B4 S el
Ao g Basgomn, E Ao ME SOD FA} 24 Axfe}
Z A=A sEe] fAe S o AR G e
Ao g AFRHETHNa 5, 2004). o] FAdl gl E v
27 dEA B el ogk A% R Al F=d(Fukuda
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e T AAMEES AANE, AlAbEe AFAR A F
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8 &3} givka 2elA WeAE WA vhahEe) SOD
FAF Ao 71efe Aoz AZETHKIim 5, 2004).
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2.8~ GOOE zﬁ%fiﬁ R R *“ol fr

U

AN
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6.3402 7P ¥ HIIE Wkl 15% H7HE 45%
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Table 5. Score of intensity test of macaron added with black sesame powder

Black sesame powder (%)

0 15 30 45

Color 1.0£0.047? 2.840.5° 43£0.5° 6.0+0.8"
Smooth 5.44220° 4.5+£1.0% 4.3£0.5% 3.542.0°
Nutty aroma 2.00.8° 3.3+1.4° 4.5+1.2° 5.541.2°
Sweet aroma 6.0£1.1° 4.0£0.8" 4.0£0.8° 4.0£1.7°
Nutty taste 2.4+0.7¢ 3.3+1.4° 4.8+1.2° 6.5+0.9"
Sweetness 56119 5.3£0.9 4.8+0.5 4.840.9
Moisture 2.8+0.5° 43£1.9° 4.5+0.9° 5.3+1.6"
Hardness 5.4£1.1° 4.5+£1.0% 4.0£0.8° 4.0£1.3°
Chewiness 5.6+1.3" 5.5+0.9" 4.5+1.2° 3.3+1.2°
Dull 2.0£0.8° 2.340.9° 3.0£1.1% 4.0+1.7°
Overall acceptability 4.0+0.9° 6.0+£0.8" 6.3£0.9° 5.3£1.6"

YAll values are mean+SD.

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

NS: not significant.
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