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Abstract

The purpose of this study was to evaluate the storage characteristics of macarons following storage under a range
of conditions. Thus, the macarons were stored under three different sets of conditions, namely refrigeration (4C),
room temperature defrosting after freezing (—20—257C), and refrigeration defrosting after freezing (—20—47C),
fillings were added during freezing. The volume, moisture content, and texture of each sample was determined,
and sensory evaluations were conducted to identify the quality characteristics during storage. More specifically,
in the case of the frozen samples, the volume was maintained at the beginning of the storage period, while in
the refrigerated sample, the volume was maintained in the latter part of the storage period. In addition, the moisture
content increased under all three conditions, and after three weeks, the highest moisture content was observed for
the sample defrosted in the refrigerator after freezing. Examination of the textual properties (i.e., hardness, chewiness,
and gumminess) showed increased values in the refrigerated sample, and reduced values in the frozen samples,
whereby defrosting in the refrigerator gave the lowest value. In the sensory test, the overall acceptability was the
highest for the sample defrosted at room temperature, resulting in the highest scores relating to color, nutty flavor,
and nutty taste. Based on these results, it appears that when long-term storage is required, freezing in the presence
of filling is considered optimal.
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Preparing TPT : Mixing almond powder
and sugar powder (1:1)

l
Making almond paste : Adding egg white to TPT

l

Making syrup
(Boiling sugar and water until 118°C)

l

Making Italian meringue
(Mixing syrup and beaten egg white foam)

l

Mix almond paste and Italian meringue
(Added almond paste one-third of the total amount at once)

l

| Macaronage (Mixing 50 times, drain the air) |

l
| Drying (30 min) |
l
| Baking (15 min, 1507C) |
l
Cooling (1 h)

Fig. 1. Flowchart of macaron-making processes.

Table 1. Recipe of macaron (unit: g)
Sample
Almond powder 120
Almond paste  Sugar powder 120
Egg white 48
Sugar 120
Syrup
Water 37
Sugar 12
Meringue
Egg white 48
Total 505
o, AES 71E8 "Wolgrt gle whss ¢t
W2 AFmy o ol dd Z4] 806¥ (e 1.3 cm) &
14.32 go] dA G FAZ A F, A2elM 302 Az
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oA 782 il A E 1800 B 883t ¥ BT,
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Table 2. Volume of macaron during storage at 4C and - 20T

Storage time i)
(weeks) A B
0 25.33+1.53%? 25.33+1.53°
b a
Volume 1 22.67+0.58 24.00+1.00
(mL) 2 22.67+0.58" 21.3340.58"
3 21.00+1.73° 19.67+1.53°

DA, refrigeration (4 ) storage; B, frozen storage and room temperature
defrost (-20C — 257).

IMean+SD (n=3) within each column followed by the same letter are
not significantly different (p<0.05).

ol
2
>

A ZTE .

n7bee] F3e 712 A = Al AR Al xS
HeZ b WSl o 235 we 5 s U
o] FFo] Ryt F7hd D}(Yoonﬁr Kim, 2009; Seo,
2019). 37+ vzt Aol Ql7ld mizlEe] A3
#H-9-3k31(Seo, 2019), 7 <] °&7é*é A Eol whet 2F Al
Fo] ot %'317.% ol d&Fe nA7] Wl 70% F=e

X

deke vl e 22)E o] Faakth(Seo, 2019).
Se
ewg gelole] 438 sihgel 43 7108 $29

2 =3 A= Table 37 2oh A2 A3 0 2=
11.59%3A1 %, A7 35 2ol WA o] 14.55%, W%
A T AeslEel 14.77%, BEAY T Wl Eol
14.86%= A7 7]3te] S7ekel uhe} vigls 73] i
TR oA o m TP TH(p<0.05). A== A5 0
o z}sﬂr Hlwsl] A7 35 zol] FEEF SV H = WE
A% T WA S Zlo] 327%= 7P =gtk arkee
WA F Aedledt 2] 3.18%2] S8, WAAR

58t3]#] A27d A3Z (2020)

o] 2.96%<] =7} H AT} Lee
ol Am EHO FEFEAMC] =e A FE 4]
Aol whet WeAge slo] WA Ao 7
gteko| =9kt Kyttt o|8dt Hu= _H;_o]. H o
TFAME YEA A3 Ao WAA A A vlal &3
Fo] A vehd Aoz ket T3k Kwon 5(2006)
of MEd YeAg & Aase Autt Ys) st
Aol =g &Zo] AQtte Bz Hol, WS
gk Ao FiREEe] A vEhd Ao w dAdETh
ol Huko 100 g 7|F Ao} 145 go & F
SH|(NAAS, 2016), 20| fre & B5E “:‘j_‘@?z}aﬂr
#o] 9loJA] Baek —{2018)-4 HoA of2s B A7}
o] ST E i BAEe] SR ] St
SHATE wepA] olE = o] FAIER] vigbE S i
Hfr=lo] Fol A% 7|3te] SVl whel 22 Wii-e] &
wekgo] A% 230l BAIgle] froldos 57}61*— B
2 AFRHETHp<0.05). =2 FEdEFE ARy £F

S2017)° = W&o

[e0)

\:! E'_
omelng, A4 35 o wphg 2A R SR
WEXA & YA =] Esteko] 713 o, o] =4

7]
o] mA I} Vg EES fAE Ao B,

4, off
e,
fu
off
v

(o]

BN
N
N
|
olr

=~ m
oX,
X
b

~ 19 ol

q
¢
¢

o
c
i
o
¥
w2
2
uQ
offl
[}
()
S
S
BN
™
oy
rlo
1>
el
o
e
O\l

(]

é

QL

rr

=

ko

-

)

rir

i)

[o

}FU
il ulﬂ o

>,

=

Hidl

r‘; ox X

o
fo rr oft [0 & o ¢

)
il
i
K
Y
oX, i

Mo oo 2 R WY
o

ft

ﬂJ\_L&
n
%0
[o
o oy

-~
R

W

al =

AR *éélowaﬁm 5 2006) —E— l 53 54

= ribEe] 2R A 1A, A ;”#L 53] +83lth
ZW =5 gt ZV*

7+ =% A3 Table 49}

Table 3. Moisture content (%) of macaron during storage at different conditions

Storage time (weeks) B C
0 11.59+0.54<? 11.59+0.54¢ 11.59+0.54¢
Moisture content 1 11.35+0.21 12.64+0.22 12.48+0.24
0,
(%) 2 13.77£0.13" 13.48+0.42° 13.48+032
3 14.55+0.42° 14.77+0.21° 14.86+0.10°

DA, refrigeration (4C) storage; B, frozen storage and room temperature defrost ( - 20°C — 25C); C, frozen storage and refrigeration defrost ( -20C

— 4T

YMean+SD (n=3) within each column followed by the same letter are not significantly different (p<0.05).
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Table 4. Textual properties of macaron during storage at different conditions

295

Storage time (weeks) B C

0 914.43+50.89*? 914.43+50.89" 914.43+50.89"

1 812.55+201.07° 1,199.90+120.97 995.20+105.67°
Hardness (g)

2 1,320.28+124.79° 613.12+43.91° 596.96+52.67°

3 1,481.00+275.77° 460.89+63.78¢ 529.98+65.37°

0 114.89+8.71NY 114.89+8.71° 114.89+8.71%

1 120.59+46.55 71.36+16.52° 86.24+43.53"
Gumminess

2 135.39+87.68 113.64424.50° 155.12462.28"

3 163.18+52.83 108.23423.05 104.63431.82%

0 73.27+19.90™ 73.27+19.90° 73.27+19.90%°

1 75.02+35.06 31.55+10.52° 42.14428.09°
Chewiness

2 103.52+63.42 57.19424.96® 96.82+52.82°

3 94.58+30.06 62.47422.23° 58.104+29.90%°

DA, refrigeration (4C) storage; B, frozen storage and room temperature defrost (- 20T — 257C); C, frozen storage and refrigeration defrost (- 20°C

— 40).

YMean+SD (n=3) within each column followed by the same letter are not significantly different (p<0.05).

S, not significant.
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Table 5. Sensory evaluation test’ of macaron during storage at different conditions

Storage time (week) A? B C
0 2541399 2.5+1.3™ 2.5+1.3™
Col 1 3.0£0.9 3.1+1.4Y 2.540.9
olor
2 2.942.1 3.0£1.9 23+12
3 1.940.6 2.8+1.0 2.0+0.8
0 1.8+0.5™ 1.8+0.5" 1.8+0.5°
1 1.840.5 1.940.6 2.9+1.1%
Nutty flavor 5
2 2.1£1.0 2.9£1.5 2.5+1.2°
3 1.9+0.8 2.0+1.3 1.6+0.7°
0 2.340.7™ 23407 2.340.7™
1 2.040.8 2.0+0.5 2.1£1.0
Nutty
2 2.1£1.0 2.4+1.5 23+1.2
. 3 2.040.8 2.9+1.1 2.3+0.9
aste
0 5.841.3" 5.8+41.3" 5.841.3"
1 5.6+1.1° 5.1+1.5% 4.6+1.5
Sweetness
2 4.0+2.1° 3.8+2.4° 4.0+2.4
3 4.4+0.9® 3.940.8° 4.4+0.7
0 4.542.4N 454248 4542478
1 2.8+1.6 5.042.4 3.642.1
Moisture
2 3.6+1.8 44423 4.442.4
3 3.0+1.6 3.9+1.6 43+1.4
0 2.8+1.5" 2.8+1.5N 2.8+1.588
1 5.0+1.7° 2.5+13 2.9+1.1
Hardness
2 4.0+2.0° 3.6£2.0 24+1.1
3 4.04+1.4® 3.441.1 3.442.0
Texture NS NS
0 2.4+1.2° 2.4+12 2.4+1.2
1 4.5+1.7° 2.6£1.5 3.1+1.4
Chewiness
2 2.6+1.6™ 3.542.3 2.5+0.9
3 4.0+1.4% 3.6+0.9 3.120.6
0 5.0+1.9° 5.0£1.9% 5.0+1.9°
1 24413 2.8+1.8 2.8+1.6°
Springiness . .
2 2.5+1.3 3.0+1.7 2.9+1.6
3 2.1+0.6° 2.9£1.2 3.0£1.3°
0 5.6+0.9° 5.6+0.9° 5.6+0.9°
1 5.0+1.2% 4.4+1.7° 4.5+] 4%
Overall acceptability
2 4.140.6™ 4.6+0.9® 43+1.6°
3 4.0+0.8° 4.6+0.7% 43+0.7°

7 point Likert scale: 1-extremely low, 7-extremely high.
DA, refrigeration (4°C) storage macaron; B, frozen storage and room temperature defrost (-20C — 25C); C, frozen storage and refrigeration
defrost (-20C — 47).
*Mean+SD (n=3) within each column followed by the same letter are not significantly different (p<0.05).
S, not significant.
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