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Abstract

Muffin was developed using blueberry powder and the shelf life of the muffin packaged in modified atmosphere
was determined. Blueberry was freeze-dried and milled to prepare powder. As the concentration of blueberry powder
increased from 0 to 15% (w/w), hardness and gumminess also increased (p<0.05). The Hunter L and b values of
the crust and crumb of muffin decreased as the concentration increased, while their Hunter a values increased. Blue-
berry powder concentrations of 10 and 15% resulted in high preference in taste, texture, and overall acceptability.
Blueberry muffin containing powder at 10% was packaged in modified atmosphere (MA). The optimum gas for
modified atmosphere packaging (MAP) of the muffin was the mixture of carbon dioxide (CO,) and nitrogen (N,)
(7:3), which improved microbial stability without altering muffin hardness. The shelf life of modified atmosphere
packaged blueberry muffin was determined using the accelerated life test. The shelf life values for MA packaged
blueberry muffin stored at 25 and 35°C were predicted as 21 and 5 d, respectively. Further, the O, values for 25-
35°C and 35-45°C were determined as 4.2 and 2.9, respectively. The MAP can preserve blueberry muffin for 3
weeks at 25°C, without the external addition of preservatives.

Key words: blueberry, muffin, modified atmosphere packaging, shelf life

M B

L7 2] = 222 ZH(Ericaceae)2] AFY TS5 (Vaccinium)
St SRAER, AAIASR 4004 7ol Fo] EA
o} 2 SoM = slo|RA] EFMB(V corymbosum), =
Al B2 2V angustifolium), 12 3L g Hlofo] BT
(V. asheiy’t 5 o]FH A §5= g Aui=]
A TH Westwood, 1993). EFH 2= StEAJold, ZZA}
ololUd, F22A4H 18a FetHrolE F ZEH =
sheFo] =of AksKHoward et al, 2010), &-<(Basu et
al., 2010), Z2] 3L fﬂ":hL(Mamneau et al., 2006) 28]
Hojuohar a4 Atk o83k &% gitel EFHE=

2

E—lo o

<]

an

*Corresponding author: Sea Cheol Min, Department of Food Science
and Technology, Seoul Women's University, 621 Hwarangno, Nowon-
gu, Seoul, 01797, Korea

Tel: +82-2-970-5635; Fax: +82-2-970-5977

E-mail: smin@swu.ac.kr

Received July 16, 2016; revised July 21, 2016; accepted July 21, 2016

223

AA Zt=ollX 7154 HLE FEDI Ith(Lee & Lee,
2009). H FUoAME 71543 Lol tist 87t St

SHHA =] B 2] ] e o] jnict Sj= . 9o
w F AAateo] 5146E0] @l JTHKim et al., 2013;

AR
Jo et al,, 2014). B3, A= o]-&& Hrt o}t JF %

715 AR $-48 o 7hEEel g &) 9 AlE N
o] 275 AtkLee & Lee, 2007; Cho et al., 2010). £
FH g = fél%zvmﬂ 7] W Eol(Jo et al., 2014) £

FH
O AE AT D o Held
Yoo, 2010; Kim et al., 2010).

A2 pefekel Aol F4sl Areael el 44

I P2 A Z5te] A Eo] ALt A
ol mhrAsht(i &

fAAZ A 9 ¢ e AAAY AFe] 87
=3 JYTHKim et al, 2008). 2L FTolME HHL 5/

Fue} FEge Ao F thekst Axule] Ar|AEA
obfl & 2 7He = 17E A Urk(Shevkani et
al, 2015). 22y} dwtzo g A AT o Fgo] =



2], sl a3l E 4 59 89l 9 fE %]
#FtH(Del Nobile et al., 2003; Nielsen & Rios, 2003). 7}
22283 ZH(modified atmosphere packaging, MAP)S X%+

W 2H2(0,)8] FEE FAAT|AL o4k A (CO,)] T
£ S7HA AR 2 5 T 4 AsE dAlEt &
F71%HS AR 4 Qlti(Jacxsens et al., 2002). Wwh F
e, olREH, STtola, e A T A
MAPE Xq*q‘ff} A% A= MAPZE 27 ) Ao w4

]25]- oﬂ%}—oﬂ EJ,]JJ o]
2000; Rodriguez et al.,

et al.,
MAPE 7(4,9_6]- 73

E}.T’_ H 373} th(Rodriguez et al.,
2003; Fernandez et al., 2006; Sourki
2011). A A v
AN, CO0l &
22E A8-3F=H|(Del Nobile et
SREE
B3 7pxel N}; =3 4
22 JVAEA TH

2010; Degirmencioglu et al.,
T~ AR Z
gl XA = COZ o= 7
al,, 2003), °|= CO,7} Pl =2 A3 S4&
AR ePgAe WS

0,2%E 4F Ustg JAsT T3

B35 WA e 4TS 517 wEolth(Gali¢ et al., 2009).
wehA £ ATE T Fu 2R g 2usd F

?;531-
B2 HAHshsio] BElE MRS AT, AUE BT
w2 m¥le] MAPE #&3sle] F%57] 20
ZAS 2SI, 71438 AF ]U‘j( ccelerated shelf llfe
test)S 535F9] MAPE & &3t
=3 ST,

XHE
2 ARdA AR EFHEle AR BaA de
FH g s g gHloto] EF ]E](Vaccmmm
ashei) %<2 396 EF(Powder Blue)o|th EFH|Z &
4727 (Freezone 6, Model 77530, Labconco Co., Kansas
City, MO, USA)E A}&3}e] 547 2(-70°C, 750 mmHg)
SH9, Axd EFWIE EH7](HMC-400T, Hanil
Electric Co. Ltd., Seoul, Korea)2 4] & 50 meshe| A
Z AHE3te] £2¢3) sk HA AxRE AsE HEE

(Daehan Flour Mills Co. Ltd., Seoul, Korea), Al
(Seoul Milk, Seoul,

> T‘IT

Korea), < 4%(Ottogi Co. Ltd.,

224 olsz - ek - 9914 - A

Seoul, Korea), ¥}dz} ] ~E @ (Bread Garden Co., Seoul,
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Table 1. Formulations for muffins prepared with various concentrations of blueberry powder

Amount (g)
Muffin Bluebeqy powder Vamll B
concentration (%, W/W)  Floyr Egg Milk Corn oil antia Sugar Salt aximns
extract powder
Formulation 1 0 100 20 70 40 1 40.5 2 2.5
Formulation 2 5 95 20 70 40 1 40.5 2 2.5
Formulation 3 10 90 20 70 40 1 40.5 2 2.5
Formulation 4 15 85 20 70 40 1 40.5 2 2.5
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Table 2. Texture profile analysis (TPA) parameters of muffins prepared with various concentrations of blueberry powder

Concentration of blueberry

powder (%, w/w) Hardness (N) Springiness Cohesiveness Gumminess (N) Chewiness (N)
0 4.4+0.2) 0.9+0.04 0.4+0.02 1.5£0.1° 1.6+0.1
5 5.1x0.4° 0.9£0.02 0.4+0.02 1.7£0.2% 1.5£0.2
10 5.4+0.3° 0.9+0.1 0.3£0.02 1.8+0.2% 1.60.1
15 6.0+0.4* 0.8+0.02 0.4+0.02 1.8+0.3° 1.6+0.2
DValues with different letter superscripts are significantly different each other at p<0.05.
Table 3. Color of muffins prepared with various concentrations of blueberry powder
Concentration of blueberry Crust Crumb
powder (%, w/w) L a b L a b
0 56.4+0.9%) 1.120.4¢ 18.5£0.5° 62.0+0.8" -1.7£0.2¢ 15.4+0.6°
5 34.9+1.2° 3.4£0.2¢ 7.7+0.8° 40.9+2.3° 3.0£0.7¢ 2.9+0.5°
10 28.6+1.2° 4.0£0.3° 4.7+0.6° 38.2+1.1° 4.6£0.5° 2.3+0.5°
15 26.7+0.9 5.0+£0.2° 2.8+0.5¢ 34.5+0.5¢ 6.0£0.4° 0.6£0.2¢

YValues with different letter superscripts are significantly different each other at p<0.05.

Table 4. Sensory evaluation of muffins prepared with various concentrations of blueberry powder

Concentration of blueberry

powder (%, wiw) Color Flavor Texture Taste Overall preference
0 7.0+£1.3*Y 6.4+1.0 4.8+1.4° 5.1x1.0° 5.4+0.9°
5 4.4+0.9° 6.3+0.8 6.1+1.3° 5.7+1.3%® 5.4+1.1%
10 5.5+1.4° 5.9+1.1 6.3+1.0° 6.2+1.6" 6.2+£0.9"
15 5.8+1.2° 5.9+1.4 6.0+1.5° 6.3+1.0° 6.4+1.3°

"Values with different letter superscripts are significantly different each other at p<0.05.
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Fig. 1. Changes in the concentration of headspace oxygen (A)
and carbon dioxide (B) in blueberry muffin samples packaged
with modified atmosphere of CO,-N, (1:1), CO,-N, (7:3), or CO,
at 25°C for 35 days.
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Table 5. Effects of modified atmosphere packaging on growth
of total mesophilic aerobes and yeasts and molds of blueberry
muffins stored at 25°C for 35 days

Microbial population (log CFU/g)

Storage time

Atmosphere of
(day) Total;zfsgg hilic Yeast and mold
Air 1.6+0.7% 1.6+0.6°
; CO,-N, (1:1) <12 <1
CO,-N, (7:3) <1 <1h
CO, <1 <1t
Air 2.3+0.2% 2.3+0.3°%
7 CO,-N, (1:1) <1 <1h
CO,-N,(7:3) <1 <1h
CO, <1¢ <1h
Air 4.2+0.7 3.5+0.3°%
14 CO,-N, (1:1) 2.4+1.6% 2.1+1.3%%
CO,-N, (7:3) <1 <1h
Co, <1® <1h
Air 6.6+0.6 5.7+1.1%
21 CO,-N, (1:1) 4.2+0.6" 3.9+0.8"¢
CO,-N, (7:3) 2.9+0.3% 2.8+0.3°%
Co, <1® <1h
Air 6.5+0.6° 6.8+0.2°
35 CO,-N, (1:1) 5.3+0.3% 5.0£0.6
CO,-N, (7:3) 2.0£1.14 1.9+1.0®
Co, <1® <1h

YValues with different letter superscripts in each column are significantly
different each other at p<0.05.
IThe limit of detection was 1.0 log CFU/g.
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Fig. 2. Growth of total mesophilic aerobes (A) and yeasts and
molds (B) in blueberry muffin packaged in modified
atmosphere of CO,-N, (7:3) at 25, 35, and 45°C. The line
indicates the limit of detection (1.0 log CFU/g).

Table 6. Effect of modified atmosphere packaging on hardness of blueberry muffins stored at 25°C for 35 days

Storage time (day)

Atmosphere
0 3 7 14 21 35
Air 53+0.4 7.140.6 7.7+0.8 8.9+0.5 93+0.7 11.2+0.9°D
Hardness CO,-N,(1:1) 53+0.4 7.740.6 8.5+0.9 9.0+0.8 10.5£1.2 12.1£0.6™
N) CO,-N,(7:3) 53+0.4 7.540.6 7.9+0.5 94+1.2 9.8+0.6 12.240.7
Co, 53+0.4 7.9+0.7 8.9+1.3 9.6+1.3 10.8£1.2 13.121.0°

YValues with different letter superscripts are significantly different each other at p<0.05.
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Fig. 3. Changes in the hardness (A) and the moisture contents
(B) of blueberry muffins packaged in modified atmosphere of
CO,-N, (7:3) at 25, 35, and 45°C.
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