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ABSTRACT - In this study, the quality safety limit period of seven types of bakery bread was analyzed, and their
use-by date was calculated. For evaluating product quality, storage conditions were set as 5, 15, 25, and 35°C for 50
days, and moisture, microorganisms, sensory characteristics, and dominant bacteria were examined. The quality and
safety standards followed the Korea Food Code and Korean industrial standards (KS). The results showed that all
products stored at 5°C satisfied the standard for bacterial count for day 50, but the sensory quality was below the stan-
dard level. Samples stored at 15°C showed high variability from 3-39 days. At 25°C, a quality safety limit period of
2-20 days was set, and one sample was found to have the same shelf life. Bread stored at 35 °C had the shortest quality
safety limit period. Considering a safety factor of 0.87, a use-by date period of 1.7-13.1 days was calculated. There-
fore, setting the use-by date according to the product type is necessary, even for the same product category. Among
the bread products sold in bakeries, those managed as room temperature products (1-35°C) can be distributed and
stored in a temperature range of up to 35°C. Overall, this study demonstrates the importance of setting a quality reten-
tion period based on the product characteristics and carefully considering the safety factor.

Key words: Bakery bread, Quality safety Limit period, Use-by date, Safety margin, Safety factor

SN oz A dAlFor 27
ol A= e deto], wlol7el= A
TAA wHEolAM Arfshs e e =
oj= Hjol7g] AEHL TN ZIAZ &F
=2 =28 WS AP F w7] A4 dHE 4 e
E 7R F Aol zk AN S AR 794 A
sk Alsold, A= H e
Hlo|7A g Mol dvlsh=

RL

J

N 25w o o

2

SN TEe] HiF

T+ 7 FHlE 295

=
= z

*Correspondence to: YongSun Cho, Department of Food
Analysis Research Center, Korea Food Research Institute,
Wanju-gun, Jeollabuk-do 55365, Korea

Tel: +82-63-219-9242; Fax: +82-63-219-9280

E-mail: yscho@kfri.re.kr

Copyright © The Korean Society of Food Hygiene and Safety. All rights reserved. The Journal
of Food Hygiene and Safety is an Open-Access journal distributed under the terms of the Creative
Commons Attribution Non-Commercial License(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution,and reproduction in any medium,
provided the original work is properly cited.

236

2

3 <2023.1.1)&l Wt 12

rAF 52 27 44 7

PO

N
==
==

qoox
ol
ol

1=
>
or ot &

ol
R

-

A
o i

Ay
g
At

2
F =
%

Y,
o
X
g
ol
2
b
o
)
=
o
ox
~ 0,
= N

&

ol
K

=

e

o

% o
T

i

ME oft g
~
el
2,

2

e
Lo
o]

fe 2 do > o o o o
rO

o e

(| kT

Jo i

oflt

e

I
W

>

lO ﬂ" 1:0
P o dlo

)

T

&

rr

1>

o

ie]

lo

oo
el
oF
9,
§E
o
o
oo
i)
Kl
¥
i)



A 7P ol AHEI 2 AR ole EAEL A
E9A] T2 s ol 8H L An. Ed gl
P HEo] 7184de] vl b Ao vds
S XFE7E 87 E AL AEY. KHIDIL SA ol <] s,
2020 =R GRaB] A S, SR AE7F B2 Y
Fhgolth

o] AR WUyt BEstE] 70% =S A5}
I o BEEe iR SEEN 51 Ay op
22 BB /A 222 A oldgdHy I8 X%
Atolef] 710} Qit}. opdEHEIS] & FZRE U ofY
220 UMM FxE0] AR B4 2A AHE e
AL wsleta o w38 ddo] dojubd e A
T i FEFo] frAaE A, 2AFFe] des] Tk, A
A Bhe] FAFAE T2 EstEEoA Hg "o, 2w
2 FE AL T2 4 fEoE W-FEEHIL loH,
AFdER oF7ke] zjolrt ot dubE oz wHo]F e 9
5 71ke] Az T 2-3go|ar, Frbge] fE7]he AlF
o] w} tEAT A FeR 3-79 o|E HFHseE A
o] Ett 3t} WS W RAsH FHFA|7E] =
o]l & & oy, g3 Fdo] 4354 AstEER 7}
ol oA BRAsteE Aol o EHFAVIES &
H| 718k BAIAZ WA EEA FERAZA 7|7k 7 HA g
Rom, MY wgre] AFE M7 A Aol ASA
Yoz FAMHIAE AAHE = AUtk F A=A
SlEmdhe 2M7RE oF 1.3-28) 717F wot AAl Bt =
E f5xdes AFsias AA Ad Ax7F FE3HA

wel AH|7)Ere 7 WA A 7|29 $E7]3F BT} A
FE 20 F Qe 7IXbo] AXETH v Abel Al AlF
o] AMEel iAo #A3t HRE A Fafof & PaAo)

e AFo) el Qs FAe) Puol gz
N 4 Q=S dof @t old @ Hug BgATw
u71gke] EAE Aol A AT LEY

Study of use-by date of bakery bread 237

AES FE71Te] 704 AASA QAL 2H) a7
Fe & olE ATolFE A4S ME YT
web Zalzel= wolA HelEa gk wolAg 4

2
2
=
o
i)
Lo
o~
r o
i
i)
il
ok

fo
o
)
£

Bl
)
2
=
o
X
N
o)

re
-
=2
2
rr
ox
rlo
Ho
ol
i)
rr
>
oE
=
= o
<
o
T
) 2
o °
e o
o 1>
foor de riz jo o

APAAAZINE AESL B Al o P

i o

Materials and Methods

N
B AFdAE ZARto|= HojAT] Aol &
wshe WE S5 AW 7%(S1, S2, S3, S4, S5, S6, ST)S
oz stk Alse Alx A Az g5 & A
oA APARZ 943513, 5°C, 15°C, 25°C, 35°C)A] 7}
7t FAMAGANZE BA AR AgsEA eEEE
NEE AF T mAA=HAY, ol A, A HAE &
AAEAT 2+ 78 A EE 29 3o AR
ANF st stk A5 AFH 7S A L=
2 FAMATAZIZ B 7]E

/
dE FAFOIEA olh0 e 4F 4PS |

AN e
Kl
: r)
P‘L
£
N
N
rlo
bt
&

A 5 AR AR ) F5AE E52 10
IO 08 1EE HENS olgsle] Blsd.
At F2, H218 olgstel, A, oA 2] F4
Brkste] WS Fohe 04, Foh 74, wEOlT 5

veblth 53 olde A9e Jom ST, d #
e A 8e PAE e st

AAJEHA st

oft
XN
)
o
ox
lo ®
u
"
o3l
o |
of I

AQ
T

21453 | AHDaejung, Seoul, Korea)E %
F719 3g9 AIEE Y3 105°CE 7Ax
EYELA, Tokyo, Japan) oA A<t 718 Azt A
g A E= vAACIHAA 3087 2 %]
of geFo] & wi7bA] REESIATh T A Ak
X 5 Fgepo] HAS of AFE A5 AFOE e

%= Alrkskit.



238 Sun Hye Hwang et al.

-

Mz ¥ g @) BT 24

A& 25 g7 S| (BFAE A ES) 225 mLE E5HS
2 1031 o2 GAZ S|4t A, 2 ()
S A B4 Ald4E 3M AC Petrifilm (3M Co.,
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Results and Discussion
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Table 1. Result of sensory evaluation by 5°C storage days of bakery bread

Storage days S1 S2 S3 S4 S5 S6 S7
1 8.13+0.79° 8.35+0.74° 8.35+0.74* 8.33+0.73° 8.40+0.63* 8.40+0.63° 8.35+0.62%
2 8.05+0.68" 8.15+0.74* 8.35+0.66* 8.23+0.66" 8.10+0.71% 8.08+0.69"" 8.08+0.69*
3 7.85+0.77 7.88+0.79* 8.05+0.85% 8.00+0.85% 7.83+0.84% 7.90+0.81% 7.90+0.78%
4 7.85+0.62° 8.10+0.71° 8.23+0.73* 8.25+0.74* 8.10+£0.81® 8.13£0.76™ 8.13+0.76™
5 7.90+0.74° 8.15+0.62° 8.28+0.60* 8.35+0.62° 8.33+0.62* 8.23+0.62° 8.18+0.59®
10 7.93+0.86° 8.05+0.90° 8.18+0.90* 8.30+0.85° 8.18+0.71%® 8.28+0.72° 8.23+0.73%®
15 7.88+0.85° 8.03+0.89° 8.25+0.87* 8.10+0.93° 8.13+0.97* 8.20£0.91% 8.13+£0.91%®
20 7.88+0.85* 7.95+0.90* 7.83+0.90* 7.78+0.89*™ 7.80+0.88 8.03+0.86™ 8.03+0.80*
25 7.68+0.66 7.75+0.74* 7.75+0.74* 7.73+0.88% 7.70+0.88% 7.70£0.85% 7.70+0.82%
30 7.38+£1.27® 7.47+1.34° 7.38+1.29" 7.38+1.29" 7.45+1.36° 7.53£1.40° 7.58+1.39®
35 7.70+1.14° 7.63+£1.15% 7.83+0.84% 7.93+0.86% 8.00+0.88* 8.00+0.88° 8.08+0.83%®
40 6.85+1.58" 6.75+1.53" 6.90+1.45¢ 7.23+1.33¢ 6.55+1.43°¢ 6.30+1.32° 6.80+1.51°
45 5.75+1.35°¢ 5.63+1.19° 5.56+1.27¢ 5.48+1.10¢ 5.55+1.01¢ 5.43+0.93¢ 5.38+0.90¢
50 2.80+1.14¢ 2.78+1.12¢ 2.85+1.17° 3.00+1.04° 3.13+£1.09° 3.15+0.01° 2.88+1.44°¢

" Data are presented as mean + standard deviation (n = 10).
I Different letters (a-e) in the same row are significantly different at P<0.05 by Duncan’s multiple range test.
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Table 2. Result of aerobic bacteria counts by 5°C storage days of bakery bread (Log CFU/g)

Storage days S1 S2 S3 S4 S5 S6 S7
1 nd nd 1.90+0.14 nd 1.32+0.03 2.60+0.06 nd
2 nd nd nd 1.00+0.00 1.00+0.00 nd nd
3 nd nd 1.00+0.00 1.84+0.00 nd nd nd
4 nd nd 1.00+0.00 nd nd nd nd
5 nd nd 1.15+£0.21 nd nd nd nd
10 nd nd 1.2 nd nd nd nd

15 nd nd nd nd nd 2.21+£0.29 nd
20 nd nd 1.88+0.17 nd nd nd nd
25 nd nd nd nd nd 1.00+0.00 nd
30 nd nd nd nd nd 1.30+0.06 nd
35 nd 1.00+0.01 nd nd nd 1.04+0.06 nd
40 nd nd nd nd nd nd nd
45 nd nd nd nd nd nd nd
50 nd nd nd nd nd nd nd

D Data are presented as meansstandard deviation (n = 3).
?nd: Not detected (<1 Log CFU/g).
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Table 3. Result of sensory evaluation by 15°C storage days of bakery bread

Storage days S1 S2 S3 S4 S5 S6 S7
1 8.7540.44 9 8.78+0.42° 8.68+0.47*° 8.68+0.47° 8.35+0.80° 8.25+0.78° 8.35+0.80"
2 8.48+0.51% 8.55+0.50° 7.68+0.76° 7.93+0.80%¢ 8.33+0.66" 8.33+0.66" 8.28+0.78*
3 8.50+£0.51 8.33+£0.47* 7.03+£0.89" 7.80+0.97 7.93+£0.97* 7.93+0.97° 7.98+1.00°
4 7.78+1.12% 7.75+1.06™ 4.50£0.51°  7.78£0.92°  7.73+0.85%° 7.73+£0.85° 8.13£0.79*
5 7.85+0.74 7.85+0.74%* 2 8.13+0.85® 7.90+0.84 7.90+0.84° 8.10+0.78*
6 8.00+0.78 7.73+0.82% - 8.18+1.17* 8.05+0.93% 8.05+0.93° 8.15+0.95°
7 7.63+0.49° 7.50£0.51° - 7.83+1.24%¢ 7.83+0.87% 7.83+0.87° 8.03+1.00°
8 7.80+£0.76* 6.83+0.71% - 7.98+1.10" 8.03+£0.97* 8.03+0.97° 8.08+1.00°
9 6.10£1.35°¢ 6.13+0.52°" - 7.15+0.80% 7.53+0.78%¢ 6.58+0.64° 8.05+0.88*
10 6.40+1.28°¢ 6.18+0.68" - 7.40+£1.48>%  7.48+1.38" 6.45+1.04° 7.93+0.97*
12 2.33+0.89%" 5.78+0.70" - 7.35+1.420% 7.50+£1.45% 5.25+1.15° 8.23+0.77%
15 - 4.45+0.50" - 7.33+1.59"% 7.55+1.45%¢ 4.93+£1.27° 7.55+1.45%
20 - - - 6.98+1.79%  6.60+1.85"¢ - 6.60+1.85°
25 - - - 6.80+1.88%"  7.55+].54% - 7.55+1.54%®
30 - - - 6.63+1.89¢ 7.18£1.774 - 6.90+1.84"
35 - - - 6.03+1.70" 6.95+1.85% - 6.33+£1.94°
39 - - - 2.48+0.85™ 2.45+0.88°" - 5.38+2.38¢
40 - - - - - - 4.40£1.57¢
" Data are presented as meanstandard deviation (n = 10).
2 Stop Storage and experiment.
 Different letters (a-f) in the same row are significantly different at P<0.05 by Duncan’s multiple range test.
Y The symbol(*) indicates there is foreign matters (Mold).
Table 4. Result of aerobic bacteria counts by 15°C storage days of bakery bread (Log CFU/g)
Storage days S1 S2 S3 S4 S5 S6 S7
1 nd nd 1.90+0.14 nd 1.32+0.03 2.60+0.06 nd
2 nd nd 4.56+0.02 0.09+0.12 nd 2.56+0.02 nd
3 nd nd 3.35+0.04 nd 1.04+0.06 2.91£0.00 nd
4 nd nd 5.78+0.00 nd nd 3.04+0.06 nd
5 nd nd = nd nd 3.88+0.29 nd
6 nd nd - 2.15+0.21 nd 3.74+0.06 nd
7 nd nd - 1.15+£0.21 nd 3.72+0.03 nd
8 nd nd - 2.39+0.12 nd 3.65+0.02 nd
9 nd 4.69+0.12 - nd nd 3.66+0.01 nd
10 2.10£0.17 4.87+0.04 - 3.62+0.19 nd 4.50+0.28 nd
12 - 4.53+0.18 - 1.98+0.03 nd 4.16+0.02 nd
15 - 6.69+0.01 - 3.04+0.06 2.95+0.00 5.63+0.09 nd
20 - - - nd nd - nd
25 - - - 3.15+0.21 nd - nd
30 - - - nd nd - 1.954+0.01
35 - - - 2.59+0.83 2.15+0.21 - 4.04+0.06
39 - - - - - - 3.39+0.12
40 - - - - - - 5.04+0.06

YData are presented as meantstandard deviation (n = 3).

?nd : Not detected (<1 Log CFU/g).

? Stop Storage and experiment.
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Table 5. Result of sensory evaluation by 25°C storage days of bakery bread
Storage days S1 S2 S3 S4 S5 S6 S7
1 8.80+0.41%Y 8.75+0.44° 7.98+0.77* 8.75+0.44* 8.80+0.41° 8.80+0.41° 8.83+0.38*
2 8.40+0.50" 8.33+£0.47* 5.60+£0.59" 8.35+0.48* 8.43+0.50* 8.20+0.41° 8.38+0.49*
3 7.90+0.44" 8.18+0.45° 3.58+0.50¢ 8.43+0.50® 8.43+0.55% 7.98+0.86* 8.33+0.80%
4 7.43+0.75¢ 7.08+0.89 2 7.28+1.09° 7.184+0.49° 6.80+1.14° 7.60+1.28"
5 7.38+0.49° 7.48+0.51° - 7.55+0.50" 7.63+0.49% 6.75+1.24° 7.60£1.17%
6 6.55+0.50¢ 6.65+0.48¢ - 7.83+0.75" 7.58+0.64" 6.65+1.19" 7.45£1.01¢
7 5.90+0.30¢ 6.00+£0.45¢ - 7.63+0.49" 7.63+0.49% 6.88+1.18° 7.08+0.83%¢
8 3.05+0.81" 5.38+0.63" - 7.60+0.50" 7.30+0.72° 6.90+1.13° 6.70+1.09%
9 - 5.33+0.06 - 5.88+0.97¢ 5.80+0.99° 5.50+0.88° 6.03+0.80°"
10 - 4.20+0.61" - 5.25+0.71¢ 5.80+£0.991 4.95+0.85° 5.58+1.06
15 - - - 5.43+0.75¢ 5.13+0.82¢ - 4.95+0.75"
19 - - - 5.18+0.68" 2.20+0.88°" - -
20 - - - 5.43+0.75¢ - - -
22 - - - 2.13+0.94¢" - - -
Y Data are presented as meantstandard deviation (n = 10).
2 Stop Storage and experiment.
% Different letters (a-e) in the same row are significantly different at P<0.05 by Duncan’s multiple range test.
® The symbol(*) indicates there is foreign matters (Mold).
Table 6. Result of aerobic bacteria counts by 25°C storage days of bakery bread (Log CFU/g)
Storage days S1 S2 S3 S4 S5 S6 S7
1 nd nd 1.90+0.14 nd 1.32+0.03 2.60+0.06 nd
2 nd 1.52+0.00 4.52+0.03 0.99+1.1 nd nd nd
3 nd nd 5.02+0.03 nd nd 3.95+0.08 nd
4 nd 3.74+0.01 = nd 1.24+0.34 4.6240.01 nd
5 1.95+0.04 4.04+0.06 - 1.98+0.03 2.15+0.21 4.88+0.04 nd
6 2.73+0.50 3.65+0.92 - nd 2.50+0.01 4.77+0.10 nd
7 3.45+0.26 4.77+0.01 - 1.00+£0.00 3.00+0.00 4.82+0.24 3.39+0.12
8 - 4.76+0.08 - 2.39+0.12 3.13£0.07 4.53£0.18 3.87+0.04
9 - 4.82+0.01 - nd 3.50+0.28 4.84+0.00 4.340.37
10 - 5.74+0.69 - nd 3.89+0.16 6.69+0.00 4.93+0.04
15 - - - 3.04+0.06 3.77+0.10 - 5.84+0.00
19 - - - 3.00+0.06 - - -
20 - - - 3.24+0.05 - - -

¥ Data are presented as mean+standard deviation (n = 3).

?nd: Not detected (<1 Log CFU/g).

% Stop Storage and experiment.
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Table 7. Result of sensory evaluation by 35°C storage days of bakery bread
Storage days Sl S2 S3 S4 S5 S6 S7
1 8704046  8.85+0.36° 8.75+0.44° 8.70+0.46° 8.78+0.42° 8.93+0.27° 8.80+0.41°
2 8.35+0.66° 6.93+0.94° 6.85+0.83" 8.73+0.45° 8.85+0.36" 7.95+0.81° 8.15+0.77"
3 7.60+0.78° 4.80+1.11°¢ 4.45£1.50° 8.45+0.46° 8.78+0.42° 5.85+0.86°¢ 7.18+1.13°
4 7.35+0.53" 2 - 8.08+0.53° 8.55+0.50" - 7.40+0.87°¢
5 6.98+0.73" - - 8.08+0.53* 7.85+0.58° - 3.98+1.44°¢
6 3.98+1.56¢ - - 7.05+0.81° 7.10£0.71° - -
7 - - - 6.23+0.59" 6.38+0.67°¢ - -
8 - - - 6.15£0.48° 6.48+0.51°¢ - -
9 - - - 5.18+1.36 6.15+0.48°¢ - -
10 - - - 5.50+1.15 5.58+1.36° - -
15 - - - 5.50+1.15¢ - - -
18 - - - 1.18£1.19°" - - -

" Data are presented as mean + standard deviation (n = 10).
? Stop Storage and experiment.

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

Y The symbol(*) indicates there is foreign matters (Mold).
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Table 8. Result of aerobic bacteria counts by 35°C storage days of bakery bread (Log CFU/g)

Storage days S1 S2 S3 S4 S5 S6 S7
1 nd nd 1.90+0.14 nd 1.32+0.03 2.60+0.06 nd
2 1.00+0.00 4.18+0.17 4.56+0.02 0.99+0.12 nd 4.45+0.34 3.40+0.17
3 3.76+1.11 5.62+0.01 5.59+0.03 nd 1.00+0.00 5.22+0.02 4.84+0.00
4 4.11£0.14 2 - 1.96+0.03 1.04+0.06 5.86+0.25 3.15+0.21
5 4.71£0.04 - - 2.58+0.08 2.93+0.04 - 7.04+0.00
6 6.05+0.38 - - 2.68+0.03 3.47+0.10 - -
7 - - - 2.92+40.11 3.82+0.17 - -
8 - - - 3.13+0.07 3.95+0.08 - -
9 - - - 4.18+0.38 4.16+0.02 - -
10 - - - 3.81+0.72 5.06+0.08 - -
11 - - - 3.04+0.06 - - -
15 - - - 3.24+0.05 - - -
D Data are presented as meansstandard deviation (n = 3).
2 nd: Not detected (<1 Log CFU/g).
% Stop Storage and experiment.
Table 9. Quality safety limit period and use by date according to each temperature (day)
5°C 15°C 25°C 35°C
T g, Usebydaet Gt S Useydmer Gl S sy s S s by dar
S1 45 39.2 10 8.7 7 6.1 5 4.5
S2 45 39.2 12 10.4 9 7.8 2 1.7
S3 45 39.2 3 2.6 2 1.7 2 1.7
S4 45 39.2 35 30.5 20 17.4 15 13.1
S5 45 39.2 35 30.5 15 13.1 7.8
S6 45 39.2 12 10.4 9 7.8 1.7
S7 45 39.2 39 33.9 10 8.7 4 3.5

* Use by date = Quality safety limit period x safety margin (0.87).
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