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Abstract: [Objective] To determine the optimal storage period for bread. [Methods] Changes in the sensory characteristics,
physicochemical properties, and volatile flavor substances of bread are analyzed during storage periods of 0, 1, 2, 3, 4, 5, 6, and 7 days.
[Results] No noticeable mold was observed during storage, but when the storage time exceeded 5 days, a slight off-flavor began to appear.
Throughout the storage period, the pH value and total microbial count of the bread increased, while moisture content, water activity, and
specific volume decreased. A total of 48 compounds were detected in the flavor profile, primarily alcohols and acids. Principal component
analysis (PCA) revealed significant differences in flavor between breads stored for different durations. When storage time exceeded 5 days,
the flavor significantly differed from that of the fresh bread (0 days). Partial Least Squares Discriminant Analysis (PLS-DA) identified 10
substances with VIP values 1 (e.g., isobutyric acid and isobutanol-D), which played a key role in distinguishing the freshness of the bread.
[Conclusion] Bread quality significantly deteriorated over the 7-day storage period, especially after 5 days, when both flavor and sensory
quality showed a marked decline.
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Figure 2 Changes in total microbial count and pH value of bread at different storage time
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Figure 3 Effects of storage time on water activity, water content, and specific volume of bread
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Table 2 Influence of storage time on texture of bread
I 8¢ s ] /d /N i JE /N N R PE/N MA@ A/ (N - mm) Zh /(N -mm)
0 8.5440.23" 8.074+0.21" 0.66+0.06" 34.47+2.62" 0.084+0.01°
1 8.16+0.03% 9.00+0.86° 0.60+0.01" 38.43+3.82°F 0.09-+0.00%
2 8.09+0.04° 10.2340.62% 0.5840.00° 45.45+2.40% 0.1040.00%%
3 7.92+0.04> 11.53+0.58% 0.54-+0.00" 51.24+1.58% 0.11+0.01
4 7.860.02% 12.83+0.28" 0.53+0.01% 57.53+4.06* 0.13+0.01¢
5 7.5640.27% 13.4840.50" 0.4940.03 62.514+2.27" 0.1540.00°
6 7.18+0.01¢ 15.140.19% 0.47+0.01¢ 68.563.56" 0.24-0.06°
7 6.42+0.25° 16.87+1.49" 0.4340.04° 79.98+6.23" 0.3340.02"
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Figure 4 Analysis of bread flavor differences during different storage periods based on GC-IMS
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Figure 5 Changes in relative content of volatile flavor substances in bread at different storage time
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Table 3 Relative content of volatile compounds in bread at different storage time

o AT /%
0d 1d 2d 3d 4d 5d 6d 7d

TR TN e 0.834+0.03*  0.80+0.05° 0.76+0.06° 0.80+0.06° 0.86+0.06° 0.85+0.03" 0.77+0.06" 0.54+0.01°
TR T T 0.80£0.05* 0.83+0.04 0.9140.01° 0.92£0.07° 0.86+£0.02* 0.88+£0.04" 0.9240.07" 0.79+0.10"
2% . FE-D 1.8940.54° 1.85+0.60° 2.182-0.19" 2.0240.23* 1.994£031*° 1.9240.14* 1.8240.11° 1.76=0.11°
2T g -M 0.35+£0.01" 0.37+0.04" 0.3940.04" 0.37+£0.01° 0.35+0.03"* 0.33+0.01" 0.5440.01" 0.510.00"
2- TR O i 0.50£0.05" 0.5020.03" 0.5740.04" 0.480.02" 0.514£0.03 0.5420.03" 0.464-0.01> 0.43+0.01°
TR C M 1.124+0.59°  0.71+0.14"™ 0.53+0.01" 0.75+0.11" 0.81+0.11" 0.93+0.12" 0.64+0.11" 0.56+0.07°
Z TR BT 0.56-0.05" 0.52+0.04" 0.5040.07° 0.49+0.09° 0.52+0.05" 0.55+0.03" 0.8940.13" 1.000.02"
RN TR 0.420.04* 0.4220.04° 0.4740.01° 0.4520.07° 0.44+0.01* 0.44£0.02*° 0.4040.01" 0.30+=0.01°
RO 1.170.17" 1.3020.03* 1.334-0.08" 1.2740.14* 1.3240.03* 1.2940.05° 1.102-0.05" 1.022-0.03"
2-BE i -D 0.43+0.02" 0.47+0.04™ 0.5340.02° 0.530.03" 0.42+0.02* 0.45+0.02" 0.364-0.00° 0.33+£0.01¢
2-B i -M 0.4340.07°  0.494+0.03" 0.564-0.02° 0.54+0.08" 0.48+0.02" 0.52+£0.02" 0.540.04" 0.44+0.02°
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BRI 0.710.02" 0.724+0.03° 0.7440.05" 0.77£0.08° 0.71+£0.04" 0.74+0.02" 1.0840.12" 1.21+0.17
4 il 0.1540.03" 0.2440.04* 0.1740.01" 0.1320.02" 0.1340.04® 0.11£0.01° 0.130.06" 0.09+0.00°
it 5 YEH A 0.3540.02° 0.424+0.03* 0.404+0.02*° 0.39+0.03* 0.41+0.00° 0.41+0.01" 0.39+0.00" 0.31+0.03"
B 0.760.02* 0.7940.01" 0.8340.01° 0.76£0.12" 0.7940.02*> 0.800.02" 0.6340.09™ 0.50+0.02°
TR 31.231.04 30.02+0.75" 30.1341.32 28.90+1.66° 29.08+1.21° 28.0340.11° 33.74+2.68" 45.434+0.37°
B 0.25+0.08* 0.23+0.03* 0.214+0.01** 0.2240.02" 0.22+0.01" 0.24+0.02* 0.1940.00" 0.15+0.02°
IET#E-D 0.50£0.01" 0.63+0.09" 0.6540.04" 0.610.02" 0.48+0.09* 0.31+0.08* 0.3640.01°° 0.22+0.01°
ETEE-M 4.040.52° 4.93240.31° 4.844-0.08° 4.96=0.87" 4.4940.23" 4.1740.28" 5.084-0.18" 4.4940.16°
(E)-2-BE I 0.91+0.14® 1.00+0.11" 0.984+0.11" 1.01£0.07" 0.95+0.03 1.03+0.15" 0.6140.22" 0.89+0.20™
IECEE-D 0.2940.04*  0.3020.03*  0.2540.00" 0.2940.03* 0.31£0.03* 0.29240.03* 0.1620.11*° 0.05+0.01°
IEC % -M 1.05420.06° 125+0.06° 1.324-0.09° 1.0940.07° 1.3540.16° 1.210.18" 1.084-0.18" 0.3820.17°
S -2-C M 0.14£0.01*  0.11£0.01" 0.0840.00 0.11£0.01" 0.10£0.01"™ 0.11+£0.04® 0.0740.01° 0.10£0.01™*
CHER 0.264-0.04° 0.314-0.03° 0.3340.03*° 0.324+0.02° 0.2740.03° 0.28+0.02° 0.40+£0.01° 0.56+0.04°
S 0.6840.08" 0.76+0.10" 0.804+0.07" 0.81+0.04™ 0.90+0.04" 0.84+0.04" 0.65+0.02° 0.33+0.01°
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U £ 1 P -M 0.2740.08"  0.36+0.02 0.36420.03" 0.38£0.02* 0.37+0.03 0.3240.02" 0.3540.04" 0.33+0.01"
1k Il 1.1940.07" 1.2240.06™ 1.33+0.01" 1.3940.09° 1.2940.05" 1.27+0.02" 0.97-0.23° 1.09+0.03"
1,4-Z 5N 2.1740.11°  23640.04° 2.3640.26° 2.2840.19° 2.47+0.13* 2.59+0.11° 0.394-0.35° 0.05--0.00°
TR 1.834£0.12"  1.7240.29°  1.63£0.03* 1.75+£0.17* 1.8740.02" 1.9340.16" 1.81£0.08" 1.58+0.09"
2-1F 18 35 1 0.4520.01° 0.4220.03* 0.40220.00° 0.410.04° 0.430.04° 0.45+0.06° 0.404-0.01° 0.4420.01°
2,4,5- = JEmEmE  0.840.35* 0.50+0.10" 0.3040.03" 0.63+0.06° 0.59+0.06 0.75+0.11° 0.5040.07"" 0.47+0.05"
2-FNIE3P A IE 1362011 1.46£0.12 1.3840.17" 1.214£0.11" 1.46+£0.05" 1.4940.14® 0.9640.62° 1.76-0.38"
g3

FECEE-D 0.3540.01" 0.3740.02" 0.3540.03" 0.34+0.01° 0.384+0.02" 0.41+0.01° 0.34-£0.02" 0.33+0.05"
ECE-M 1.35+0.23" 1.54+0.15° 1.48+0.04™ 1.34+0.10® 1.54+0.11* 1.54+0.05" 1.360.04" 1.17+0.11°
5 JGEE-D 11.83+0.45" 11.98+0.18" 11.86+0.29" 11.74+0.22" 12.11+0.54" 12.48+0.07" 12.1740.64* 10.83+0.27°
5 L EE-M 0.89£0.06° 0.91+0.05 0.9840.01° 0.980.12* 0.91£0.02* 0.93£0.04* 0.9540.09" 0.80=0.00"
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2R3
e AE X 5 1 /%
0d 1d 2d 3d 4d 5d 6d 7d

1= 47 -3 - 0.16+0.02* 0.15+0.01" 0.154+0.01° 0.16+0.01° 0.17+0.02* 0.16+0.00° 0.154+0.01" 0.12+0.01°
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Figure 6 Principal component analysis of the overall

flavor characteristics of bread at different storage

time
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