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Effect of Modified Atmosphere Packaging on Quality Preservation of
Sliced White Bread Filled with Red Bean Paste and Butter
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Abstract Modified atmosphere packaging (MAP) helps maintain food quality by suppressing microbial growth and lipid
oxidation by replacing the gas inside the packaging with gas composition different to normal atmospheric air. In this
study, the shelf-life extension effect of MAP on sliced bread filled with red bean paste and butter was evaluated by storing
the product packaged in high-barrier EVOH film bag under MAP conditions at 10°C for 25 days. The gas concentration
in headspace, aerobic total bacterial count, yeast & molds, pH, peroxide value (POV), and texture were measured during
the storage for the control group and the MAP treatment groups of 30% CO,/70% N, and 60% CO,/40% N,. The gas
concentration decreased to 23.1% for 30% CO,/70% N, group and 47.7% for 60% CO,/40% N, group, and then
remained stable due to the CO, dissolution in the food. During the storage period, the aerobic total bacterial count and
yeast & molds growth were high in the control group and 30% CO,/70% N, group, and inhibited bacterial growth was
observed in 60% CO,/40% N, group. The pH increased in the sliced bread during storage, while that in the component
of red bean paste and butter decreased, and there was no difference between the treatment groups. POV was maintained
at a high value in the control group due to oxidation of butter, but in both treatment groups low POV values were
observed showing inhibited oxidation. There was no significant difference in texture between treatments during the stor-
age period. MAP conditions of 60% CO,/40% N, gas could help maintain the product quality and extend the shelf life.
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Fig. 1. Initial appearance of packages of sliced white bread
filled with red bean paste and butter packed in different atmo-
sphere. A: Control, B: 30% CO,/70% N,, C: 60% CO,/40% N,.
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Table 1. Initial quality of sliced white bread filled with red bean paste and butter

Component Water activity (a,,) Moisture content (%) Sugar content (°Bx)
Red bean paste and butter 0.92+0.01 35.54¢0.6 36.3+£0.8
Sliced white bread 0.94+0.01 40.5£1.3 10.0£2.0
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Fig. 2. Changes in headspace gas composition of packages of
sliced white bread filled with red bean paste and butter during
storage 25 days at 10°C. A: CO,, @: O,, M: N,. Vertical bars
are standard deviations.
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Fig. 3. Changes in total aerobic bacteria and yeast & molds of
red bean paste and butter of packaged product during storage 25
days at 10°C. X: Control, A:30% CO,/70% N,, @: 60% CO,/
40% N,. Vertical bars are standard deviations. Different letters
for the same storage times mean significant difference among
treatments at a = 0.05.
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Fig. 4. Changes in total aerobic bacteria and yeast & molds of
sliced white bread of the packaged product during storage 25
days at 10°C. X: Control, A:30% CO,/70% N,, @: 60% CO,/
40% N,. Vertical bars are standard deviations. Different letters
for the same storage times mean significant difference among
treatments at o = 0.05.
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Fig. 5. Molds growth observed on the surface of sliced white
bread after 18 days of storage in control packaging at 10°C.
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Table 2. pH changes in packaged sliced white bread filled with red bean paste and butter during storage 25 days at 10°C

Storage time Red bean paste and butter Sliced white bread
(day) Control 30% CO,/70% N,|60% CO,/40% N, Control 30% CO,/70% N,|60% CO,/40% N,
0 5.61+0.05 5.61+0.05 5.61+0.05 5.05+0.03 5.05+0.03 5.05+0.03
5 5.43%0.11° 5.64+0.01° 5.53+0.04% 5.08+0.03* 5.08+0.06 5.08+0.03?
10 5.41£0.07 5.45+0.05° 5.41+0.04 5.17+0.02° 5.16+0.01? 5.1140.02°
15 5.45+0.05° 5.42+0.10° 5.39+0.04 5.18+0.11° 5.11+0.06 5.13+0.06
25 5.32+0.08? 5.30+0.02° 5.38+0.07* 5.07+0.06° 5.15+0.05° 5.14+0.05°

Values are means + standard deviations. Different alphabetical superscript within a row means significant difference at o = 0.05
among treatments for same storage time.
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Table 3. Texture changes of the packaged sliced white bread during storage 25 days at 10°C
Hardness (g) Adhesiveness (g) Cohesiveness (%)
ti:::rz‘f;y ool 30% COy 60% COy ool 30% COy 60% COy ool 30% COy/ 60% COy/
70% N, 40% N, 70% N, 40% N, 70% N, 40% N,
0 201.3£51.7 | 201.3451.7 | 201.3%51.7 1.25+0.62 1.25+0.62 1.25+0.62 0.60+0.08 0.60+0.08 0.60+0.08
5 225.4452.6° | 246.7+48.6° | 296.3+62.6° | 1.30+0.49° 1.20+1.08° 1.17+0.59* 0.56+0.10° 0.66+0.092 0.59+0.07°
10 327.5+71.3* | 363.1+78.8* | 340.7+113.1° | 1.10+0.51° | 0.93+0.27 1.9741.67° | 0.50£0.04° | 0.66£0.14* | 0.65+0.15
15 251.3+88.8 | 309.6+96.8" | 252.7+47.7* | 1.36+1.36" 1.07+0.73° 3.31£3.00° | 0.57+0.09° 0.64+0.10° | 0.72+0.08
25 351.6£160.0° | 499.3+175.7% | 374.9£125.9° | 1.96+1.81° 1.00+£0.28° 1.03£0.61° 0.69+0.122 0.60+0.08° | 0.68+0.13%
Chewiness (g) Gumminess (g) Springiness (%)
ti:::ré‘f:y Contal 30% CO,/ | 60% COy/ Contal 30% COy | 60% COy Contal 30% COy | 60% COy
70% N, 40% N, 70% N, 40% N, 70% N, 40% N,
0 98.9+24.1 98.9+24.1 98.9+24.1 117.1429.4 | 117.1£29.4 | 117.1£29.4 0.84:0.04 0.84=0.04 0.84+0.04
5 109.5+27.9° | 147.5+41.3% | 148.0+26.5° | 126.3+30.4° | 162.4+42.2% | 171.9£32.4* | 0.87+0.03° 0.91+0.032 0.86+0.02°
10 136.6422.9° | 207.4+64.8° | 185.6+48.6° | 161.5+29.0° | 237.1465.3" | 213.3#53.7° | 0.85:0.02* | 0.87+0.07° | 0.87+0.04°
15 124.5£56.1° | 173.7+65.6* | 157.7+13.5® | 144.8+61.0° | 192.5+70.8* | 179.0+14.1° | 0.85+0.03° | 0.87+0.03®® | 0.88+0.02°
25 208.4+90.8% | 271.6£130.1* | 220.8+79.4* | 239.3+102.2* | 306.5£135.5% | 250.2+86.5* | 0.86:0.04* 0.87+0.05° 0.88+0.032

Values are means =+ standard deviations. Different alphabetical superscript within a row means significant difference at o = 0.05 among treatments

for same storage time.
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