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Quality Changes and Shelf-life Prediction of Self-heating Food Products:

A Case Study of Stir-fried Chicken with Bamboo Sprouts
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Abstract: In order to explore the quality change and shelf-lives of self-heating food products during storage and to predict the shelf-lives
of these products, self-heating stir-fried chicken with bamboo sprouts was researched as an example. The color, texture, acid value, peroxide
value and malondialdehyde content were used as evaluation indicators. The quality changes of self-heating stir-fried chicken with bamboo
sprouts at different storage temperatures (52 ‘C and 62 ‘C) were studied and shelf-life was predicted using the accelerated shelf-life test. As the
storage temperature increased, the quality deterioration became more rapid. At a storage temperature of 62 “C, the hardness of the bamboo shoot
and the bamboo tip decreased by 74.50% and 70.31%, respectively, after 84 days. Similarly, at a storage temperature of 52 “C, the hardness of
the bamboo shoot and the bamboo tip reduced by 67.37% and 60.87%, respectively, after 112 days. The sensory score of self-heating stir-fried
chicken with bamboo sprouts dropped to 62.6 on the 112" day when stored at 52 °C, and to 52.8 on the 84™ day when the storage temperature
was 62 “C. In general, the quality indicators of self-heating stir-fried chicken with bamboo sprouts exhibited more rapid changes in the early
stage of storage, and the rates of change alleviated as the storage time increased. According to the correlations between the measured indices and
the sensory scores during storage, the model predicted that the shelf life at 25 “C is 714 days.
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Table 1 Sensory scoring standard for self-heating food bamboo chicken dishes
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Table 2 Changes of texture quality of bamboo tip and root with storage time at two storage temperatures

By IREBEI AR

BB AT R A 2L

A/

o s R JE g Bk MR PR /g =
- 52 °C 62 C 52 °C 62 °C 52 °C 62 C 52 °C 62 C 52 °C 62 C

5671.16£171.01*  5671.16£171.01° 0.29+0.06°  0.29+0.06" 0.17+0.07°  0.17+0.07° 290.56£176.81*  290.56+176.81° 0.11£0.04°  0.110.04°
- 5037.06+145.24° - 0.3440.02° - 0.13+0.03* - 223.18+41.74%° - 0.08+0.02%
14 4295.524242.51° 4 560.38+180.63° 0.32+0.07°  0.38+0.16" 0.14£0.02"  0.13+0.01° 196.8266.83®  217.40+52.68*° 0.08+0.02°  0.07+0.01®
21 - 4359.53+£175.78° - 0.37+0.06° - 0.16+0.06° - 261.41£141.33% - 0.08+0.03%
28 3664.11£313.71¢ 3 659.44+45.91¢ 0.29+0.01°  0.32+0.04° 0.10+0.00°  0.14+0.02° 100.72£5.50°  164.67+13.08" 0.05+0.00°  0.08+0.01®
35 - 3067.90+£112.82° - 0.3440.02° - 0.15+0.03° - 151.36+20.55% - 0.08+0.02%
42 4711.03+271.32° 2 684.37+139.67" 0.32+0.05°  0.30+0.04° 0.14£0.01®  0.13+0.03° 203.18+42.64°  104.23+38.47" 0.08+0.01°  0.07+0.03%
K 5K 49 - 2 564.19+51.14 - 0.30+0.04° - 0.10+0.00" - 80.47+13.66™ - 0.05+0.01°
56 3629.07464.62¢  2590.21+60.21° 0.32+0.01°  0.29+0.06 0.13£0.01°®  0.11£0.01° 156.54+15.22®  85.63+21.29" 0.07+0.01°  0.05+0.00°
63 - 2 407.10+71.78F - 0.33+0.10° - 0.12+0.01° - 99.54+35.47% - 0.06+0.01°
70 3242.60+59.19° 2 017.60+143.328 0.32+0.07°  0.30+£0.06" 0.14+0.02"  0.15+0.02° 153.15455.45®  94.14421.82% 0.07+0.00°  0.06+£0.01
77 - 1 487.80+£147.89" - 0.20+0.07 - 0.14+0.03° - 37.86+6.02° - 0.05+0.01°
84 2 740.40+312.58° 1 683.80+284.75" 0.24+0.02°  0.25+0.07* 0.15£0.01°  0.15+0.03* 97.71x12.77° 65.96+33.33" 0.06£0.01°  0.06+0.01%°

98 2 476.30+£175.26 - 0.23+0.04° - 0.110.02° - 64.10£19.89° - 0.08+0.02° -

112 2219.20+105.49" - 0.27+0.13* - 0.14+0.00* - 96.01+17.70° - 0.06+0.02° -
0 8 786.20+753.68" 8 786.20+753.68" 0.26£0.02%  0.26+0.02" 0.20£0.04*  0.20+£0.04° 474.97+118.02°  474.97+118.02° 0.13+0.03*  0.13+0.03"
7 - 5228.38+215.05¢ - 0.31£0.05% - 0.13+0.02% - 211.29+33.37%¢ - 0.08+0.01°
14 6 675.41£76.91° 6 528.97+167.93° 0.24+0.01*  0.31£0.04*° 0.13£0.02°  0.16+0.02*° 211.45421.85%  319.46+83.83° 0.07£0.02°  0.10+0.02%°
21 - 6 080.85+98.79° - 0.26+0.02% - 0.14+0.00%° - 228.39+18.08% - 0.09+0.00°
28 6228.814420.44° 3 950.71x130.81°" 0.34+0.06°  0.32+0.10™° 0.12+0.01°  0.13+0.02* 251.65+60.86"  170.65+79.27°¢ 0.06£0.01°  0.06+0.01°
35 - 4275.58+492.77° - 0.36+0.10% - 0.18+0.06" - 298.88+183.31% - 0.10£0.04%
42 6101.58+281.78° 3 665.12+161.03f 0.34+0.05*  0.27+0.05% 0.18+0.04®  0.12+0.01° 356.38+37.24°  115.98+30.71% 0.10£0.02°  0.06+0.01°
A AR 49 - 3026.70+162.11¢" - 0.3120.02%% - 0.11£0.01° - 102.14+12.92%¢ - 0.05+0.01°
56 5623.96+912.77° 3 155.87+101.50¢ 0.32+0.02°  0.39+0.06" 0.13+0.02°  0.12+0.02° 232.63£31.77%  141.26+22.99% 0.07+£0.01°  0.05+0.01°
63 - 2707.20+58.218 - 0.24+0.02° - 0.16+0.02% - 103.44+11.29% - 0.07+0.01°
70 4504.20+402.00° 2 466.00+121.78" 0.38+0.16°  0.40+0.06" 0.13+0.01°  0.16+0.04% 231.07+123.93%  162.51+53.85%¢ 0.07+£0.01°  0.08+0.02°
77 - 2 342.40+114.29" - 0.29+0.05% - 0.12+0.02° - 77.18+4.21° - 0.05+0.00°
84 3949.00+116.31° 2 240.20+196.89" 0.35£0.12*  0.25+0.01° 0.12+0.00°  0.16+0.03% 164.06+44.31° 87.14+14.84° 0.06£0.01°  0.07+0.02°

98 3 584.30+143.38% - 0.33+0.07° - 0.16+0.02% - 186.08+31.93% - 0.08+0.02° -

112 2866.80+168.09¢ - 0.34+0.03% - 0.13+0.03° - 127.93431.36° - 0.06+0.02° -
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Table 3 Changes of acid value, peroxide value and malondialdehyde in self-heating bamboo chicken dishes at two temperatures

i AV/(mg KOH/g) POV/(g/100 g) MDA/(mg/kg)
52°C 62 °C 52°C 62 °C 52°C 62 °C

0 0.78£0.01'  0.78+0.01" 0.00£0.005  0.00+0.00/ 0.04£0.01"  0.05+0.01"
7 1.32+0.02" - 0.00£0.00 - 0.030.00'
14 1.08£0.03"  1.38+0.03" 0.00£0.005  0.00+0.00' 0.07£0.00°  0.070.00%
21 1.75+0.02 - 0.00::0.00' - 0.07+0.00°
28 1.40£0.038  2.03+0.01' 0.00+£0.00"  0.00+0.00™ 0.06+£0.00"  0.06=0.00f%
35 2.77+0.06" - 0.030.00" - 0.06+0.01"
42 1.72£0.06"  3.19+0.018 0.03£0.00°  0.02+0.00° 0.05£0.00¢  0.050.00%"
49 4.24+0.09° - 0.02+0.00° - 0.07+0.00°
56 2.38£0.01°  4.15+0.01° 0.02+£0.00°  0.02+0.002 0.07£0.00°  0.06=0.00°"
63 5.99+0.01¢ - 0.01=0.00" - 0.08+0.01°
70 2.66£0.09"  6.45+0.01° 0.02+0.00°  0.02+0.00° 0.27£0.00*  0.20+0.01°
77 7.46+0.03° - 0.02+0.00" - 0.17+0.01°
84 3.19£0.01°  8.10:£0.04° 0.02+£0.00°  0.02:0.00° 0.19£0.01°  0.17£0.01°
98 4.26+0.04° 0.01::0.00° 0.18+0.00°
112 4.02£0.01% 0.01 +£0.00° 0.16+0.01¢

E -RTARMZEME, FIFIMMER AR FE LiFE R T RAEREF R LR (p<0.05).

AV TR 1 g oA i 25 HE T IR P 75 T AR
WA (KOH) MIZval. 20 bay (oln g
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YL RE S TS R O AR AR T, — R POV
RO Y, T/CGCC 8-2017 ( EH#TT(H3%
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(1] POV M AREI A AR nTREFIA SIS A
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Table 4 Changes of chromaticity values of chicken breast, bamboo shoots and millet pepper at two temperatures

R A/ d
& 2 BMRE T BARSEEMFIEH pH BRI TR
Fig.2 Changes of pH of bamboo chicken dish package with
storage time at two temperatures

2.5 TeEH R B AT A AR A

. X L* a* b*

#e HREd 52°C 62°C 52°C 62 °C 52°C 62°C
0 64.72£0.35"  64.72+0.35" 17.93£1.30°  17.93+1.30° 29.76£1.68*  29.76+1.68"
7 - 60.02+1.33 - 18.96+1.07° 31.21+1.15°
14 61.90£0.96° 57.71+1.02° 18.22+0.50°  19.21+0.52° 29.00+1.18*  30.86+£2.01°
21 - 55.52+0.57 - 20.88+1.12° 28.9143.67"
28 4638+0.61°  48.41+0.20° 19.91£0.90°  18.34+0.61° 29724048 30.21+1.24°
35 - 46.24+1.19" - 20.89+1.12° 28.82+2.33°
42 4701£127°  46.00+£0.72° 20.83+127°  24.46+2.48° 26.62+4.00°  32.75%1.02°

BEW 49 44.76+0.19% - 21.2243.39° 27.48+4.22°
56 45.58+2.63° 43.94+1.22% 21.00£4.71°  25.88+4.38° 24.03£9.47" 2877527
63 - 43.48+0.80'® - 22.89+5.87° 29.74+5.53"
70 44.85:024° 43.08+1.61% 22.87£1.62"  21.35+0.24° 29.65£1.36"  25.43+0.83"
77 - 42.27+0.628 - 23.15+4.01° 26.08+4.48"
84  46.93£193° 44.56+2.38% 22.07+1.50°  21.29+1.81° 29.67+2.02°  27.41£1.99

32.90+3.39* -
33.25+1.65" -

22.26+1.28a° -
25.91+0.88° -

98 47.2141.23¢ -
112 46.27+0.63¢ -
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ka4
Ha s o il
52°C 62 C 52°C 62 °C 52°C 62 C
0 72.69£0.93°  72.69+0.93 8.40+0.12¢ 8.40+0.12¢ 40.14+3.66®  40.14+3.66™
7 - 70.45+0.35 - 9.36+1.22° - 39.13+5.99®
14 69.42+1.02°  6843+1.12° 10.2440.32°  8.65+0.22 4481257 44.28+323%
21 - 66.41+0.79 - 9.04+0.31¢ - 43.5141.59®
28 63412096  59.12+0.58¢ 9.66£0.72%  11.78+0.94° 34.14£2.07°  43.25+2.59™
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56 64.00£1.80%  63.27+0.45° 10.88£0.21°  9.53+0.91¢ 37.23£2.15%  37.91+2.76™
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70 42.77+0.77%  45.44+0.85° 473042.28°  53.94+2.48" 32.9042.56"  53.89+6.44°
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Fig.3 Changes of total sensory scores of bamboo chicken dishes
with storage time at two temperatures
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Table 5 Correlation coefficients between indexes and sensory evaluation of bamboo shoot-chicken at two temperatures

A/ T pH {& X654 1) 3T 40 A A AR X8 B L* AR L* AV/(mg-KOH/g)
52 0.981%* 0.988%** 0.944%* 0.718* 0.674* -0.965%*
62 0.726%* 0.967** 0.913%* 0.922%%* 0.769%* -0.960%*

E: R HMEEAEX, RTFREEX.

3k 6 MIFBAERN R G T e e HFEE
Table 6 Dynamic model of index change of bamboo shoot chicken under different storage conditions
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