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Abstract: Global warming has become a serious problem facing the international community, and all countries strive to deal with it. The
food system produces a large amount of greenhouse gases (GHGs), and thus study of the carbon footprint (CF) in the food industry has become
a hot topic. Based on the lifecycle assessment (LCA) method, the CFs of different packaging processes of cooked rice were calculated in the
present study from the prospective of unit operations. The results showed that the final CFs of packaging 200 g of cooked rice were 34.05+0.01,
57.94+0.01, 214.39+0.26, 220.53+0.26, 224.76+0.55, and 230.58+0.52 g carbon dioxide eq under vacuum packaging, air packaging, and
modified-atmosphere packaging conditions (40% oxygen+20% carbon dioxide+40% nitrogen, 50% oxygen+20% carbon dioxide+30% nitrogen,
60% oxygent20% carbon dioxide+20% nitrogen, and 70% oxygen+20% carbon dioxide+10% nitrogen), respectively. The carbon emissions
from plastic products contributed the majority of the final CF, and the final CF produced by the gases used in modified atmosphere packaging
accounted for a high proportion. In addition, sensitivity analysis showed that the final CF during the packaging process was sensitive to plastic
emission factors. For air packaging and modified-atmosphere packaging, CF was stable to the changes of originally applied equipment emission
factors and the efficiency of electricity use, but for vacuum packaging, CF was sensitive to both of these factors. The results indicated that the
final CF of a product could be reduced by decreasing the use of plastic products.
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Fig.2 Final carbon footprint of packaging 200 g of cooked rice
by different methods (p<0.05)
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Table 2 Sensitivity analysis of the carbon emission factors of equipment

BEF X REHA AT R/ (g COseq) BRI b E/% BRT T /%
110 kg/77 7T 34.05+0.01 6.04
VP +16.31
3.54 kg COseq/kg 39.61+0.01 19.22
110 kg/77 7T 57.94+0.01 7.29
AP +0.01
3.54 kg COseq/kg 58.77+0.01 8.87
110 kg/77 7T 214.39+0.26 3.64
MAP-1 -0.01
3.54 kg COseq/kg 211.91+0.43 2.36
110 kg/77 7T 220.53+0.26 3.54
MAP-2 -0.02
3.54 kg COseq/kg 217.1+1.01 2.30
110 kg/77 7T 224.76+0.55 348
MAP-3 -0.01
3.54 kg COseq/kg 221.94+0.55 225
110 kg/77 7L 230.58+0.52 3.39
MAP-4 -0.01
3.54 kg COseq/kg 227.76+0.52 2.19
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Table 3 Sensitivity analysis of electricity use efficiency
BT N o, AR SR /% AT/ COxq o1, 7 5 R b B/% R B/ %
+30 30.44+0.01 27.73
VP Original 34.05+0.01 35.41 10.62
-30 37.67+0.02 41.61
+30 57.20+0.00 3.027
AP Original 57.94+0.01 4.27 1.28
-30 58.68+0.01 5.48
TR
LR
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+30 214.24+0.33 0.47
MAP-1 Original 214.39+0.26 0.67 0.07
-30 215.16+0.43 0.86
+30 219.49+1.02 0.45
MAP-2 Original 220.53+0.26 0.65 0.47
-30 220.34+1.01 0.84
+30 224.33+0.55 0.45
MAP-3 Original 224.76+0.55 0.63 0.19
-30 225.19+0.55 0.82
+30 230.15+0.52 043
MAP-4 Original 230.58+0.52 0.62 0.13
-30 231.01+0.52 0.80
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Table 4 Sensitivity analysis of plastic emission factors

R X HFHERE F/(kg COseq/ke) AR/ (g COLeq) R GE & /% BRE R T/ %

2.0 34.05+0.01 58.56

VP 9.08
1.69 19.18+0.01 54.42
2.0 57.94+0.01 88.44

AP -13.71
1.69 50.00£0.01 87.32
2.0 214.39+0.26 23.90

MAP-1 -3.55
1.69 206.79+0.43 20.94
2.0 220.53+0.26 2323

MAP-2 -3.88
1.69 211.97+1.01 23.25
2.0 224.76+0.55 22.80

MAP-3 -3.53
1.69 216.82+0.55 22.75
2.0 230.58+0.52 2222

MAP-4 344
1.69 222.64+0.52 22.18

3 £ 32 ARMEEETTCR, AR R R L
=H

3.1 ASCNRICEAEMEIA T B, R ek
AR ERTT TR B KRR LT, BTt

T BTSRRI, SAaRI RS
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FIMAP-4 215 R, A2 200 g BB KA e K0 i 728
AN 34.05+0.01 g COseq, 57.94+0.01 g COqeq;

214394026 g COseq , 220.53+0.26 g COseq

224.76+0.55 g CO,eq 1 230.58+0.52 g CO,eq.
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