fu A TR W44 5o
- 10 - PACKAGING ENGINEERING 202345 A

BHREmmAETEFHNEAZEENR

XEPR', MRF, BER?, =KRFHC, RER!, BENFE!
(LA EAR R &Rk %H%IFM& ﬂmamm% 2.0 p A KA, KRN 4500025
3.FEAEEN S, HPK 401331)

BE: B8 ATHRASTARARS AN AEGRIE, KL ARQE A WAL AF & FHELEIR,
BACK EASFFRGE LR, Fk AR 6 A4 Ak e, n &R KT P AR

% HAERLELEHPHREEN, B3 bap R, sTEEEREIToMH, &R 6 7T L TE A
QEZ#GREPEEH 1THAETAUR, BRAEYRTRAUTLERBANFEGI TR, 2 § do#iad
BAEEYFPRANAZLFTIR, BN B FPH_AFTIRERG S TERR T, MirAEiEk, 87K

57% BTENATSZE THOERL RABRGEBLANTRMA ER A A S RELABALANEZEEG L A
KRR TR PHENEIEZZABEAOERRN ZATRAYG, B LARIRT ZAGAKRE R

mﬁ&&@oﬁﬁﬁﬁaﬂamam& TRPEEIMARGE ARRRR L CENATL LT K35

X%,

KEIR: aARR,; Akid; BARAIYS; =2 Fi; 4K

mESZES: TS201.6 XEFRIEEE: A  XEHS: 1001-3563(2023)09-0010-08

DOI: 10.19554/j.cnki.1001-3563.2023.09.002

Consumption Safety of Self-heating Foods in Heating
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ABSTRACT: The work aims to explore the safety of self-heating packages due to volatile gases, plasticizer migration,
etc. during self-heating based on the concerns about the safety of self-heating food from consumers. In this work,
six brands of self-heating food packages purchased from market were selected to determine the types of gases generated
during the self-heating process, their emissions and residues in the food, and analyze the hazard during self-heating by
comparing with the corresponding limit values. It was found that 17 harmful gases were detected during the self-heating
process, but the emission levels were all under the standard of air pollution and inhalation toxicity limits. But during
self-heating, the food might be mixed with trichloromethane, which was detected more in the olive oil than rice. With the
extension of heating time, the residual level of trichloromethane increased first and then decreased, and finally got close to
the limit value. No residue of plasticizer was found after self-heating. The study suggests that the main potential safety
issue in self-heating food is the residues of trichloromethane. Direct contact between the food and the gases released in

self-heating should be prevented. This study provides data support for analysis of hazards during self-heating of
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self-heating foods and lays a foundation for further research and development of self-heating foods.
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Tab.1 Gas emissions and standards in heating of different brands of self-heating packages pg/m’
iy A ES I LR S "X AL LA PR
KAARME  20.00 400.00 2 400.00 1 200.00 400 600 — —
= AR — 110.00 200.00 200.00 — — — —

A 0.04+0.00¢ 2.05+0.39°¢  15.93+3.01° 6.24+1.18°  0.06+0.01¢ 0.11£0.02¢ 798.76+151.05* 129.32+24.46°
0.40+0.07¢ 4.69+0.79°  42.06+7.04°  51.96+8.70° 0.31+0.05% 0.81+0.14¢ 16.66+2.79*  150.01+25.12°

0.08+0.01¢ 8.60+£1.49° 105.58+18.32° 129.32+22.43* 0.70+0.12% 0.43+0.07%  6.05+1.05° 142.83+24.78*

B
C

D 0.28+0.06% 2.99£0.69° 28.44+6.55™  53.86+12.41° 0.27£0.05% 0.22+0.05% 50.30£11.59°  130.16+30.00"
E 0.19£0.03% 2.81+0.48° 13.11£2.26™  24.85+4.28° 0.20£0.03Y 0.20£0.03%  1.14+0.20°°  134.99+23.25"
F

0.23£0.03¢ 4.50+0.82° 46.27+8.45°  37.33%£6.82° 0.21£0.04¢ 2.79+0.51°  25.16+4.59°  178.91+32.67°
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Tab.2 Composition and content of gases released in self-heating of different brands of self-heating packages pg/m3
SRS LCso Al A nhfif B mihit C nifit D Hii E mii F
PHHE  9.97x10° (0.302)  0.0022+0.000 5° 0.005 1::0.000 7° 0.0° 0.004 10.000 5° 0.003 0+0.0004° 0.006 8+0.000 6*

SEREE 6.20x10° (1.000)  31.124 4+4.120 37 23.136 4+2.793 8° 21.668 7+2.835 2° 20.126 1+2.654 3° 20.813 6+2.347 1° 27.413 7+2.415 9°
1,2-—4%
it

R 1.20x10° (1.500)  8.754 140572 3" 5.560 5+0.346 7° 4.145 8+0.341 9° 4.668 2+0.2928° 4.9823+0.326 1° 7.906 9+0.523 5°
224 =H
ke
—& e 4.77x10° (5.300)  0.3632+0.0412° 0.674 5+£0.0723% 0451 8£0.0427° 0.5124+0.0398° 0.543 6£0.051 6° 0.559 6+0.052 8°

2K 479x10° (5320) 15934 7+1.781¢ 42064 7+3.876° 105.5753£9.418 28438 0+2374° 13.1124+1.069° 46.2734+3.798°
L1I-—4%

2
P20 1.10x107 (6.860) 0.030 120.002 1% 0.028 0+0.0023° 0.033 6£0.002 7° 0.032 9+0.002 8° 0.014 1£0.001 7¢ 0.051 5+0.004 7°

1.20x10° (1.000)  0.3342+0.023 6° 0.498 2+0.031 7° 0.8193+0.0504* 0.386 6£0.023 & 0.476320.033 2° 0.440 7+0.027 9*

1.56x10° (2.230)  0.1355£0.0175° 0.138 5£0.0156° 0.075 5£0.0092° 0.088 2::0.008 3° 0.130 4£0.0126° 0.197 7+1.014 §°

7.73%10° (6.350)  0.017 5£0.001 3° 0.011 6£0.0008° 0.010 6£0.000 6° 0.005 7+0.000 9% 0.010 2::0.000 9° 0.029 7+0.002 1°

A 1.06x107 (8.150)  0.0017+0.0002°  0.022 0+0.018°  0.037 8£0.0024* 0.027 4£0.002 6" 0.015 0£0.001 4* 0.017 2+0.001 5
ES 9.00x10° (10.00)  2.050 7+0.221 7* 4.689 5+0.427 4" 8.603 8+0.769 1* 2.9922+0.2451° 2.811 3£0.226 7° 4.500 0+0.412 3

I 8.86%10° (12.660) 5.6428+0.4872% 4.4507+0.446 5° 5.096 8+0.482 5% 5374 6+0.507 9° 3.8822+0.4126° 4.893 2+0.461 2°
Iy
Lt
SR 1.38%107 (15.300) 0.085 9+0.006 7 0.339 6+0.026 1° 0.770 1£0.062 8 0.365 7+0.032 6" 0.214 1+0.0197° 0.228 0+0.023 1¢

T 1.17x107 (16.770) 0202 9+0.023 7% 0306 1£0.028 9° 0.597 1+0.049 9" 0316 4+0.030 6> 0.203 4+0.020 8" 0.276 2+0.024 2°

1.56x107 (13.000) 0.009 2+0.001 0° 0.018 4+£0.001 5* 0.010 7+0.001 1° 0.017 7£0.001 0° 0.0131£0.0012° 0.013 8+0.001 1°

1,24-=
E)ﬁ,ﬁﬁ 1.58x107 (18.000) 0.7473+0.0813% 3.151 6£0272° 4.163 1£0.318"  3.9164+0.332*  2.7150+0275°  2.669 8+0.273°
25
IEJ/X\T: 7 e b a b d C
% 1.71x10" (19.750 ) 3.43144+04121° 30.184 3+2.869° 76.860 7+5.380° 31.036 74+2.648° 14.133 2+1.836° 20.964 2+2.235

T AR TFRFR TR AL B 225 (p<0.05 ) 5 155 NN EZARERHUERYE, S0 mU/L, AIEHEL, R pgm’
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WAt AR, SR NG HE B DL A AR
i hem, AR RS D AR C; 1,2-— 8L
Pt HERCEE e = B A SR € VAL, SRR A SR A
AL 2,24 = L BEHE R fc im0 i FOF A
1, SRR C AREL, 4 Rt RIE T B L
M A AR, B E APV, —E PR,
LI-ZEH OBV B HAVE & S i s, g A A
FLEAG; oK ARG R RINEEIE L The L 1,2,4-
SRl R SR LA C A IV AR,
AL B ARG S S50, HRWENE A A
PAR SRR 1L,1-"RALKE . WELBELLR R F
H#EL & a s, SR BE S D A AR
JE AV, An#ad R, ASE S A R #
SRHERCE: 25 5 71 58 5425 AR SO 3 AN [
X, T HAIMIB YRR, SO
KBRS A] , T RE 2 5 BUM PG FE ih 4 & i AR
A

22 BmMAEREAEPEXGENYKEE

T8 A PE S B B 2 280 3 H ORI AT A
PO o S E A ARG R R A R T DL TS
Y AR ST, 28R GB/T 23296.16—2009"
GB/T 23296.19—2009¥%5 it fh ST L4 (1 ML E , 36k
PEAORSE T 1 Sk i T B 7 2 %) 3R KRR A . LA
KRS i VR R ER R, M T A s
P R A DL R B A E e, R 2 5
1 FIE 2,
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Fig.1 Chromatogram of VOCs residue in
self-heating of rice
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Fig.2 Chromatogram of VOCs residue in
self-heating of olive oil

AL A 7= A B e A WL T R R AR
dn X A BRI A IS 2 B0, SRR
W = e S A, T L . PR B At i) a2 HE
R R A TSR ik B /D o i — 28 UK R AN
MR & M L B FR B I, K BT i i
BB TR Y, X T BE S H P AR I &
PEB WL s A 5% o HAEA DL Hh B T A R et
KT HAKER P 7, PRS2
PR AT L B 5% BE iR

SEM e —F A B L AN, A4
PR WA TEEE g M 3 Rl A=A ey
WATEHEAE, % GB 3000.18—20130201 g A<,
WH TS, BT 5 St BREREP N =&
BERIBEEIEAT T 2538, i KL= BE 4 h 19 LCs
h 47.702 mg/L. 4k B 2RO A BRI AN ok
RG24 R, AP el R,
B A7 e RN 56 &R, FEML 3 B = S e st ) JinA
S FVFHE (PC-TWA ) BU—h 20 mg/m®, =%
H B BAT — R e oh , B oA e i bk L AR sl a1
R EEE . BOmPESEE 2017 AR T 441 E
B i I ST WLAKS = S e 51 e 2B 2R U ¥ i o
1, HKHE GB 30000.18—2013 { fb2% i 4 2 FIbRAH
) PO 18 T A kR R E , X R
B R R B2 L& LDso S~ 300~2 000 mg/kg )
M R AEA DL R PR AG I, SRR &5 R An ke 3
JiR o &R =G P B AL B S ARG e, T
Kt G = U e sk B it /b, B TR O AR
5~25 pg, MHEZOAMEENEN 695 mg/ke.
2.3 MATEFBLFNERHNTLOMN

K GC-MS 751, VERMRAR R — IR EE IR bR
W1 pL, KBS S SRR SR TR, R AT
T v it B4 S - (% PR S P IG I , ICHt6 F  1 (
RIEIR ). RUERE R ERERMET, RESR 2
18 Fh4IoR —HERER, W LU T Y84k A BEAG
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Tab.3 Toxicity detection results of residual
volatile organic compounds

ME (vel) ?i?% ﬂiﬁg
LZ;% 725 0.43 A A L
in% 670 0.61 EN o
LB 636 0.11 FA H
—E 1 600 0.58 AAG
p:S 1 800 0.10 AAG
TR 4300 0.15 EN 4
=AM 695 0.40 5.00~25.00

T 20 SRR LDso B P kg FREIRFU, AR
Bl b g ARG B

K GC-MS #J7 78XF I AAHT . 5 B n R AR
FIES T 05 A0 AR ity B ARG ik e o o ) 3B A R A
M RE , A BRAGI 25 (o 3% 1] o DL (R B R ).
FKILER R 0.5 mg/kg BISAER , Frf 18 #haf gk
FIH A H
24 Bm#RENEmPELREENY®R

BE=EIRN

SRy 5 IR [B) X R R A WL AR R
AR, = b I EFE bR, SRR
6] R F KA ARG ok v i = S e b AT T2, &Y
UL 3,

30

0 Bt
7772 S5
251 %
‘2220— %7
= %
g
4o 15+
®
B
W 10 -
1
5L
0 1
0 80

1
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ERYEIT
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B3 MOl AR e B B A e g
AP bk B
Fig.3 Trichloromethane residue in olive
oil and rice during self-heating

TEARTIFAHT, A ARSIl i) = S P e 15 1
0, B LRI SOR B A TR 32 B = SIP ETS

oo fnRZE 400 s B, KRB0 I A A H
Bk, LA [R] A pst B) = 48 A e ZEAORS b o AR 7
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