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Analysis of the Causes of Deformation of Packaging Materials
Used for Ready-to-Eat Foods after Microwave Heating

Chan Suk Yoon, Seung In Hong, Ah Reum Cho, Hwa Shin Lee', Hyun Woo Park’, and Keun Taik Lee"*

Packaging Research Center, CJ Cheiljedang
'Department of Food Processing and Distribution, Gangneung-Wonju National University

Abstract The aim of this study was to investigate the deformation of packaging materials used for ready-to-eat (RTE)
foods after the retort process and microwave heating. From the multilayer films consisting of polyethylene terephthalate
(PET), polyamide (PA), and cast polypropylene (CPP) in a stand-up pouch form used for RTE foods, some deformation
of the CPP layer, which was in direct contact with the food, was observed after the retort process and microwave heating.
The damage was more severely caused by microwave heating than by the retort process. This may be attributed to diverse
factors including the non-uniform heating in a microwave oven, the sorption of oil into the packaging film, and the
different characteristics of food components such as viscosity, salt and water content. The development of heat-resistant
packaging materials and systems suitable for microwave heating of RTE foods is required for the safety of consumers.
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Table 1. Microwavable ready-to-eat meals purchased from Korean market

Sample No Food type Food Packaging type g?glalz ij;gg; Recomzrzjlrgz((inclzooking
1 Panboiled food Chicken/Sausage Lid PET/EVOH/Ny/EPL 700 W/1.5 min
Tray PP
2 Stew Red bean/Abalone Stand-up pouch PET/Ny/CPP 700 W/2-3 min
3 Soup Meat Stand-up pouch Ny/CPP 700 W/4-5 min
4 Boiled sauce Chicken/Octopus 3-Side seal pouch PET/PET/CPP 700 W/2 min
for rice
5 Boiled sauce for rice Kimchi, tuna or pork 3-Side seal pouch PET/PET/CPP 700 W/2 min
6 Curry Vegetable 3-Side seal pouch PET/Ny/CPP 700 W/2 min
7 Curry Chicken 3-Side seal pouch PET/PET/CPP 700 W/2 min
8 Curry Chicken Stand-up pouch PET/PET/CPP 700 W/2 min
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Table 2. Conditions of GC-FID for the analysis of lipid content
absorbed into a retort pouch film

Agilent 7890A GC coupled with flame ion-
ized detector

Agilent HP-5 (30 mx0.25 mmx0.25 um)

Model

Column
Injection temperature ~ 220°C
Injection volume 1uL
Split ratio 10:1

140°C (5 min) - 20°C/min - 200°C (1 min) -
10°C/min - 250°C (3 min)

Detector temperature ~ 270°C

Oven temperature
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Fig. 1. Effect of retort process and microwave (MW) heating on physical changes of packaging film layers with hot spicy sauce (A-1, B-
1, and C-1: surface change of retort pouches, A-2, B-2 and C-2: Cross sectional observation of film layers using a microscope).
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Table 3. Effect of retort process and microwave heating on lipid content adsorbed into the retort pouch film with hot spicy sauce during

the retort process and microwave heating

Before the retort process (mg/dm?)

Food sample

After the retort process (mg/dm?)

Before MW heating

After MW heating

Before MW heating After MW heating

Hot spicy sauce 5.6+0.4"

30.8+0.1°

630.7+54.3 766.0+64.4°

DValues are means of triplicate determinations£SD.

**Means with different letters in same column are significantly different by Duncan’s multiple range test (p<0.05).
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Fig. 2. Changes of temperature distribution in the hot spicy sauce samples measured by using an infra-red thermal-imaging camera
during microwave heating (1: headspace, 2: cutting part, 3: sauce (dotted red line: the highest temperature zone by microwave heating).

A mAg] B2@)eIM 7P 1A 2=7F }?3
2o 7P CM Y A @)= 7h
o, 7V 2ot ol Lebke RS UgEel
YA} sealing® FAE] ZQ Wb Amo] Fp BB
A 2k AS BRI % et

d3pd 7HEte A&7 7HEEE AR
el mkatel ejste] ZA e A2lE ol 8dhe
29 35 71719 ol g AU el 5 MALE Welshe
AER Q3te] AA| 7HEEE AFe 2xrt ZFs] &
¥E ZloR AGEYY. aHdE %?3 3L Aspdr ek
AYA W s 4NN LE BEG Y £uF
S BEEE 989 & b AT BUHs

e dspyriuielel @A Fuelw AAUA x &
ZRe] WeEe) ANES o P83 wqe] 95l
PUH LEAZ ol8F 2ESYS AESAU ol FHF &
E*ﬂf\i Fig. 3914 E+= npel 2ho] dsbd 7hdjet Sl &

] 71} =8 en Als XA AL seahng°1 ol&) A

his o i - j=anE)
B APge 9, T ke #94e) At B WeE
Al

u: 0{)1, 12 0;

Y 12 [0 ot

ol

-0,
rit,

Mol gEbete] ATt 1 A3 2] % S £&271 7t
2w 7pPgatE) sealmgU% 9 (ThellA 342 Wl 110°C7HA]
YT F ol LR O AT, 9 AR <O

OS2 190°C7HA] Asdte ?’8’:} A=At A9 FA(T
T3)2] £=& 7FdAlE] sealing —r-r]g} Hlwsle] A SrE w
AR 7FE & 203 vl 100-120°Ce] 7PEAl 2% Aol o
oo, 7tGAIZte] F7ETE U w2 257K AsdEte
A& & 4 AUtk Ohlssond}t Bengtsson(13)2> Z A 7k
sealing=|o] gl FHoY BAE F97F AATE Bo= <t
vo} 72 A3e st} thE RHoART 257t o A 5
Aok Bk vp Qo v Y85 Sg(THellAs 289 7}%5
AIZE et Al 2527t 55°C7HA] dsEtien, 27 & A
EEE (.13°ClsecCE THE F-9]9 H|sle] Atz og =gA &
2= et

2 AFoA gRlE upel Zo] g oy A= ARl
A 2] Al 2F YEE] 7tEe] wlg Eddsh dojdtt
3 RIgE vk ATh4,5,14). o9k e HAREIJIA 7HE Al 2%
Eddde 2 UFe 54 B9t odHoE AEE &
S3°] 160-170°CE Y23 w2 Hel CPP AAo] A&} HE
sk W AR AREEHARE Bt 430 A &
Wy o] of7|E £ Y= Aow AgkEr) AF ) Exgst
7Hh3 43 Fd el delozes AxEAA sHE F A
A7t B e BAEU R BEe 24 5 2R ¥

o 1o

rU

&r

220

200 115 g Spicy Chicken Sauce

in a pouch
180

Temperature (°C)

—T3 —T4

20 0 20 40 60 8 100 120 140 160 180
Time (s)

Fig. 3. Temperature measurement in the stand-up pouch filled

with hot spicy sauce by using a fiber optical thermometer during

microwave heating (T1: corner side of sealing layer of pouch

near filling level, T2: front inside surface layer of pouch at filling

level, T3: back inside surface of pouch at filling level, T4: middle
of sauce).
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Table 4. Physicochemical characteristics of some spicy foods for microwave cooking

Sample Viscosity (cP) Salinity (%) pH °Bx (%) Damage of packaging
A 16,667+2858" 2.9+0.4%) 5.1£0.0°V 23.7£1.5%) O?»
B 4,433+551 2.1£0.1° 5.4+0.0° 16.0£0.0° X2
C 1,667+153 1.9+0.0" 5.0+0.0° 13.6£0.1° X
D 2,267+58 1.7£0.0° 5.5+0.1° 14.2+0.5¢ X

YValues are means of triplicate determinations£SD.

20, Damages of packaging film are observed; X, Damages of packaging film are not observed.
**Means with different letters in same row are significantly different by Duncan’s multiple range test (p<0.05).

Table 5. Initial heating rates at hot and cold spots formed during
heating in a microwave oven with 700 W for 2 min in the water
and 0.5% xanthan gum solutions with different NaCl concentrations

NaCl Heating rates
Solution type  concentration ot spot  Cold spot Relation”
(%) ©Cls) CCs) elation
0 0.93 0.93 1
Water 2 12 0.5 24
4 23 0.37 60
0.5% 0 13 1.3 1
Xanthan gum 2 23 0.02 1100
solution 4 70 0.01 7000

YRelation=heating rate of hot spot/heating rate of cold spot.
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