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I
nteractions within a package system refer to the exchange of mass and energy

inside the packaged food, the packaging material and the external environment.

Absorption of flavours into packaging material causes the loss of aroma or changes

in the mechanical properties of package. Therefore, it results in reduced perception of

the product quality. In this research, the effect of menthol absorption by polyethylene

terephthalate (PET) bottles on mechanical properties of the PET bottles was investigat-

ed through tensile test. The PET samples containing yogurt drinks with 100 ppm initial

concentration of menthol were stored for about three months at 4ºC, 25ºC, and 45ºC

and the mechanical properties (tensile strength, modulus of elasticity and elongation)

of PET bottles were measured periodically during the storage time. A new technique,

dispersive liquid-liquid microextraction (DLLME), was used before GC analysis for 

concentrating the acetone extraction solution containing menthol. The effect of menthol

on mechanical properties of PET bottles was compared through tensile test results of

the PET bottles containing yogurt drinks with 100 ppm menthol against PET bottles

containing yogurt drink without initial concentration of menthol solution. Maximum effect

of menthol on mechanical properties of PET bottles was observed on the samples

stored at 45ºC that could be due to the high amount of absorbed menthol at higher stor-

age temperatures. It was also found that tensile strength and modulus of elasticity of

PET bottles decreased with the absorption of menthol, while the elongation increased.

INTRODUCTION

Polyethylene terephthalate (PET)

is a copolymer of ethylene glycol

with either terephthalic acid or

dimethyl terephthalate. It is com-

monly used as packaging material

for drinking water, mineral water,

edible oils and carbonated bever-

ages. As polymer packaging is

more and more widely used for

direct contact with foods, product

compatibility with the packaging

material must be considered.

Flavour scalping, or the absorption

of flavour compounds, is one of the

most important compatibility prob-

lems. Absorption of flavours caus-

es the loss of aroma or changes in

mechanical properties of polymers.

On the other hand, the entrance of

undesirable odours into the food

from the external environment

through the plastic constitutes a

variation on flavour scalping.

Plastic packaging materials are not

inactive in allowing mass transfer

of compounds such as water, gases,
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flavours and monomers in food, packages and the

environment due to permeation, migration and

absorption. Physical and chemical properties of poly-

meric materials and the interactions between food

components and packaging during storage control the

shelf life and quality of plastic packaged foods.

Nielsen showed that about 1-2% of the total contents

of myrcene and limonene were absorbed into refill-

able PET bottles and concluded that the absorption

rate was temperature dependent [1]. Hotchkiss

exposed that considerable amounts of aroma com-

pounds absorbed by plastic packaging materials may

cause losses of aroma intensity or an unbalanced

flavour profile [2]. Willige van compared the absorp-

tion of various flavours (limonene, myrcene decanal,

hexanal, and octanol and etc.) into the LLDPE and

oriented polypropylene [3]. Beltran-Gonzalez et al.

investigated the effect of different packaging materi-

als on the shelf life of mandarin juice and observed

that the shelf life of the juice in transparent polyethyl-

ene terephthalate was much shorter than in packed

cartons [4]. In a similar study (Berlinet et al.) the

colour and vitamin C content of orange juice as qual-

ity parameters, and the losses of aroma compounds by

permeation through the bottle (PET) and the cap

(high-density polyethylene, HDPE) have been inves-

tigated [5]. Ismail et al. surveyed the effect of palm oil

fatty acid on the mechanical properties of CaCO3

filled natural rubber compounds [6]. 

There is little information reported on the effect of

interaction between foods and packaging materials on

mechanical properties of the materials. Absorption of

flavours into refillable PET bottles could cause an off-

taste in the next product. In this way, Tawfik et al.

used titration method to determine the absorption of

limonene into refillable PET bottles and showed that

it had adverse effect on the mechanical properties of

PET material [7]. Denktas et al. found that absorption

of apple flavour could affect the physical and

mechanical properties of poly(ethylene terephthalate)

films [8]. Also changes in the structure of the materi-

al could affect the barrier properties of the material

such as gas permeability. In the present study we used

PET bottles as packaging material which is a com-

mercial packaging plastic and menthol (mint flavour

agent) which is a pleasant flavour used frequently in

the dairy industry. Absorption level of menthol from

yogurt drink into the PET bottle was quantified with a

new analytical method (dispersive liquid-liquid

microextraction). This method has not been used

before in the extraction of flavouring compounds

from packaging materials. The effects of menthol

absorption on the mechanical properties of PET

bottles were studied using tensile test for evaluating

the tensile strength, modulus of elasticity and percent-

age elongation.  

EXPERIMENTAL

Materials

Menthol was purchased from Fluka Co., Inc.

(Germany). Yogurt drink samples which were used as

model solutions during the tests were produced by

Pegah Dairy Company (Tehran, Iran). Polyethylene

terephthalate bottles (1.5 L volume) were used as

packaging materials.

Sample Preparation 

To study the effect of menthol absorption on mechan-

ical properties of PET bottles, the mechanical proper-

ties of PET bottles containing yogurt drink were com-

pared bottles with 100 ppm added menthol designat-

ed as "A group" with PET bottles containing yogurt

drinks without any menthol blank or "B group".

Absorption studies were performed on the first group

"A group" samples. The samples were stored at 4ºC,

25ºC, and 45ºC and periodically tested.

Menthol Extraction

To determine the amount of menthol in the plastic

material, the bottle was cut into small pieces after the

solution was removed and the plastic pieces were

rinsed with distilled water. One gram of minced sur-

face of bottle was placed in 5 mL acetone solution

(disperser solvent) and rested for about 24 h to com-

plete the extraction of menthol from PET bottles.

Dispersive liquid-liquid microextraction (DLLME)

method was used before GC analysis for preconcen-

tration of acetone extraction solution containing men-

thol [9,10]. For this purpose 60 μL of CCl4 (as extrac-

tion solution) was mixed in acetone extract solution

and agitated thoroughly. One mililiter of this mixture

solution was rapidly injected into 5 mL distilled
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water. A cloudy mixture was obtained from dispersion

of fine particles of carbon tetrachloride in water and

the menthol entered into the CCl4 phase. Then the 

mixture was centrifuged for 5 min at 5000 rpm

(Centurion Scientific Ltd., model 1020D, UK).

Accordingly, the dispersed fine particles of extraction

phase were sedimented in the bottom of conical test

tube (5.00 ± 0.2 μL). Finally 1.00 μL of sedimented

phase was injected into GC. 

GC Analysis

A gas chromatograph (Shimadzu GC 2010) with a

split/splitless injector system, and a flame ionization

detector was used for separation and determination of

menthol. Ultra pure helium (99.9999%, Air Products,

UK) was passed through a molecular sieve trap and

oxygen trap was used as the carrier gas at constant 

linear velocity of 35 cm/s. The injection port was held

at 250ºC and used in the splitless mode with splitless

time of 1 min. Separation was carried out on a BP-5,

30 m × 0.22 mm capillary column with a 0.25 μm sta-

tionary film thickness of copolymer column (SGE)

with 95% methyl and 5% phenyl. The oven tempera-

ture was programmed as follows: initially 100°C,

from 100°C (held 1 min) to 160°C at the rate of

15°C/min, and held at 160°C for 1 min. The total time

for one GC run was 10 min. The FID temperature was

maintained at 300°C, hydrogen gas was generated

with hydrogen generator (OPGU-2200s, Shimadzu)

for FID at a flow rate of 40 mL/min. The flow rate of

zero air (99.999%, Air Products) for FID was 400

mL/min. 

Mechanical Properties

Tensile strength, modulus of elasticity and percentage

of elongation were measured by Instron instrument

model 6025 with a crosshead speed of 10 mm.min-1.

The procedure used was adopted from ASTM stan-

dards D882-02 (2002). Six specimens were tested to

obtain an average value. 

RESULTS AND DISCUSSION

Absorption of flavour compounds into packaging

materials may result in products with an imbalance of

flavour and aroma. Willige van observed that a pack-

Figure 1. Absorption of menthol from yogurt drink into PET

bottles during 90 days of storage at 4ºC, 25ºC and 45ºC 

(sd = ±6.8 ng/g).

aging material absorbs various flavours at different

levels. He found that LLDPE and oriented polypropy-

lene easily absorb some flavours like limonene and

myrcene and, to smaller extent, decanal, hexanal and

octanol. He found that the higher absorption of

limonene and myrcene was due to the nonpolar nature

of these flavours [3] Tawfik et al. showed that the

absorption of D-limonene into refillable PET bottles

increased consistently when storage temperature of

model solutions elevated from 4°C to 25°C and 37°C

[7]. In the present study the results showed that the

absorption of menthol is a function of storage time

and temperature (Figure 1). Slower rate of absorption

at low temperature inferred that the diffusion process

is temperature-dependent [11]. Our results showed

that for all the samples stored at different temperature

conditions after about 20 days the slope of absorption

curve suddenly decreased and samples reached an

equilibrium point. This phenomenon may cause a

decrease of menthol absorption rate into PET bottles.

Tables 1-3 show the mechanical properties of PET

bottles for both A and B groups. Our results also

showed that with increasing menthol absorption into

PET bottles at higher temperatures the differences

between the mechanical properties of both test groups

of "A" and "B" bottles widened. 

At 4ºC, because of the lower amount of menthol

absorption into PET bottles, the mechanical properties

of PET material did not change significantly. More

absorption of menthol at higher temperature severly

reduced the tensile strength and modulus of elasticity
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of PET bottles while the elongation increased. The

results for 45ºC have been observed in Figure 2. It is

shown that, even in the absence of menthol, the ten-

sile strength and modulus of elasticity of the PET

were decreased during contact with the yogurt drink.

The same results were observed in Tawfik's study on

the tensile strength of refillable PET bottles which

were in contact with model solution in the absence of
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Time

(day)

4ºC 25ºC 45ºC

A B A B A B

0.00

15.00

30.00

45.00

60.00

75.00

90.00

67.00

61.80

56.70

58.50

51.60

49.10

46.80

±1.02

±1.12

±1.08

±1.28

±1.15

±1.41

±1.29

67.00

62.10

57.20

58.80

52.70

51.40

45.80

±1.02

±1.09

±1.11

±1.31

±1.18

±1.42

±1.38

67.00

66.10

65.30

59.70

56.00

53.00

52.70

±1.02

±1.51

±1.42

±1.12

±1.24

±0.97

±0.88

67.00

64.70

62.40

60.20

55.30

53.10

54.50

±1.02

±1.42

±1.34

±1.09

±1.31

±1.08

±0.92

67.00

62.80

58.70

52.50

51.20

50.30

51.20

±1.02

±1.12

±0.98

±0.92

±1.21

±1.13

±1.08

67.00

64.20

61.40

54.80

56.30

54.70

55.70

±1.02

±1.11

±1.01

±0.88

±1.14

±1.23

±1.12

Table 1. Changes in tensile strength (MPa) (±SD) of PET bottles exposure to yogurt drink containing 100 ppm menthol

(A), and blank bottles (B).

Table 2. Changes in Young's modulus (MPa) (±SD) of PET bottles exposure to yogurt drink containing 100 ppm menthol

(A), and blank bottles (B).

Time

(day)

4ºC 25ºC 45ºC

A B A B A B

0.00

15.00

30.00

45.00

60.00

75.00

90.00

1067.0

1003.0

939.0

840.2

777.7

715.2

704.8

±15.3

±14.2

±16.2

±24.2

±22.3

±17.4

±12.4

1067.0

1024.8

982.7

820.0

767.0

714.0

713.7

±15.3

±18.1

±17.3

±18.1

±19.1

±16.3

±13.2

1067.0

877.8

688.7

637.1

610.0

582.9

603.0

±15.3

±14.3

±17.4

±19.4

±8.0

±21.3

±19.2

1067.0

908.8

750.7

638.8

617.7

596.5

600.0

±15.3

±9.5

±14.5

±18.2

±11.3

±20.2

±14.3

1067.0

896.0

725.0

619.3

625.6

632.0

634.9

±15.3

±12.4

±17.3

±13.2

±15.9

±17.8

±21.3

1067.0

926.7

786.4

686.7

679.3

671.9

702.8

±15.3

±10.1

±16.4

±11.4

±18.4

±18.2

±19.8

Time

(day)

4ºC 25ºC 45ºC

A B A B A B

0.00

15.00

30.00

45.00

60.00

75.00

90.00

91.3

91.2

93.1

91.3

101.2

106.5

99.8

±0.98

±1.18

±0.98

±1.54

±1.62

±1.01

±1.82

91.3

91.3

91.4

93.3

102.3

104.9

102.0

±0.98

±1.23

±1.05

±1.61

±1.73

±0.96

±1.56

91.3

99.8

108.4

108.8

112.4

117.3

118.6

±0.98

±1.12

±0.94

±1.08

±1.11

±1.05

±1.13

91.3

98.4

105.5

105.4

110.1

115.1

115

±0.98

±0.97

±1.01

±1.11

±1.19

±1.08

±1.14

91.3

99.1

106.9

113.9

119.1

119.9

119.5

±0.98

±1.12

±1.21

±1.16

±0.88

±1.34

±1.52

91.3

94.8

98.3

108.0

112.4

110.2

109.2

±0.98

±1.08

±1.13

±1.11

±1.02

±1.23

±1.21

Table 3. Changes in elongation (%)  (±SD) of PET bottles exposure to yogurt drink containing 100 ppm menthol (A), and

blank bottles (B). 

±SD = Standard Deviation



Figure 2. Changes in tensile strength (a), Young’s modulus

(b), and elongation (c) of PET bottles exposure to yogurt

drink containing 100 ppm menthol "A" and blank bottles "B"

during 90 days of storage at 45°C.

limonene [7]. Along with absorption of menthol into

PET bottles, the curve showed lower tensile strength

and Young’s modulus which were related to the influ-

ence of menthol on PET material. Denktas et al.

observed about 10% decrease in the Young's modulus

of PET film in the presence of 160 ppm apple flavour

[8] and with increasing the temperature the effect of

apple flavour was enhanced. This effect was also

increased by increasing the concentration of apple

flavour. Hirose et al. observed that the tensile strength

of sealant polymer films decreased with an increase in

the absorption level of limonene into the polymer

[12]. Changes in mechanical properties of PET bottles

during storage are more understandable at higher tem-

peratures of storage which could be explained at high-

er levels of menthol absorption. Absorption of flavour

compounds causes the plasticity of polymers [13]. In

fact the absorbed flavours act as a plasticizer and

reduce the polymer strength while the plasticity

increases [14]. The results also showed that the elas-

ticity decreased with increasing the menthol absorp-

tion, especially at higher temperatures. The reduction

in modulus resulted in increase of polymer rubbery

behaviour compared to its glassy state. In this case,

the tensile strength of polymer at the break point

decreases as well. On the other hand the reduction of

yield point causes a rise in elongation-at-break.

Decreasing trends in tensile strength and Young's

modulus and increasing trends in elongation which

were observed in both groups of bottles (A and B)

have been related to the plasticization effect of some

other components which exist in yogurt drink. Yogurt

drink includes lactic acid and fat, as plasticizing

agents which can affect PET materials. However the

difference in the observed curves obtained are related

to the effect of pure menthol which has been added to

the samples.

CONCLUSION

In the present study, the new method, dispersive 

liquid liquid micro extraction (DLLME) combined

with GC-FID, provides higher performance and much

shorter time for the extraction of menthol from PET

bottles. The method is very fast, accurate and simple.

The absorption level of menthol is clearly dependent

on the storage time and temperature. The maximum

changes in mechanical properties were observed at

45ºC when the highest menthol absorption into PET
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bottles was achieved. The results showed that tensile

strength and modulus of elasticity of PET bottles

decreased with the absorption of menthol while the

elongation increased. These variations in mechanical

properties could be described by the plasticizing

effect of flavours like menthol on the polymer struc-

ture. On the whole our results show that the absorp-

tion of menthol by PET bottles in addition to reduc-

tion perception quality of the product brings about

some considerable changes in mechanical properties

of the packaging materials.
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