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ABSTRACT:  Aroma and oxygen-barrier properties of chitosan-coated papers were measured in order to evaluate the 
potential of these materials as biodegradable materials for food packaging. Firstly, two chitosans (Chi-
244 and Chi-652) were studied according to their ultimate biodegradability. Chi-652 showed the best fi nal 
biodegradation rate and was then used for subsequent tests in association with papers. Then, oxygen-barrier 
and aroma-barrier properties of papers, Chi-652 fi lms and Chi-652-coated papers were investigated. The 
Chi-652 fi lms exhibited oxygen-barrier at low relative humidity and aroma-barrier comparable to synthetic 
materials already used in the packaged food industry. Both papers exhibited poor barrier properties toward 
oxygen and aromas. Although chitosan-coated papers showed promising results in regard to the aroma-
barrier performance of papers, it did not improve their oxygen-barrier properties, probably because of the 
impact of the coating process on the tri-dimensional structure of the papers.
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1 INTRODUCTION

Food packaging has been under several strong con-

straints over the past decades. More than ever, it must 

participate in enhancing food preservation and food 

safety [1] without raising environmental concerns [2], 

i.e., it should preferentially be made from sustainable 

resources. 

Effective protection of food products is indeed of 
essential importance for maintaining food quality dur-
ing storage. Packaging-driven food safety approaches 
with inherently antimicrobial packaging materials, with 
simple contact between antimicrobial matrix and food 
surface, with controlled delivery of antimicrobial sub-
stances or with controlled atmosphere within the pack-
aging, are just a few of the well-recognized techniques 
[3]. The use of sustainable resources has been explored 
through the use of natural polymers, the incorporation 
of these natural polymers into composite materials with 

synthetic materials or the use of fermentation-produced 
polymers in order to avoid the use of non-sustainable 
oil-based polymeric materials [4–6]. In this perspective, 
paper and chitosan have been tested in order to meet 
preservation, safety and environmental requirements of 
food packaging [7–10]. 

In general, paper shows only very low barrier proper-
ties, including toward organic compounds. Therefore, it 
is a common approach to improve the barrier properties 
of papers by coating a thin layer of a material that pro-
vides good intrinsic barrier properties. Chitosan, a lin-
ear cationic polymer of D-glucosamine made from the 
deacetylation of chitin, an essential component of crus-
tacean exoskeleton and a waste of the shrimp-fi shing 
industry, has recognized fi lm-forming, barrier and anti-
microbial properties that makes it suitable for sustainable 
and antimicrobial food-packaging applications [11–14]. 
Chitosan-based materials have successfully shown 
their antimicrobial effi cacy against several pathogenic 
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foodborne bacteria [7, 15]. However, as the vast major-
ity of polysaccharides, chitosan is highly hydrophilic 
and several efforts have also been conducted in order 
to enhance chitosan physicochemical properties, its sen-
sitivity toward moisture and liquid water and to adapt 
its use to high-moisture environments or high water-
activity food systems [8, 16–20]. Other studies focused 
on improving mechanical properties of chitosan-based 
materials to make them able to compete with usual 
synthetic materials used in food packaging [14, 21, 22]. 
Nevertheless, beside these studies, only little data are 
available on the properties of chitosan-based materials 
regarding other essential requirements that food pack-
aging materials must meet, namely aroma barrier prop-
erties or oxygen barrier properties. Indeed, aroma loss 
or oxidation caused by oxygen absorption are detrimen-
tal to food organoleptic properties [23, 24]. Individual 
aroma and odor compounds can either be absorbed by 
or permeate through the packaging materials, resulting 
in a loss of aroma intensity or an unbalanced fl avor pro-
fi le (“fl avor scalping”). In addition to the preservation of 
the aroma of the packaged product, fl avor and odor bar-
riers prevent undesired external fl avor and odors from 
reaching and contaminating the product.

Moreover, sustainability is among the top reasons 
for using biopolymers in food packaging, but very few 
studies actually paid attention to the biodegradability of 
the packaging materials prepared from chitosan [25, 26].

So, this study aims at understanding how chitosan can 
improve oxygen and aroma barrier properties of paper-
based materials, while maintaining their biodegradabil-
ity. In other words, the main objective of this work was 
to investigate if chitosan could have potential as a biode-
gradable, nontoxic and environmentally safe material for 
food packaging applications in combination with paper. 

In more detail, the real ultimate aerobic biodegrad-
ability of some chitosans was evaluated in order to 
select a biodegradable polysaccharide-based coating 
potentially interesting to improve the barrier prop-
erties of paper-based matrix without decreasing the 
inherent biodegradability of paper. Then, oxygen and 
aroma barrier properties of chitosan-based materials 
were investigated. The permeation of volatile organic 
compounds through chitosan-coated paper samples 
and a pure chitosan fi lm, as well as the solubility of 
these compounds in the respective materials, were 
comparatively measured. This was achieved by a 
method established previously [27, 28] measuring the 
permeation of a set of model organic compounds com-
monly occurring as odor/aroma in foods or being used 
as odor/aroma in non-food products. These model 
compounds span a large range of octanol/water par-
tition coeffi cients (LogP), volatility and molecular 
weight, and therefore serve in evaluating the aroma 
barrier properties of packaging materials.

2 EXPERIMENTAL

2.1 Chemicals and Standards

All chemicals and standards were analytical grade 

(> 99% pure) and purchased either from VWR 

International (Fontenay-sous-Bois, France; Darmstadt, 

Germany) or Sigma-Aldrich (Lyon, France; Munich, 

Germany). Gases were Alphagaz 2 grade and bought 

from Air Liquide (Paris, France).

2.2 Materials

Commercial grade chitosans were used in this study 

(France Chitine, Marseille, France): Chi-244 (fl akes, 

deacetylation degree higher than 95%, Mw = 400 kDa) 

and Chi-652 (powder, deacetylation degree higher 

than 85%, Mw = 165 kDa).

Papers were provided by Ahlstrom (Ascofl ex 40, 
non-calendered, one side coated with calcium carbon-
ate, grammage 40 g.m-2, 48 μm thick, Grenoble, France) 
and Stora Enso (Performa Nature 320, non-calendered, 
one side coated with calcium carbonate, grammage 
320 g.m-2, 344 μm thick, Helsinki, Finland), where 
grammage is the weight per unit area of the papers.

Chitosan fi lms and chitosan coated papers were 
prepared as described previously [8]. Briefl y, 5 mL 
of a solution of 2% w/w chitosan in 1% w/w aque-
ous solution of acetic acid were coated evenly and at 
constant speed on the aforementioned papers with 
a K101 Control Coater instrument equipped with a 
120 μm blade (Erichsen, Rueil-Malmaison, France) on 
210 × 297 mm sheets of test papers, leading to a deposit 
of 0.1 g dry chitosan per sheet (1.6 g.m-2 on Ahlstrom 
paper, 0.005 g.m-2 on Stora Enso paper). Materials 
tested in this study and their characteristics are listed 
in Table 1; they consist of chitosan fi lms, papers and 
papers coated with chitosan.

2.3  Biodegradability and Rate of 
Biodegradation of Chitosans

This evaluation was carried out according to the norms 

issued by the British Standards Institution [29]. It con-

sists of the titration of CO
2
 released from the oxidation 

by bacteria of the tested sample’s organic carbon in 

aqueous media, at 23°C.

The absolute percentage of biodegradation (%B) is 
given by the following formula:

    
−

−
= ×2

2

100% released
theoretical

B CO CO  
(1)

where CO2-released is the actual amount of CO
2
 titrated 

during the test, and CO2-theoretical is the theoretical amount 
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of CO
2
 released if the totality of the total organic car-

bon of the sample had been biodegraded.

CO2-released is measured as follows: Pressured air 
fl ows sequentially through CO2 traps and the reac-
tor containing the test sample. There, it carries CO2 
released from the biodegradation of the test sample to 
CO2 traps containing potassium hydroxide; they react 
quantitatively to form potassium carbonate, which is 
then titrated with hydrochloric acid.

CO2-theoretical is calculated as follows: Elemental analy-
sis is carried out on the original test sample (measure-
ment of total carbon) and on the mineral residues left 
after ignition of the test sample at 575°C (measure-
ment of mineral carbon). Total organic carbon is the 
difference between these two values. CO2-theoretical is 
the amount of CO2 derived from the amount of total 
organic carbon contained in test samples.

In a reactor containing water inoculated with bac-
teria derived from the supernatant of a water treat-
ment plant, 0.6 g of the test sample is placed at 23°C. 
CO2-released is measured at regular time intervals over 2–3 
months until it reaches a plateau. The baseline mea-
surement, consisting of ambient CO2 in the air, is sub-
tracted from the readings.

Chi-244 fl akes and Chi-652 powder were run in 
duplicate. In parallel, two blanks and two reference 
samples are run. The reference samples are Avicel 
microcrystalline cellulose containing 42% organic car-
bon. In this study both Chi-244 and Chi-652 were tested 
for their biodegradability and rate of biodegradation.

In addition to the absolute percentage of biodegra-
dation (%B) achieved by each tested material, a relative 
percentage of biodegradation (rel%B) was calculated 

on the basis of the Avicel’s percentage of biodegrada-
tion: rel%Btested material = %Btested material / %Breference .

The experimental set up is shown in Figure 1.

2.4 Oxygen Barrier Properties

Oxygen barrier properties were measured accord-

ing to the norm ASTM D3985 [30] with an Oxygen 

Permeation Analyzer 8000 (Systech Instruments, 

Nanterre, France). Oxygen transmission rates were 

determined at 23°C and 0% relative humidity. 

The samples were evaluated in triplicate in perme-
ation test cells with a permeation area of 50 cm2. In 
the lower cell chamber N2 was circulating at 20 cm3.
min-1, and O2 was circulating at 10 cm3 .min-1 in the 
upper chamber cell. The O2 permeating through the 
test material was transported by the nitrogen stream 
to a calibrated coulometric detector. A blank test was 
run with a metal plate as test material.

Figure 1 Experimental setup for materials biodegradation 

evaluation.

Table 1 Grammage (weight per unit area), thickness and coating density of tested materials. Values are Mean ± 
Confi dence Interval (n >3; p < 0.05).

Material Grammage

(g.m–2)

Thickness

(μm)

Coating 
density 
(g. m–2)

Oxygen 
Transmission 

Rate 
(cm3.m–2.d–1)

Oxygen 
Permeability (cm3. 

μm.m–2. d–1)

Absolute 
fi nal 

biodegradation

Relative 
fi nal 

biodegradationb

Chi-244 fi lm – 19 ± 1 – – – 11 ± 9 % 12 ± 11 %

Chi-652 fi lm – 20 ± 2 – 30 ± 7 600 ± 200 73 ± 4 % 81 ± 10 %

Ahlstrom paper 40 48 ± 1 0 > 40,000 a > 1.9×106 – –

Ahlstrom paper 
coated with 
Chi-652

41.6 56 ± 1 1.6 > 40,000 a > 2.2×106 – –

StoraEnso paper 320 344 ± 1 0 > 40,000 a > 13.8×106 – –

StoraEnso paper 
coated with 
Chi-652

321.6 402 ± 2 1.6 > 40,000 a > 16.1×106 – –

a Readings were above instrument’s maximum transfer rate reading value (> 40,000 cm3.m-2.d-1).
b Calculated on the basis on Avicel absolute fi nal degradation: 91 ± 7%.
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Oxygen transmission rate (OTR) of Chi-652 fi lms 
and Chi-652 coated papers were then measured 
cm3.m-2.d-1 and oxygen permeability was calculated as 
OTR x thickness of the material and expressed in cm3.
μm.m-2.d-1.

2.5 Aroma Barrier Properties

Aroma barrier properties were measured according to 

the method described in earlier works [27, 28].

A cocktail containing the following aroma com-
pounds was used: isoamyl actetate, D-limonene, cis-
3-hexen-1-ol, linalyl acetate, menthol, citronellol and 
diphenyl oxide (Figure 2). A mixture of the seven 
model fl avors (relative amounts, see Table 2) was 
dissolved in polyethylene glycol (PEG) 400 at a con-
centration of 5% (w/w) to yield model fl avor feed 
pressures as given in Table 2. For permeation mea-
surements, 20 g of the PEG 400 solutions were applied 
to the permeation test cell to establish constant feed 
pressures. Feed pressure determinations of test perme-
ants, permeation measurements, gas chromatographic 

determination of permeants and data evaluation were 
carried out as described previously [19, 20, 27, 28].

The samples were evaluated in test cells with a per-
meation area of 78.5 cm2 kept at approx. 23°C. A glass 
dish containing 20 g of the aroma cocktail (5% w/w in 
PEG-400) was placed in each lower cell chamber, serv-
ing as a release reservoir for the test permeants. The 
test samples were then placed above the dish with the 
chitosan-coated side facing the aroma cocktail.

A dry nitrogen stream (1 ml.min-1) is circulated 
over the test samples through the upper cell cham-
ber to transport the permeated substances to a solid 
phase extraction (SPE) column. The SPE column was 
changed at regular time intervals.

The aroma compounds were then eluted from the 
SPE column with 0.5 mL hexane twice and this extract 
was analyzed by gas chromatography with fl ame ion-
ization detection (GC-FID). Then 2 μL of each extract 
were injected on a SE-10 capillary column (length: 30 
m; inner diameter: 0.32 mm; coating thickness: 0.5 μm) 
with the following temperature program: 1 min iso-
therm at 60°C, heating rate of 10°C.min-1 up to 220°C, 
8 min isotherm at 220°C. Quantifi cation of the test sub-
stances was made by the external standard method.

Chi-652 fi lm and Chi-652 coated papers were run in 
triplicate for 38–77 days until steady-state of perme-
ation was reached.

Transmission rates of permeants were calculated 
and expressed in μg.m-2.h-1, and aroma permeability 
was calculated as transmission rate x thickness and 
expressed in μg. μm.m-2. h-1.

Breakthrough times of permeants across the materi-
als were evaluated as the time at which steady-state of 
permeation was established.

Once steady-state was reached, the test samples 
were removed from the cells and extracted: 12 cm2 of 
the test samples were extracted once with isooctane 
(72 h at 40°C) and once with ethanol (48 h at 40°C). Figure 2 Aroma compounds used in assessment of aroma 

barrier properties.

Table 2 Cocktail of seven model fl avors used for permeation measurements.

Compound Molecular weight 
(g.mol-1)

Log P1 Relative amount in mixture 
(w/w ratio)

Vapor pressure over 5 % solution 
in PEG 400 [×10 -6 bar]

Isoamyl acetate 130 2.12 0.05 2.9

Limonene 136 4.45 0.05 2.3

cis-3-Hexenol 100 1.61 1 3.0

Linalyl acetate 196 3.83 5 4.7

Menthol 156 3.20 10 3.9

Citronellol 156 3.38 10 1.1

Diphenyl oxide 170 4.21 10 1.0
1 Octanol/water partition coeffi cient.
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The extracts were also analyzed by GC-FID in order 
to determine the permeants relative solubilities in the 
test materials.

2.6 Data Analysis

The OTR and aroma transfer experiments were 

repeated three times. Biodegradation experiments 

were repeated two times. Data are mean values given 

with a Student’s confi dence interval at 95% probability 

(p < 0.05).

3 RESULTS AND DISCUSSION

Overall, chitosan- and paper-based materials devel-

oped in former studies [7, 8] have been tested accord-

ing to their biodegradability in soil environment and 

their oxygen-barrier and aroma-barrier properties, in 

order to address the question of the applicability of 

such materials on real food packaging systems. 

3.1  Biodegradability and Rate of 
Biodegradation of Chitosans

Total organic carbon (TOC) was measured as 39.2% 

w/w for Chi-244 and 39.3% w/w for Chi-652, on a 

dry-matter basis.

Figure 3 shows biodegradation of Avicel (reference), 
Chi-244 and Chi-652 fi lms (average of two duplicates) 
over time. Avicel reference reached a fi nal percentage of 
biodegradation of 91 ± 7%. Regarding Chi-244, the bio-
degradation rate was slow and plateaued after 25 days 
with a fi nal relative biodegradation value of 12 ± 11%. 
Regarding Chi-652, the biodegradation rate was compa-
rable to Avicel over the fi rst 8 days, then slowed down 

and plateaued after 60 days with a fi nal relative bio-
degradation value of 81 ± 10%. Results are reported in 
Table 1. Although biopolymers generally exhibit a wide 
range of fi nal biodegradation values, this is consistent 
with values reported before in other studies [25, 26]. 

While cellulose is not a bioactive polymer, chitosan 
fi lms were shown to have antimicrobial properties [7]. 
Although this property is best achieved at acidic pH 
(to the cationic form of amino groups and dissolution 
in aqueous media), this phenomenon may have con-
tributed to alter the microbial population of the test 
medium and decrease the microbial degradation of 
the two chitosans tested. The difference in degrees of 
deacetylation of Chi-244 and Chi-652 (> 95% and > 85%, 
respectively) could support this hypothesis, Chi-244 
bearing more bioactive NH3

+ moieties than Chi-652 in 
a close-to-neutral aqueous medium. Degree of deacety-
lation has already proven to impact biodegradation and 
to vary along the biodegradation process [31].

Moreover, our results show that Chi-652 (lower Mw 
and lower deacetylation degree) is more effi ciently bio-
degraded than Chi-244 (higher Mw and higher deacet-
ylation degree). This is consistent with other previous 
results [26] showing that chitosan biodegradation is 
inversely correlated with its deacetylation degree, as 
it relates to changes in chitosan crystalline structure, 
also a function of its deacetylation degree and molecu-
lar weight. Indeed, it has been shown that an increas-
ing number of acetyl moieties in chitosan allows the 
disruption of order intermolecular structure, leading 
to a decrease in crystallinity, and reduced molecular 
weight improves chitosan water solubility [32–34].

Thus, these two factors combined could lead to 
a better physical accessibility of the polymer to be 
degraded by bacteria.

Nevertheless, from solely a legal standpoint [35], 
Chi-244 and Chi-652 cannot be considered as biode-
gradable, since a minimum value of 90% relative bio-
degradation must be achieved over a maximum of 6 
months. At this point of the study, Chi-244 could not 
be considered as a good candidate for biodegrad-
able packaging material. However, since Chi-652 was 
considered as a promising starting material, it was 
decided to proceed further with additional tests on 
Chi-652-based materials (fi lms and coated papers).

3.2 Oxygen Barrier Properties

Oxygen barrier properties were measured on Chi-652 

fi lms and on papers coated with Chi-652. Results are 

shown in Table 1.

Chi-652 shows an OTR of 30 ± 7 cm3.m-2.d-1, and both 
papers exhibit an OTR value higher than 40,000 cm3.m-

2.d-1. These values are consistent with those reported in 
other studies. Indeed, on the one hand, polysaccharides 

Figure 3 Absolute percentage of biodegradation of Avicel, 

Chi-244 and Chi-652 as a function of time.
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are known to be excellent O2 barriers at low relative 
humidity [24], and our value for Chi-652 fi lms also com-
pares very well with those reported on chitosan (38–56 
cm3.m-2.d-1) [36]. On the other hand, while paper does 
not limit transfer to gases because of its inherent poros-
ity [9, 37–39], it was proved that the coating of biopoly-
mers onto papers was effi cient in reducing O2 transfer 
trough the material. However, the chitosan-coated 
papers we had prepared did not show the same trend, 
with OTR values higher than 40.000 cm3.m-2.d-1. This can 
be explained by the observation reported in our previ-
ous work showing chitosan was not forming a continu-
ous layer on top of the paper, but rather was penetrating 
into the paper core, impregnating and embedding the 
cellulose fi bers as well as fi lling the inter-fi ber pores [8]. 
By contrast, effi cient barrier to oxygen transport has 
been achieved by Gallstedt and coworkers; a deposit of 
19 g of chitosan per m2 of paper was necessary to achieve 
acceptable O2 barrier properties [22]. Nevertheless, 
although this latter approach is technically successful, 
it does not seem economically viable, considering the 
cost of chitosan. In our approach, the quantity of chi-
tosan coated onto the papers (1.6 g.m-2) remained at a 
level that: 1) would have minimal impact on the cost of 
the fi nal material; 2) took into account technical limita-
tions (solubility of chitosan and amount of water carried 
by the coating solution, resistance of paper to multiple 
coatings). Thus, our work shows that with common 
papers, satisfying oxygen barrier properties could not be 
achieved without signifi cantly impacting the cost of the 
fi nal material and without taking the risk of losing the 
paper’s three-dimensional structure and integrity. So, 
chitosan by itself shows promising potential for oxygen 
barrier properties, but there are still technical hurdles 

to be overcome to transfer this potential to paper-based 
materials. Finally, it must be noted that oxygen transfer 
was measured at 0% RH, which makes these conclusions 
applicable to the packaging of dry foods. However, as 
shown in a previous study [8], these materials exhibit 
sensitivity to water. Thus, these conclusions drawn here 
may not be applicable to the packaging of perishable 
food with high water content or high water activity. 

Then, similarly to oxygen transfer, the transfer of 
volatile aroma compounds through Chi-652 and Chi-
652 coated papers was tested.

3.3 Aroma Barrier Properties

The transfer of aroma compounds through a given 

material depends on the aroma’s physicochemical 

properties such as octanol/water partition coeffi cient, 

volatility and molecular weight on the one hand, and 

composition and matrix structure of the material on 

the other hand [40, 41]. In this study, we examined 

the permeation of seven model volatile food compo-

nents through the abovementioned materials: isoamyl 

actetate, D-limonene, cis-3-hexen-1-ol, linalyl acetate, 

menthol, citronellol and diphenyl oxide. These seven 

model fl avors cover a molecular weight range from 

100 to 200 g/mol and represent chemical structures 

with a wide range of functional groups and partition 

coeffi cient (Figure 2). The selection of the model fl a-

vors, and thus permeation data obtained from this 

model cocktail, may be used for the prediction of the 

permeation behavior of other fl avor compounds [28]. 

The permeation process of the fl avor/odor com-
pounds was characterized by permeation curves 
(Figures 4, 5 and 6) as well as calculated permeation 

Figure 4 Aroma permeation curves of Chi-652 fi lm.
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rates (Table 3) and estimated breakthrough times 
(Table 4). As the permeation process is also dependent 
on the solubility of the test compounds in the sample 
material, their respective relative solubilities were also 
determined (Table 5).

Chi-652 fi lms exhibited good aroma barrier proper-
ties consistent with values found for other fi lms made 
of hydrophilic polymers [42]. Transmission rates and 
solubilities of test compounds were generally below 
detection limit (below 0.04 μg.m-2.h-1 and 0.003 mg.g-1, 
respectively). Moreover, a breakthrough of the respec-
tive test permeants was not detectable before approxi-
mately 1000 hours (42 days) of storage. Therefore the 

aroma barrier properties of the pure chitosan fi lm are 
comparable to those established for conventional plas-
tic materials like PET [27, 28]. This correlates well with 
a previous study showing low permeation of benzyl 
benzoate through cassava starch fi lms, for example 
[43]. As suggested in former works, permeation prop-
erties of aroma compounds through edible and syn-
thetic polymeric fi lms are mainly dependent on their 
sorption, rather than on their diffusion itself [44, 45].

As permeation measurements were performed 
using vapor pressures simulating real food condi-
tions, it can be concluded that the chitosan fi lm has 
a high potential to be used in packaging applications 

Figure 5 Aroma permeation curves of (left) Ahlstrom paper and (right) Chi-652 coated Ahlstrom paper.

Figure 6 Aroma permeation curves of (left) Stora Enso paper and (right) Chi-652 coated Stora Enso paper.
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Table 3 Transmission rate (in μg. m-2. h-1) and permeability (in μg. μm.m-2. h-1) of test permeants through Chi-652 
fi lms, papers and papers coated with Chi-652.

Material Isoamyl 
actetate

Limonene Cis-3-
hexenol

Linalyl 
actetate

Menthol Citronellol Diphenyl 
oxide

A
ro

m
a 

tr
an

sm
is

si
on

 r
at

es
 

(μ
g.

 m
-2
. h

-1
)

Chi-652 fi lm 0.1 < 0.04 < 0.04 < 0.04 0.04 < 0.04 < 0.04

Ahlstrom paper 2.5 1.7 1.3 5.5 5.4 1.2 1.0

Ahlstrom paper 
coated with 
Chi-652

13.8 18.5 7.8 40.7 45.7 8.8 13

StoraEnso paper 7.1 5.2 4.0 35.8 19 4.4 3.4

StoraEnso paper 
coated with 
Chi-652

4.0 2.9 2.4 16.3 9.1 2.0 1.6

A
ro

m
a 

p
er

m
ea

b
il

it
y 

(μ
g.

 μ
m

.m
-2
. h

-1
)

Chi-652 fi lm 2 < 0.8 < 0.8 < 0.8 0.8 < 0.8 < 0.8

Ahlstrom paper 120 82 62 264 259 58 48

Ahlstrom paper 
coated with 
Chi-652

773 1036 437 2279 2259 493 728

StoraEnso paper 2442 1789 1376 12315 6536 1514 1170

StoraEnso paper 
coated with 
Chi-652

1608 1166 965 6553 3658 804 643

Table 4 Estimated breakthrough times (in h) of test permeants through Chi-652 fi lms, papers and papers coated 
with Chi-652.

Material Isoamyl 
actetate

Limonene Cis-3-
hexenol

Linalyl 
actetate

Menthol Citronellol Diphenyl 
oxide

Chi-652 fi lm 1,000 1,100 1,100 1,000 1,000 1,000 1,100

Ahlstrom paper 25  48 48 19 25 75 75

Ahlstrom paper coated 
with Chi-652

25 75 75 48 75 169 169

StoraEnso paper  8 25 25 8 25 52 75

StoraEnso paper coated 
with Chi-652

 52  75 172 75 172 172 172

Table 5 Relative solubilities (in mg.g-1) of test permeants in Chi-652 fi lms, papers and papers coated with Chi-652.

Isoamyl 
actetate

Limonene Cis-3-hexenol Linalyl actetate Menthol Citronellol Diphenyl oxide

Ahlstrom paper < 0.003 < 0.003 0,028 0,103 0,120 0,183 0,200

Ahlstrom paper 
coated with Chi-652

< 0.003 < 0.003 0,019 0,055 0,063 0,089 0,099

StoraEnso paper < 0.003 < 0.003 0,115 0,151 0,140 0,165 0,183

StoraEnso paper 
coated with Chi-652

< 0.003 < 0.003 0,115 0,152 0,132 0,146 0,166
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demanding high barrier properties for aromas and 
fl avorings. Possible examples could be food products 
with a shorter shelf-life and, due to the large depen-
dency of chitosan’s permeability to oxygen on relative 
humidity, most likely dry and fatty foods like potato 
snacks. 

In order to evaluate the effect of chitosan coating 
on paper samples, the chitosan-coated paper samples 
were evaluated for their aroma barrier properties 
in comparison to the non-coated papers. Uncoated 
papers generally show poor aroma barrier properties 
due to their inherent porous structure. With the excep-
tion of menthol and linalyl acetate, transmission rates 
of the model fl avor compounds obtained for the pure 
uncoated papers were comparable and ranged from 
1.0–2.5 μg.m-2.h-1 for Ahlstrom and 3.4–5.2 μg.m-2.h-1 
for Stora Enso paper, respectively (Table 3). Estimated 
breakthrough times for the test compounds ranged 
from 19–75 h and 8–75 h for Ahlstrom and Stora Enso 
papers, respectively (Table 4). Interestingly, menthol 
and linalyl acetate exhibited the highest transmission 
rate values (5.4–5.5 μg.m-2.h-1 for Ahlstrom, 19–35.8 
μg.m-2.h-1 for Stora Enso) and the shortest break-
through times for both paper samples.

Model fl avor compounds also exhibited high solu-
bilities in these uncoated papers, ranging from 0.028–
0.200 and 0.115–0.183 mg.g-1, for the Ahlstrom and 
the Stora Enso paper, respectively, except for isoamyl 
acetate and limonene, which were below the detection 
limit of 0.003 mg.g-1 (Table 5). 

The effect of chitosan coating on the Ahlstrom and 
Stora Enso papers led to opposite results. Both aroma 
transmission rates and permeabilities were increased 
by a factor of 6 to 15 by coating on Ahlstrom paper 
and decreased by a factor of 1.4–2.2 by coating on 
Stora Enso paper (Table 3). Breakthrough times were 
generally increased for both papers, but to very differ-
ent extents: decrease by a factor as high as 3 by coating 
Ahlstrom paper, by a factor as high as 9.4 by coating 
Stora Enso paper (Table 4).

Overall, chitosan coating deteriorated the aroma 
barrier properties of Ahlstrom paper. Contrarily, chi-
tosan coating led to an improvement of Stora Enso 
paper aroma barrier properties compared to the 
uncoated paper, as indicated by reduced permeation 
rates as well as by the shift of breakthrough times to 
up to seven days. However, breakthrough times were 
signifi cantly shorter for chitosan-coated paper than for 
the pure chitosan fi lm (approximately 2–7 days com-
pared to more than 42 days). In both cases, the best 
improvements induced by coating were found for lin-
alyl acetate and menthol. Accordingly, breakthrough 
times were signifi cantly shorter for all chitosan-coated 
papers compared to Chi-652 fi lm. Regarding solubility 
of the aroma compounds, isoamyl acetate and limonene 

remained below detection limit for the coated papers, 
and the solubility of the other compounds was gener-
ally reduced by chitosan coating onto paper, but once 
again to very different extents: −30 to −51% by coating 
on the Ahlstrom paper, +1 to −11% by coating on the 
Stora Enso paper (Table 5). The differences between 
partition coeffi cients of model aroma compounds may 
be an essential factor in trying to explain these obser-
vations: the compounds solubility decreases as their 
polarity decreases [46] and the consequence may be 
fl avor scalping by selective transfer processed through 
the material [47]. 

The main effect induced by coating of chitosan on 
the permeation properties of papers may be its impact 
on the three-dimensional structure of papers. In a pre-
vious study, we have shown papers behave differently 
towards the chitosan-coating process: chitosan-coated 
Ahlstrom paper is homogeneously impregnated with 
chitosan and loses most of its three-dimensional struc-
ture due to wetting, while the three-dimensional struc-
ture of Stora Enso cellulose fi bers is mostly preserved 
during penetration of chitosan due to greater thick-
ness [8]. Using the same coating density of 1.6 g.m-2 for 
the chitosan coating on both paper materials leads to 
different effects on the integrity of the paper materials, 
and it must be noted that the chitosan coating cannot 
be applied as a distinct dense coating layer on top of 
paper materials, as known from other plastic coating 
materials like, e.g., LDPE and PP. Rather, it penetrates 
the cellulose fi ber structure. 

Therefore, we can hypothesize that the low per-
meation of the model aroma compounds through 
chitosan, as well as the low solubility of those aroma 
compounds in the chitosan, result in improved barrier 
properties of Stora Enso paper. However, in paper-
based materials, this effect is counterbalanced by the 
greater loss of structure and integrity in the case of 
Ahlstrom paper, leading to an increase in aroma per-
meability. The loss of structure for Ahlstrom paper 
may also explain the limited improvement in break-
through time for coated Ahlstrom paper, in compari-
son to the coated Stora Enso paper. 

Even though the good aroma barrier properties of 
the pure chitosan fi lm compared to the coated papers 
are based predominantly on the greater thickness 
of the chitosan fi lm as compared to the distribution 
of chitosan into the papers, the permeation process 
through the paper was not suffi ciently inhibited by the 
coating in Stora Enso paper.

Our measurements indicate that the aroma/
odor permeation through paper can in principle be 
decreased by coating with chitosan. However, in order 
to achieve suffi cient aroma/odor barrier properties, 
an optimization of the chitosan coating should be 
addressed, fi nding a compromise between chitosan 
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loading of the paper and loss of the paper’s structure 
and integrity.

4 CONCLUSION

The barrier characteristics of chitosan on paper sub-

strates were characterized by permeation rates, esti-

mated breakthrough times and the relative solubil-

ity of the respective aroma compounds in the barrier 

materials. Although signifi cant improvements still 

need to be achieved, chitosan-coated thick papers 

prepared in this study showed good potential for 

their application as food packaging materials. Indeed, 

although Chi-652 does not fall exactly into the cate-

gory of biodegradable materials, it has good potential 

(especially if coated at low levels of deposit) and Chi-

652 coating on paper allowed the improvement of the 

paper’s barrier properties toward oxygen and aromas 

in dry environments, even though the values obtained 

cannot yet compete with the best synthetic materials. 

Nevertheless, the potential of the concept shown here 

could be overcome mainly by technological improve-

ments. In order to achieve suffi cient aroma/odor bar-

rier properties, an optimization of the chitosan coating 

thickness as well as the used paper material must be 

addressed. This study showed that chitosan coating 

adds value to paper, especially if dry conditions were 

maintained around the biopolymer matrix.
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