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Abstract
In this study, biodegradable cassava starch/PVA trays with and without PLA coating were evaluated as possible sub-
stitutes for EPS trays in strawberry packaging. The parameters evaluated were physical and chemical parameters of 
pH, soluble solids and titratable acidity for strawberries, strawberry and trays moisture content and the mass loss of 
the systems. In addition, the amount of molds and yeasts was determined in both strawberries and trays. None of the 
trays used in this study caused changes in the physical and chemical parameters of the strawberries. The molds and 
yeasts growth was higher in the strawberries packed in EPS compared with the other packaging. The trays with PLA 
coating and the EPS trays had statistically equal mass loss. The PLA coating applied on cassava starch-based trays 
was efficient as moisture absorption barrier.

Introduction
Packaging has a key role in the food industry because they 

act as a barrier against the factors responsible for chemical, physi-
cal and microbiological deterioration of food. In addition to store, 
conserve and maintain the quality and safety of food [1]. Polymers 
from non-renewable sources are used in many packaging applica-
tions because they are resistant, durable, easy to process and have 
low cost. However, this kind of materials usually brings serious 
problems to the environment due to its difficulty of decomposi-
tion [2]. One alternative to reduce the environmental impact is 
biodegradable packaging obtained from renewable sources such 
as starch and cellulose [3,4]. The most important factor that differ-
entiates biodegradable packaging of non-biodegradable packaging 
is the time of degradation by microorganisms when disposed in 
soil [5]. Among the vegetable raw materials used in the produc-
tion of packaging, starch has received special attention for being 
an abundant resource, derived from renewable sources, low cost 

material, it has the potential of complete degradation after use, and 
the property to form films and foams [3,6,7]. One of the greatest 
sources of starch is cassava (Manihot esculenta crantz), which has 
33% of starch in its composition and approximately 83% of this 
starch is constituted of amylopectin and approximately 17% of 
amylose. Cassava is an abundant and economic important raw ma-
terial in Brazil [4,7,8]. Starch foams are considered promising for 
technological applications, but they show poor mechanical prop-
erties and low resistance to water when compared to petroleum-
based packaging. Some biodegradable polymers have been used as 
additives to improve the sensitivity to moisture and the mechanical 
properties of starch-based foams. According to Debiagi [2,7], the 
addition of PVA shows an increase in resistance to direct contact 
with water in starch foams. Use of a coating method or surface thin 
films deposition to improve packaging water resistance properties 
is of great interest [9]. Thus, for minimize water uptake by starch 
foams, studies report the application of coatings or hydrophobic 
materials impregnation of to them. Among materials used as coat-
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ings, Poly (Lactic Acid) (PLA) has been extensively studied [10]. 
PLA can be used as a coating material because it is biodegradable 
and safe for use as a food contact material. Furthermore, presents 
resistance to moisture and barrier properties against gases and 
water vapor, properties considered as requirements for food pack-
aging materials [11]. Applications of biodegradable starch-based 
packaging in food have been studied and evaluated for some time. 
Some authors concluded that they can be used for packaging of 
food with low water activity [12,15]. In this context, the present 
study had the objective of evaluating the applicability of biode-
gradable cassava starch/PVA trays with and without PLA coating 
in strawberry packaging; since it is a fruit with high moisture con-
tent, and comparing to the EPS trays currently used.

Materials and Methods
Materials

In this study, strawberries (Fragaria ananassa cv San An-
dreas) harvested in August in the beginning of 2014 season and 
EPS trays donated by Granja Andreazza (Caxias do Sul, RS, Bra-
zil) were used. The biodegradable cassava starch-based trays were 
produced in the Laboratory of Research in Materials Chemistry of 
University of Caxias do Sul by thermal expansion of a starch sus-
pension in water, according Stoffel et al. (2015) [14], that was pre-
pared with PVA addition at 5.0 % (w/w, on starch weight), 1% (w/w) 
magnesium stearate to prevent the starch foam from sticking to the 
mold and 1% (w/w) guar gum, to prevent the solid from separating 
in suspension. All components were mechanically mixed for 20 
min, 10-2 g of starch suspension was homogeneously layered into 
a metallic mold (80 mm long, 80 mm wide and 2 mm high). Ther-
mo pressing was performed with a hydraulic at 170°C for 5 min, 
and 2 t of pressure. The molds were removed from the hydraulic 
press. After cooling, the PLA coating, at 15 % (w/v), was applied 
by immersion method based on Schimidt e Laurindo (2009) [15].

Sampling preparation
In the biodegradable cassava starch-based trays with and 

without PLA coating and the EPS trays, 80g of strawberry ran-
domly selected, were stored in triplicate, with dimensions of 
140x140x15x2mm. The trays were wrapped in Polyvinyl Chloride 
(PVC) film and stored at low temperature in refrigerator (5°C) for 
nine days (Figure 1). The samples of strawberries and trays were 
analyzed at times of 0, 3, 6 and 9 days of storage.

Figure 1: Strawberry packed in biodegradable cassava starch-based trays 
with and without PLA coating and in the EPS trays, stored at 5°C in re-
frigerator.

Physical and chemical analysis 
Determination of pH

A previously calibrated pH meter (model DM-2, Digimed, 
Brazil) was used to determine the pH of the strawberries according 
to AOAC recommended methodology [16]. 

Determination of titratable acidity 

The titratable acidity of the strawberries was determined ac-
cording to the methodology described by AOAC [16] by titration 
with 0.1 mol.L-1 NaOH solution, with the indicator of Bromothy-
mol blue 0.1%. The result of the titratable acidity was obtained as 
shown in 111 Equation 1.

Where: v = volume of NaOH 0.1 mol.L-1 solution used in the titra-
tion (mL); f = factor of the NaOH 0.1 mol.L-1 solution; p = weight 
of the sample used in the titration (g); c = correction to the NaOH 
0.1 mol.L-1 solution. 

Determination of soluble solids 

The amount of soluble solids (°Brix) of the strawberries was 
estimated by refract meter (model HI 96801, HANNA, Romania) 
according to the methodology described by AOAC [16]. 

Determination of moisture content 

The moisture content was determined by gravimetry using 
an oven as drying equipment, according to the AOAC method [16]. 
The moisture content was calculated according to Equation 2:
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Where: mi = initial weight of the sample (g); mf = final weight of 
the sample (g). 

Determination of moisture loss of the system (tray + strawber-
ries) 

The moisture loss of the system was analyzed using the dif-
ference in weight of the trays and strawberries at times of 0, 3, 6 
and 9 days, the results were expressed in percentage. 

Microbiological analysis 
The microbiological analyses were performed by counting 

the molds and yeasts of strawberries and trays at 0, 3, 6 and 9 days 
of storage, according to the methodology adapted from Alexandre 
et al. [17]. Samples of 25g were aseptically weighed and placed in 
sterilized plastic bags containing 225 mL of saline peptone solu-
tion 1% (w/v) and homogenized in Stomacher (England), for 180 
s. Decimal dilutions (10-1 and 10-2) were conducted. The dilution 
samples were inoculated into petri dishes containing 15 to 20 mL 
of Potato Agar Dextrose (PDA) medium (Merck), and incubated in 
oven at 25°C during 5 to 7 days. The analyses were carried out in 
triplicate for each time of storage. 

Statistical analysis 
The statistical analyses were conducted using Analysis Of 

Variance (ANOVA) and Tukey’s mean test with significance level 
set at 5%, for this purpose it was used the GraphPad Prism soft-
ware.

Results and discussion
Physical and chemical analysis 
pH 

Table 1 shows the pH values of the strawberries packed in 
cassava starch/PVA trays with and without PLA coating and EPS 
trays, during the period of 9 days. 

During the storage period, it was not observed any significant 
alterations in the pH of the samples. The values varied from 3.32 to 
3.63 for the cassava starch-based trays, without PLA coating, 3.40 
to 3.72 for the cassava starch-based trays with PLA coating, and 
values from 3.47 to 3.75 for the EPS trays. Small non-significant 
variations of pH might have resulted from the buffering effect of 
the presence of organic acids and their salts simultaneously, which 
would prevent that an increase in titratable acidity (Table 2) could 
alter the pH values significantly. This was also evidenced by Fak-
houri and Grosso [18] who studied the effect of edible coatings in 
the shelf life of fresh guavas kept under refrigeration. 

The range of values found in this study are consistent with 
results obtained by Alexander et al. [17] pH values from 3.31 to 
3.79 for cv. Camarosa strawberries. De Bruijn and Bórquez [19] in 

their study, obtained pH results for San Andreas strawberries from 
3.45 to 3.67. Based on the results it was observed that the EPS 
packaging and the biodegradable starch-based packaging did not 
influence the pH of the strawberries.

Time
(days)

PVA/Starch 
tray

pH

PVA/PLA/
Starch tray

EPS tray

0 3.47 ± 0.03a 3.47 ± 0.03a 3.47 ± 0.03a

3 3.32 ± 0.06a 3.40 ± 0.01a 3.48 ± 0.01a

6 3.46 ± 0.08a 3.50 ± 0.08a 3.75 ± 0.57a

9 3.63 ± 0.15a 3.72 ± 0.05a 3.62 ± 0.10a

Table 1: Values of pH of strawberries packed in starch-based trays and 
EPS trays and stored at 5°C for 9 days.

Values were determined in triplicate. Equal letters indicate 
no significant difference at 5% (p<0.05) in the evaluated parameter.

Titratable acidity (mg of citric acid.100 g-1)

Times (days) PVA/Starch 
tray

PVA/PLA/
Starch tray EPS tray

0 0.88 ± 0.05a 0.88 ± 0.05a 0.88 ± 0.05a

3 0.63 ± 0.01c 0.76 ± 0.05b 0.74 ± 0.05b

6 0.41 ± 0.03e 0.58 ± 0.03d 0.63 ± 0.04c

9 0.35 ± 0.02e 0.52 ± 0.07d 0.37 ± 0.06e

Table 2: Titratable acidity values of strawberries packed in starch-based 
and EPS trays, storedat 5°C for 9 days. 

Values were determined in triplicate. Equal letters indicate 
no significant difference at 5% (p<0.05) in the evaluated parameter.

Titratable acidity

According to Moraes et al. [20] generally titratable acidity 
of fruits decreases significantly during the storage period because 
the organic acids tend to decrease during ripening, due to its use as 
substrate for respiration. 

Table 2 shows the titratable acidity values measured in the 
strawberry samples. It can be noticed a decrease in titratable acid-
ity values over storage time for strawberries stored in three types 
of packaging. 

Analysis of titratable acidity made by Velickova et al. [21] in 
strawberries cv. Camarosa wrapped in edible film of chitosan and 
beeswax and stored for 7 days showed significant reduction in the 
contents of organic acids in the samples analyzed.

Moraes et al. [20] studied the titrable acidity of strawberries 
stored in controlled atmosphere and compared with strawberries 
stored in ambient atmosphere. For strawberries stored in ambi-
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ent atmosphere, the found titratable acidity values decreased from 
0.60 at 0 days of storage to 0.55 at 7 days of storage, these values 
are consistent with the results found in this study.

Soluble solids

According to Resende et al. [22] due to the preference of the 
consumer market for sweet fruit, soluble solids content is a char-
acteristic of interest for fruits commercialized fresh. The soluble 
solids contents expressed in °Brix of the strawberry samples stored 
in three types of packaging for the period of nine days are showed 
in Table 3. The results show, for all the samples, a reduction in the 
soluble solids values during the storage period, regardless of the 
type of tray in which the sample was stored. 

Aday and Caner [23] studied the increase in shelf life of cv. 
Camarosa strawberries stored in PLA packaging containing oxy-
gen absorbers; they found that the storage period of the strawber-
ries affected significantly the soluble solids content of the fruit, 
with a decrease in the values during the storage period. Gol et al. 
[24] also observed a decrease in soluble solids during the stor-
age period of cv. Camarosa strawberries wrapped in edible film of 
chitosan. According to Yamashita et al. [25] sugar is used in the 
fruit during the storage time as a source of energy to maintain the 
metabolic activity, which causes a decrease in soluble solids.

Time Soluble Solids Con-
tent (ºBrix)

(days) PVA/Starch 
tray PVA/PLA/Starch tray EPS tray

0 8.10 ± 0.20a 8.10 ± 0.20a 8.10 ± 0.20a

3 6.60 ± 0.26b 6.82 ± 0.10b 6.55 ± 0.57b

6 6.80 ± 0.36b 6.63 ± 0.45b 6.93 ± 0.26b

9 6.68 ± 0.50b 5.60 ± 0.18c 5.73 ± 0.32bc

Table 3: Soluble solids content (°Brix) of strawberries packed in starch-
based and EPS trays, stored at 5°C for 9 days.

The results of soluble solids found for the strawberries at 
time 0 days for all types of packaging differ statistically from the 
other results showing that at time 0 days the strawberries were 
sweeter than during storage. According to Françoso et al. [26] the 
soluble solids content gives an indication of the amount of existing 
sugars in the fruit. In the storage times of 3 and 6 days the results 
of soluble solids for strawberries stored in all types of packaging 
are not statistically different and also does not differentiate when 
compared to strawberries stored in starch-based tray without coat-
ing and EPS tray in the time of 9 days. The strawberries stored in 
starch-based trays with PLA coating and EPS trays in the time of 9 
days are statistically equal. 

The packaging, regardless of the material used, did not have 
influence on the reduction of soluble solids, since the values of 
soluble solids at the end of storage time were statistically equal. In 
their study, Bruijn and Bórquez [19] found values of soluble solids 
for fresh strawberries between 7.19 and 8.81 °Brix and Françoso et 
al. [26] obtained results in the range from 7.0 to 9.5 °Brix. 
Moisture

Table 4 shows the moisture content values for strawberries 
and packaging. In the beginning of the storage time, the straw-
berries had about 93% of moisture, and at the end of the storage 
period, the moisture decreased in the samples stored in the three 
types of packaging. The sample with the highest moisture loss was 
the strawberry stored in the cassava starch-based tray without PLA 
coating with a decrease of 56.3%, followed by strawberry samples 
stored in EPS trays and cassava starch-based trays with PLA coat-
ing, with values of 55.6% and 54.4%, respectively.

At the end of the storage period all the trays had an increase 
in moisture content, and the cassava starch-based tray without 
coating showed the higher moisture content (55.5%). The cas-
sava starch-based tray with PLA coating showed a value of 50.5% 
moisture content, 243 showing that the PLA coating on cassava 
starch trays was effective in controlling the moisture content of the 
tray due to the hydrophobic characteristic of PLA [27].

Moisture content (%)

Time PVA/Starch tray PVA/PLA/Starch tray EPS tray
Days Tray Strawberry Tray Strawberry Strawberry

0 11.55 ± 1.10g 93.03 ± 2.63a 12.75 ± 0.18g 92.51 ± 2.58a 93.50 ± 1.70a

3 42.87 ± 0.60ef 59.72 ± 0.19b 38.61 ± 2.27f 60.34 ± 0.90b 58.24 ± 0.40b

6 50.85 ± 0.09d 47.21 ± 2.11de 47.27 ± 2.48de 45.98 ± 3.48de 44.25 ± 2.21e

9 55.55 ± 0.97C 40.67 ± 0.51f 50.52 ± 0.82d 42.16 ± 0.68ef 41.53 ± 0.33f

Values were determined in triplicate. Equal letters indicate no significant difference at 5% (p<0.05) in the evaluated parameter. 

Table 4: Moisture content of strawberries stored in starch-based and EPS trays, at 5°C for 9 days.
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The moisture loss of the strawberry samples, as well as the 
increase of moisture in the trays can be related to the water vapor 
permeability of each package. According to Clasen et al. [6], poly-
mers derived from natural sources have high permeability to water 
vapor compared to the polymers of petrochemical origin. 

Schmidt and Laurindo [15], in a study to develop packag-
ing from renewable sources based in cassava starch and cellulosic 
fibers, found that the hygroscopic property of starch-based pack-
aging can be improved by sealing with PVC films. Rhim et al. 
[10] suggest the use of PLA films for coating the packaging in 
contact with food because of its low permeability to water vapor, 
associated with the hydrophobic characteristics of this material. 
According to Soares et al. [9], biodegradable polymers such as 
PLA have been tested in order to improve the properties of starch-
based packaging such as hygroscopic character and high perme-
ability to water vapor. In his study in obtaining and assessment of 
physical and chemical properties of PLA laminates, thermoplastic 
starch coated with cross-linked chitosan, the author concluded that 
the permeability to water vapor decreased 33% in packaging with 
coating when compared to packaging without coating. 

The moisture analyses were not carried out for the EPS trays 
because, according to Chen et al. [28], EPS is not a hygroscopic 
material and it offers high resistance to water vapor permeability, 
giving it also a defense to the action of water and moisture, keep-
ing unchanged its properties. 

Determination of moisture loss of the system (tray + strawber-
ries)

Mass loss (moisture) of the system (%)
Time of stor-

age (days)
PVA/Starch 

tray
PVA/PLA/
Starch tray EPS tray

0 0.00 ± 0.00f 0.00 ± 0.00f 0.00 ± 0.00f

3 1.88 ± 0.25e 6.17 ± 0.15d 5.55 ± 0.58d

6 5.96 ± 0.56d 11.53 ± 0.52ab 10.87 ± 0.20b

9 8.36 ± 0.18c 12.48 ± 0.12a 11.96 ± 0.50a

Values were determined in triplicate. Equal letters indicate no significant 
difference at 5% (p<0.05) in the evaluated parameter. 

Table 5: Loss mass of the system (tray+strawberries) during the storage 
period of 9 days at 5°C.

The results of mass loss for the systems are shown in Table 
5. There was a mass loss for the three systems analyzed, but higher 
for the EPS trays and cassava starch-based trays with PLA coating 
with mass loss values of 12.0% and 12.5%, respectively, values 
that did not differ statistically. The starch-based trays without coat-
ing showed the lowest weight loss (8.4%) at the end of the storage 
period. Comparing the results of moisture content and mass loss 
of the system, it was possible to affirm that the starch-based trays 
without coating system had the highest result of moisture for the 
tray and the lowest result of moisture for the strawberries at the end 
of the storage period. This was the system that showed the lowest 
mass loss, which indicates that the moisture of the strawberries 
was absorbed by the tray during storage. The cassava starch-based 
trays with PLA coating that showed lower moisture for the tray 
and higher values for strawberries related to mass loss of the sys-
tem were the trays with the highest mass loss, which shows that 
they absorbed less water from the system. 

The EPS trays, because they do not absorb water, also 
showed high mass loss values, which did not differ statistically 
from the results of mass loss of moisture in the starch-based trays 
with PLA coating. Olivato et al. [29] studied the effect of biode-
gradable starch-based packaging in the processed cheese storage 
compared with conventional polypropylene packaging, and found 
that the mass loss of the samples was lower in polypropylene 
packaging and higher in starch-based packaging. They concluded 
that the difference between the starch-based and the conventional 
packaging was mainly due to their difference in permeability to 
water vapor. 

Microbiological analysis
Molds and Yeasts 

Table 6 shows the values of molds and yeasts found in the 
strawberries and the packaging in which they were stored. Fran-
çoso et al. [26] cite, among other factors, the deterioration caused 
by fungi as the main contributor to the decrease in the shelf life 
of strawberry. There was an increase in the number of molds and 
yeasts for all samples of strawberries and trays analyzed during 
the storage period, whereas the sample that obtained the most ex-
pressive molds and yeasts count was the sample stored in the EPS 
packaging at times of 6 and 9 days, which resulted in uncountable 
values of this microbiological parameter.
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Times (days) PVA/Starch tray PVA/PLA/Starch tray EPS tray

0 Tray
< 1,5 x103

Strawberries
2,25 x 103

Tray
negative

Strawberries
2,25 x 103

Tray
n.e

Strawberries
2,25 x 103

3 < 1,5 x103 `2,4 x 104 < 1,5 x103 3,3 x103 n.e 7,0 x 104

6 2,8 x 103 5,5 x 104 < 1,5 x 103 9,75 x 103 n.e uncountable

9 3,375 x 103 9,8 x 104 2,6 x 103 6,5 x 104 n.e uncountable

Table 6: Values of yeasts and molds (CFU/g) for cassava starch-based trays, EPS trays and strawberries stored in three types of trays at 5°C for 9 days.

Conclusions 
The results of this study demonstrate the potential applica-

tion of cassava starch-based packaging with PLA coating as a sub-
stitute for EPS packaging in strawberries storage. The PLA coating 
was efficient to improve the hygroscopic characteristics of cassava 
starch- based trays because the coated cassava starch-based trays 
showed statistically equal values of moisture content and mass 
loss to EPS trays, parameters considered critical for biodegradable 
starch-based packaging due to its high capacity of water absorp-
tion. Strawberries stored in PLA coated starch packaging achieved 
a longer shelf-life when compared to the other samples. However, 
further studies are needed to evaluate the performance of pack-
aging systems during transport conditions, such as mechanical 
stresses and temperature changes.
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