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Abstract: Due to postharvest losses, research to preserve fruits and vegetables' physicochemical and sensory quality has
gained significant interest in recent years. Therefore, applying edible coatings is used to maintain quality when delaying the
transport of gases (O2 and CO2) and water by retaining volatile aroma compounds, thus delaying the maturation process.
The present research evaluated the effect of an edible coating obtained from milk protein and Nisin on the postharvest
quality of Strawberries. The study was carried out in the Laboratories of Bromatology and Chemistry of the Universidad
Técnica Estatal de Quevedo, located in the canton of Quevedo, province of Los Rios, Ecuador, in the year 2022, where
a Completely Randomized Design (CRD) with 5 treatments and 3 replicates was used to determine the behavior of the
characteristics during the days of conservation of the treatments. It was shown that the treatments with edible coating
and 2% and 6% nisin had a longer shelf life than the uncoated strawberries, which only had a shelf life of 2 days. It was
also observed that by T3, better ratings in the sensory categories evaluated (color, aroma, flavor, and acceptability) were
obtained, conserving similar characteristics to the uncoated strawberries. The application of edible coating based on
milk protein and 2% nisin can be used as an effective alternative during postharvest handling of strawberries, providing
beneficial effects such as prolonging shelf life for 5 days.
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|
Introduction

The food industry faces fundamental challenges re-
garding highly perishable food products, such as fruits and
vegetables, which are lost or wasted along the entire food
chain, from initial agricultural production to final household
consumption’. Globally, postharvest losses are estimated to
be between 5 to 25% in developed countries and 20 to 50%
in developing countries?. Therefore, alternatives have been
developed recently to improve the quality, prolong shelf life,
safety and functionality of treated products®.

Currently, interest in using biodegradable materials in
developing edible coatings has increased due to the increa-
sing amount of plastic waste generated worldwide*. Edible
films represent a promising alternative to improve food qua-
lity during processing and preservation®. They consist of
thin polymer films obtained from a natural source (proteins
and starches), such as living organisms that comply with the
leading environmental constraints®.

These materials can be used for various applications
and, in some cases, can be produced with lower energy
consumption than their petrochemical counterparts. Hen-
ce, they tend to be less toxic’, making it an environmentally
friendly technology, thus responding to the growing consu-
mer demand for natural, safe, healthy and minimally pro-
cessed foods®.

Edible coatings create a modified atmosphere around
the fruit that serves as a partial barrier to O2 and CO2, wa-

ter vapor and aromatic compounds, reducing fruit respira-
tion water loss rate and preserving texture and flavor®. Se-
veral studies mention that there are edible coatings based
on cellulose gums that delay ripening in some climacteric
fruits (mangos, papayas, bananas) and reduce enzymatic
browning in sliced mushrooms?.

These can be applied through different techniques such
as dipping, spraying or coating'. In addition, some functio-
nal ingredients can be incorporated into an edible matrix'?
or used on the food surface, improving sensory attributes
and food safety'®. For coated fruits, it is necessary to consi-
der quality parameters (color, firmness, microbial load, spoi-
lage index, weight loss) particular to the type of products
and their storage conditions. For this reason, the present
study aimed to evaluate the effect of an edible coating ba-
sed on milk protein and Nisin on the postharvest quality of
strawberries (Fragaria ananassa).

|
Materials and methods

Study site

The research was developed from September to De-
cember 2022 in the laboratories of Bromatology and Che-
mistry of the Universidad Técnica Estatal de Quevedo,
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located in the canton of Quevedo, province of Los Rios,
Ecuador, the acquisition of raw materials and inputs for the
preparation of the coating was obtained from the same lo-
cality.

Statistical study

A Completely Randomized Design (CRD) was used
for the statistical analysis with five treatments and three
replicates, obtaining fifteen experimental units. The statis-
tical evaluation was carried out with an analysis of variance
(ADEVA). The Tukey statistical test (p<0.05) was used to
compare the means of the treatments using the following
statistical software: Statgraphics, InfoStat and Minitab. The
factors and levels are presented in Table 1.

Coating elaboration process

The main component for preparing the edible coating is
whey protein concentrate, where the product Avonlac 282
was used, with a protein content of 80%. The raw material
and inputs were weighed according to the formulations es-
tablished in Table 2. The protein was mixed with the rest of
the ingredients for homogenization at a temperature of 30
°C at 300 rpm for 20 minutes; finally, the temperature was
gradually increased to 90 °C for 30 minutes™.

Application of the edible coating to F. ananassa

Strawberries were taken at random, observing that they
were in optimal conditions, i.e., that they did not have any
mechanical damage or fungal infections; the edible coating
was applied utilizing the immersion process for 60 s for the
elimination of the excess coating a small flow of hot air was

used, and then they were stored at room temperature (24
+3°C).

Physicochemical characterization

For the determination of °Brix performed according
to "NTE INEN 2172:2014". Fruit juice - determination of
soluble solids content - pycnometric method" using a J&G
SC portable refractometer, where a drop of the peeled and
liquefied sample was placed. The pH was measured accor-
ding to "NTE INEN 1842:2013""". Extract vegetable and fruit
products" by direct reading in a digital pH meter pH/mV/T
with table-top AT 700 series. The titratable acidity parameter
was determined according to "NTE INEN 750:2013"'¢—ve-
getable and fruit products, considering that the predominant
acid in the sample is citric acid. At the same time, the ma-
turity index was performed according to the methodology of
Solérzano et al. (2015), where they divided the °Brix content
by the titratable acidity'.

Sensory characterization (five-point hedonic test)

For the sensory analysis, a panel of untrained randomi-
zed judges (students from the Universidad Laica Eloy Alfaro
de Manabi, Manta, Ecuador) was organized, using the or-
dered preference test to evaluate acceptability and select
the treatment with the best characteristics according to the
categories evaluated. After the tasting, the panel was asked
how much they liked or disliked each treatment. Where 1 =1
would not say | like it very much, and 5 = | like it very much,
it is emphasized that the control (uncoated treatment) was
compared with the treatments that obtained the longest
days of preservation.

Treatment Description
1 Strawberry with no edible coating
2 Strawberry with edible coating and 0 % of Nisin
3 Strawberry with edible coating and 2 % of Nisin
4 Strawberry with edible coating and 4 % of Nisin
5 Strawberry with edible coating and 6 % of Nisin

Table 1. Factors under study of the Completely Randomized Design (CRD). Bromatology Laboratory, Universidad Técni-
ca Estatal de Quevedo, Quevedo, Ecuador. September 2022.

Component

Distilled water (neutral pH) (mL)
Milk protein (8 % of water) (g)
Sorbitol (1:2 in relation to protein) (g)
Nisin (g)

Citric acid (0.1 %) (g)

Formulation of treatments

T1 T2 T3 T4 T5
- 200 200 200 200
- 16 16 16 16
- 8 8 8 8
- 0 2 3 4
- 0.2 0.2 0.2 0.2

In T1 (control), no coating was applied to the burs.
Table 2. Formulation established for each treatment. Bromatology Laboratory, Universidad Técnica Estatal de Quevedo,

Quevedo, Ecuador. September 2022.
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Kruskal Wallis test

Once the sensory analysis results were obtained, the
Kruskal Wallis test was applied for non-parametric data,
which is based on the range that can be used to corroborate
whether there is a significant difference between homoge-
neous groups?.

|
Results

Physicochemical characterization

The increase in the °Brix concentration (Figure 1). of
the strawberries preserved with the edible coatings during
storage (5 days) allowed determining that T1 (uncoated
strawberries) the storage time was 2 days at room tempera-
ture (24 + 3 °C), which limited the sampling for the analysis
of the variables, in the case of T1. In contrast, the other
treatments showed a progressive increase in °Brix. It is also
emphasized that, by using different concentrations of Nisin,
it was possible to prolong the shelf life of the strawberries.
Thus, the highest concentration for °Brix was determined for
T5 with 8.70, while T3 obtained 7.67, both results on day 5
of storage. On the other hand, it is mentioned that T2 and
T4 obtained a shorter storage time of 3 and 4 days, respec-
tively, with 8.03 and 8.10 for the parameter in question.

Regarding the pH results (Figure 2), it was observed
that there was a significant difference (p<0.05), showing
that the pH increases as the days of storage elapse; it is
also emphasized that the uncoated strawberries (T1) had a
shelf life of 2 days. On the other hand, treatments T2 and T4
presented values ranging from 6.40 - 6.50 for day 1, while
at the end of their organoleptic maturity stage (day 3 and 4),
they had ranges of 8.03 - 8.10, respectively, contrary to this,
treatments T3 and T5 prolonged storage (day 5), with a pH
of 7.67 and 8.70.

For the results of titratable acidity (Figure 3), a prolon-
ged decrease was observed during the days of evaluation,
presenting statistically significant differences (p<0.05) con-
cerning the uncoated strawberries (T1) with values of 0.73
- 0.51 (day 1 and 2), On the other hand, treatments T2 and

T4 had values that fluctuated between 0.78 - 0.70 (day 1
and day 3) and 0.78 - 0.68 (day 1 and day 4) respectively,
in contrast to treatments 3 and 5, which showed a longer
storage time with mean values that ranged between 0.57
and 0.52.

Regarding the maturity index (Figure 4), there was a
significant difference (p<0.05), where it was shown that T1
presented an increase from 9.43 (day 1) to 18.70 (day 2).
However, the other treatments, in which the coating with ad-
ded Nisin was applied, showed a less accelerated behavior.
It is worth mentioning that T2 and T4 evidenced a similar
increase with values of 11.50 and 11.83 until reaching their
senescence stage (day 3 and day 4, respectively). At the
same time, T3 and T5 obtained a longer shelf life, reaching
a maturity index of 15.94 and 16.74.

Sensory characterization

For the sensory categories (color, aroma, flavor and ac-
ceptability), the level of preference and acceptance of treat-
ments T1, T3 and T5 was determined, considering that T3
and T5 presented longer storage time of the strawberries
(Table 3).

The results of the Kruskal Wallis test for the sensory pa-
rameter color presented a P-value of 0.1006, which showed
no significant difference between the treatments evaluated.
In addition, it was identified that the highest valuation, 4.00
+ 0.80, was located in T3, placing it according to the score
of the hedonic scale with the category "l like it". In contrast,
T1 and T5 placed lower values with 3.40 + 0.72 and 3.20 £
1.10, respectively; the treatments presented a red and in-
tense red.

A significant difference was found for aroma with a
P-value of 0.4107, where it was observed that the uncoated
treatment (T1) obtained a higher score on the scale with
2.93 + 1.23 compared to T5, which had the lowest score
with 2.47 + 0.98. It is worth mentioning that the tasters des-
cribed the aroma of the fruit as slightly perceptible to mode-
rately intense.

Concerning the results for the flavor parameter, it can
be observed that there was no significant difference be-
tween treatments, with a P-value of 0.7299. However, the

0.9
0.8 & =
0.7
0.6
0,5
0.4
0.3
0.2
0.1

0

°Brix

day 1 day 2 day 3

Days of Storage

Figure 1. Multivariable
analysis for the concen-
tration of °Brix (p<0.05)
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storage. Chemistry La-
boratory of the Univer-
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de Quevedo, Quevedo,
Ecuador. November
2022.
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Tukey multiple range test shows that T1 has a higher valua-
tion for this sensory attribute with a mean of 4, 67 + 1.31, fo-
llowed by T3 with 4.60 + 1.25 corresponding to the category
"l like it" in contrast to T5, which obtained a lower valuation
of 2.75 + 0.86, placing itself according to the hedonic scale
score with the category "Neither like nor dislike."

The level of acceptance of the treatments (Table 3)
was not significant since a P-value of 0.6133 was obtained;
however, using the multiple range test, it was identified that
T1 presented the highest rating with a mean of 3.67 + 1.25,
followed by T3, which presented a rating of 3.62 + 1.33. At
the same time, T5 had the lowest rating, with 2.75 + 1.63,
being less pleasant to the tasters.

T3 =@=T4 =@=T5

|
Discussion

Coated strawberries showed an increase in °Brix con-
tent. However, their conservation was higher compared to
the control. This increase is related to the fruit's starch and
the coating composition, converted into simple sugar?'. The
°Brix represents the state of maturity of a fruit, i.e., the hi-
gher the °Brix content, the higher the degree of maturity,
and for an acceptable flavor, a minimum of 7% soluble so-
lids (°Brix) is recommended??. Applying edible coatings to
rapidly degrading fruits slows the increase in °Brix compa-
red to the control’.

The increase in pH is due to the consumption of organic
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Days of Storage
] ==T7 13 ==l a5
Treatments Color Aroma Flavor Acceptance
T1 (control) 3.40+0.72B 2.93+1.23B 4.67 +1.31B 3.67+1.25B
Strawberry with edible
4.00 £0.80C 288+1.25B 4.60=1.25B 3.62+1.33B
coating and 2 % of Nisin
Strawberry with edible
320+ 1.10A | 247 =+0.98A 2.75 £ 1.63A 2.75 £ 0.86A
coating and 6 % of Nisin
P —value
Kruskal Wallis test
0.1006 0.4107 0.7299 0.6133

In the mean of 30 untrained tasters, different letters show significant differences (p < 0.05) = SD.
Table 3. Sensory characterization of treatments with longer shelf life than control treatment (uncoated strawberries). Uni-
versidad Laica Eloy Alfaro de Manabi, Manta, Ecuador. December 2022.

acids during ripening and fruit senescence processes. It is
also due to the binding of free pectic fragments in the cell
wall with polyphenols during ripening processes. In addi-
tion, research on using edible coatings based on Tuna Agria
mucilage determined pH values between 3.60 and 3.98%.
On the other hand, when using a bioactive coating based on
vegetable gelatin, sugar starch and cinnamon essential oil,
the pH ranged from 5.50 to 6.78%.

The reduction of acidity is associated with fruit ripening.
This can be verified by the values obtained in this study,
which presented a behavior similar to those reported in
blackberries treated with aloe vera and received acidity va-
lues of 1.16 to 0.9 g citric acid/100 g, as well as in black-
berries coated with cinnamon oil and strawberries covered

with penca mucilage?®. It is essential to mention that the
maximum decrease can be 0.50, and this tendency is corre-
lated with the increase in pH?'.

The values for the maturity index increased with the
passage of days; the coating slows down the ripening pro-
cess of the coated samples, which is a great advantage
because it extends the shelf life of the fruit?®. The results ob-
tained in this research presented a similar behavior to those
registered in "Rio Red" grapefruits waxed with commercial
wax with 14 % of solids and methyl jasmonate 10-3 M in dis-
solved form presented a maturity index between 10.43 and
32.25%°, Although the maturity index is not the only factor
that determines if the strawberry has reached the end of its
useful life, it is a significant value to establish a limit parame-
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ter to consider when evaluating the useful life of the fruit°.

Coatings with a 2% concentration of Nisin are senso-
rially acceptable since they do not modify the original color
of the fruit. On the other hand, some researchers determi-
ned that strawberries coated with propolis and soy protein
allowed maintaining the red coloration in the coated fruits
during the evaluation period and preserving the color in an
effective way®'. Also, the coating based on aloe vera, etha-
nolic extract of propolis and essential oil of orange had an
effect in intensifying the brightness of tomatoes®.

Coatings do not significantly influence the aroma of
strawberries; according to research on coatings composed
of whey protein isolate and concentrate in the hydrophilic
phase and beeswax (BW) in the lipid phase, they do not
affect the aroma of freshly cut coated fruits, being senso-
rially acceptable, i.e., they do not impart strange flavors or
odors®, It is worth mentioning that there are also highly im-
permeable coatings that induce the creation of anaerobic
conditions, causing, as a consequence, a loss of the typi-
cal aromatic compounds of the fruit and the presence of
undesirable aromas. Therefore, it is essential to know the
nature of the ingredients of the film or coating®2.

Fruit ripening involves complex processes that cause
significant changes in their sensory properties, such as fla-
vor and texture, which directly influence the final product
quality®. On the other hand, when using tara gum in the
postharvest quality of strawberries, there were no changes
in the flavor, where the panelists mentioned that it does not
confer any residual flavor; in this way, they were able to de-
lay the senescence of the coated strawberries?'.

Using 2% nisin in the coatings made it possible to ob-
tain strawberries with an acceptable quality level similar
to the uncoated strawberries; the coatings represent an
effective alternative against quality damage, improving the
shelf life during storage. Studies on the application of edible
coatings showed that the general sensory acceptance for
coated samples was higher than 70%, demonstrating that
coatings could be applied without generating rejection pro-
blems in consumers®:. On the other hand, it is mentioned
that the use of edible coatings on products submitted to os-
motic dehydration presented favorable results in the level of
acceptance of the samples®.

|
Conclusions

Applying an edible coating based on milk protein and
Nisin (2% and 6%) positively affected preserving physico-
chemical characteristics such as °Brix, pH, titratable acidity
and maturity index. In addition, the addition of 2 % nisin had
a significant influence on sensory traits: color, aroma, flavor
and acceptability, presenting similar intensities to the treat-
ment without coating, thus concluding that it can be used
as an effective alternative during postharvest handling of
strawberries and also contributing to the food industry with
the development of a new packaging and protection techno-
logy for fruits, to replace conventional plastic and promote
sustainable and sustainable development.

Finally, another trend in the development of new coa-
tings is the incorporation of healthy additives, including pro-
biotics with the introduction of vitamins and minerals in fruits
with a tendency to more significant degradation, such as
blackberry, raspberry, papaya, and mango, among others.
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