Pre prints.org

Article Not peer-reviewed version

Enhancing the Storability of Hardy
Kiwifruit (Actinidia arguta cv. ‘Ken's
Red’) with Edible Coatings during
Postharvest Handling

Adriana Guerreiro , Custddia Gago, Dério Passos, J. A. Martins , Sandra P. Cruz , Ferndo Veloso,
Rui Guerra , Maria Dulce Antunes

Posted Date: 31 October 2023
doi: 10.20944/preprints202310.2028.v1

Keywords: Kiwiberry; spraying; dipping; nanoemulsions; course emulsions; Vis-NIR

E E Preprints.org is a free multidiscipline platform providing preprint service that
= is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of
Eﬂ:-'lr Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons
Attribution License which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.



https://sciprofiles.com/profile/1653583
https://sciprofiles.com/profile/982598
https://sciprofiles.com/profile/862840
https://sciprofiles.com/profile/2123697
https://sciprofiles.com/profile/713730
https://sciprofiles.com/profile/348590

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 October 2023 doi:10.20944/preprints202310.2028.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Enhancing the Storability of Hardy Kiwifruit
(Actinidia arguta cv. ‘Ken’s Red’) with Edible
Coatings during Postharvest Handling

Adriana C. Guerreiro !, Custddia Gago 2, Dario Passos !, Jaime Martins !, Sandra Cruz !, Fernio
Veloso 3, Rui Guerra ! and Maria D. Antunes 2

1 CEOT, Faculdade de Ciéncias e Tecnologia, Edf. 2, Campus Gambelas, 8005-139 Faro, Portugal.
2 MED, Faculdade de Ciéncias e Tecnologia, Edf. 8, Campus Gambelas, 8005-139 Faro, Portugal.
3 Frutas Douro ao Minho, Lugar da Gandra, Briteiros St Estevao e Donim, Guimaraes, Portugal

Abstract: The kiwiberry is a trendy variety that shows a high demand for consumption but presents
commercialization challenges due to its short life. The purpose of this study is to compare the effects of edible
alginate coatings in prolonging the shelf life of this fruit. Two different forms were tested (coarse emulsions(C)
and nanoemulsions(N)) and the effects of two different coating application techniques (spraying(S) and
dipping(D)) were tested. Additionally, the use of Vis-NIR for quality monitorization was assessed as well.
Fruits were treated with ten different treatments, using the following base formulations:Alginate(AL) 2%(w/v)
enriched with eugenol(Eug) and citral(Cit) at minimum inhibitory concentrations (0.10% and 0.15%) and
double MIC. Samples were taken from cold storage (0° C), at 2 and 4 weeks. For fruit quality evaluation, colour
analysis, firmness, soluble solids content, dry matter and weight loss were performed. During storage the
colour and SSC parameters increased. Firmness decreased over time.Weight loss was the parameter with higher
significant differences, increasing over time and more pronounced in treatments with higher essential oils
components. This study suggests that AL-S, AL-D, AL-Cit 0.15+Eug0.1-N-S, AL-Cit0.15+Eug0.1-N-D and AL-
Cit0.15+Eug0.1-C-D can preserve kiwiberries quality. Moreover, we verify that the Vis-NIR spectral analysis
could be beneficial for performing coatings discrimination.

Keywords: kiwiberry; spraying; dipping; nanoemulsions; course emulsions; Vis-NIR

1. Introduction

In the last years, Actinidia arguta has attracted the interest of consumers and researchers due to
its sensorial properties, nutritional composition, and health benefits [1]. Actinidia arguta, also known
as the "mini kiwi," "kiwiberry," "baby kiwi," or "hardy kiwifruit," is a small grape-sized fruit with
thin, edible, and hairless skin and an aromatic, sweet flavour. It is one of the most nutrient-dense
fruits and an exceptional source of antioxidants (primarily polyphenols), vitamins (especially vitamin
C), carotenoids, chlorophylls, sugars, dietary fiber, organic acids and minerals [2-5]. The harvesting
and storage conditions of Actinidia arguta highly influence its aroma, taste and physicochemical
features [3,6-8]. The most important barriers for the commercialization of these fruits are intensive
labour during harvest and their short shelf life (1-2 months) when kept at 0°C. The short shelf-life is
due to fruit softening, skin wrinkling due to water loss (dryness), and fruit decay [1,6-8]. For these
reasons, Actinidia arguta are usually picked up before fully ripe, when the sugar levels correspond to
6.5 - 8 °Brix [6,7,9,10].

Fruits are known as nutritionally important products, however, these products are considered
perishable and cannot be accepted for consumption if they are not managed properly after harvesting
[11]. Postharvest diseases of fruits and vegetables are a major problem in fresh horticultural produce
storage and significantly affect the cost of food production and produce trade [12]. Efforts to reduce
food losses and preserve the quality of fresh food over a longer period has been a priority for the food
industry, and the promising use of edible coatings for food applications has attracted great interest
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as sustainable alternative packaging materials and as a potential source of improved food safety and
quality [13,14].

More recently, there have been reports of the application of fabricated coarse emulsion and
nanoemulsion coatings with varied compositions and formulations, which have been used to extend
the shelf-life of fruits [15-17]. These coatings offer a protective barrier that prevents microbial growth
and promotes a modified atmosphere, which reduces the rate of respiration and transpiration,
thereby slowing down senescence and prolonging the storage life of fresh produce. [16,18-22].
Formulations of edible coatings utilizing polysaccharides and essential oil components have been
extensively utilized in whole fruits, with the primary objective of mitigating water loss and
preserving quality. Furthermore, there has been an increasing inclination towards utilizing natural
products to manage decay and prolong the shelf-life of perishable goods. [23]. Alginate is a
biopolymer consisting of D-mannuronic acid and L-guluronic acid monomers, which is naturally
derived from brown seaweed. As a salt of alginic acid, alginate possesses colloidal properties and can
form robust gels or insoluble polymers through interaction with multivalent metal cations, such as
calcium. The excellent film-forming ability of alginate make it suitable as a potential edible coating
material [24]. Essential oils or their compounds, when incorporated into edible coating formulations
as an antimicrobial agent, can enhance the effectiveness of coatings in safeguarding foods against
microbial spoilage, ultimately extending their postharvest shelf life and preserving their quality [25].
The chemical composition of plant-derived products, such as essential oils, are highly variable with
seasonal and cultural practices. The use of single compounds instead of naturally produced essential
oil mixtures offers a better approach to obtain edible coatings with constant characteristics [26,27].

The possibility of applications of edible coatings to preserve food quality is not new but this
research topic has recently been gaining traction driven by an increasing consumer demand for safer,
high quality, and minimally processed foods [19,28].

The type of food product dictates the most appropriate method for coating application, and
edible coatings can be applied by different methods such as spraying, dipping, brushing, wrapping,
casting, panning, or rolling [29]. Dipping is advantageous when a product requires several
applications of a coating to obtain uniformity on an irregular surface; however, spraying provides a
more uniform coating [29].

The study aims to achieve three primary objectives. Firstly, to determine the impact of edible
coatings use on the quality and storage capacity of fresh Actinidia arguta fruit. Secondly, to evaluate
and compare the impacts of using edible alginate coatings in coarse emulsion (C) and nanoemulsion
(N) forms, and additionally, assess the effectiveness of two different coating application techniques,
namely spraying (S) and dipping (D). Lastly, to evaluate the utilization of Vis-NIR for data analysis
and interpretation of coatings related information.

2. Materials and Methods
2.1. Fruit Material

For all trials, kiwiberry (Actinidia arguta cv. ‘Ken’s Red’) were harvested from 5-year-old vines
growing in several blocks on a commercially managed orchard located in north Portugal (Baido). In
this area, the conventional harvest time occurs during September. Fruits were collected and were
transported to the post-harvest laboratory at the University of Algarve at ambient temperature and
arriving within 24 h of harvest. Inmediately on arrival at the laboratory, 30 fruit were randomly
selected for fruit maturity characterization (quality measurements). The remaining fruit were packed
into single layer trays and treatments below were performed.

2.2. Chemicals

Food grade sodium alginate (AL) and nonionic surfactant Tween80 (Polyoxyethylene sorbitan
MonoOleate) were purchased from Sigma-Aldrich Chemic (Steinhein, Germany). To obtain
ultrapure water, a Milli-Q filtration system was used. Sigma-Aldrich Chemic (Steinhein, Germany)
provided the calcium chloride, and Scharlau (Barcelona, Spain) provided the ascorbic acid. Citral
(Cit) and eugenol (Eug), essential oil components, were bought from Sigma-Aldrich Chemic
(Steinhein, Germany). Scharlau (Barcelona, Spain) supplied the ascorbic acid.
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2.3. Preparation of Emulsions

Sodium alginate (2%, w/w) was dissolved in MilliQQ water at 70 °C, with continuous stirring until
complete dissolution, then the solution was cooled down to 25 °C. This solution was the basis for the
preparation of the course and nano emulsions [16]. Essential oils compounds (EO’s) concentrations,
citral (Cit) and eugenol (Eug), used in the emulsions were based on their minimum inhibitory
concentrations (MIC) and the double MIC, 0.15 and 0.3% (w/w) for citral and 0.10 and 0.20% (w/w)
for eugenol [33].

The coarse emulsions (C) based on sodium alginate (2%, w/w) and EO’s were formulated as
described by Rojas-Graii et al. [34] and Guerreiro et al. [35], by dissolving powders of sodium alginate
(AL) in distilled water while stirring until the solution became clear. Coating forming solutions were
homogenized with an Ultra Turrax T25(IKA WERKE, Germany).

To prepare the nanoemulsion (N) the EO’s were incorporated into the AL solution (2%, w/w)
using a thermomix (Vorwerk & Co.KG,Wuppertal, Germany) in 6 series of 1 min at speed 9 (3028 g),
avoiding exceeding 37 °C. Thereafter, the emulsion was mixed with a T-18 Ultraturrax (IKA, Staufen,
Germany) for 1 min at 1762 g. Tween 80 concentrations were bound at an oil/surfactant ratio of 1:3
[16].

2.4. Coating’s Characterization

Particle size, polydispersity and z-potential of coarse emulsions and nanoemulsions were
determined by dynamic-light-scattering (DLS) and phase-analysis light scattering (PALS) [16]. To
sidestep multiple scattering effects, samples were diluted prior to analysis with Milli-Q water (1:10).
The emulsions were observed by negative-staining electron microscopy as a direct measurement of
their droplet size and shape as reported by Artiga-Artigas et al.[36]. The grids were observed in a
transmission electron microscope Morgagni 268D TEM (FEI Company, Netherlands) with a CCD
Mega-View camera (Olympus, Tokyo, Japan).

2.5. Spraying Application Method

To apply coarse emulsion and nanoemulsion preparations, the spraying method (5) was
performed by spraying uniformly on the whole fruit surface with the use of a paint sprayer (Dexter
nozzle 1.5mm, ADEO services, Ronchini - France), at a pressure of 8 bar; the flow rate was 150 L min-
1 and spraying distance 20 cm. After coating applications, fruit were fan dried at room temperature
for 2-3 min, then a solution of calcium chloride 1% was applied, to form a uniform, transparent,
water-insoluble and thermo-irreversible gel at room temperature, by cross-linking with di- or tri-
valent ions, promoted by the characteristics of alginates [37]. Then, coatings formed on kiwiberries
were allowed to dry during 1 h at room temperature (~20 °C), labelled, weighed, and then randomly
packed into polypropylene plastic trays (8 cm x 10 cm x 4 cm), perforated in the cover, and stored at
0.5°C with relative humidity (RH) 95%. After 2, and 4 weeks, 30 fruits per treatment, were sampled
for 5 d shelf-life at ~5 °C and 60% RH. After that, shelf-life quality parameters were performed.

2.6. Dipping Application Method (D)

Each treatment, from coarse emulsions and nanoemulsions preparations, was performed in two
steps: first, kiwiberries were dipped into the edible coating solution for 2 min; the excess of coating
material was allowed to drip off for 30 s before the second dip in the calcium chloride solution for 1
min, to induce a cross linking reaction. Then, fruits were labelled, weighed, and then randomly
packed into polypropylene plastic trays (8 cm x 10 cm x 4 cm), perforated in the cover, and stored
and sampled as the ones with spraying treatment.

2.7. Quality Measurements

The quality analyses were performed on the control and ten treatments sets resulting from the
combination of the multiple emulsion formulations and application methodologies (Table 1).

Colour measurements were based on CIE (Commission International de I'Eclairage). For that, a
Minolta Chroma meter CR-300 (EC Minolta, Japan) was used using the CIELab scale (L*, a* and b¥).
The L* represents colour lightness (0 = black and 100 = white). Hue was calculated as h® = arctan
(b*/a*) and colour saturation (chroma) as C* = (a*2 + b*2)0.5 (McGuire, 1992). The firmness (Fm) of
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kiwiberries was measured at the fruit equator, by compression with a Chatillon TCD200 and Digital
Force Gauge DFIS 50 (Jonh Chatillon & Sons, Inc., USA) using a 45 mm diameter piston at a speed of
1 mm s compressing the fruit 2 mm, with the result expressed in Newton (N). Each fruit was then
squeezed individually in an automatic squeezer. A fraction of the juice was then used to measure the
soluble solids content (SSC, in °Brix) with a digital refractometer (Atago Co. Ltd., Tokyo, Japan).
Determination of dry matter (DMC) was determined using a forced-air oven at 105°C for 48 h and
was expressed as percentage of initial weight. Weight loss (WL) was expressed as percentage of initial
weight.

Table 1. Table of treatments, resulting from the emulsion formulation vs. application methodologies.

List of Treatments
Control
AL-S
AL-D
AL-Cit 0.15+Eug 0.1-N-S
AL-Cit 0.15+Eug 0.1-N-D
AL-Cit 0.15+Eug 0.1-C-S
AL-Cit 0.15+Eug 0.1-C-D
AL-Cit 0.3+Eug 0.2-N-S
AL-Cit 0.3+Eug 0.2-N-D
AL-Cit 0.3+Eug 0.2-C-S
11 AL-Cit 0.3+Eug 0.2-C-D

O© 0|3 S (Ul =W N

[y
(==}

2.8. Experimental Setup of VIS/NIR Measurements

Non-destructive technology was used as a complementary method of analysis in this
experiment. For the acquisition of the kiwiberries diffuse reflectance spectra, we have used an optical
setup consisting of a spectrometer (Hamamatsu C9405 CA, Hamamatsu, Japan) working in the range
of 432-1147 nm, a tungsten light source (Ocean Optics HL 2000, Ocean Optics, USA) and a bifurcated
optical fiber with a customized interactance probe described at Guerreiro et al. [38]. As usual, the
protocol includes the measurement of reference (Ref), dark (D) and sample spectra (S). The
reflectance, R, is then calculated as R=(S-D)/(Ref-D). The reference measurements were performed
with the interactance probe kept 1 cm above a Spectralon™ disk. The kiwiberries were always
measured in the equatorial zone. To achieve best results, the average of 100 scans of 100 ms was taken
for each fruit. The reflectance spectra were then grouped in a matrix of n samples by 1024 spectral
features (wavelengths) and analyzed to investigate possible interactions between coatings and fruit.
The calculations were performed using MATLAB® (Mathworks, USA) and Python.

2.9. Statistical Methods

To further investigate statistical patterns in the acquired data, data analysis was performed using
IBMSPSS Statistic 27.0 software (IBM SPSS Inc., NY, USA) on an PC workstation (Intel(R) Core (TM)
i7. The study employed an independent and dependent t-test to examine the mean difference in
attributes between treatments and weeks at the 0.05 alpha level. The effect of time was determined
by ANOVA Repeated Measures (Type III) and Bonferroni post hoc test for a significance level of p <
0.05. We also applied a multiple correspondence analysis (MCA) technique with standardized
variables and two categorical independent variables to detect and represent underlying structures in
a low-dimensional Euclidean space using a criterion of convergence of .00001 and a maximum
iteration of 100 and a squared Euclidean distance [39]. Since the representation alone is insufficient
for creating a complete interpretation of the results, we applied an optimal scaling technique to
analyze the relations between cases or among variables.
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The organization of information in a hierarchical mode is done through factor axes or vectors
specific to which eigenvalues are associated to the contribution of each axis to the observed data.
The objective of Multidimensional scaling (MDS) method is to visualize the underlying, hidden
structure in a data set. An association is calculated and provides an indication of how similar or
dissimilar objects are [40]. ALSCAL algorithm was used as the basis for obtaining the MDS. To
guarantee the viability of the method it is necessary that this algorithm obtains values close to 1 for
the R-squared (R?), the value that represents the proportion of the variance for a dependent variable,
while correlation explains the strength of the relationship between an independent and dependent
variable. Stress values obtained at quality measures used in the evaluation of ALSCAL algorithm,
suggests the following benchmarks for stress values: 0.20 = poor; 0.10 = fair, 0.05= good;
0.025=excellent, and 0.00 = perfect [41]. The organization of information in a hierarchical mode is done
through factor axes or vectors specific to which eigenvalues are associated to the contribution of each
axis to the observed data.

3. Results and Discussion
3.1. Coating’s Characteristics

The preparation method is very important for the structure and stability of emulsions. In Table
2, the droplet size (nm) showed two very distinct patterns: in the case of course emulsions, AL-Cit
0.15 + Eug 0.1-C obtained 1706.67+236.72nm and AL-Cit 0.3 + Eug 0.2-C had 1470.00+101.36nm,
although nanoemulsions showed values between 236.73+ 93.34 and 236.73+ 93.34, for AL-Cit 0.15 +
Eug 0.1-N and AL-Cit 0.3 + Eug 0.2-N, respectively. As expected, nanoemulsions had droplets in the
nano range, smaller than 500 nm, this very small droplet size can reduce the occurrence of creaming,
sedimentation and flocculation during storage [16]. Recently, Gago et al. [16]and Gago et al. [42]
reported that nanoemulsions based on alginate with lemongrass or citral alone presented lower
droplets sizes. However, in the same study, it was found that when eugenol is added to the
formulations the droplet size increases to values similar to those obtained in our work, so we can say
that the presence of eugenol in the formulations will lead to higher values of droplet size, nevertheless
in the nano range. According to Salvia-Trujillo et al. [43] these differences in droplet size might be
attributed to their molecular structure, concentration of volatile compounds, interfacial tension or
surfactant affinity to each type of EO or their main compounds.

Two conditions are important in the case of polydispersity index, as higher the polydispersity
index, the lower the uniformity of the droplet size in the formulation, and polydispersity values less
than 0.3 mean good uniformity of particle size within the formulation [16]. The higher value obtained
was in treatment AL-Cit 0.15 + Eug 0.1-C (0.82) and the lower was in AL-Cit 0.3 + Eug 0.2-N (0.62)
(Table 2). In the analyzed emulsions higher values of EO’s indicated lower polydispersity index. All
these polydispersity values are similar to Gago et al. [42] results for nanoemulsions using eugenol,
though Yang et al.[44] and Salvia-Trujillo et al. [45] obtained almost half of these results. This may be
due to the emulsions production process, which contributes to reach more uniform size droplets [16].

C-potential measures the amplitude of the electrostatic or charge repulsion/attraction between
particles; a C-potential formed by surfactants can produce repulsive/attractive electrical forces among
approaching oil droplets and thus prevents their coalescence (Gago et al., 2019).  The results showed
distinct values, contrarily to the expected, course emulsions showed better values, -80.97 + 4.30 mV
and -75.53 + 0.24 mV, for AL-Cit 0.15 + Eug 0.1-C and AL-Cit 0.3 + Eug 0.2-C, respectively (Table 2).
The nanoemulsions had results between -17.10 + 2.40 mV and -41.13 + 0.51 mV. According to
Heurtault et al. [46] particles with C-potential more positive than +30 mV or more negative than -30
mV are commonly considered to be stable, since electrical charge of droplets is robust enough to
assume that repulsive forces among droplets and are prevalent in the nanoemulsion systems. Our
results of C-potential measurements present better values for course emulsions, which could be
explained since emulsions and nanoemulsions were formulated with different essential oils,
leading to differences in the dissociation degree and number of ionizable compounds of oils [42].

In the results obtained, a significant difference in the emulsions' characteristics is clearly visible;
it is possible to state that the manufacturing methodology is the major responsible for these results.
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Table 2. Droplet size (nm), polydispersity index (PDI) and C-potential (mV) of course emulsions and

nanoemulsions.
Droplet size Polydispersity C-potential
Emulsions
(nm) index(PDI) (mv)

AL-Cit 0.15 + Eug 0.1-N 236.73+ 93.34 0.72 £ 0.08 -17.10 £ 2.40
AL-Cit 0.3 + Eug 0.2-N 181.57 + 58.42 0.62 +£0.12 -41.13+£0.51
AL-Cit 0.15 + Eug 0.1-C 1706.67 + 236.72 0.82£0.12 -80.97 £4.30
AL-Cit 0.3 + Eug 0.2-C 1470.00 + 101.36 0.72+£0.12 -75.53 +£0.24

3.2. General Quality Parameters of Fruits
3.2.1. Colour

In general, the values obtained from CIE analyses during storage were consistent with visual
analyses (Figure 1). In the case of the lightness (L*) the L* value of the fruit skin suffered a slight
decrease over time in all treatments. This decrease in the L* value can be explained by the fact that
some compounds present in the fruit, such as pigments, amino acids and phenolic compounds, are
related with enzymatic darkening and with the reduction of the luminosity (L* values) of the CIELab
colour scale [47]. However, this decrease was minimal and therefore did not affect the external
appearance of the fruit. Statistically, we found some differences, in particular at the end of the four
weeks of storage, where the treatments AL-Cit 0.15 + Eug 0.1-C- D and AL-Cit 0.3 + Eug 0.2-N- D
recorded the highest values of the parameter L*.

Hue angle (h°) values were from 114 to 118 reflecting greenness, and the colour changes in green
kiwifruit are mainly described by quantitative colorimetric parameters rather than qualitative ones
(h°) [48]. In this study, we verified that the values obtained did not change during storage and are
within the expected values for kiwifruit harvested at the optimal date of harvest.

Chroma (C*), considered the quantitative attribute of colourfulness, is used to determine the
degree of difference of a hue in comparison to a grey colour with the same lightness, whereby, the
higher the chroma values, the higher is the colour intensity of samples perceived by humans [47]. In
overall, the chroma values decrease with storage time, initially there are no significant differences
between the treatments applied, but after four weeks there is a great decrease in the chroma values
obtained. It can be observed that the treatments AL-Cit 0.15+Eug 0.1-N-S and AL-Cit 0.3+Eug 0.2-C-
S were the ones that maintained the highest values and with less variation. The values of chroma’s
suggest that kiwiberries lose their colour intensity, during storage, independently of the application
or non-application of treatments.

Broadly, fruits darkened during storage, losing intensity in colour, and changing from and
intense green to dark green at the end. Fisk et al. [20], Stefaniak et al. [4]and Mendes da Silva et al.
[48] obtained similar results in their studies for colour values.
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Figure 1. Colour parameters, L*, hue and Chroma of kiwiberries covered with different alginate (AL)
based emulsions during storage at 0.5°C. Parameters were evaluated at harvest (before treatments)
and after 2 and 4 weeks of storage. Values represent the mean+standard deviation of three replicates.

3.2.2. Firmness and SSC

The optimal harvest time for green kiwiberry has been reported as when the SSC of the fruit is
reached to 6.5% [9,49]. The SSC increased over time (Figure 2), as is expected for a climacteric fruit
when harvested at the optimum state of maturity. The fruit at harvest had a brix of 6.5%, after two
weeks of storage this had a rapid increase in all treatments and had values of approximately 15%, at
the end of four weeks of storage the differences were minimal with values close to 16%. At the end of
the storage period there were no differences in the treatments applied or in the method of emulsions
application. The observed changes are similar to those obtained in the studies by Krupa et al. [50],
Stefaniak et al. [4] and Han et al. [49].

Firmness along with SSC are probably the best predictors of kiwifruit ripening and shelf-life
[51,52]. According to the results obtained for firmness (Figure 2), it was observed that the values
decreased over time in all analysed samples. There was a marked decrease at two weeks of storage,
but a slight decrease at the end of the fourth week of storage. The treatments AL-Cit 0.15+Eug 0.1-C-
D and AL-Cit 0.3+Eug 0.2-N-D present slightly higher values at the end of the storage period, but
these are not statistically significant. The loss of firmness is a physiological process that occurs during
ripening and directly affects post-harvest. Short-term storage is a major problem for the kiwiberries,
as firmness decreases significantly during storage [50]. Fisk et al. [9], Stefaniak et al. [4], Burdon et al.
[53]and Oh et al. [7] obtained similar results over the same storage times, even though different
cultivars were used.

Interesting to notice that, as for kiwifruit as ‘Hayward’, the higher increase in SSC and the
decrease in firmness occurred in the first half storage time, being slight thereafter [54].
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Figure 2. Firmness and solid soluble content (SSC) of kiwiberries covered with different alginate (AL)
based emulsions during storage at 0.5°C. Parameters were evaluated at harvest (before treatments)
and after 2 and 4 weeks of storage. Values represent the mean+standard deviation of three replicates.

3.2.3. Weight Loss and Dry Matter Content

According to the OECD [55], the average dry matter should be around 15% at harvest for good-
quality fruit. Our values ranged from 15 to 20% (Figure 3). The dry matter content (DMC) maintained
its values stable throughout the storage period, and in the evaluation of this quality parameter we
found that there was no effect caused by the type of emulsion or the type of application methodology.
The weight loss is indicative of water loss and results in fruit shrivelling. Consumer acceptance and
fruit freshness are affected when weight loss is higher than 4-5% [56]. This is according to our results,
that until two weeks of storage, while there are some significant differences between the treatments,
the fruits still show a low weight loss. However, at the end of the four weeks of storage, there was a
very distinct pattern among the treatments. Treatments with higher amount of EO’s in their
formulation showed higher weight losses, while fruits in which only alginate without EO’s was
applied obtained lower weight losses. The application methodology did not affect the results.

One of the major causes of fruit weight loss during storage is the migration of water from fruit
to the environment [57]. Edible coatings act as an extra layer which also coats the stomata leading to
a decrease in transpiration and in turn, to a reduction in weight loss, as it has been demonstrated in
a wide range of fruit including arbutus berries, apples, apricot, pepper, peach, sweet cherry and litchi
[33,58-60]. Additionally, variations in the ability to reduce weight loss are recognized to the different
water vapor permeability of the polysaccharides used in the formulation of the edible coatings, and
it is possible to verify results similar to ours, on strawberries and raspberries [35,61,62]. For
kiwiberries some authors have observed slight increase in weight loss values on non-treat fruits [7,20].


https://doi.org/10.20944/preprints202310.2028.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 October 2023 doi:10.20944/preprints202310.2028.v1

9

Weeks
7 N ?
0 - 4
w
o
-
b
L
o
]
s

Weeks
§ N 0
'5 N 2
B 4
[14]
=
g
&)

Control ALS ALD ALCit0.15+ ALGt0.15+ ALCit015+ ALCGit015+ ALCit 0.3+ AL-Cit 0.3+ AL-Cit 0.3+ AL-Cit0.3+
0 E N-|

Eug 0.1-N-S ug 0.1-N-D Eug 0.1-C-5 Eug 0.1-C-D Eug 0.2-N-5 Eug 0.2-N-0
Treatments

Eug 0.2-C-5 Eug 0.2-C.D

Figure 3. Weight Loss and Dry Matter Content of kiwiberries covered with different alginate (AL)
based emulsions during storage at 0.5°C. Parameters were evaluated at harvest (before treatments)
and after 2 and 4 weeks of storage. Values represent the mean+standard deviation of three replicates.

3.3. Spectral Analysis

To investigate if the different types of coatings were distinguishable from a spectral point of
view, the spectra obtained in fruit at the beginning of the experiment (week 0) were analyzed.
Restraining this analysis to the 330 fruit (30 fruit per class) sampled in week 0 allows to separate
ripening effects, and effectively focus the onus of the analysis on the coating treatments.

Univariate and multivariate approaches were used. In the univariate approach a t-test in the
absorbance spectra (A=log(1/R), where R is the reflectance) was conducted between the control group
and all the other groups. The test was performed for each wavelength. The results are depicted in
figure 3. The area plot shows the average variation in absorbance between coating and control (the
coating group absorbs more than the control in the wavelengths where the area plot is positive). The
grey bands mark the regions where the average spectra are different with 95% confidence level and
the dashed bands mark the regions where the normality assumption does not hold, as evaluated by
the Jacques-Bera test (Jacques and Bera 1987). In these regions the results of the t-test may not hold.

Except for coating 9, the general pattern is the same for all the other coatings: i) a decrease in
absorption below approximately 500 nm; ii) an increase in absorption between approx. 500 nm and
720 nm; iii) a decrease in absorption from 720 nm onwards. Since the carotenoids absorb mainly up
to 500 nm, observation i) suggests that carotenoid content is higher in the control, meaning that the
coating promotes its degradation, while observation ii) suggests, on the contrary, that the coating
extends the lifetime of chlorophyll. Finally, observation iii) shows that in all, the NIR plateau is
affected, pointing to a global change in tissue structure, possibly increasing scattering and reflection.
This would translate in a decrease of absorption since absorption and reflectance are inversely
related. It is interesting to note that the baseline of the NIR plateau is indented at the water peak
around 960 nm. Because of the dominant NIR plateau shift, it is not clear if water loss is reduced by
the coating. The NIR plateau shift is so important is coating 8 that it brings all the spectral amplitudes
down. This points to drastic tissue structural changes. Finally, it is also interesting to note that for
almost all the coatings (except 8 and 9), the largest difference between the groups is below 500 nm.
This suggests that the more important changes occur in the pigments, especially in the carotenoids.
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Figure 4. T-tests in the absorvance spectra between the control group and all the other groups. The
test was performed for each wavelength. The area plot shows the average variation in absorvance
between coating and control (coating - control). The grey bands mark the regions where the average
spectra are different with 95% confidence level and the dashed bands mark the regions where the
normality assumption does not hold. The wavelength with maximal difference between the groups
in indicated by “max diff”.

For the multivariate analysis, the different treatments were used as labels for a classification
problem, where the independent variables are the 1024 spectral features/wavelengths in the range
432 nm to 1146 nm. A linear discriminant analysis (LDA) with 10 components was used as classifier.
The LDA algorithm focuses on maximizing the separability between the classes by fitting class
conditional densities to the data and using Bayes’s rule to establish decision boundaries [63]. Using
the reflectance spectra (with no preprocessing applied) as input and a 5-fold cross validation
approach, the LDA classifier attains a 99 + 0.01 % accuracy. Figure 5A shows the confusion matrix for
the several treatments/classes, while Figure 5B portraits the first two LDA components where most
classes are evenly separated (even though this is a low dimensional representation of the clusters).
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Figure 5. A) confusion matrix of the LDA classifier for fruit in week 0 (off diagonal number represent
wrong predictions). B) LDA dimensional reduction using the first two components. Gray stars
correspond to the control group while black and white symbol help distinguish between sprayed and
dipped treatments variants.

This analysis hints that the reflectance spectra acquired contains enough information to perform
a good classification of the different treatments. The same type of analysis performed at weeks 2 and
4 show a slight decrease in accuracy to 97 + 0.04 % and a very different low dimensional LDA
representation.
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3.4. Statistical Analysis

Considering the results obtained, the statistical analysis was done in two phases, initially we
verified the effect of the treatments on the variables analysed and then we proceeded to verify the
effect of the treatments throughout the time of storage. According to the eigenvalue rule greater than
1, it is possible to summarize the relational information between the variables into two orthogonal
components, which explain 91.12% (the total of the Percent of Variance of the two dimensions
represented) of the total variance of the original variables. Table 3 reproduces the weights of each
variable in each component, the percentage explains the internal consistency (Alpha de Cronbach
value). The first component has a high internal consistency (a=0.898) and the second component has
a moderate internal consistency (a= 0.593). The first component is represented by L*; C*; firmness,
weight loss and SSC. The second component is represented by Hue and DMC with low contribution
values which reveals they are not essential in this type of relationships.

Table 3. Principal components extracted from the Categorical Principal Components Analysis
(CATPCA), with their eigenvalues, Cronbach's alpha, percentage of variance and weights of each
variable.

Discrimination Measures

Dimension

1 2 Mean
L* .595 404 499
Hue .055 252 154
C* .857 497 .677
DMC .046 158 102
Firmness 927 195 .561
SSC 923 207 .565
Weight Loss 942 .320 .631
Eigenvalue 4.345 2.033 3.189
Alpha de Cronbach 0.898 0.593 0.8012
Percent of Variance 62.068 29.050 45,559

Using a Cluster method and an MDS (multiple dimensional scaling) -Ascal algorithm for
standardized variables (Figure 6), the method has retained two dimensions that reproduce
appropriately the relations between them. MDS -Ascal algorithm showed a stress value of 0.02637
and R? equal to 0.996, these values obtained with this algorithm show that this methodology is highly

feasible.
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Figure 6. Dendrogram using a hierarchical cluster using the square Euclidean distance. MDS Alscal
using Euclidean distance model.

To ensure the reliability of statistical analysis, 3 methodologies were used (MCA, MDS and
hierarchical cluster), and we observed that these applied multivariate analysis techniques correspond
with each other.
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Figure 7. Quality fruit attributes obtained by Multiple Correspondence Analysis (MCA).

To complete the analysis a MCA for treatments was preformed and in Figure 8 we can see that

we have two distinct groups: the first group was formed by Control, AL-Cit 0.15+Eug 0.1-C-S, AL-Cit

" 0.3+Eug 0.2-N-S and AL-Cit 0.3+Eug 0.2-N-D; and the second group was formed by AL-S, AL-D,

AL-Cit 0.15+Eug 0.1-N-S, AL-Cit 0.15+Eug 0.1-N-D, AL-Cit 0.15+Eug 0.1-C-D, AL-Cit 0.3+Eug 0.2-C-

S and AL-Cit 0.3+Eug 0.2-C-D. The treatments within each group reveal themselves to be similar to
each other.
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Figure 8. Objects points labelled by treatment and the variables in the dimensional map defined by

the two main components retained by MCA method and their position relative to the original
variables.

We can conclude from this analysis that the variables that suffer significant changes during
storage are the L*, C¥, firmness, SSC and weight loss. These variables are the more adequate to be
used in the selection of the best treatments.
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4. Conclusions

In the present study, we can conclude that we can preserve fresh kiwiberry cv. Ken’s Red up to
four weeks at 0 °C plus 5 d shelf-life at 5°C. This was confirmed by the qualitative analysis of the fruit
throughout the storage period. The use of course emulsions or nanoemulsions did not affect the
parameters analysed, neither were found differences between the application method. However, we
verified that more important than the method of formulation of the emulsions or their application
method, is the quantity of EO's to be used in their constitution. In the case of kiwiberries we can easily
verify that the greater the quantity of EO's present in the emulsions the worse fruit quality is, the
shorter their shelf life and the worse their appearance, based mainly in an increase in weight loss.

In that way we can state that these emulsions can be used as natural postharvest treatments in
kiwiberries with the aim to delay senescence and maintain fruit quality up to four weeks at 0°C. Based
on the major effect of reducing the weight loss and the scores of the statistical analysis we select as
the best treatments for increasing kiwiberry storage the AL-S, AL-D, AL-Cit 0.15+Eug 0.1-N-S, AL-Cit
0.15+Eug 0.1-N-D and AL-Cit 0.15+Eug 0.1-C-D, which performed better than control.

Overall, the spectral analysis shows that: i) significant differences in the spectra are found for all
coatings, pointing to some chemical and structural changes either in the skin or pulp; ii) the coatings
with better performance (AL-S, AL-D and AL-Cit 0.15+Eug 0.1-N-S) are also those with better t-test
comparations, with limited spectral changes and only below 500 nm; iii) the other coatings tend to
show also differences in the NIR plateau, indicating important tissue changes; iv) the Vis-NIR spectral
analysis could be used in situations where coatings discrimination needs to be performed, e.g.
commercial control of coated / non-coated fruit.
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