Hindawi

Journal of Food Quality

Volume 2021, Article ID 9976052, 8 pages
https://doi.org/10.1155/2021/9976052

Research Article

WILEY

Hindawi

Effect of Opuntia ficus-indica Mucilage Edible Coating in
Combination with Ascorbic Acid, on Strawberry Fruit

Quality during Cold Storage

» Raimondo Gaglio
, and Alessandro Miceli

Giorgia Liguori
Fabio D’Anna

, Luca Settanni

, Paolo Inglese (),

Department of Agricultural Food and Forest Sciences, University of Palermo, Viale Delle Scienze, Palermo 90128, Italy

Correspondence should be addressed to Giorgia Liguori; giorgia.liguori@unipa.it

Received 5 March 2021; Revised 13 May 2021; Accepted 18 May 2021; Published 30 May 2021

Academic Editor: Francesco Genovese

Copyright © 2021 Giorgia Liguori et al. 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.

Strawberry fruit is a nonclimacteric fruit and is one of the most consumed berries in the world. It is characterized by high levels of
vitamin C, folate, vitamin E, f-carotene, and phenolic constituents as well asanthocyanins that are strictly related to health
benefits. Strawberries are highly perishable fruit with a very short postharvest life due to their susceptibility to mechanical injury,
rapid texture softening, physiological disorders, and infection caused by several pathogens (yeast and mold) that can rapidly
reduce fruit quality. The aim of the present study was to evaluate the effect of the application of Opuntia ficus-indica mucilage in
combination with ascorbic acid, as edible coating, on quality, sensorial parameters, and microbiological characteristics of
strawberry fruit during cold storage at 4 + 0.5°C and 85% RH. Strawberries were characterized by a linear increase of weight loss
during the storage at 4°C that was significantly higher (+11.3% on average) in the uncoated strawberries. The coating affected the
ascorbic acid content of the strawberries that increased by 36.0% in coated strawberries; total soluble solid content and color of the
strawberries were only affected by storage. Visual quality and sensorial analysis recorded higher scores in the coated samples at the
end of the cold storage period. Furthermore, the mucilage coating did not negatively affect the natural taste of strawberries. The
application of O. ficus-indica gel-based edible coating in combination with ascorbic acid, although not able to inhibit the microbial
growth, limited significantly their development in coated strawberry fruits. Our results suggest that Opuntia mucilage plus 5%
ascorbic acid could be a useful biochemical way of maintaining strawberry fruit quality and extending their postharvest life.

1. Introduction

Strawberry fruit (Fragaria x ananassa Duch.) is a non-
climacteric fruit and is one of the most consumed berries in
the world, characterized by a peculiar and highly appreciated
taste and flavor. Strawberry is a relevant source of bioactive
compounds because of its high levels of vitamin C, folate,
vitamin E, -carotene, and phenolic constituents, as well as
anthocyanins, substances strictly related to health benefits
[1, 2]. Strawberries are highly perishable fruit with a very
short postharvest life due to their susceptibility to me-
chanical injury, rapid texture softening, physiological dis-
orders, and infection caused by several pathogens (yeast and
mold) that can rapidly reduce fruit quality [1, 3].

Several technologies have been developed for straw-
berry preservation during postharvest, such as controlled
atmospheres, hot water treatments, UV, and chemical
treatments, but most of them have negative effects on
color, flavor, aroma, and texture [1, 4]. In the past,
fungicides were used to control mold and yeast growth,
but several studies confirm that they can leave residues
that could be dangerous for human health and the en-
vironment [5]. For this reason, consumers prefer natural
and eco-friendly fruit products without any chemical
additives [1]. A common technology used to control mold
growth and reduce fruit senescence is cold storage under
controlled/modified conditions, but high CO, concen-
trations can cause oft-flavor development on fruit [6].
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Among different postharvest management strategies of
environment-friendly fresh fruit handling, the applica-
tion of edible coatings has been reported to be very ef-
fective [7].

Edible coatings can act as a semipermeable barrier
against gases and water vapor. It can modify fruit tissue
metabolism by affecting respiration rate, decreasing mois-
ture and firmness loss, preserving the color, transporting
antimicrobial, antioxidant, and other preservatives, con-
trolling microbial growth and maintaining fruit quality for a
longer period [6, 8]. Several studies reported that the ap-
plications of edible coatings improved quality, extended
storage, and shelf life of various fruit such as papaya [9],
kiwifruit [10], and strawberries [11].

A novel edible coating for fruit storage based on the
mucilage or polysaccharides extracted from cladodes of
Opuntia ficus-indica was recently investigated on kiwifruit
slices [10], breba fig [12], strawberry [13], banana [14], to-
mato [15], and mandarin [16].

Those studies reported that O. ficus-indica edible coating
positively affected fruit quality, reducing water transpiration
and browning, maintaining fruit fresh weight, visual score
values, fruit firmness, nutraceutical traits, and controlling
microbial growth, resulting in a longer storage period
[10, 12-16].

O. ficus-indica mucilage is a complex carbohydrate
composed of variable amounts of l-arabinose, d-galactose,
l-rhamnose, and d-xylose, as well as galacturonic acid, which
is a potential ingredient for the food industry, due to its
nutritional and technological properties, such as viscosity
[17]. Mucilage is, in fact, a hydrocolloid with a great water
retention capacity that makes it interesting for the pro-
duction of natural edible coatings with a high nutraceutical
value, useful for fruit and food preservation [18].

Another compound widely used in fruit products during
storage is ascorbic acid (AA) in concentrations ranging from
0.5 to 5% w/v [11]. Several authors reported that AA has an
antibrowning effect in fruit fresh-cut products under dif-
ferent storage conditions [9, 19] and reduces vitamin C
degradation during storage [11]. Other studies reported that
AA has an antimicrobial effect on fresh-cut fruit such as
jackfruit [20], apple [21], and papaya [9] and it can be added
to the edible coating to improve the shelf-life of the fruit.

Sogvar et al. [11] reported that the application of Aloe
vera in combination with AA on strawberry fruit improves
the postharvest life by maintaining fruit quality attributes as
well as firmness, solid soluble content, titratable acidity,
vitamin C, anthocyanin, total phenolic, and total antioxidant
activity and reduces decay by suppression of total aerobic
mesophilic bacteria, yeasts, and mold growth. Other studies
showed that coating with chitosan and ascorbic acid is an
effective solution for inhibiting the growth of microor-
ganisms, retarding enzymatic browning reactions, and re-
ducing the weight loss of fresh-cut apples during refrigerated
storage [22].

Those studies suggest that the addition of AA to the
edible coating could be a useful biochemical way of main-
taining strawberry fruit quality and extending their post-
harvest life. However, further studies are necessary to study
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how the addition of AA to different edible coatings, such as
O. ficus-indica mucilage, could affect microbial growth and
physicochemical traits of strawberry fruits during cold
storage. The aim of the present study was to evaluate the
effect of the application of O. ficus-indica mucilage in
combination with ascorbic acid, as edible coating, on quality,
sensorial parameters, and microbial growth of strawberry
fruits during cold storage at 4+ 0.5°C and 85% RH.

2. Materials and Methods

2.1. Strawberry Fruits. The strawberry fruits (cv. Florida
Fortuna) used in the trial were collected in the experimental
farm of the Department of Agricultural, Food and Forest
Science (SAAF), University of Palermo, located in Marsala
(37°45°02.8”N 12°32’32.10”E, 50 m a.s.l.) and immediately
transported to the research laboratory of the SAAF De-
partment, University of Palermo, where they were graded for
their uniformity in size, shape, and bright red color. A bulk
of homogeneous fruits free from defects was selected for the
coating treatment and subsequent cold storage. The selected
fruits were divided into two treatment groups of 20 repli-
cates (4 replicates for each of 5 storage sampling times).

2.2. Fresh Mucilage Extraction. One-year-old cladodes were
collected from O. ficus-indica (OFI) plants grown in the
germplasm collection of the SAAF Department of the
University of Palermo (38°7’N 13"2’E, 29 m a.s.l). Harvested
cladodes were moved to the laboratory, where they were
processed for mucilage extraction, using a modified version
of Du Toit and De Wit’s patented method, developed in
South Africa [23].

Cladodes were washed with chlorinated water to
improve mucilage shelf life and to remove impurities and
spines. Cladode chlorenchyma was removed with a peeler
to obtain very pure mucilage from the parenchyma.
Cladodes were then sliced into squares and cooked in a
microwave oven (900 W) for 3-5min, until soft. The
cooked, soft cladode pieces were then mixed using an
Omni Mixer Homogenizer (mod. Omni-Mixer, 17107,
Dupont Instruments Sorvall, Kennesaw GA, USA) to aid
the mucilage extraction. The obtained pulp was then
centrifuged using a Sigma centrifuge (mod. 6K15, Sigma
Laborzentrifugen GmbH, Osterode am Harz, Germany) at
8,117x g for 15 min at 4°C, to separate the liquid mucilage
from the solids. The mucilage was then decanted and
weighed while the solid material left in the falcon tubes
was discarded. No chemicals have been used during this
extraction process.

2.3. Fresh Mucilage Edible Coating Application. Half of the
selected strawberries were treated with OFI mucilage in
combination with 5% of ascorbic acid [11] and the
remaining strawberries were treated with distilled water
and used as control. Mucilage edible coating and distilled
water were applied by using an atomizing spray system
(flow rate: 1L-h™'; air pressure: 50kPa). Soon after
coating, all fruits were air-dried at room temperature for
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15°, then placed in polyethylene (PE) boxes (each a 10
fruit replicate), and stored at 4 + 0.5°C and 85% RH for 12
days.

2.4. Quality Parameters: Weight Loss, Color, Overall Quality,
Firmness, Soluble Solid Content, Titratable Acidity, and
Ascorbic Acid Content. The quality of strawberries was
assessed soon after coating (0d) and at 3, 6, 9, and 12d of
storage at 4°C. For each storage time and experimental
treatment, four samples of five strawberries were randomly
collected and analyzed. The fruits were weighed at each
sampling time to evaluate weight loss. Strawberries” external
color was measured at two opposite points on each straw-
berry using a colorimeter (Chroma Meter CR-400C, Min-
olta, Osaka, Japan). CIE L*a*b* coordinates were recorded
as L* (lightness), a* (positive values for reddish colors and
negative values for greenish colors), and b* (positive values
for yellowish colors and negative values for bluish colors).
From these components, chroma (C*) and hue angle (k°)
were calculated as C* = (a*2 + b*?)"? and h° = arctan(b*/a*)
[24]. Overall visual quality (OQ) was evaluated by a panel
made of 10 people (5 females and 5 males, aged between 25
and 50 years) using a 1 to 5 scale, where 5 = excellent product
with a fresh appearance and optimal sensory acceptability
(e.g., typical odor and color, no defects), 3= fair/limit of
sensory acceptability and marketability (e.g., minor alter-
ations), and 1= poor/unmarketable, with altered odor, ex-
tended discolored or decayed area, or other severe defects.

Fruit firmness was measured using a digital penetrom-
eter (model 53205, TR Snc., Forli, Italy) equipped with flat
stainless steel cylinder probes of 6 mm diameter. Each fruit
was punched with constant force to a depth of 0.5 cm and the
mean peak force was calculated in Newton. After firmness
analysis, the fruits of each sample were cut into small pieces
and homogenized. Ten grams of the homogenate was sus-
pended in 100 mL of distilled water and then filtered. The
extracts were used to determine the soluble solid content
(SSC expressed as “Brix) using a digital refractometer (MTD-
045nD, Three-In-One Enterprises Co., Ltd., Taipei, Taiwan)
and to measure the titratable acidity (TA) by potentiometric
titration with 0.1 M NaOH up to pH 8.1 (TA expressed as
meq 100 g_1 fresh weight [f.w.]). Ascorbic acid content was
determined by extracting 10g of a blended strawberry
sample from each sampling date (0, 3, 6, 9, and 12 days of
storage) in 100 mL metaphosphoric acid (HPO3) and then
filtered through Whatman no. 1 filter paper. A volume of
10mL from the filtered solution was determined volumet-
rically with the 2-6 dichlorophenol-indophenol reagent
until a slightly pink coloration was observed and persisted
for 15s [25]. The reading of ascorbic acid content was
expressed in mg 100g™" fruit sample.

2.5. Sensory Analysis. For each sampling date, a sample of
fruit for each treatment was subjected to sensory evaluation.
The sensory profile was constructed by a semitrained panel
made of 10 judges (5 females and 5 males, aged between 25
and 50 years) who generated a list of descriptors by using
commercial fruit in a few preliminary meetings [26]. The

semitrained panel was made up of people normally familiar
with strawberries. This type of panel can discriminate dif-
ferences and communicate their reactions, though the in-
dividuals may not have been formally trained; furthermore, a
semitrained panelist judgment is likely to be closer to that of
the average consumer [27]. Sensory analysis was focused on
6 principal descriptors: firmness, sweetness, acidity, aroma,
taste, and off-flavor [28].

Strawberries sample was dispensed into a small plastic
tray with a 3-digit code on the side and served to the judges,
and the different descriptors were measured using an eight-
point intensity scale where the digit 1 indicates the de-
scriptor absence while the digit 8 indicates the full intensity.
Among the judges, the order of presentation of the fruit was
randomized; water was used to rinse the mouth [27].

2.6. Microbiological Analyses. O. ficus-indica mucilage
added with ascorbic acid and the fruit samples from the
different trials and storage times were subjected to the
microbiological analyses. Cell suspensions of mucilage were
directly subjected to decimal serial dilutions in Ringer’s
solution (Sigma-Aldrich, Milan, Italy), while fruit samples
were first homogenized in Ringer’s solution (Sigma-Aldrich)
to a ratio 1:10 (fruit: diluent) by the Bag-Mixer 400
stomacher (Interscience, Saint Nom, France) for 2 min at the
highest speed (blending power 4) and then serially diluted in
the same isotonic solution.

Decimal dilutions were plated on several agar media:
Plate Count Agar (PCA), incubated aerobically for 72h at
30°C for total mesophilic microorganisms (TMM); PCA
incubated aerobically for 7 d at 7°C for total psychrotrophic
microorganisms (TPM); Pseudomonas Agar Base (PAB)
added with Cetrimide Fucidin Cephaloridine (CFC) sup-
plement, incubated aerobically for 48h at 25°C for pseu-
domonads; double-layered Violet Red Bile Glucose Agar
(VRBGA), incubated at 37°C for 24 h for members of the
Enterobacteriaceae family; Dichloran Rose Bengal Chlor-
amphenicol (DRBC) agar, incubated aerobically for 48 h at
28°C for yeasts; Yeast extract Peptone Dextrose (YPD) agar
supplemented with 0.1g-L™" of chloramphenicol to avoid
bacterial growth, incubated aerobically for 7d at 25°C for
molds.

All media and supplements were purchased from Biotec
(Grosseto, Italy). All plate counts were carried out in
triplicate.

2.7. Statistical Analysis. Statistical analyses of quality and
sensory parameters were performed using the GLM pro-
cedure of the SPSS 14.0 software package (SPSS, Inc.,
Chicago, IL) and the means were compared by Tukey’s test at
a significance level of 0.05.

Microbiological data were subjected to One-Way Var-
iance Analysis (ANOVA) using XLStat software version
2020.3.1 for Excel (Addinsoft, New York, USA). The level of
significance and the differences between control and ex-
perimental trials were achieved by Tukey’s test. P < 0.05 was
considered significant.



3. Results and Discussion

3.1. Quality Parameters: Weight Loss, Color, Overall Quality,
Firmness, Soluble Solid Content, Titratable Acidity, and
Ascorbic Acid Content. Strawberries were characterized by a
linear increase of weight loss during the storage at 4°C
(Table 1). A higher weight loss (+11.3% on average) was
recorded in the uncoated strawberries. The effect of OFI
mucilage coating on weight loss was similar to other edible
coatings tested on strawberry fruits [29] and a reduction of
weight was also found in sliced or entire fruits (kiwi, fig,
strawberry) coated with cactus mucilage [10, 12, 13, 30] and
could be ascribed to the increased retention of water due to
the reduction of transpiration and respiration determined by
the hydrophilic character of mucilage coating that closed the
opening of stomata and lenticels [31]. After harvest, the
weight of the fruits is likely to change due to several factors,
including loss of extracellular and intracellular water, sugar
consumption determined by cellular respiration and deg-
radation of the cell wall, and consequent loss of water by the
cell breakdown [32]. These factors and loss in cell turgidity
pressure and loss of extracellular and vascular air may also
lead to the modification of tissue texture. Measuring the
mechanical properties of fruits like strawberries can be
challenging, as their structure is very inhomogeneous. They
vary a lot in shape and size, so it can be very difficult to take a
uniform sample from tested strawberries. Puncture testing
has often been used to measure and follow changes in texture
and firmness of fruits and vegetables at different preharvest
and postharvest stages. The use of the puncture penetration
method allows evaluating both the skin toughness and the
flesh firmness of strawberries [33]. The firmness of straw-
berries was affected by storage that determined a significant
reduction of this parameter after 6 days at 4°C for control
fruit, with further significant changes recorded after 9 days
and at the end of the storage period so that strawberry
decreased from 10.4 N at day 0 to 7.3 N at day 12 for both
coated and uncoated samples (Table 1). Nevertheless, the
coated strawberries retained a slightly higher firmness after 6
and 9 days of storage at 4°C, so that this treatment deter-
mined a higher firmness than control (+5.1% on average).
The decrease in fruit firmness during cold storage might be
due to the breakdown of cell wall components such as in-
soluble pectin and also due to cellular collapse [34] that
could have been reduced in the coated fruits. A lower de-
crease of firmness during cold storage was also found in
strawberries and other fruits coated with OFI mucilage
[10, 12, 13]. This could be ascribed to the presence of calcium
in OFI mucilage [35] that interacts with the pectic acid in the
cell walls to form calcium pectate, thus retaining the integrity
of cell walls in fruit tissues.

Storage also affected the soluble solid content of the
strawberries (Table 1). This parameter was almost constant
during the first week of storage (7.5 ‘Brix on average) and
significantly increased at the end of the experiment (8.6
‘Brix). A similar trend was recorded for the titratable acidity
(TA) that increased significantly at the end of the storage
period (+26.1%) (Table 1). The increase in soluble solid
content might be due to hydrolysis into sugars and to the
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capacity of cold storage to slow down the metabolic activities
of strawberries during storage [29]. The effect of cold storage
in combination with the edible coating application on
metabolic activities could have also reduced the utilization of
organic acid during the respiratory process thus explaining
their increase during cold storage, as reported by Hazarika
et al. [29].

The coating affected the ascorbic acid content of the
strawberries that increased by 36.0% in coated strawberries
(Table 1). This parameter showed small variations during
storage that were significant only at day 3. Ascorbic acid is an
important phytochemical with powerful antioxidant activity
and can scavenge the reactive oxygen species (ROS) pro-
duced in the body thus protecting from many severe diseases
[36]. The cactus mucilage coating showed to be useful in
increasing the nutritional value of strawberries during the
entire storage period.

The color of the strawberries was only affected by storage
(Table 1). Color lightness decreased from 41.5 at day 0 to 37.6
at day 3 and showed no further reduction until the end of the
experiment. Chroma and hue decreased more severely
during storage so that the color of strawberries got less vivid
and turned to the darkest red. Visual quality is of paramount
importance in affecting strawberry acceptance and mar-
ketability. Appearance changes that strawberries may suffer
during storage can be symptoms of freshness loss and mi-
crobiological decay [37]. The overall appearance of coated
and uncoated strawberries changed significantly during
storage, but control strawberries had a more severe
descending trend of the OQ scores that dropped below the
limit of marketability after seven days of storage, whereas the
strawberries coated with cactus mucilage recorded OQ
scores above the limit of marketability throughout the
storage period (12 days) (Figure 1).

3.2. Microbiological Counts. Strawberry is a highly perish-
able fruit and its shelf-life is usually influenced by different
microbial infections determined by bacteria, yeasts, and
molds [38]. Table 2 shows the results of the microbiological
analyses of the strawberry fruit samples collected during
the experimentation. The results of viable counts per-
formed on O. ficus-indica mucilage are not reported in the
table because they were below the detection limit for all
microbial groups objects of investigation. Statistically
significant differences were found according to Tukey’s test
for the levels of TMM, TPM, and molds between coated and
uncoated strawberry fruits. The initial concentrations of
TMM, TPM, and molds in control fruits (C) were 3.04, 2.81,
and 3.34 Log CFU g™, respectively, and increased during
refrigerated storage. Even in coated strawberry fruits (MA),
these microbial populations increased during storage but
showed lower microbial cell densities than the untreated
fruits. The same trend was reported by Sogvar et al. [11] on
strawberry fruits treated with Aloe vera gel-based edible
coating in combination with ascorbic acid. No colonies of
pseudomonads and yeasts responsible for the microbial
spoilage of fruits and vegetables [39] were detected in any
of the samples analyzed. Members of the
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TaBLE 1: Chemical and physical parameters of strawberries coated with cactus mucilage + ascorbic acid (MA) or uncoated (C) during storage

at 4°C.
. . Ascorbic
Source of Weight 1loss Firmness oSSC TA . acid I Chroma Hue
variance (g100g " fw) (N) (°Brix) (meq100g™ fw.) (mg 100 g_l)
Coating
C 9.0b 9.2b 7.7 10.6 36.9B 37.5 46.5 37.7
MA 8.1a 9.7a 7.9 11.0 50.2A 38.0 46.6 38.3
Storage
0 — 10.2d 7.4c 10.1b 44.6A 41.5A 48.8A 42.1a
3 3.6d 10.6bc 7.5¢ 10.5ab 37.7B 37.6B 47.0B 38.4b
6 6.8¢c 9.9¢ 7.7¢ 11.3a 43.9A 36.7B 45.5Bc 37.1bc
9 9.8b 9.2a 8.0bc 11.2a 44.0A 36.1B 46.0Bc 36.9bc
12 13.9a 7.3ab 8.6a 11.0a 47.7A 36.8B 45.2C 35.3¢
Coating x Storage
0 — 10.2 7.4 10.1 40.1 41.5 48.8 421
3 3.9 10.6 7.5 9.9 30.7 37.5 46.9 37.2
C 6 7.2 9.4 7.8 10.7 38.5 36.2 45.0 36.5
9 10.3 8.7 7.7 11.4 35.6 351 46.4 36.0
12 14.5 7.2 8.3 11.0 39.8 37.2 45.1 36.5
0 — 10.2 7.4 10.1 49.0 41.5 48.8 42.1
3 3.3 10.6 7.5 11.0 44.7 37.8 47.2 39.6
MA 6 6.4 10.4 7.7 11.8 49.3 37.2 46.0 37.8
9 9.3 9.7 8.3 11.0 52.5 371 45.6 37.9
12 13.2 7.5 8.9 11.1 55.7 36.3 45.4 34.2
Significance™
Coating * * ns ns ok ok ns ns ns
Storage % 3k %k %k %k %k % 3k ok * % 3k %k % 3k %k % 3k %k * ok ok
Coating x
ns ns ns ns ns ns ns ns
Storage

Each value is the mean of 4 replicated samples. Values in a column followed by different letters are significantly different according to Tukey’s test at p < 0.05.
“Significance: ns = not significant; *significant at p < 0.05; **significant at p < 0.01; ***significant at p < 0.001.”Titratable acidity expressed as meq/100 g fresh

= Limit of marketability TS~
50
El ~~
A T~
> 2
o
14
0
0 2 4 6 8 10 12
dat4°C
-—-cC
— MA

FiGure I: Influence of coating and time of storage on the overall
visual quality of strawberry fruits (C: control fruits; MA: fruits
coated with cactus mucilage + ascorbic acid; scores: 5, excellent or
having a fresh appearance; 3, average limit of marketability; 1,
unmarketable).

weight.

Enterobacteriaceae family, responsible for gastroenteritis
and even chronic infections [40, 41], were below the de-
tection limit in both coated and control strawberry fruits
during the entire period of analysis.

3.3. Sensory Analysis. Uncoated (C) and coated (MA)
strawberry fruit samples were subjected to sensory
evaluation on each sampling date. Strawberry fruits were
positively affected by mucilage coating in combination
with the ascorbic acid treatment; indeed panelists pre-
ferred MA samples in each sampling date (data not
shown).

MA samples showed mean scores 0.5 higher in terms of
sensory evaluation than C samples after 3 days of storage at
4°C (Figure 2). In particular, judges perceived the largest
difference in the aroma descriptor in MA samples with
scores 1.6 higher than C ones (Figure 2).

At the end of the storage (12 days), MA samples were
preferred by judges showing the highest scores in all sen-
sorial parameters, and MA samples obtained sensory eval-
uation mean scores 1.2 higher than C ones (Figure 3).
Panelists perceived off-flavor in C samples after 9 (data not
shown) and 12 days at 4°C (Figure 3), while the perception of



TaBLE 2: Microbial loads of control (C) and coated (O. ficus-indica
mucilage in combination with ascorbic acid-MA) strawberry fruit
samples during storage at 4°C.

S L Microorganisms
amples
P TMM TPM Molds

cod 3.04+0.22° 2.81+0.15° 3.34+0.23°
MA 0d 2.99+0.19° 2.88+0.23° 3.26+0.12°
C3d 319+0.17° 3.30+0.27° 3.49+0.21°
MA 3d 2.74+0.12° 2.72+0.11° 2.89+0.15°
C6d 3.59+0.21% 3.47+0.25° 3.65+0.26°
MA 6d 3.01+0.15° 2.95+0.20° 2.96+0.17°
cod 3.75+0.18" 3.70+0.24° 3.81+0.19°
MA 9d 315+0.21° 3.07+0.22° 3.10+0.24°
C 12d 4.08+0.24° 412+0.21° 423+0.21°
MA 12d 3.49+0.19° 3.38+0.19° 3.59 +0.25°

Units are log CFUg . Results indicate mean values + S.D. of three plate
counts. Data within a column followed by the same letter between the C and
MA on the same day of refrigerated storage are not significantly different
according to Tukey’s test at p <0.05.

Sweetness

Acidity

Firmness Aroma*

Off flavor

- C

-O- MA
FIGURE 2: Sensory analysis of untreated (C) and treated (O. ficus-
indica mucilage in combination with ascorbic acid-MA) strawberry
“Fortuna” fruit, after 3 days of storage at 4°C. Data are mean of 15
fruit for each treatment. *Significant differences for values (Tukey’s
test at p <0.05).

this descriptor was almost absent in MA samples in each
sampling date (Figures 2 and 3).

The sensory analysis showed that judges had a higher
preference for coated samples at the end of the cold storage
period, as reported by Del-Valle et al. [13]. The mucilage
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Sweetness™

*Taste Acidity”*

*Firmness Aroma*

-O- MA

FIGURE 3: Sensory analysis of untreated (C) and treated (O. ficus-
indica mucilage in combination with ascorbic acid-MA) strawberry
“Fortuna” fruit, after 12 days of storage at 4°C. Data are Mean of 15
fruit for each treatment. *Significant differences for values (Tukey’s
test at p<0.05).

coating did not negatively affect the natural taste of
strawberries, which is an important aspect regarding the
use of edible coatings when taste modification is unde-
sirable. Indeed, MA coating has exalted some important
parameters, as well as aroma, sweetness, and taste that are
particularly appreciated by consumers.

4. Conclusions

Our data showed that Opuntia mucilage had a barrier
effect on strawberries after harvest, reflected by the lower
weight loss and a slightly higher firmness of coated
samples than uncoated ones, after 9 days of storage at 4°C.
This factor could reduce economic losses due to spoilage
caused by mechanical damage during the handling and
transportation of strawberries. The addition of ascorbic
acid in the cactus mucilage coating showed to be useful in
increasing the nutritional value of strawberries during the
entire storage period. Soluble solid content and color
were affected only by storage and not by the coating
treatment.

Visual quality and sensorial analysis showed that judges
had a higher preference for coated samples at the end of the
cold storage period. Furthermore, the mucilage coating did
not affect negatively the natural taste of strawberries, which
is an important aspect regarding the use of edible coatings
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when taste modification is undesirable. Indeed, MA coating
has exalted some important parameters and aroma, sweet-
ness, and taste that are particularly appreciated by
consumers.

From the microbiological point of view, the application
of O. ficus-indica gel-based edible coating in combination
with ascorbic acid is not able to inhibit the microbial growth
but slowed down significantly their development in coated
strawberry fruits.

In conclusion, our data suggest that O. ficus-indica
mucilage plus 5% of ascorbic acid could be a useful bio-
chemical way of maintaining strawberry fruit quality and
extending its postharvest life.

Data Availability

The data are available from the corresponding author upon
request.
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