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Abstract
This work is aimed at studying the changes 
in the quality attributes of fresh-cut pinea-
pple fruit due to the application of a coating 
based of aloe vera. 10 kg of fresh fruit were 
selected and classified, from which cuts 
were obtained from whole slices that were 
previously sanitized and immersed in a 
1.5% (w/w) of solution of calcium chloride, 
citric acid at 1.5% (w/w), and ascorbic acid 
at 1.5% (w/w), then, the edible coating was 
applied, which was made from Aloe vera 
gel to 50% (w/w), glycerol to 1.75% (w/w), 
polysorbate 20 to 0.01% (w/w), canola vege-
table oil to 0.7% (w/w), and distilled water 
to 47.54%. The pineapple fruit in whole sli-
ces, with coating based of aloe vera, packed 
in vacuum, and stored at 5±1°C and 85±3% 
RH, presented suitable sensory attributes, 
pH values and firmness, and microbiologi-
cal values up to day 15 storage.

Keywords: Ananas comosus, cold stora-
ge, fresh-cut, quality attributes.

Resumen
Este trabajo tuvo como objetivo estudiar 
los cambios en los atributos de calidad de 
calidad de la piña mínimamente procesada 
debidos a la aplicación de un recubrimien-
to a base de aloe vera. Fueron selecciona-
dos y clasificados 10 kg de fruta fresca, de 
los cuales se obtuvieron rodajas completas, 
las cuales fueron previamente higienizadas 
y sumergidas en solución de cloruro de cal-
cio de 1.5 % (p/p), ácido cítrico de 1.5 % (p/p) 
y ácido ascórbico de 1.5 % (p/p), y luego se 
les aplicó el recubrimiento comestible, el 
cual estuvo compuesto de 50 % (p/p) de gel 
de aloe vera, 1,75 % (p/p) de glicerol 0,01 
% (p/p) de polisorbato, 20, 0,7 % (p/p) de 
aceite vegetal de canola y 47,54 % de agua 
destilada. Las rodajas enteras de piña recu-
biertas con Aloe vera, empacados en vacío 
y almacenadas a 5±1°C y 85±3 % HR, mos-
traron valores sensoriales, pH, firmeza y 
valores microbiológicos adecuados al día 15 
de almacenamiento.

Palabras clave: almacenamiento refri-
gerado, Ananas comosus, atributos de cali-
dad, mínimamente procesado.
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INTRODUCTION

Pineapple fruit (ananas comosus), after bananas and citrus fruits, is one of the trop-
ical fruits with the highest production in the world. Pineapple fruit is produced in 
subtropical and tropical regions with a world production of 27’816,403 million tons, 
and, in Colombia, of 882.633 thousand tons in 2020 [1]. According to Agronet [2], 
there is a growing trend in world production, with the Honey Gold or MD2 variety 
being the most appreciated worldwide. The `Honey Gold´ pineapple has a cylindri-
cal, symmetrical, and uniform shape, yellow-orange pericarp, yellow, sweet, com-
pact, and fibrous pulp with an average weight of 1,3 to 2,5 kg, with a high content of 
sugars and ascorbic acid [3].

Pineapple is a tropical non-climacteric fruit, with important nutritional value and 
sensory quality, however, it has a short shelf life of 5 to 7 days stored at 4 °C due to 
deterioration caused by its accelerated metabolism induced by minimal processing 
[4], where the cut fruit is susceptible to alteration of physical, chemical or micro-
biological stability. If this cut fruit is not treated under the indicated postharvest 
conditions, it is possible to decrease its shelf life of the products losing its quality 
and safety [5].

Fresh-cut fruits have increased their market, due to consumer demand [3]. Fresh-
cut fruits in different shapes depending on the fruit structure, marketed in plastic 
packaging and refrigerated are alternatives to preserve the inherent organoleptic 
and nutritional properties typical of fruits [6].

Lima, De Souza and Fyfe [7] mention that minimal processing operations alter the 
integrity, safety, quality, and shelf life of the fruit limiting its storage and marketing; 
furthermore, the selection of adequate packaging that acts as a protective barrier, to 
minimize water loss and facilitate transport and handling, and storage temperature, 
are essential to maintain the quality of the fresh-cut vegetable. 

The use of edible coatings, which are made from natural materials such as poly-
saccharides, proteins and lipids, emulsifying additives, surfactants, plasticizers, and 
antimicrobial agents [8] has increased, becoming a healthy alternative and adding 
value to the final product. Edible coating is a thin layer that adheres to the fruit 
completely covering it [9], benefiting physicochemical, sensory, and microbiological 
properties in vegetables [10]. Aloe vera mucilage, known in Colombia as aloe vera, is 
being used as a coating for cut vegetables, providing them with an added nutritional 
value defined by minerals, water, vitamins, enzymes, and carbohydrates beneficial 
to human health [11].
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Aloe vera has been used as a base for edible coatings on table grapes, strawberry, 
pineapple, kiwi, mango, apple [10]. This research aimed to evaluate the effect of aloe 
vera-based edible coating applied on fresh-cut `Golden´ pineapple on quality para-
meters maintain in refrigerated storage. 

MATERIALS AND METHODS

Location and Raw Material

Ten kg of pineapple (ananas comosus) `Golden´ variety obtained from producers in 
Valle del Cauca were used. The fruits were selected and classified according to size 
and maturity grade 3 (15 °Brix), according to the color scale for fresh pineapple fruit 
registered in the NTC 729-1 standard [12]. The whole fruits, after minimal proces-
sing, were kept refrigerated at 5°C for 12 h. 

Minimal Pineapple Processing

The whole pineapple was subjected to immersion in potable water, and then in a 
water solution with sodium hypochlorite at 100 ppm and pH 7 for 10 min [13], then 
rinsed with potable water. The crown, peel, and core were removed from the whole 
fruit with a stainless-steel die, and, finally, whole slices of 70 mm of diameter and the 
12 mm of height were obtained. This type of cut was defined in preliminary trials.

The fruit slices were sanitized in a water and sodium hypochlorite solution at 20 ppm 
for 2 min [14], and excess moisture was removed in a centrifuge (Kohinoor, A655, Ar-
gentina) for 15 s at 1800 rpm. The fruit slices were immersed in a calcium chloride 
solution with 1.5% (w/w), citric acid 1.5% (w/w), and ascorbic acid 1.5% (w/w) during 
3 min, and left to drain for 2 min on absorbent paper [15].

Coating Materials

The coating was made with aloe vera gel and canola vegetable oil purchased in the 
local market. Food grade glycerol was used as plasticizer purchased from Essential 
Depot® in the USA, food grade polysorbate 20 as surfactant from Sigma-Aldrich® of 
Germany and distilled water.

Preparation of the Edible Coating

The edible coating was prepared with the following components: 50% (w/w) aloe 
vera gel (g aloe vera/100 g solution), glycerol 1,75% (w/w), polysorbate 20 0.01% 
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(w/w), canola vegetable oil 0.7% (w/w), and completed to 100% with distilled water. 
This solution was heated to 85°C during 5 min and cooled to 25°C, then homogenized 
at 16.000 rpm for 4 min in an Ultra-Turrax® (IKA, Germany). Glycerol previously dis-
solved in distilled water at 50°C, polysorbate 20, and canola vegetable oil previously 
dissolved in distilled water at 35°C were added, this solution was stirred for 5 min at 
16,000 rpm, and left to cool at 20°C. Then, the fruit pieces were immersed.

Application of the Edible Coating

5,000 g of edible coating solution were prepared. Pineapple in whole slices were im-
mersed in the coating solution (1,28 g per piece of fruit) for 30 seconds and dried at 
room temperature (approximately 25 °C) for 5 min. Pineapple in whole slices were 
kept without coating application (control treatment).

150g of fresh-cut pineapple were vacuum packed in low density polyethylene bags 
of 70 μm caliber, O2 permeability of 39 cm3.m-2.day-1 and CO2 permeability of 107 
cm3.m-2.day-1 with each container being the experimental unit. This container was 
used according to the recommendation made by Dussán-Sarria; Reyes-Calvache and 
Hleap-Zapata [14]. Quality parameters were evaluated in triplicate during days 0, 3, 
6, 6, 9, 9, 12 and 15 of cool storage at 5 ± 1°C and 85 ± 3% RH [16].

Physicochemical Parameters

The pH was determined according to Colombian technical standard NTC 4592 [17], 
using a SPER SCIENTIFIC 850 digital pH meter (USA). The percentage of titratable aci-
dity (TA) was determined according to NTC 4623 [17] expressed on the basis of citric 
acid. The soluble solids content in °Brix (SS) was determined according to NTC 4624 
[17] using a SPER SCIENTIFIC 300053 (USA) digital refractometer and the maturity 
index (MI) was determined using equation 1.

	 maturity index = SS
% acidity ∗ 100    Ec. (1) 

 

 	 Ec. (1)

Firmness

The EZTEST-S texturometer with a 500 N load cell (Shimadzu Corporation, Japan) 
and TRAPEZIUM X software version 1.1.3 were used. A 3 mm diameter punch and a 
deformation rate of 10 mm/s with a maximum depth of 5 mm were used in the pene-
tration test. The load was applied in a direction perpendicular to the surface of the 
pineapple in whole slices [13]. The values were expressed in Newton (N).
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Percentage of Exuded Liquid (Le)

It was calculated as the percentage of the weight of liquid exuded by the pineapple 
(We) inside the container in relation to the initial weight (Wi) of the pineapple at the 
beginning of storage, through equation 2.

	 Le = We
𝑊𝑊𝑊𝑊 ∗ 100 

 

	 Ec. (2)

Color

A colorimeter (Konica Minolta CR410, Japan) with 2° viewing angle and D65 illumi-
nant was used to determine the color of the pineapple slices. The  colorimeter was 
calibrated with the standard white reflector plate (Y=89,5, x=0,3176, y=0,3347) and 
the value of the coordinates L* indicating brightness, the a* color value indicated the 
variation from green to red, and b * variation from blue to yellow were measured 
and the ∆E (total color difference) was calculated.

	 ∆E = √(∆L∗)2 + (∆a∗)2 + (∆b∗)2      	 Ec. (3)

To determine the total color difference in each refrigerated storage period, the color 
values at the beginning of storage were taken as a reference.

Sensory Evaluation

The sensory attributes aroma, flavor, and general appearance of pineapple in whole 
slices were considered. The panel was conducted with 50 untrained panelists, men 
and women between the ages of 20 and 60 years old, all from the university commu-
nity, and a 5-point affective hedonic scale was used to define the degree of satisfac-
tion where: 5 (I like very much), 4 (I like), 3 (I like nor dislike), 2 (I dislike), 1 (I dislike 
very much) [18]. Results with scores equal to or higher than 3 were considered as 
product acceptance. The values of the sensory evaluation were the main reference 
considered to define the shelf life of the food.

Microbiological Analysis

The count of molds and yeasts, expressed in CFU/g (colony forming units per gram) 
was performed according to ISO 21527-2 [19], using DG18 agar as culture medium. 
Aerobic mesophilic count in CFU/g was performed according to the AOAC 966.23 [20] 
method using Palcam agar as culture medium. Total coliforms and fecal coliforms 
expressed in MPN/g (most probable number per gram) were determined according to 
the ISO method 4832 [21] using Red Bile Violet lactose agar as culture medium. 
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Statistical Analysis

Two treatments consisting of coated pineapple in whole slices (CR) and uncoated 
pineapple in whole slices (Control) were evaluated. A simple completely randomized 
experimental design was considered, descriptive statistics were performed, via the 
ANOVA (analysis of variance) and comparison of means and Duncan’s multiple range 
test (p<0,05). The statistical software SAS® version 9.1 (USA) was used.

RESULTS AND DISCUSSION

Physicochemical Parameters

The pH values remained constant during the refrigerated storage period in all treat-
ments and exhibited significant statistical differences (p<0.05) between the coated 
pineapple and the control pineapple (Figure 1), being that, on day 15 of storage, the 
pH values were 3.85 and 4.01, respectively. The variation of one decimal in the pH 
scale represents a significant concentration of hydrogenions (H+) in a solution be-
cause it is a logarithmic scale measurement. The pH values below 4.5 provide stabili-
ty to the fresh-cut pineapple, from the point of view of safety [22]. Similar pH values 
were obtained by Mantilla et al. [4]

Source: own elaboration.

Fi g u r e 1: Evolution of pH values of fresh-cut pineapple 
with edible coating (CR) and without edible coating 

(Control) in storage at 5 ± 1°C and 85 ± 3% RH 
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The AT did not present significant statistical differences (p<0.05) between the coated 
pineapple and the control pineapple (Figure 2) at the end of storage (day 15), conside-
ring both treatments, TA values are around 0.32% ± 0.1, values similar to those found by 
Treviño-Garza et al. [3]. Normally, pineapple during refrigerated storage tends to decrease 
its organic acid and sugar contents due to the senescence process [23].

Source: own elaboration.

Fi g u r e 2: Evolution of titratable acidity values of fresh-
cut pineapple with edible coating (CR) and without edible 

coating (Control) in storage at 5 ± 1°C and 85 ± 3% RH

The soluble solids content of CR and control pineapple cuts maintained constant and 
statistically equal values during refrigerated storage (p<0.05) (Figure 3). On day 15 of 
storage, the control and CR pineapple presented equal soluble solids content values 
of 13.67 ± 0.02 Brix.

The edible coating added to the vacuum packaging affected the pH values and had 
no effect on the soluble solids and the titratable acidity values of the fresh-cut pinea-
pple. The aforementioned confirms that, normally, in non-climacteric fruits such as 
pineapple, biochemical changes derived from the ripening process do not occur with 
little incidence on the fruits [16]. Similar results caused by the modified atmosphe-
re were also reported by Dussán-Sarria; Reyes-Calvache and Hleap-Zapata and Pan, 
Zhu and Li [14]. The incidence of the aloe vera coating in the lower pH values found 
compared to the control pineapple slices is highlighted. The pH is undoubtedly, to-
gether with water activity, the two main stability factors of a food [21].
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Source: own elaboration.

Fi g u r e 3: Evolution of soluble solids content of fresh-
cut pineapple with edible coating (CR) and without edible 

coating (Control) in storage at 5 ± 1°C and 85 ± 3% RH

Percentage of Exuded Liquid

To the end of storage, despite the fact that the loss of exuded liquid of the CR pinea-
pple was lower than that of the Control pineapple, there was no statistical differen-
ce (p<0,05) between the values of liquid accumulated up to day 15 of storage, being 
8,53 ± 0,32 % and 9,29 ± 0,34 %, respectively. The edible coating used on the cut fruit, 
in synergy with vacuum packaging, helped to reduce this liquid loss. Benitez et al. 
[23] also found a high loss of exuded liquid in fresh-cut pineapple coated with chito-
san, packaged in modified atmosphere, and refrigerated.

Firmness

Figure 4 shows the decreasing behavior of fruit firmness values during the refri-
gerated storage period. The CR pineapple presented on day 15 of storage, a higher 
firmness value than the control pineapple (p<0,05), 3.97 ± 0,54 N and 3,12 ± 0,36 N, 
respectively. 

The higher firmness value in the coated pineapple during refrigerated storage is due 
to the fact that the aloe vera gel has textural properties, maintaining the firmness of 
the fruit, and, at the same time, creating a physical barrier to gases and humidity of 
the medium preventing the softening of the tissues, which slows ripening and senes-
cence [23]. Likewise, this slowing of the ripening metabolism created by the edible 
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coating prevents the action of enzymes such as polygalacturonase, ß-galactosidase, 
and pectinmethyl esterase responsible for the softening of plant tissues [16], as it also 
had incidence in the higher values of firmness, the previous application of calcium 
chloride to the fruit pieces. 

According to Djioua et al. [13], the softening of vegetal tissues is one of the principal 
problems than limiting the shelf life of fresh-cut fruits, and firmness is a key factor 
influencing consumer acceptability.

Source: own elaboration.

Fi g u r e 4: Evolution of firmness values of fresh-cut pineapple 
with edible coating (CR) and without edible coating 

(Control) in storage at 5 ± 1°C and 85±3% RH

Color

Figure 5 shows the behavior of the values of the total color difference (∆E) for the 
two treatments during storage, not observing a significant statistical difference of 
∆E between the two treatments (p<0,05). On day 15 of refrigerated storage, CR pine-
apple and control pineapple exhibited values of 6.73 ± 0.3 and 7.13 ± 0.4, respectively, 
considering as reference the color at the beginning of storage, i.e., on day 0. The 
application of organic acids as antioxidants in control and CR pineapple, and va-
cuum storage slowed down the oxidative processes of phenolic compounds that cau-
se fruit browning [13]. Similarly, the loss of brightness of cut pineapple, indicating 
greater total color difference ∆E, may be indicative of better consumer acceptance 
because it is associated with better flavor and succulence [4].
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Source: own elaboration.

Fi g u r e 5: Evolution of total color difference values (∆E) in fresh-
cut pineapple with edible coating (CR) and without edible coating 

(Control) vacuum packed in storage at 5 ± 1°C and 85 ± 3% RH

Microbiological Evaluation

The results of microbiological evaluation of pineapple in whole slices on day 15 of re-
frigerated storage are shown in Table. Pineapple with edible coating presented lower 
values in aerobic mesophilic and yeast counts compared to pineapple without edible 
coating (p<0.05). The other microbiological analyses showed the same values with 
no significant statistical difference.

These results suggest that the edible coating has antimicrobial activity due to some 
components present in aloe vera such as anthraquinones, saponins, and aceman-
nans; also probably due to the microbial inhibitory effect of the organic acids used 
as antioxidants, i.e., by the application of citric acid and ascorbic acid [24].

Ta b l e: Mi c ro b i o l o g i c a l results on fresh-cut pineapple vacuum packaging 
and stored at 5 ± 1°C and 85 ± 3% RH on day 15 of refrigerated storage. 

CFU: Colony Forming Units. MPN: Most Probable Number

Aerobic Mesophiles 
(CFU/g)

Molds 
(CFU/g)

Yeast 
(CFU/g)

Coliforms Totals 
(MPN/g)

Coliforms Fecal
 45°C (MPN/g)

Control 2500a <10 2500a <3 <3

CR 1200b <10 700b <3 <3

Source: own elaboration.
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All values of microorganism counts were within the tolerable ranges for food safety 
for human consumption according to the Colombian Standard Resolution 3929 [25], 
suggesting that good manufacturing practices were effectively followed. 

Sensory Evaluation

The sensory attributes of characteristic aroma and characteristic flavor in the con-
trol pineapple presented sensory scores below 3 from day 9 of storage. The CR pine-
apple on the day 15 of storage presented sensory notes of flavor and aroma equal to 3, 
and the general appearance was positive with a stately note of 4 on day 15 (Figure 6).

The sensory appreciation of fresh-cut pineapple based on the coloration of the pro-
duct is subjective, as some consumers prefer to consume pineapple with a dark ye-
llow color because they associate it with greater sweetness. Quintero et al. [26] sta-
te that an untrained panelist makes a spontaneous judgment of what he/she feels 
towards a finished product, expressing the perceived quality and subsequently its 
intensity. 

Source: own elaboration.

Fi g u r e 6: Evolution of overall appearance score values of fresh-
cut pineapple with edible coating (CR) and without edible coating 

(Control) vacuum packed in storage at 5 ± 1°C and 85 ± 3% RH

According to Restrepo-Fernández [27], edible coatings based on aloe vera decrease 
fruit deterioration, enzymatic activity, and respiration, avoiding unpleasant flavors 
and aromas. Considering the evaluated sensory attributes, the results limit the qua-
lity of cut pineapple in whole slices in general for consumption up to day 15.
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CONCLUSIONS

The edible coating based in aloe vera presented a positive impact on pH values, 
firmness values, sensory, and microbiological attributes in fresh-cut `Golden´ pi-
neapples. The fresh-cut pineapple in whole slices, coated with an aloe vera-based 
solution and vacuum packed, retains its quality attributes up to day 15 of storage at 
5 ± 1°C and 85 ± 3% RH.
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