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Food Technology/ Original Article

Packagings for the transportation
of persimmon and their effects
on sensory characteristics

Abstract — The objective of this work was to evaluate the effect of different
packagings for the transportation of the Rama Forte persimmon (Diospyros
kaki) cultivar on the sensory characteristics and consumer acceptance of the
product during storage. Three types of packagings were evaluated: wooden crate;
cardboard boxes; and a new packaging made of recycled polyethylene thermos-
injected structure with 10% fodder fiber associated with a polypropylene tray,
thermoformed in the exclusive design for persimmon. Check-all-that-apply
(Cata) questions were used for the sensory characterization of fruits, revealing
differences among samples throughout storage time regarding persimmon
sensory attributes and consumer preference. Consumer acceptance of fruits
from the wooden crate and cardboard box decreased from the first and fifth day
onwards, respectively, as storage time progressed, differing from those from the
new packaging, whose appearance was liked up to the ninth day. Persimmon
transported in the new packaging showed superior quality throughout shelf
life. The new packaging, with an appropriate design, maintains the sensory
characteristics of persimmon for a longer time than the other studied packagings.

Index terms: Diospyros kaki, acceptance, check-all-that-apply questions,
packaging, postharvest.

Embalagens para o transporte de caqui e
seus efeitos em caracteristicas sensoriais

Resumo — O objetivo deste trabalho foi avaliar o efeito de diferentes embalagens
utilizadas no transporte da cultivar Rama Forte de caqui (Diospyros kaki) sobre
as caracteristicas sensoriais ¢ a aceitagdo do consumidor do produto durante
seu armazenamento. Foram avaliados trés tipos de embalagem: caixa de
madeira tipo K; caixa de papeldo ondulado; e nova op¢ao de embalagem feita
de polietileno reciclado com 10% de fibra de bucha e bandeja de polipropileno,
modulada no formato exclusivo para frutos de caqui. As perguntas “check-all-
that-apply” (Cata) foram usadas para caracterizacdo sensorial dos frutos, tendo
revelado diferencas entre as amostras ao longo do tempo de armazenamento
quanto aos atributos sensoriais do caqui e a preferéncia do consumidor. A
aceitagdo do consumidor dos frutos das caixas de madeira e de papeldo
diminuiu a partir do primeiro e do quinto dia, respectivamente, com o aumento
do tempo de armazenamento, tendo diferido da dos frutos da nova embalagem,
cuja apparéncia foi aceita até o nono dia. A qualidade dos caquis transportados
na nova embalagem foi superior ao longo da vida 1til. A nova embalagem,
com design apropriado, mantém as caracteristicas sensoriais do caqui por mais
tempo do que as outras embalagens estudadas.

Termos para indexacdo: Diospyros kaki, aceitacdo, check-all-that-apply
questions, embalagens, pos-colheita.
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Introduction

Persimmon (Diospyros kaki L.) belongs to the
Ebenaceae family and is a tree native to Asia, closely
associated with China and Japan. In Brazil, it is an
economically important crop, with a production of
192.327 thousand tons of fruit in 2013 (IBGE, 2015).

The fruit, besides its pleasant taste and attractive
appearance, also has nutritional quality and is a good
source of fibers, carbohydrates, vitamins, and minerals,
characteristics that make it well accepted by the
consumer market (Elias et al., 2008). However, being
climacteric, persimmon is characterized by increasing
CO, and ethylene production rates as it matures, which
makes it more perishable and with a relatively short
shelf life of 15-30 days under refrigeration (Chitarra
& Chitarra, 2005; Pinto, 2010).

The poor postharvest quality of fruits is partly due
to inadequate packaging, which does not follow the
requirements regarding handling, protection against
damages or contamination, and adequate distribution
of the product (Pathare & Opara, 2014; Alves et al.,
2015). Considering the demand for high quality fruits
increases every year (Francilino et al., (2014), one
of the main challenges, in the Brazilian agricultural
sector, is reducing postharvest losses (Chitravathi et al.,
2015). An alternative is the application of appropriate
technologies to prevent the deterioration of fresh fruit
and vegetables after harvest (Singh et al., 2014), which
affects consumer preference.

Therefore, consumer attitudes when buying fruits
have been continually investigated in order to better
understand the attributes taken into account when
choosing a product (Pinheiro et al., 2011). Wei et al.
(2003) and Mascarenhas et al. (2010), while studying
2 domestic and 13 imported mandarins and 4 grape
cultivars, respectively, concluded that appearance,
flavor, and texture are the most important intrinsic
fruit attributes for the consumer. Similarly, Harker et
al. (2008) observed that poor quality apples may have
reduced their demand, decreasing sales. Good external
characteristics, therefore, affect product differentiation
and are key in the purchasing decision of consumers
(Chitarra & Chitarra, 2005).

In this context, it is essential to increase fruit shelf
life by developing packaging from materials that
keep them properly, as shown by the results obtained
by Peters-Texeira & Badrie (2005). For this purpose,
a recycled polyethylene thermo-injected structure
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was developed and patented; it has 10% fodder fiber
associated with a polypropylene tray, thermoformed
in the exclusive design for persimmon fruit, in order
to reduce losses during transportation and handling,
aiming to keep the quality and consequent added value
of the product. Moreover, this innovative design allows
using recycled polymers and vegetable fibers with
an ecological appeal, compared with the traditional
wooden crate and cardboard boxes. However, its
effect on fruit sensory characteristics still needs to be
investigated considering the consumers’ point of view.

The objective of this work was to evaluate the
effect of different packagings for the transportation
of the Rama Forte persimmon cultivar on the sensory
characteristics and consumer acceptance of the product
during storage.

Materials and Methods

Fruits from the persimmon cultivar Rama forte were
harvested in 2013 from a commercial farm located in
the municipality of Nova Friburgo, in the state of Rio
de Janeiro, Brazil; after harvesting, their astringency
was removed using the calcium carbide process,
adopted at the farm. At the packaging house, the fruits
were selected and standardized according to size, from
small to medium; maturity, indicated by a reddish-
orange color; and absence of injuries, including cuts,
crushing, and rottenness. A total of 726 fruits were
stored in three different packagings (Figure 1): wooden
box (control), cardboard box, and new packaging.

The wooden box, with a 20-kg capacity and
dimensions of 49.5x32 ¢cm width x 19 cm height, was
made of white pine material; in it, approximately 90
fruits were distributed in five layers wrapped with
newspaper. The cardboard box, made of corrugated
paperboard, had a 6.0-kg capacity and dimensions of
47x25 cm width x 24 cm height; in it, approximately
36 fruits were distributed in two layers, divided by a
paperboard sheet. The new packaging was designed
for a 3.0-kg capacity and was made of a recycled
polyethylene thermos-injected structure with 10%
fodder fiber associated with a polypropylene tray,
thermoformed in the exclusive format for persimmon
fruit; each tray had 18 fruits. The packagings were
transported under 22°C, in a minivan, on a well-
conserved roadway, to the laboratory of postharvest
physiology at Embrapa Agroindustria de Alimentos, at
a distance of 130 km from the farm. The fruits were
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kept in the packagings for 24 hours and placed on a
stainless steel countertop on the following day, at an
average temperature of 18°C and a relative humidity
of 70% for 15 days. The study was approved by the
human research ethics committee (N° 868.547) of
Universidade Federal do Rio de Janeiro.

Employees and trainees of Embrapa Agroindustria
de Alimentos, who liked and consumed persimmon
and were interested in participating in the study, were
invited to evaluate the fruit, as consumers. Sixty
participants (47% men and 53% women), whose ages
ranged from 20 to 65 years, took part in every test,
performed in sensory booths under white lighting and
air conditioning,.

The survey format check-all-that-apply (Cata)
questions was used for product sensory characterization
by consumers. This methodology has been widely
adopted in several studies to gather information about
consumer perception of specific products, such as
chocolate milk desserts and cherry tomato cultivars
produced under Brazilian organic farming conditions
(Ares et al., 2010; Rocha et al., 2013); the effect of the
order of the listed attributes has also been assessed
(Ares et al., 2015).

A preliminary study was carried out with a panel of
15 selected and trained assessors, who were presented
to 'Rama Forte' persimmon fruits with different
characteristics in terms of appearance, aroma, flavor
and texture, and then were asked to select the attributes

Wooden box - WB

Cardboard - CB

and terms that best described each sample (Ares &
Jaeger, 2015). To facilitate the characterization of
the samples, the Cata list was composed of 37 terms:
orange color, red color, uniform peel color, good
appearance, bad appearance, big, small, bright peel,
dull peel, black spots, unripe, ripe, stale appearance,
shriveled, injured, characteristic aroma, sweet aroma,
stale aroma, fermented aroma, unripe aroma, bad
flavor, delicious, characteristic flavor, stale taste,
fermented flavor, astringent, very astringent, sweet
taste, bitter taste, firm texture, soft texture, very soft
texture, firm peel, peel loose while chewing, gelatinous
pulp, crumbly, and sandy texture.

For data collection, the participants were asked to
express how much they liked the appearance of the
fruits, using a 9-point hedonic scale, ranging from:
1, extremely disliked, to 9, extremely liked. They
also answered the Cata questions, which comprised
the 37 terms presented in the preliminary study, by
marking all terms considered appropriate to describe
the evaluated sample. This was done in two stages: at
the beginning of the study, the assessors were only
asked to check the appearance attributes (15 terms);
and, then, when the fruits were ripe and appropriate
for consumption (reduced astringency and firmness,
and yellow-orange color changed to reddish), they
were asked to taste the fruits and to describe how
much they liked them by answering all the Cata
questions.

New packaging - NP

Figure 1. Packagings for the transportation of persimmon (Diospyros kaki) fruits used in the study: wooden box (A),

cardboard box (B), and new packaging (C).
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For the evaluation of appearance, batches of
six fruits from each of the three packagings were
prepared and used throughout the study. For tasting,
fruits were selected at random, sanitized, cut into four
pieces of the same size, and served on white dishes
coded with three-digit numbers. The samples were
monadically presented following a balanced design,
and mineral water at room temperature was supplied
to the participants. Data were collected on the first day
of storage and then every two days, totalizing seven
collections up to the fifteenth day of storage.

The frequency of each term of the Cata questions
was determined by counting the number of evaluators
who used it to describe persimmon, obtaining a
frequency table. Cochran’s Q-test was applied to each
of the terms, considering sample and evaluators as a
source of variation, in order to assess whether there
were differences in the perception of persimmon
during storage.

The multiple factors analysis (MFA) was used in
the frequency table of the Cata responses, considering
the preference data as a supplementary variable; this
analysis was performed according to Danzart et al.
(2004). The analysis of variance was carried out for
liking scores for appearance and flavor, considering
sample and consumer as a source of variation. To
determine differences between treatments, Tukey’s
test, at 5% probability, was adopted. The regression
analysis was used to investigate packaging effect
on consumer acceptance (likes and dislikes) during
storage.

Results and Discussion

The average liking scores of the evaluated samples,
according to the 9-point hedonic scale, taking into
account the different packaging materials and times of
storage, are shown in Figure 2.

For fruits from the wooden box (WB), the average
scores followed a linear model (Figure 2 A), i.e.,
consumer liking decreased as storage time progressed.
On the first day of storage, the fruits received a low
mean score of 5, indicating “not liked nor disliked”.
The fruits from the cardboard box (CB) and the new
packaging (NP) showed quadratic adjustments model.
Participants “slightly liked” the fruit packed in the
CB up to the fifth day of storage, but, from that day
onwards, the average scores decreased. However, the
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fruits packed in the NP had the highest average score
of 6.6 for liking of appearance (Figure 2 A) on the
first evaluation day, reaching 7.7 on the seventh day
of storage, showing that the appearance of these fruits
was greatly appreciated. The fruits transported in this
packaging were liked up to the ninth day, when the
average score was 7.1, which only dropped to 4.1 on the
thirteenth day of storage. These results are indicative
that consumers associate better quality to fruits
with a lower amount of injuries, which leads to their
greater acceptance, as previously reported by Anwar
et al (2008) and Maia et al. (2008), who found that

Vo = -0.065x + 0.688x + 5.989 R>=0.96*
Ve =-0.047x> +0.313x + 5432 R>=0.96*

9 1 Ywe =-0.360x +5.784 R>=0.91*
i TV A .
74" A
k “aae
- —— el

Average liking scores for appearance
L

Y =-0.072x" +0.978x + 4.484 R?=0.86*
i Y e =0.059%" +0.363x + 6213  R?=0.89*
Yz =-0.392x + 6.245 R2=0.76*

PR S — A...

[ Tt L PN
-

Average liking scores for aftertaste

7
Storage (days)

@ Wooden box ® Cardboard box A New packaging

Figure 2. Average liking scores given by consumers for the
appearance (A) and aftertaste (B) of persimmon (Diospyros
kaki) fruits transported in different packagings and stored
for 15 days at an average temperature of 18°C and a relative
humidity of 70%. WB, wooden box; CB, cardboard box;
and NP, new packaging.
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injury problems in fruits due to inadequate packaging
reduced their commercial value.

The average liking scores for aroma, flavor, and
texture are presented in Figure 2 B. The curves obtained
for the individual packagings showed similar trends
regarding liking of appearance (Figure 2 A), i.e., on
average, consumers only liked the fruits transported
in the WB on the third day of storage, disliking them
after that time and extremely disliking them on the
eleventh day of storage. The mean liking scores for
persimmon in the CB also decreased over storage
time, reaching an average “disliked” score of 4.3 from
the ninth day onwards. On the first evaluation day,
the participants of the sensorial analysis described the
fruits from the NP as astringent because they were still
unripe, which explains the average score of 4.9. The
lower average liking of fruits from the NP and WB
in the first evaluation (Figure 2 B) can be attributed
to their astringency, according to the participants;
to a lesser extent, this also applies to fruits from the
CB. However, with maturity, the appreciation for the
fruits transported in the NP increased, despite starting
to decline after the ninth day of storage. Therefore,
the NP kept the desirable sensory characteristics
of persimmons compared with the WCr and CB,
contributing to a greater consumer liking of the fruits
during an extended period.

Mohammadi et al. (2015) found that sensory
quality was associated with the degree of maturity
of persimmon fruits, as verified in the present study.
In addition, Chitarra & Chitarra (2005) reported
increased acceptance of ripe fruits, because, in this
stage, their color, odor, flavor, and texture changes,
making them suitable for consumption. Senescence
comes after, predominantly degrading the fruits, a
normal and irreversible process that results in tissue
death and contributes to consumer rejection.

The terms related to sensory characteristics and the
frequency in which they were checked by the consumers
to describe the fruits are presented in Table 1 until the
thirteenth day of storage; only data from this period
were shown because the fruits from the WB and CB
were considered inappropriate for consumption in the
last evaluation, i.e., at 15 days of storage. Considering
the 15 terms related to appearance, differences
(p<0.05) were observed regarding the frequency in
which the attributes were selected at all storage times.
It should be noted that the terms “good appearance”,

“bad appearance”, “stale appearance”, “injured”,
and “uniform peel color” differed significantly in all
evaluated times, suggesting that assessors were able
to detect differences in fruit appearance according to
the packaging used for transportation. Furthermore,
the significant differences for the terms “bright peel”,
“dull peel”, “black spots”, and “shriveled”, in the six
evaluation times, suggest that these attributes were
useful to distinguish persimmons. In contrast, the terms
“fermented aroma”, “unripe aroma”, “bad flavor”,
“astringent”, “bitter taste”, “fermented flavor”, and
“sandy texture” did not differ significantly, suggesting
that differences regarding persimmon appearance
were more perceived by consumers than aroma, flavor,
and texture.

Besides the type of packaging, storage period also
affected how consumers evaluated the fruits. The
greatest difference was verified on the ninth day of
storage, when the frequency count of 24 out of the
37 Cata terms differed among samples (p<0.05). It
should be pointed out that, in practice, the fruits would
already have been discarded, since their appearance is
crucial at the time of purchase, because the consumer
associates flavor with visual characteristics (Dutcosky,
2013).

The first and the second dimensions of the MFA
carried out for appearance data, using terms 1 to 15
(Table 1), accounted for 87.84% of variance, i.e., F1 for
71.25% and F2 for 16.59% (Figure 3).

The first dimension was positively correlated with
the terms “good appearance”, “uniform peel color”,
“big”, and “bright peel”, as well as negatively correlated
with “dull peel”, “shriveled”, “black spots”, “small”,
and “stale appearance”. It should be mentioned that
these terms were observed in fruits on the seventh and
ninth days of storage for the WB, on the ninth day for
the CB, and only on the eleventh and thirteenth days for
the NP, confirming the superiority of this innovative
packaging for persimmon transportation, compared
with the conventional WB and CB. This result can be
explained by the fact that physical damage, as wounds
on tissues, for example, accelerates ripening due to
the increase in fruit respiratory activity and ethylene
production, reducing its quality, first in the WB and
then in the CB.

Regarding ripeness and fruit maturity, the second
dimension was positively correlated with the terms
“ripe” and “red color”, and negatively with “unripe”
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and “orange color”. The representations in the first two
MFA dimensions for appearance terms during storage
are shown in Figure 3 B; the numbers after each
type of packaging represent the storage day, i.e., new
packaging refers to persimmon fruits transported in
the NP on the first day of storage. Only fruit samples
from the NP and the CB, particularly from the former,
were described as having “good appearance”, “uniform
peel color”, and “bright peel” on the fifth and seventh
days of storage, when participants liked fruits very
much and the highest averages for preference were
observed. The fruits from the NP maintained a good

1.0
Red color
0.57 T Good appearace
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o Dull pell + Uniform peel
S Shrslzlelled color
ale appearance .
% ® Blac l;pots ! . ,  Bright peel
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Figure 3. Multiple factor analysis performed for the
terms related to the appearance of persimmon (Diospyros
kaki) fruits in the check-all-that-apply (Cata) questions,
considering consumer preference as a supplementary
variable, representing the terms of the Cata questions (A)
and the samples at the different storage times (B). The
number following each type of package refers to days of
storage. WB, wooden box; CB, cardboard box; and NP, new
packaging.

appearance for a longer period of time mainly due
to the design of the packaging, whose thermoformed
trays and exclusive shape kept the quality of the
product, avoiding the mechanical damage caused by
the traditional packaging. This result was also reported
by Fadiji et al. (2016) for 'Golden Delicious' apples
(Malus x domestica Borkh.); the authors concluded
that packaging design had a significant effect on fruit
injuries, reinforcing the importance of appropriate
packaging at the different stages of distribution, in
order to ensure that the product arrives with quality to
the consumer.

The second dimension was negatively correlated
with the terms “bad appearance” and “injured” for
fruits from the WB and CB at the end of the study.
The absence of these two terms to describe fruits
from the NP is noteworthy, suggesting its superiority
to maintain fruit integrity, which enabled longer shelf
life. Investigating the types and intensity of mechanical
damage after the harvest of 'Prata-Ana' (Musa spp.)
banana packaged in cardboard box, wooden crate, and
plastic box, in different stages of the marketing chain,
Maia et al. (2008) also found that the wooden crate
promoted greater damage to the fruit.

Regarding the attributes aroma, texture and flavor,
the first and second MFA dimensions accounted for
69.66% of the variance of the data — F1 for 41.24% and
F2 for 28.42% (Figure 4). Ares et al. (2010) reported
that the first two dimensions of the MFA for chocolate
milk desserts explained 57% of the variance of the
experimental data. However, Henrique et al. (2015)
found a higher sum for the first two dimensions
(86.1%) while assessing cooked ham. These variations
seem to be related to the product and to the consumer
panel. In the present study, the first dimension was
positively correlated mainly with ‘“characteristic
aroma”, “characteristic flavor”, “taste”, “sweet taste”,
“sweet aroma”, “delicious”, “fermented flavor”, “sandy
texture”, “soft texture”, “gelatinous pulp”, “peel loose
while chewing”, and “crumbly”. These characteristics
were perceived on the fifth and seventh days of storage
for fruits from the WB, and on the seventh and ninth
days for those from the CB and the NP. These internal
characteristics indicated that ripening occurred at
different times, as was the case for fruits from the WCr,
which ripened before those from the other packagings.
However, different results were reported by Castro et
al. (2001), who found no differences (p>0.05) for the
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soluble solids/titratable acidity ratio (one of the most
used parameters for flavor evaluation) in 'Santa Clara'
tomatoes (Solanum lycopersicum L.) after seven days
of storage in plastic packaging, corrugated cardboard
box, and wooden crate, when the fruit peel was 100%
red.

The second dimension was positively correlated
with the terms “firm texture”, “unripe aroma”,
“astringent”, “very astringent”, “firm peel”, “bitter
taste”, and “bad flavor”, perceived in the fruits from
the three packagings on the first day of storage and
from the NP on the third day. These results were
expected because, during storage, the fruits still had
a high concentration of tannins (Antoniolli et al.,
2000), which explains why consumers marked those
attributes, particularly for the NP, followed by the WB
and the CB. The second dimension was negatively
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Figure 4. Multiple factor analysis performed for the terms
characterizing aroma, texture, and flavor in the check-all-
that-apply (Cata) questions, representing the terms of the
Cata questions (A) and the samples at the different storage
times (B). The number after each type of package refers to
days of storage. WB, wooden box; CB, cardboard box; and
NP, new packaging.
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texture”, and “crumbly”, which were perceived in the
last evaluations for fruits from the NP and on the ninth
day for those from the CB.

The superiority of the NP for persimmon
transportation over the traditional CB and WB
favored fruit integrity, allowing longer shelf life and
greater acceptance by the consumer. The external
characteristics of the fruit differentiated the products
during storage, confirming that good quality might
favor consumer purchase decision, as shriveled and
smashed fruits, as well as those with uncharacteristic
color and unpleasant appearance, are left on the grocery
store shelves (Chitarra & Chitarra, 2005; Kasat et al.,
2007). Souza et al. (2008) referred to appearance as the
most important aspect when buying fruits. In addition,
Echeverria et al. (2015) reported the importance of
the aroma and flavor of peaches [Prunus persica (L.)
Batsch] and nectarines (P. persica var. nucipersica) for
consumer acceptance.

The mechanical injuries resulting from inadequate
manipulation conditions in the field or during
processing steps, storage, and commercialization are
considered the main causes of fruit quality reduction, as
reported for papaya (Carica papaya L..) by Godoy et al.
(2010) and Figueiredo Neto et al., (2013) and for mango
(Mangifera indica L.) by Sivakumar et al. (2011). For
'Valencia' sweet orange [Citrus sinensis (L.) Osbeck],
Miranda et al. (2015) found that mechanical damages
reduced soluble solids, titratable acidity, ascorbic
acid, and fresh mass, confirming the importance of
adequate transportation for product quality.

Conclusions

1. The new packaging, with an exclusive design, is
better than to the wooden and cardboard boxes for the
transportation of Rama Forte persimmon (Diospyros
kaki) fruits, and is able to extend shelf life up to
13 days of storage.

2. The check-all-that-apply questions allow the
identification of differences in consumer perception of
several sensory attributes of persimmon fruits, showing
the superiority of the new package for transportation,
compared with the wooden and cardboard boxes.

3. Regarding fruit quality, the obtained results
indicate that the adoption of the new packaging, on a
commercial scale, would benefit the entire persimmon
chain, from the producer to the consumer.



Packagings for the transportation of persimmon and their effects on sensory 9

Acknowledgments

To Coordenagdo de Aperfeicoamento de Pessoal
de Nivel Superior (Capes), to Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq),
and to Fundagdo de Amparo a Pesquisa do Estado do
Rio de Janeiro (Faperj), for financial support; to Banco
Nacional do Desenvolvimento (BNDES), for funding
the project; to Instituto Nacional de Tecnologia
(INT), for co-responsibility in the development of
the packages; and to Embrapa Agroindustria de
Alimentos and to Instituto de Macromoléculas (IMA)
of Universidade Federal do Rio de Janeiro (UFRJ), for
support.

References

ALVES, M.; ESTEVES, E.; QUINTAS, C. Effect of preservatives
and acidifying agents on the shelf life of packed cracked green
table olives from Maganilha cultivar. Food Packaging and
Shelf Life, v.5, p.32-40, 2015. DOI: https://doi.org/10.1016/j.
fpsl.2015.05.001.

ANTONIOLLI, L.R.; CASTRO, P.R. de C. e; KLUGE, R.A.;
SCARPARE FILHO, J.A. Remoc¢do da adstringéncia de frutos
de caquizeiro 'Giombo' sob diferentes periodos de exposi¢do
ao vapor de alcool etilico. Pesquisa Agropecuaria Brasileira,
v.35, p.2083-2091, 2000. DOI: https://doi.org/10.1590/S0100-
204X2000001000021.

ANWAR, R.; MALIK, A.U.; AMIN, M.; JABBAR, A.; SALEEM,
B.A. Packaging material and ripening methods affect mango fruit
quality. International Journal of Agriculture & Biology, v.10,
p.35-41, 2008.

ARES, G.; JAEGER, S. Check-all-that-apply (CATA) questions
with consumers in practice: experimental considerations
and impact on outcome. In: DELARUE, J.; LAWLOR, J.B;
ROGEAUX, M. (Ed.). Rapid sensory profiling techniques and
related methods: applications in new product development and
consumer research. Sawston: Elsevier, 2015. p.227-245. DOI:
https://doi.org/10.1016/C2013-0-16502-6.

ARES, G.; REIS, F.; OLIVEIRA, D.; ANTUNEZ, L.; VIDAL,
L.; GIMENEZ, A.; CHHEANG, S.L.; HUNTER, D.C.; KAM,
K.; ROIGARD, C.M.; PAISLEY, A.G.; BERESFORD, M.K_;
JIN, D.; JAEGER, S.R. Recommendations for use of balanced
presentation order of terms in CATA questions. Food Quality and
Preference, v.46, p.137-141, 2015. DOI: https://doi.org/10.1016/j.
foodqual.2015.07.012.

ARES, G.; BARREIRO, C.; DELIZA, R.; GIMENEZ, A
GAMBARO, A. Application of a check-all-that-apply question to
the development of chocolate milk desserts. Journal of Sensory
Studies, v.25, p.67-86, 2010. DOI: https://doi.org/10.1111/j.1745-
459X.2010.00290.x.

CASTRO, L.R. de; CORTEZ, L.A.B.; JORGE, J.T. Influéncia
da embalagem no desenvolvimento de injirias mecénicas em

tomates. Food Science and Technology, v.21, p.26-33,2001. DOI:
https://doi.org/10.1590/S0101-20612001000100007.

CHITARRA, M.LF.; CHITARRA, A.B. Pos-colheita de frutas
e hortalicas: fisiologia e manuseio. 2.ed. Lavras: Universidade
Federal de Lavras, 2005. 783p.

CHITRAVATHI, K.; CHAUHAN, O.P.; RAJU, O.S. Influence
of modified atmosphere packaging on shelf-life of green chillies
(Capsicum annuum L.). Food Packaging and Shelf Life, v.4, p.1-
9, 2015. DOI: https://doi.org/10.1016/j.fps1.2015.02.001.

DANZART, M.; SIEFFERMANN, J.-M.; DELARUE, J. New
developments in preference mapping techniques: finding out a
consumer optimal product, its sensory profile and the key sensory
attributes. In: SENSOMETRICS CONFERENCE, 7., 2004,
Davis. Slides. [S.1.]: The Sensometric Society, 2004. Available at:
<http:/www.sensometric.org/conference>. Accessed on: Aug. 24
2017.

DUTCOSKY, S.D. Anailise sensorial de alimentos. 4.ed. rev.
ampl. Curitiba: Champagnat: Pucpress, 2013. 531p.

ECHEVERRIA, G.; CANTIN, C.M.; ORTIZ, A.; LOPEZ, M.L ;
LARA,I;GRAELL,J. Theimpactofmaturity, storage temperature
and storage duration on sensory quality and consumer satisfaction
of 'Big Top®' nectarines. Scientia Horticulturae, v.190, p.179-
186, 2015. DOI: https://doi.org/10.1016/j.scienta.2015.04.022.

ELIAS,N. de F.; BERBERT, P.A.; MOLINA, M.A.B. de; VIANA,
A.P.; DIONELLO, R.G.; QUEIROZ, V.A V. Avaliagdo nutricional
e sensorial de caqui cv Fuyu submetido a desidratacdo osmotica
e secagem por convecgdo. Ciéncia e Tecnologia de Alimentos,
v.28, p.322-328, 2008. DOI: https:/doi.org/10.1590/S0101-
206120080002000009.

FADUI, T., COETZEE, C.; PATHARE, P; OPARA, U.L.
Susceptibility to impact damage of apples inside ventilated
corrugated paperboard packages: effects of package design.
Postharvest Biology and Technology, v.111, p.286-296, 2016.
DOI: https://doi.org/10.1016/j.postharvbio.2015.09.023.

FIGUEIREDO NETO, A.; CARDENAS OLIVIER, N.; ROJAS,
A.B.G.; CASTRO SILVA, J.; PADILHA, C. Avaliagdo pos-
colheita de mamao variedade 'Formosa' submetido a danos
mecanicos e ensaios de compressdo durante o armazenamento.
Revista Ciéncias Técnicas Agropecuarias, v.22, p.5-10, 2013.

FRANCILINO, A.H.; GONDIM, A.R. de O.; SILVA, FF.
da; SILVA, J.L.B. da; SILVA, Y.A. da. Perfil dos consumos
de hortalicas no municipio de Iguatu-CE. Revista Verde de
Agroecologia e Desenvolvimento Sustentavel, v.9, p.120-126,
2014.

GODOY, A.E. de; JACOMINO, A.P.; CERQUEIRA-PEREIRA,
E.C.; GUTIERREZ, A. de S.D.; VIEIRA, C.E.M.; FORATO,
L.A. Injurias mecanicas e seus efeitos na qualidade de mamdes
Golden. Revista Brasileira de Fruticultura, v.32, p.682-691,
2010. DOL: https://doi.org/10.1590/S0100-29452010005000086.

HARKER, FR.; KUPFERMAN, EM.; MARIN, A.B,;
GUNSON, F.A.; TRIGGS, C.M. Eating quality standards for
apples based on consumer preferences. Postharvest Biology and
Technology, v.50, p.70-78, 2008. DOI: https://doi.org/10.1016/j.
postharvbio.2008.03.020.

Pesq. agropec. bras., Brasilia, v.54, 00082, 2019
DOI: 10.1590/S1678-3921.pab2019.v54.00082


http://www.sciencedirect.com/science/journal/22142894
http://www.sciencedirect.com/science/journal/22142894
https://doi.org/10.1016/j.fpsl.2015.05.001
https://doi.org/10.1016/j.fpsl.2015.05.001
C:\Downloads\10.1590\S0100-204X2000001000021
C:\Downloads\10.1590\S0100-204X2000001000021
http://dx.doi.org/10.1016/j.foodqual.2015.07.012
http://dx.doi.org/10.1016/j.foodqual.2015.07.012
http://dx.doi.org/10.1016/j.fpsl.2015.02.001
http://dx.doi.org/10.1016/j.scienta.2015.04.022
http://dx.doi.org/10.1590/S0101-20612008000200009
http://dx.doi.org/10.1590/S0101-20612008000200009
https://doi.org/10.1016/j.postharvbio.2015.09.023
http://dx.doi.org/10.1016/j.postharvbio.2008.03.020
http://dx.doi.org/10.1016/j.postharvbio.2008.03.020

10 M. Martineli et al.

HENRIQUE, N.A.; DELIZA, R.; ROSENTHAL, A. Consumer
sensory characterization of cooked ham using check-all-that-
apply (CATA) methodology. Food Engineering Reviews, v.7,
p.265-273, 2015. DOI https://doi.org/10.1007/s12393-014-9094-7.

IBGE. Instituto Brasileiro de Geografia e Estatistica. Produgéo
Agricola Municipal 2015. Available at: <https://sidra.ibge.gov.
br/Tabela/1613#resultado>. Accessed on: Aug. 24 2017.

KASAT, G.F; MATTIUZ, B.-H; OGASSAVARA, F.O,
BIANCO, M.S.; MORGADO, CM.A.; CUNHA JUNIOR,
L.C. Injurias mecanicas e seus efeitos em péssegos 'Aurora-1'.
Revista Brasileira de Fruticultura, v.29, p.318-322, 2007. DOI:
https://doi.org/10.1590/S0100-29452007000200025.

MAIA, VM. SALOMAO, L.C.C; SIQUEIRA, D.L.;
PUSCHMANN, R.; MOTA FILHO, V.J.G; CECON, PR.
Tipos e intensidade de danos mecéanicos em bananas 'Prata-
And' ao longo da cadeia de comercializagdo. Revista
Brasileira de Fruticultura, v.30, p.365-370, 2008.
DOI: https://doi.org/10.1590/S0100-29452008000200017.

MASCARENHAS, R. de J.; SILVA, S. de M.; LOPES, J.D.; LIMA,
M.A.C. de. Avaliacdo sensorial de uvas de mesa produzidas no
Vale do Sao Francisco e comercializadas em Jodo Pessoa — PB.
Revista Brasileira de Fruticultura, v.32, p.993-1000, 2010.
DOI: https://doi.org/10.1590/S0100-29452011005000012.

MIRANDA, M.; SPRICIGO, P.C.; FERREIRA, M.D. Mechanical
damage during harvest and loading affect orange postharvest
quality. Engenharia Agricola, v.35, p.154-162, 2015. DOI:
https://doi.org/10.1590/1809-4430-Eng.Agric.v35n1p154-162/2015.

MOHAMMADI, V.,; KHEIRALIPOUR, K., GHASEMI-
VARNAMKHASTI, M. Detecting maturity of persimmon fruit
based on image processing technique. Scientia Horticulturae,
v.184, p.123-128, 2015. DOIL:  https://doi.org/10.1016/].
scienta.2014.12.037.

PATHARE, PB.; OPARA, U.L. Structural design of
corrugated boxes for horticultural produce: a review.
Biosystems Engineering, v.125, p.128-140, 2014. DOI:
https://doi.org/10.1016/j.biosystemseng.2014.06.021.

PETERS-TEXEIRA, A.; BADRIE, N. Consumers’ perception of
food packaging in Trinidad, West Indies and its related impact
on food choices. International Journal of Consumer Studies,
v.29, p.508-514, 2005. DOI: https://doi.org/10.1111/j.1470-
6431.2005.00419.x.

PINHEIRO, F. de A.; CARDOSO, W.S. CHAVES, K.,
OLIVEIRA, A.S.B. de; RIOS, S. de A. Perfil de consumidores em
relacdo a qualidade de alimentos e habitos de compras. Unopar
Cientifica. Ciéncias Biologicas e da Saude, v.13, p.95-102, 2011.

PINTO, D.M. Tecnologias de pos-colheita em caqui 'Fuyu'
2010. 163p. Tese (Doutorado) — Universidade Federal de Lavras,
Lavras.

ROCHA, M.C.; DELIZA, R.; ARES, G.; FREITAS, D. De
G.C,; SILVA, A.L.S.; CARMO, M.G.F, ABBOUD, A.C.S.
Identifying promising accessions of cherry tomato: a sensory
strategy using consumers and chefs. Journal of the Science
of Food and Agriculture, v.93, p.1903-1914, 2013. DOI:
https://doi.org/10.1002/jsfa.5988.

SINGH, V.; HEDAYETULLAH, M.; ZAMAN, P.; MEHER, J.
Postharvest technology of fruits and vegetables: an overview.
Journal of Postharvest Technology, v.2, p.124-135, 2014.

SIVAKUMAR, D.; JIANG, Y.; YAHIA, EM. Maintaining
mango (Mangifera indica L.) fruit quality during the export chain.
Food Research International, v.44, p.1254-1263, 2011. DOI:
https://doi.org/10.1016/j.foodres.2010.11.022.

SOUZA, R.S. de; ARBAGE, A.P, NEUMANN, PS,;
FROEHLICH, JM.; DIESEL, V.; SILVEIRA, P.R.; SILVA,
A. da; CORAZZA, C.; BAUMHARDT, E.; LISBOA, R. da S.
Comportamento de compra dos consumidores de frutas, legumes
e verduras na regido central do Rio Grande do Sul. Ciéncia
Rural, v.38, p.511-517, 2008. DOI: https://doi.org/10.1590/S0103-
84782008000200034.

WEL S.; SINGGIH, S.; WOODS, E.J.; ADAR, D. How important
is appearance? Consumer preferences for mandarins in Indonesia.
International Journal of Consumer Studies, v.27, p.406-411,
2003. DOI: https://doi.org/ 10.1046/j.1470-6431.2003.00332.x.

Pesq. agropec. bras., Brasilia, v.54, e00082, 2019
DOI: 10.1590/S1678-3921.pab2019.v54.00082


http://dx.doi.org/10.1007%2Fs12393-014-9094-7
http://dx.doi.org/10.1590/S0100-29452007000200025
http://dx.doi.org/10.1590/S0100-29452011005000012
http://dx.doi.org/10.1016/j.scienta.2014.12.037
http://dx.doi.org/10.1016/j.scienta.2014.12.037

