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The goals of the present study were to identify resistant mandarin varieties with potential for the fresh 
fruit market that could enable an extension of the harvesting season and to develop appropriate 
methods to maintain fruit quality for longer storage periods. Fremont mandarin fruits were harvested at 
optimum maturity and stored with and without wax coating under different storage conditions: ambient 
(21 ± 2°C and 60 ± 5% relative humidity (R.H.)) and under refrigeration (8 ± 2°C and 90 ± 5% R.H.). Fruit 
physicochemical characteristics and acceptability and purchase intention, which were assessed 
through sensory analysis, were evaluated weekly. Mass loss was higher for fruits stored at ambient 
temperature. The soluble solids concentrations of fruits stored under refrigeration remained similar to 
the values measured at harvest. Fruits stored under refrigeration exhibited slightly higher gloss and 
color than fruits stored at ambient temperature. Wax-coated fruits exhibited lower mass loss and higher 
gloss and color than uncoated fruits. Similar results were observed for the sensory analysis: wax-
coated fruits stored under refrigeration were better rated by panelists until the final evaluation (day 35 
after the beginning of storage). Purchase intention was higher for fruits stored under refrigeration than 
at ambient temperature. It is concluded that uncoated fruits stored at ambient temperature exhibit a 
tendency to lose quality, which confirms the need for refrigeration and wax coating for post-harvest 
preservation of fresh citrus fruits. However, the physicochemical and sensory qualities of Fremont 
mandarins stored under refrigeration for 30 to 35 days are accepted by consumers. 
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INTRODUCTION 
 
China is the largest global producer of mandarins, with a 
production of approximately 15 million tons (mi t), more 
than 50% of which is aimed at the internal market, 
followed by Spain (2 mi t), who is responsible for most of 

the global export production, and Turkey, with a 
production of 942 thousand tons. Brazil is the fourth 
largest global producer of mandarins, with 938 thousand 
tons     produced    in     2013   (Food     and   Agricultural 



 
 
 
 
Organization (FAO), 2015). In spite of Brazil's 
prominence, the existing range of mandarin varieties is 
still very limited. More than 80% of the mandarin orchards 
in Brazil are based on Ponkan mandarins (Citrus 
reticulata Blanco) and Murcott tangor [C. reticulata × C. 
sinensis (L.) Osbeck]. New research is being developed 
to identify varieties that are easy to peel, that have a 
homogeneous and attractive color, and that may result in 
an extended harvesting season, thereby constituting an 
additional source of income for small citrus producers 
(Pimentel et al., 2014). This is the case for Fremont 
mandarin, a hybrid resulting from the crossing between 
Clementine (C. clementina Hort. ex Tanaka) and Ponkan 
(C. reticulata Blanco) mandarins. Fremont is a promising 
variety because it exhibits precocious maturation in mid-
season, a yellow-red fruit peel, a fruit shape and peel 
texture that are very similar to clementines (Saunt, 1990), 
resistance to Alternaria alternata, the fungus responsible 
for Alternaria brown spot (Pacheco et al., 2012), and is 
productive under Brazilian conditions (Pio et al., 2006). 

The quality of citrus fruits is extremely important for 
their commercialization in the fresh fruit market. Quality is 
basically evaluated through an analysis of the fruit 
physicochemical characteristics (size, color, texture, 
acidity, soluble solids, SS/TA ratio) and sensory 
properties (product analysis using the sense organs). 
Many of these characteristics are specific to a particular 
cultivar or are influenced by climate conditions. However, 
some of them, such as appearance, flavor and texture, 
may be improved through pre- or post-harvest techniques 
(Malgarim et al., 2007). 

The permanent supply of fresh fruit to the market is 
increasingly important, making it necessary to extend the 
fruit offer by extending the harvesting season. The 
mandarin harvesting season is relatively short and may 
be extended using technological operations. If well 
conducted, these will minimize post-harvest losses as 
well as maintain fruit quality and extend the period of 
commercialization. These fruits therefore reach the 
internal and/or external market when the prices are more 
profitable (Nascimento et al., 2011). Sensory analysis, 
which indicates how the fruits are perceived by the 
human senses, complements physicochemical analysis 
and is essential to assess, analyze and interpret the 
reactions produced in response to food characteristics. 
This type of analysis is used for quality control by many 
companies because it can be used to evaluate the 
degree of product acceptance by consumers and 
because it indicates what changes need to be made to 
increase product acceptance, which increases 
consumers‟ preference for specific products in an 
increasingly    demanding      market     (Manzocco     and 
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Lagazio, 2009). 

The Brazilian citrus industry lacks new varieties for 
fresh consumption and often new varieties are not 
accepted by the producer. Consequently, the goal of the 
present study was to evaluate the physical, chemical and 
sensory quality of new variety, Fremont mandarin, which 
were uncoated or coated with commercial wax, at 
different storage times and under different storage 
conditions. It´s also with the objective of minimize losses 
and maintain fruit quality, and verify their acceptability 
and purchase intent by Brazilian consumers. 
 
 

MATERIALS AND METHODS 
 
Post-harvest assay (storage) 
 
The experiment was conducted at the Laboratory of Citrus Quality 
and Post-harvest of the Citrus Center Sylvio Moreira of Agronomic 
Institute (IAC), Cordeirópolis, São Paulo (SP), Brazil. Ripe fruits of 
the Fremont IAC 548 variety (Citrus clementina x C. reticulata 
Blanco) were used. The fruits were collected in June 2012 from 
three-year-old plants grafted onto Rangpur lime rootstock and 
planted at a 6 m x 3 m spacing (Figure 1). 

The fruits were surface sterilized with 5% sodium hypochlorite, 
dried, and subjected to physicochemical analyses. The following 
parameters were evaluated: (i) fresh mass (g), measured by direct 
weighing using a digital scale with a precision of 5 g; (ii) longitudinal 
(Ǿ L) and transverse (Ǿ T) diameter, in centimeters, measured 
directly using a digital caliper; (iii) juice yield, determined by 
squeezing the fruit using a juice extractor OIC OTTO 1800 and 
calculated as the juice mass/fruit mass ratio, expressed as a 
percentage (%); (iv) fruit mass loss, calculated as the difference 
between the initial fruit mass and the fruit mass on each sampling 
day, expressed as a percentage (%); (v) fruit peel gloss, measured 
at two equidistant points on the equatorial region of the fruits, using 
a Glossmeter ETB6-F1; (vi) firmness, measured by applying 
pressure at two equidistant points on the equatorial region of the 
fruits, using a digital penetrometer (Turoni); and (vii) acidity (%), 
soluble solids - SS (°Brix), and the soluble solids/acid ratio; fruit 
peel color, determined through determination of L* (lightness), a* 
(intensity of red color, ranging from green to red), and b* (intensity 
of yellow color, ranging from blue to yellow), using a digital 
colorimeter (Minolta CR-400) (Papadakis et al., 2000). a* and b* 
were used to calculate the hue angle (ºh=tan-1(b*/a*)) and chroma 
(c*=√(a*)2+(b*)2), which is a measure of the color strength. 

The collected fruits were subjected to the following storage 
treatments: fruits with or without wax coating stored under 
refrigeration (8 ± 2°C and 90 ± 5% R.H.), and fruits with or without 
wax coating stored at room temperature (21 ± 2°C and 60 ± 5% 
R.H.), i.e., the control. Wax coating was performed using 
commercial wax combined with fungicides to avoid the 
development of typical post-harvest pathogens (UE Wax, 16% 
citrosol + 4.0 mL Imazalil + 1.0 L UE Polyethylene + starch), 
according to the procedures used in processing units. 
Physicochemical analyses (described previously) were performed 
weekly until 42 days after the beginning of storage. A completely 
randomized experimental design with split-plots was used, 
replicated three times. The  factors  tested  were  storage  time  (six 
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Figure 1. General view of characteristic Fremont mandarin fruits and plants (Cordeirópolis, SP, 
July/2012). 

 
 
 
Table 1. Physicochemical analyses of Fremont mandarin fruits, Mogi Mirim, SP. (2011/2012 harvest). 
  

Variety 
Mass 

(g) 
Ǿ L 
(cm) 

Ǿ T 
(cm) 

Juice yield 
(%) 

Acidity 

(g 100 mL
-1

) 

Soluble solids 
(°Brix) 

SS/TA 
ratio 

Peel color 
(h°) 

Pulp color 
(h°) 

Fremont 125.5 6.7 5.7 44.8 0.97 11.16 11.5 51.11 39.08 
 

*Values are the average of 20 fruits harvested in June 2012. Ǿ L = fruit longitudinal diameter; Ǿ T = fruit transverse diameter. 

 
 
 
weeks), storage conditions (ambient and refrigerated), and wax 
coating (coated and uncoated). The plots consisted of 10 fruits for 
the mass loss assay, and 28 fruits per box for the storage assay. 
Regression analyses were performed, and models were selected 
for each variable based on the significance of the parameters and 
the R2 value.  
 
 
Sensory analyses 
 
Sensory analyses were performed weekly to determine the 
acceptance and purchase intention of Fremont mandarins. The 
evaluations were performed by a team composed of 10 panelists 
who are employees of the Citrus Center Sylvio Moreira and who 
consume mandarins weekly; their ages range between 25 and 60 
years old. The samples were identified using four number codes 
and were presented to the panelists on disposable plates in the 
presence of drinking water to cleanse the palate between 
samplings. The panelists evaluated the appearance of the fruit 
(general appearance, peel color, peel texture, firmness, ease of 
peeling) and internal characteristics (consistency, aroma, flavor). A 
nine-point hedonic scale, varying from “dislike extremely” (1) to “like 
extremely” (9) (Behrens et al., 1999), and a structured five-point 
purchase intention scale, varying from "certainly would buy" (5) to 
"certainly would not buy" (1), were used. Data were collected using 
individual sheets. The present study received ethics approval from 
the Human Research Ethics Committee from the Federal University 
of São Carlos (UFSCar) according to protocol N° 2305.0.000135-
11. All panelists signed an informed consent form before 
participating in the study (Resolution 196/96 - National Health 

Council). Data were subjected to analysis of variance and means 
were compared by Tukey test (p < 0.05).  

 
 
RESULTS 

 
Physicochemical characterization of Fremont 
mandarins in post-harvest assay (storage) 

 
The Fremont mandarin fruits used in the post-harvest 
assay were collected in June, that is, at their optimum 
maturity point (Table 1). These fruits presented a SS/TA 
ratio higher than 11, an average weight of 125.5 g, a juice 
yield of approximately 45%, a soluble solid concentration 
(SS) of 11.16 °Brix, a titratable acidity (TA) of 
approximately 1.0%, a longitudinal diameter of 6.7 cm, 
and a transverse diameter of 5.7 cm. However, the fruit 
peel and pulp presented different colors (51.11 h° and 
39.98 h°, respectively). Changes in the evaluated 
parameters (mass loss, acidity, soluble solids, SS/TA 
ratio, gloss, texture and hue angle) were observed over 
storage time. Mass loss, soluble solids concentrations, 
the SS/TA ratio and texture increased during storage. In 
contrast, titratable acidity, gloss and peel color presented 
a slight decrease over time (Figures 2, 3, 4 and 5). The
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Figure 2. Variation in mass loss (%) of Fremont mandarin fruits stored under ambient 
conditions (21 ± 2°C and 60 ± 5% R.H.) or under refrigeration (8 ± 2°C and 90 ± 5% 
R.H.), with or without wax coating, for 42 days. 

 
 
 
fruits stored under ambient conditions presented a higher 
mass loss, soluble solids concentration and SS/TA ratio, 
and a lower gloss and hue angle compared with the 
refrigerated fruits. In addition, the refrigerated fruits 
presented a relatively lower mass loss, and the soluble 
solids concentration, soluble solids/acid ratio, gloss and 
hue angle (h°) were similar to the values observed at the 
beginning of storage. The wax coating only affected the 
soluble solids/acid ratio, gloss and color, that is, the wax-
coated fruits presented a higher soluble solids/acid ratio, 
gloss and hue angle. 
 
 
Sensory quality of Fremont mandarins with different 
storage times 
 
The fruits stored under refrigeration presented higher 

acceptability for all evaluated characteristics 
(appearance, firmness, ease of peeling, and flavor) 
(Table 2). In general, the fruits stored under refrigeration 
presented a better appearance than the fruits stored 
under ambient conditions, independent of wax coating. 
The appearance of fruits stored under refrigeration was 
rated between “like very much” and “like slightly” 
throughout storage, whereas the acceptance of the 
appearance of fruits stored under ambient conditions 
decreased with storage, ranging from “like moderately” to 
“dislike slightly”, by day 35 of storage.  

Fruit firmness decreased by day 14 for all treatments. 
However, this firmness loss was lower for the fruits stored 
under refrigeration than for the fruits stored under 
ambient conditions, which exhibited a pronounced 
decrease in firmness by day 28 of storage, independent 
of wax coating. The wax-coated fruits presented a lower
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Figure 3. Variation in soluble solids concentration (°Brix), acidity (%), and the 
SS/TA ratio in Fremont mandarin fruits stored under ambient conditions (21 ± 
2°C and 60 ± 5% R.H.) or under refrigeration (8 ± 2°C and 90 ± 5% R.H.), with 
or without wax coating, for 42 days. 

 
 
 

ease of peeling from week 4 (day 28) when stored under 
ambient conditions and an increased ease of peeling 

from day 14 when stored under refrigeration. 
The wax-coated fruits presented a change in flavor in



Pacheco et al.          4605 
 
 
 

 
 

Figure 4. Variation in the gloss (Gs) of Fremont mandarin fruits stored under ambient conditions (21 ± 2°C and 
60 ± 5% R.H.) or under refrigeration (8 ± 2°C and 90 ± 5% R.H.), for 42 days. 

 
 
 

 
 

Figure 5. Variation in the texture (N) in Fremont mandarin fruits stored under ambient conditions (21 ± 2°C 
and 60 ± 5% R.H.) or under refrigeration (8 ± 2°C and 90 ± 5% R.H.), with or without wax coating, for 42 
days. 

 
 
 
the first week of storage but later recovered a pleasant 
flavor (Table 2). The fruits stored under refrigeration 
presented a better flavor than the ones stored under 
ambient conditions; the wax-coated fruits maintained their 

flavor characteristics until day 35 and subsequently 
became unsuitable for consumption. Uncoated fruits 
stored under refrigeration presented an improved flavor in 
the third week of storage (day 24) and only began
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Table 2. Sensory characteristics of Fremont mandarin fruits, with and without wax coating, stored under 
different temperatures and analyzed weekly until day 35 (Cordeirópolis, SP, 2012). 
 

Sensory characteristics 
Storage time (days) 

7 14 24 28 35 

Appearance**  

FASW*** 5.3
bAB

* 5.3
bAB

 6.4
aA

 4.8
bB

 4.3
bB

 

FAS**** 5.8
bA

 5.8
bA

 4.7
bAB

 3.8
cB

 4.1
bB

 

FSSW***** 7.3
aA

 7.3
aA

 7.5
aA

 6.8
aA

 6.8
aA

 

FSS****** 6.2
abA

 6.2
abA

 6.7
aA

 6.4
aA

 6.3
aA

 
      

Firmness**      

FASW 6.9
bA

 5.6
bBC

 5.8
bAB

 4.5
bC

 4.4
bC

 

FAS 6.7
bA

 6.0
bAB

 4.8
cBC

 4.0
bC

 4.3
bC

 

FSSW 7.9
aA

 7.4
aA

 7.1
aA

 7.1
aA

 6.9
aA

 

FSS 8.2
aA

 7.1
aAB

 6.9
aB

 6.9
aB

 6.7
aB

 
      

Ease of peeling**      

FASW 4.9
bAB

 4.3
cB

 6.0
aA

 4.7
bB

 4.7
bB

 

FAS 4.3
cA

 4.9
bcA

 4.6
bA

 4.2
bA

 4.9
bA

 

FSSW 5.1
bB

 6.6
aA

 5.9
aAB

 6.1
aAB

 6.1
aAB

 

FSS 6.2
aA

 5.6
bA

 6.1
aA

 6.1
aA

 6.0
aA

 
      

Flavor**      

FASW 4.8
cB

 4.9
bB

 5.8
bA

 4.9
cB

 4.6
cB

 

FAS 7.3
aA

 7.1
aA

 6.9
abB

 5.5
bC

 5.2
bC

 

FSSW 6.7
bA

 7.3
aA

 6.7
abA

 6.9
abA

 6.5
aA

 

FSS 6.9
abA

 7.0
aA

 7.4
aA

 7.5
aA

 6.4
aB

 
 

*Values are averages. Values followed by the same lower case letter within a column and upper case letter within a 
line are not significantly different by Tukey test (p≤0.05). **Intensity of the characteristics evaluated: 9-point hedonic 
scale. ***Fremont fruit stored under ambient conditions with wax coating. ****Fremont fruit stored under ambient 
conditions without wax coating. *****Fremont fruit stored at 8°C with wax coating. ******Fremont fruit stored at 8

˚
C 

without wax coating. 

 
 
 
presenting a decreased flavor in the fifth week (day 35). 
However, the flavor of the fruits stored under ambient 
conditions, with or without wax coating, started changing 
in the fourth week of storage (day 28), receiving an 
average rating of approximately 4 (“dislike slightly”). It 
should be highlighted that wax-coated fruits stored under 
ambient conditions were rated lower than the uncoated 
fruits stored under ambient conditions. However, the 
purchase intention was higher for the fruits stored under 
refrigeration compared with those stored under ambient 
temperature. The refrigerated fruits were rated by the 
panelists as “might or might not buy it” (a rating of 3) only 
between days 28 and 35

 
of storage, whereas doubts 

regarding the purchase intentions of the panelists for fruits 
stored under ambient conditions were observed from day 
24 of storage, with ratings between 3 and 2 (“might or 
might not buy it” and “probably would not buy it”, 
respectively) until the end of the evaluations (Figure 6).  
  
 
DISCUSSION 
 
The Fremont mandarin fruits used in the present study 

presented 0.97% acidity, 11.16 °Brix and a SS/TA ratio of 
11.50, that is, a very good sugar-acid balance, which is 
appropriate for commercialization and consumption 
(CEAGESP, 2011). An acidity of approximately 1% is 
important for the industrial use of citrus fruits, allowing 
flexibility of sugar addition for the production of ready-to-
drink beverages and making deterioration by 
microorganisms more difficult (Franco, 2005). The 
optimum SS/TA ratio range for industrial processing of 
citrus fruits is reported to be between 8.8 and 15.4, 
according to Sartori et al. (2002), and 12 and 13, 
according to Couto and Canniatti-Brazaca (2010). 

Ponkan, the main mandarin variety commercialized in 
Brazil, presents 138 g average weight, 43% juice yield, 
10.8 °Brix, 0.85% acidity and a 12.7 SS/TA ratio (Pio et 
al., 2005). Fremont mandarins present similar 
characteristics to Ponkan mandarins, except for the 
smaller fruits, with a higher longitudinal/transverse 
diameter ratio, which is characteristic of oblong fruits 
(Table 1). The juice yield is higher for Fremont (44.8%) 
compared with Ponkan mandarins (43%). Fremont 
mandarins are juicier, present a higher total soluble solids 
concentration, a low-acid flavor, and pleasant taste and
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Figure 6. Panelists' purchase intention with respect to Fremont mandarin fruits with 
different storage treatments and times: RSW = refrigerated storage with wax coating; 
RS= refrigerated storage without wax coating; ASW = storage under ambient 
conditions with wax coating; AS = storage under ambient conditions without wax 
coating (Cordeirópolis, SP, June 2012). 

 
 
 
do not cause gastric discomfort (Frata; Valim; Monteiro, 
2006). Another positive aspect of Fremont mandarins, 
from a consumer point of view, is the peel color, which is 
bright orange (Hue angle of 51.11), whereas Ponkan 
mandarins present a yellow orange color (Hue angle 
between 62.6 and 76.9; Silva et al., 2014). Peel color is 
considered a very important quality parameter for the 
fresh fruit market, being one of the factors determining 
fruit acquisition by consumers, which may please both 
the fresh fruit market and the juice processing industry 
(Santos et al., 2010). In general, mandarin varieties and 
hybrids with orange color are more highly accepted by 
consumers (Pio et al., 2001).  

The Fremont variety is recommended for the fresh fruit 
market and, because it presents different fruits, can reach 
very interesting prices for producers. Due to the quality of 
its pulp, the juice of Fremont mandarins may also be 
featured in agroindustry as a different type of mandarin 
juice aimed at the internal market, although the fresh fruit 
market pays better for this type of product 
(ASSOCITRUS, 2012). Fruit mass loss was more 
pronounced for storage under ambient conditions (Figure 
2). This results from higher water loss due to 
transpiration, caused by differences in water vapor 
pressure between the fruit and the ambient air (Sousa et 
al., 2000). A lower temperature under refrigeration lowers 
fruit metabolism, resulting in lower mass loss (Jeronimo 
and Kanesiro, 2000). This is extremely important for 
commercialization because high mass loss may result in 
withering and loss of fruit consistency, resulting in 
decreased quality. 

Small variations in SS concentrations were observed 
(Figure 3). Mass loss during storage contributes to an 

increase in sugar concentration. These small changes in 
SS are common because the sugar content of citrus fruits 
changes when the harvest is performed during or 
following the maturation stage (Chitarra and Chitarra, 
2005). In contrast, acidity decreased during storage 
(Figure 3). Acidity decreases following harvest and during 
storage in most fruits because the concentration of 
organic acids tends to decrease due to their use as a 
respiration substrate and source of carbon skeletons for 
the synthesis of new compounds (Kays, 1991). This 
observation was previously reported by Malgarim et al. 
(2008) for Nova tangelo fruits (C. reticulata Blanco × C. 
paradisi Macfad.). 

In contrast, increases in the SS/TA ratio were observed 
during storage. This effect was also reported by Lima et 
al. (1999), who studied the quality of Ponkan mandarins 
stored under ambient temperature. The SS/TA ratio tends 
to increase during fruit maturation due to a decrease in 
acids and an increase in sugars. The SS/TA ratio varied 
between 11 and 13, which is in agreement with the 
maturity index for citrus fruits. Kluge et al. (2007) reported 
a SS/TA ratio between 10.79 and 14.87 for Murcott 
tangor and between 9.24 and 11.13 for Valencia oranges, 
under refrigerated storage. The higher ratings given to 
fruits stored under refrigeration compared with ambient 
conditions, independent of wax coating, are associated 
with the sugar/acid balance. One characteristic stands 
out relative to the others. In the case of fruits, the 
characteristic that is most taken into consideration is the 
fruit sugar concentration (ABNT, 1993; Anzaldúa-
Morales, 1994).  

The pressure applied to the wax-coated fruits was 
practically constant  during  storage,  with  a   penetration 
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force varying between 4.5 N and 5.9 N from the 
beginning to the end of storage (Figure 4). This result 
supports the use of wax coating for maintenance of fruit 
turgidity because it decreases the loss of water from the 
fruit to the external medium by changing the air 
surrounding the fruit (Hagenmaier and Baker, 1994). Wax 
coating of Tahiti acid limes also delayed the occurrence 
of changes in the fruit cell walls; these changes resulted 
in a wilted appearance and difficulty in penetrating the 
fruit surface with a penetrometer (Jomori et al., 2003). 

The firmness of the fruits stored under refrigeration was 
better rated by the panelists than that of the fruits stored 
under ambient conditions, independent of wax coating. 
Consumers consider fruit texture an indicator of quality, 
that is, product freshness, and this factor contributes to 
the purchase decision (Surmacka-Szczesniak, 2002). 
Fruit peel gloss slightly decreased with storage under 
ambient conditions, and the fruits became duller (Figure 
5). Peel color and gloss are the quality attributes that 
most influence the purchase decision, and these factors 
depend on storage conditions (Gvozdenović et al., 2000). 
The fruit peel gloss of Navelina oranges has been 
reported to decrease during storage, especially for 
uncoated fruits (Malgarim et al., 2007). This explains the 
better acceptance of fruits stored under refrigeration 
compared with those stored under ambient conditions, 
independent of wax coating, because visual appearance 
is generally the first contact consumers have with a 
product, and they show a preference for color and 
appearance. All products possess expected colors and 
appearances, which are associated with personal 
reactions of acceptance, indifference or rejection by 
panelists (Anzaldúa-Morales, 1994). 

The purchase intention of panelists was highest for 
uncoated fruits stored under refrigeration and lowest for 
wax-coated fruits stored under ambient conditions (Figure 
6). The maintenance of fruit quality obtained with storage 
under refrigeration was the main reason for the higher 
purchase intention of the panelists. The use of 
refrigeration for storage of citrus fruits is a good 
alternative for the maintenance of fruit quality and a 
decrease in post-harvest losses (Hagenmaier and Baker, 
1993). It is therefore concluded that fruit quality results 
from a set of physical, chemical and/or sensory 
characteristics, which should be preserved during 
storage, and that a safe storage period should be defined 
to avoid changes in fruit structures as much as possible.  
 
 

Conclusion 
 
Fremont mandarins present physicochemical and 
sensory characteristics that are accepted by Brazilian 
consumers and may be stored under refrigeration (8 ± 
2°C and 90 ± 5% R.H.) for 30 to 35 days without losing 
these characteristics. Purchase intention was higher for 
fruits stored under refrigeration than at ambient 
temperature. It is concluded that uncoated fruits stored at  

 
 
 
 
ambient temperature exhibit a tendency to lose quality, 
which confirms the need for refrigeration and wax coating 
for post-harvest preservation of fresh citrus fruits. 
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