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AbstractAbstractAbstractAbstract    
    
Ficus carica L. has fruits with an exquisite flavour, colour and aroma. However, due to its morphological 

characteristics, it has a limited shelf life. The objective of this research was to evaluate the effect of modified 
atmosphere packaging on nutraceutical quality and the overall appearance of figs stored at 1 °C. The 
experimental design used was completely randomized with four replications. The combined use of packaging 
and cold allowed to observe fruits with less weight loss and firmness, maintaining the values of citric acid and 
VC without significant changes. With the exception of the last evaluation period, no statistical variation was 
found in the content of TAn, TP and AC. On the other hand, it was also possible to observe a significant impact 
on the reduction of respiration and ethylene production, which could be corroborated with the conservation 
of sensory aspects of the fruit (texture, colour, appearance, marketing level, aroma and flavour) from very good 
to good. The generation of passive atmospheres (packaging) and the use of cold (1 °C) are useful tools in 
maintaining the nutraceutical quality and appearance of fig fruits, aspects highly appreciated by consumers and 
marketers of this fruit. 

    
Keywords:Keywords:Keywords:Keywords: ‘Black Mission’; ethylene production; Ficus carica L.; postharvest handling; respiration rate; 

sensory test 
Abbreviations:Abbreviations:Abbreviations:Abbreviations: ABTS: determination of free radical-scavenging ability by the use of a stable 2,2’-azino-

bis 3-ethylbenzothiazoline-6-sulfonic acid radical cation; AC: antioxidant capacity; EPTP: expanded 
polystyrene tray covered with pliofilm; EP: ethylene production; MA: modified atmosphere; TA: titratable 
acidity; TAn: total anthocyanins; TP: total phenols; TSS:    total soluble solids; VC: Vitamin C; WL: weight 
loss. 

 
 
IntroductionIntroductionIntroductionIntroduction    
 
The Moraceae family consists of a wide variety of trees and shrubs, distributed in temperate and 

subtropical regions of Asia, America and Africa (Barolo et al., 2014). Among those of greatest economic 
importance (food and ornamental) stands out Ficus carica L. (common fig tree) (Kamiloglu and Capanoglu, 
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2013), which has been cultivated and consumed since ancient times, due to its exquisite flavour, colour and 
aroma of its fruits (Villalobos et al., 2015b; Ersoy et al., 2017). Worldwide there is a planted area of 311,080 
ha, located mainly in Morocco (60,533 ha), Iran (54,200 ha), Turkey (50,330 ha) and Algeria (40,932 ha), 
whose yields fluctuate between 1.57 and 5.96 t ha-1 (FAOSTAT, 2018). 

Fig cultivation in Mexico dates back to the 1980s and is distributed in Veracruz, Michoacán, Baja 
California Sur, Puebla and Morelos with 79% (1,838.60 ha) of the total planted area, where Baja California 
Sur it is the main producer with 602 ha (SIAP, 2019). The prevailing production system is the open field, 
characterized by the high incidence of pests and diseases, fruit rot during the rainy season, poor management 
of plantations and damage caused by frost (Mendoza-Castillo et al., 2017), which is manifested in obtaining 
crops with highly variable yields and low fruit quality (García-Ruiz et al., 2013), in addition to limiting the 
growth of the planted area. The implementation of modern irrigation systems, application of nutrients, 
conduction systems and complemented with the use of greenhouses, has allowed increasing the potential yield 
of the crop and quality of the harvested fruit (Mendoza-Castillo et al., 2017; Mendoza-Castillo et al., 2019), 
becoming a good economic alternative for various rural areas. 

Among the reasons that could explain the growing demand for fig fruit is its excellent nutritional 
composition, characterized by its high content of fibre, amino acids (aspartic and glutamine), vitamins 
(thiamine and riboflavin), carotenoids (lutein, cryptoxanthin, lycopene and β-carotene), minerals (iron, 
calcium and potassium), polyphenolic compounds, sugars (fructose and glucose), organic acids (Wojdyło et al., 
2016) and considerable concentrations of ascorbic acid (Allegra and Colelli, 2017). These compounds are 
characterized by their high antioxidant activity and their intake constitutes an important alternative for health 
care (Çalişkan and Aytekin, 2011; Barolo et al., 2014; Frías-Moreno et al., 2019), in particular of some types of 
cancer, diabetes, cardiovascular and neurodegenerative diseases (Slatner et al., 2011; Ersoy et al., 2017; Okatan 
et al., 2020). 

Fig fruit is harvested at a point close to consumption maturity, and among the factors considered is its 
moderate respiration and ethylene production (Sozzi et al., 2005; Karabulut et al., 2009; Wojdyło et al., 2016), 
because it allows reaching the highest quality as a product for fresh consumption. In many production areas, 
the harvest indices used are not based on colour, turgor and solute concentration, which favours an increase in 
the respiration process, loss of turgor and susceptibility to attack by fungi and bacteria (Crisosto et al., 2010), 
with the subsequent development of unpleasant aromas (Çalişkan and Aytekin, 2011). It is for these reasons 
that the individual or combined implementation of refrigeration (Villalobos et al., 2015a), packaging 
(Villalobos et al., 2015b), biocidal substances (Cantín et al., 2011), ethylene inhibitors (1-methylcycloprene) 
as well as modified atmospheres (MA) and controlled (Irfan et al., 2013; Bahar and Lichter, 2018; Villalobos 
et al., 2018a), are tools that contribute to the preservation and maintenance of the quality characteristics of the 
fruit. 

The use of cold is one of the most widely used conservation methods for the preservation of the 
organoleptic quality characteristics of fruit and vegetable products (Allegra and Colelli, 2017), because it 
favours a decrease in respiration rates, loss of water and ethylene production (Villalobos et al., 2015b). The 
addition of MA, through packaging permeable to CO2 and O2, can be an alternative that allows increasing the 
storage period of the fruit, given the sensitivity of the epidermis of fig fruit to water loss (Bouzo et al., 2012), 
with the relative advantage of being of lower cost, with respect to what would represent the use of controlled 
atmospheres (Villalobos et al., 2017;    Villalobos et al., 2018b). That is why the objective of this study was to 
evaluate the effect of packaging in a modified atmosphere on the nutraceutical quality and the overall 
appearance of fig fruits stored at 1 °C. 
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Materials and MethodsMaterials and MethodsMaterials and MethodsMaterials and Methods    
 
Experiment location and plant material 
The experiment was carried out during the spring-summer cycle of 2018, in the fruit physiology 

laboratory of the Department of Plant Sciences belonging to the Universidad Autónoma Chapingo, State of 
Mexico, Mexico. The plant material consisted of ‘Black Mission’ fig fruits (late variety with dark epidermis and 
pale pink pulp), which were harvested from a commercial orchard with 3-year-old trees and managed under 
greenhouse conditions, located in the municipality of Axochiapan, Morelos, Mexico (18° 28' 49.61" N; 98 45' 
59.55" W) with an altitude of 1,017 m and average annual temperature of 23 °C. Among the crop management 
characteristics that can be mentioned, there is a planting density of 1 plant per m2 and 7 stems per plant with a 
"V" conduction system, the supply of nutrients was carried out through a nutrient solution modified for lettuce 
production described by Moreno-Pérez et al. (2015) and Steiner's universal solution (1984), for this a 
pressurized drip irrigation system was used, the micronutrients used (mg L-1) are: Fe (3), Mn (0.5), Cu (0.1) 
and B (0.6), where the major elements are shown in table 1. Constant monitoring of pH (5.4 ± 0.1) and 
electrical conductivity of 2.5 dS m-1 was maintained. 

 
Table 1.Table 1.Table 1.Table 1. Nutrient concentration of the nutrient solution used in the production of ‘Black Mission’ figs 
under greenhouse conditions (adapted from Steiner (1984) and Moreno-Pérez et al. (2015)) 

Note: meq = miliequivalents 

 
Experimental design 
The experiment was carried out under a completely random design with four replications. Two types of 

packaging were used (Clamshell and expanded polystyrene tray covered with pliofilm (EPTP)) stored at 1 °C. 
The control treatments were those carried out at room temperature. The treatments consisted: 1) = Clamshell 
+ 1 °C; 2) = Clamshell + 25 ± 1 °C; 3) EPTP + 1 °C and 4) EPTP + 25 ± 1 °C. Weight loss (WL), firmness, 
titratable acidity (TA), total soluble solids (TSS), vitamin C (VC), total anthocyanins (TAn), total phenols 
(TP) and antioxidant capacity (AC) were evaluated, as well as the colour, respiration and ethylene production 
(EP). In addition, some organoleptic characteristics associated with the quality of the fruit were evaluated 
through a sensory test. The determination of all the evaluated parameters was carried out every two days. The 
selected fruits were harvested at consumption maturity and those with deformities, incorrect ripening, 
damaged by pests and strange colours were eliminated. 

    
Evaluated parameters 
WL was determined as a percentage of initial weight. The firmness of the fruit (resistance to penetration 

and compression) was evaluated with a PTR-200N digital penetrometer mounted on an LTS-20 test machine 
(PCE Instruments, Spain) equipped with a 6 mm strut and the reading was recorded in Newtons. (N). 25 g of 
fruit were homogenized and juice was obtained in which the TA was evaluated according to the methodology 
proposed by the AOAC (AOAC, 1990) and the TSS concentration was quantified with a PAL-1 portable 

Fertilizer source 
Cations (meq L-1) Anions (meq L-1) 

K+ Ca2+ Mg2+ NH4
+ H+ NO3- H2PO4 SO4 

Ca (NO3)2
.4H2O  7    7   

NH4H2PO4    1   1  
KNO3 5     5  2 
K2SO4 2       4 

MgSO4
.7H2O   4      

H3PO4     0.5  0.5  
H2SO4     1    

Subtotal 7 7 4 1 1.5 12 1.5 7 
Cations - Anions 20.5     20.5   
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digital refractometer (Atago®, Washington, USA). The VC content was estimated according to the method 
proposed by Jagota and Dani (1982) with slight modifications. 4 g of fruit were homogenized in 5 mL of 20% 
trichloroacetic acid (v:v), the mixture was left to rest for 5 min in cold (ice) and centrifuged for 20 min at 15,000 
rpm at 4 °C. Subsequently, a 0.2 mL aliquot of the supernatant of each sample was taken, to which 1.8 mL of 
distilled water and 0.2 mL of the 10% Folin-Ciocalteu reagent were added. The mixture was vigorously shaken 
and allowed to stand for 10 min to subsequently perform the absorbance reading at 760 nm using the Genesys™ 
10S UV-Vis spectrophotometer (Thermo Fisher Scientific, Florida, USA). The concentration was expressed 
in mg 100 g-1 of fresh weight through a standard curve of ascorbic acid. The content of TAn was determined 
according to the method proposed by Craker (1971), which consisted of taking 0.5 g of tissue and grinding it 
in a mortar with 1% methanol-HCl to later filter on Whatman® paper with GF6 grade and record absorbance 
reading at 525 nm with the Genesys™ 10S UV-Vis Refractometer (Thermo Fisher Scientific, Florida, USA). 

The results were calculated with the expression: 

( )-1m g cyanidin-3-glucoside 100 g of f
A *M W *DF

res
*10

h weigh
00

TAn  = *t 21
*Lε

 
 
  ,  

where A is the absorbance at 525 nm, MW corresponds to the molecular weight of cyanidin-3-glucoside 
(449.2), DF is the dilution factor, Ɛ is the molar absorptivity for cyanidin-3 -glucoside (26900) and L, is the 
optical path of the cuvette (10 mm). The TP content was quantified with the method proposed by Waterman 
& Mole (1994) with the following modifications: 2 g of tissue were taken to which 10 mL of extractor solution 
composed of 70% absolute ethyl alcohol were added (v:v) and homogenized, whose extract was stored at 4 °C 
for 12 h. 150 μL were taken and placed in flat-bottom tubes and the volume was added to 8 mL with distilled 
water, to later add 500 μL of the Folin-Ciocalteu reagent (2N), the mixture was stirred for 10 s and 1.5 mL of 
solution of 20% sodium carbonate, then it was left to rest for 2 h in conditions of total darkness and the 
absorbance reading was taken at 760 nm using the GenesysTM 10S UV-Vis spectrophotometer (Thermo Fisher 
Scientific, Florida, USA). The results were expressed in gallic acid equivalent (GAE) in mg 100 g-1 of fresh 
weight, taking as reference a standard curve of gallic acid. The AC was determined according to the ABTS 
method (2,2'azinobis (3-ethylbenzothiazolin-6-sulfonic acid)) described by Ozgen et al. (2006) with slight 
modifications; for this, the ABTS•+ radical was formed After the reaction of ABTS (7 mM) with potassium 
persulfate (2.45 mM, final concentration) incubated at room temperature and in the dark for 16 h Once the 
ABTS•+ radical had formed, it was diluted with PBS (phosphate buffer solution) (pH 7.4) until obtaining an 
absorbance value of 0.7 ± 0.1 at 734 nm (maximum absorption length). On the other hand, 1 g of fruit tissue 
was taken to which 10 mL of ethyl alcohol at 70% absolute (v:v) was added, it was homogenized and left to rest 
for 24 hours. For the test, 200 μl of the sample extract and 7.8 mL of the ABTS•+ solution was mixed, leaving 
it to rest for 2 h under conditions of total darkness, the absorbance reading was performed at 734 nm using the 
GenesysTM 10S UV-Vis spectrophotometer (Thermo Fisher scientific, USA). The results are expressed as 
mMol TE 100 g-1. 

On the other hand, the determination of the respiration and ethylene production of the fruits was 
carried out, using the head-space method. The fruits were placed for 1 h in hermetically sealed glass vessels with 
a lid fitted with a silicone rubber septum. After this period of time, 5 mL of air (sample) was extracted with a 
hypodermic syringe (Nipro Medical Corporation, USA), where said sample was transferred to glass 
vacutainerTM tubes (Becton, Dickinson and Company, USA) to be stored at -20 °C for later reading. The 
samples were injected into a 3400 CX® gas chromatograph (Varian, USA), which has a framed capillary column 
27.5 cm long, 0.32 mm internal diameter and 0.45 mm external diameter and 10 mm thick film open type with 
a porous layer of fused silica with a stationary base of Porapak type Q. The temperature of the column, detector 
and injector was 80, 170 and 150 °C, respectively. As standard, 103 and 399 mg L-1 of ethylene and CO2 
(INFRA, Mexico) was used, where helium was the entrainment gas, with a flow of 32.4 mL min-1 and the 
amount of sample injected was 1 mL, which was taken with a hypodermic syringe with similar capacity. 
Respiration and ethylene production results are expressed in mg CO2 kg h-1 and µg C2H4 kg h-1, respectively. 
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The colour of the fruits was determined at the beginning and the end of the study, on two contrasting 
positions of the epidermis (equatorial zone of the fruit), using a SP62® sphere colourimeter (X-Rite, Michigan, 
USA) to obtain the parameters of brightness (L*), hue angle (h°) and chromaticity (C*).  

The sensory test was carried out by constructing a hedonic scale with five points (0 = very bad; 1 = bad; 
2 = regular; 3 = good; 4 = very good and 5 = excellent) and with the help of 30 judges with at least 18 years of 
age, the texture, colour, appearance, marketing level, aroma and flavour of the fruits were evaluated. Very 
important post-harvest aspects and characteristics for fig consumers and marketers. 

 
Statistical analysis 
An analysis of variance (ANOVA) and multiple comparisons of means were performed using the 

Tukey’s test (p ≤ 0.05). For the data obtained using the hedonic scale, a non-parametric analysis was carried 
out using the Kruskal-Wallis’s test. In both cases, the statistical analysis package SAS® version 9.0 was used. 

 
 

ResultsResultsResultsResults    and Discussionsand Discussionsand Discussionsand Discussions    
 
The temperature and relative humidity surrounding the harvested product is one of the main factors to 

consider during postharvest handling, given its influence on respiration and transpiration processes (Allegra 
and Colelli, 2017). From the beginning of the experiment, the use of cold (1 °C) statistically maintained the 
lowest WL (0.36-6.12%) and the firmer fruits, where the EPTP was the best (Table 2). Behaviour associated 
with the increase in the concentration of CO2 in the atmosphere of the product that affects the conservation 
of the weight and firmness of the fruit (decrease in the rate of respiration and transpiration) (Bouzo et al., 2012; 
Núñez-Castellano et al., 2012), and given that at a commercial level it is difficult to control the concentration 
of gases and relative humidity inside the package, supplementation with the use of cold improves its 
performance (Crisosto et al., 2010). In contrast, values between 1.89-5.51 N are reported by Irfan et al. (2013), 
in ‘Poona’ fig fruits stored at 1 ± 0.5 °C and 95-98% RH. Likewise, ‘Roxo de Valinhos’ fig fruits stored for eight 
days at -0.5 °C and 85-90% RH with low-density polyethylene packaging and a thickness of 22 µM showed the 
highest firmness (Neves et al., 2002), associated with lower permeability to CO2 and the preservation of the 
cell membrane (Villalobos et al., 2018). In a previous study carried out on the ‘Black Mission’ fig variety, Cantín 
et al. (2011) report that the breaking of the cold chain for at least 24 hours affects the loss of firmness, however, 
their data exceeded those observed in the fruits stored at Clamshell + 1 °C (8.29-6.82 N), however, they were 
similar to those observed in the fruits stored with EPTP (10.62–5.76 N), which is associated with the low 
permeability of CO2 of the polystyrene and the excessive loss of water vapour. 

The citric acid concentration did not show significant changes (Table 2). Results that are similar (0.15-
0.20%) with those observed by Baldoni et al. (2016), but lower than those indicated for this variety in 
commercial maturity (0.44%) and consumption (0.38%) (Crisosto et al., 2010). 

In this study, from day 3 of storage, an accumulation of TSS was observed, especially in those fruits 
stored at room temperature (25 ±1 °C), where the clamshell showed less fluctuation and even on day 13 it was 
similar to the treatments at 1 °C. In this regard, the effect of ambient temperature was apparent in the 
degradation of starch and subsequent generation reserve sweetness by accumulating simple sugars (fructose, 
glucose, among others) (Frías-Moreno et al., 2019), however, the degree of permeability to CO2 of the 
packaging materials also influenced (Villalobos et al., 2017), as indicated by Bouzo et al. (2012) when evaluating 
a polyethylene container (passive modified atmosphere) at 7, 14 and 21 days after harvest, found values of 8.9, 
10.5 and 10.4 °Brix, respectively. 
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Table 2.Table 2.Table 2.Table 2. Weight loss, firmness, titratable acidity and total soluble solids in ‘Black Mission’ fig fruits with 
different packaging and stored at 1 °C 

Treatments 
Days after storage  

3 5 7 9 11 13 15 17 
Weight loss (%) 

Clamshell + 1 °C 0.36 c 1.00 c 1.87 c 2.45 c 3.25 c 4.20 c 5.21 a 6.12 a 
Clamshell + 25 ±1 °C 1.14 b 3.57 b 6.08 b 8.16 b 10.64 b 13.10 b - - 

EPTP + 1 °C 0.40 c 0.58 c 0.97 c 1.12 c 1.38 c 1.58 c 1.78 a 1.99 a 
EPTP + 25 ±1 °C 2.42 a 7.60 a 12.96 a 17.11 a 22.10 a 27.31 a - - 

CV (%) 77.19 87.62 86.56 87.35 87.11 87.05 - - 
 Firmness (N) 

Clamshell + 1 °C 8.28 a 8.29 a 7.19 ab 7.62 a 6.82 b 7.54 a 8.47 a 7.83 a 
Clamshell + 25 ±1 °C 5.01 b 4.83 b 4.54 b 2.97 a 2.35 c 2.48 b - - 

EPTP + 1 °C 9.02 a 7.26 ab 9.68 a 7.60 a 10.62 a 8.13 a 7.46 a 5.76 a 
EPTP + 25 ±1 °C 6.35 ab 6.66 ab 5.753 b 3.351 a 3.37 bc 4.22 b - - 

CV (%) 22.05 18.60 28.18 41.39 56.01 41.75 - - 
 Titratable acidity (% citric acid) 

Clamshell + 1 °C 0.22 a 0.19 a 0.17 a 0.15 a 0.13 a 0.12 a 0.13 a  0.15 a 
Clamshell + 25 ±1 °C 0.17 a 0.16 a 0.11 a 0.14 a 0.12 a 0.17 a - - 

EPTP + 1 °C 0.13 a 0.16 a 0.11 a 0.13 a 0.12 a 0.12 a 0.12 a 0.11 b 
EPTP + 25 ±1 °C 0.13 a 0.18 a 0.12 a 0.13 a 0.15 a 0.15 a - - 

CV (%) 22.77 7.53 19.51 6.03 9.42 15.15 - - 
 Total soluble solids (°Brix) 

Clamshell + 1 °C 13.80 b  15.00 b 14.00 b 16.67 a 12.67 a 12.33 b 13.33a 15.50 a 
Clamshell + 25 ±1 °C 18.17 a 15.17 b 14.83ab 16.00 a 14.83a 14.00ab - - 

EPTP + 1 °C 13.83 b  13.67 b 13.17 b 16.50 a 12.83 a 12.83 b 14.50 a 15.50 a 
EPTP + 25 ±1 °C 14.50 ab 17.17 a 18.67a 15.50 a 17.50 a 17.50 a - - 

CV (%) 11.99 8.19 13.88 2.83 13.50 14.25 - - 
Note: EPTP = expanded polystyrene tray covered with pliofilm; N: Newtons; CV: coefficient of variation. Values with 
the same letter within each column are not statistically different according to Tukey's test (p ≤ 0.05). 

 
As can be seen in table 3, the fruits did not present significant differences (p ≤ 0.05) related to VC 

content, with the exception of day 9, where the treatment with clamshell + 25 ± 1 °C showed the highest value 
(3.34 mg 100 g-1), however, statistically it did not exceed the treatment that includes EPTP and similar storage 
temperature (3.17 mg 100 g-1). Similar results are reported in ‘Poona’ fig fruits stored at 1 °C by Irfan et al. 
(2013) with decreasing values from 1.57 to 0.85 mg 100 g-1, attributed to the gradual conversion of α-ascorbic 
acid to dehydroascorbic acid, which modifies the active form of ascorbic acid and consequently its 
concentration in the fruit (Fadda et al., 2020). In other fruits such as strawberry (Fragaria × ananassa Duch.), 
a positive effect has been reported in the conservation of ascorbic acid during 10 days of storage, through the 
use of plastic covers (linear low-density polyethylene, recyclable, flexible, transparent, thermoplastic, semi-
permeable to gas exchange and water vapour) with respect to the control (without plastic cover) (Núñez-
Castellano et al., 2012). Regarding the behaviour of the results, it has been reported that processing and freezing 
favour the degradation of vitamin C, due to its oxidation and the simultaneous use as an antioxidant agent 
during the stress generated by these practices (Quintero-Hilario et al., 2019; Estrada-Beltrán et al., 2020), 
however, the fig fruits remained intact, which leaves the possibility that it is related to the permeability of both 
CO2 and water vapour of the evaluated packages. 
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Table 3.Table 3.Table 3.Table 3. Content of bioactive compounds in ‘Black Mission’ fig fruits with different packaging and stored 
at 1 °C 

Note: EPTP = expanded polystyrene tray covered with pliofilm; CV: coefficient of variation. Values with the same 
letter within each column are not statistically different according to Tukey's test (p ≤ 0.05) 

 
The synthesis and accumulation of anthocyanins favour the presence of dark epidermis in fig fruit (Ersoy 

et al., 2017). The TAn content only showed a significant variation on day thirteen of storage, where the lowest 
value was observed in the fruits packed in EPTP and preserved at 1 °C (Table 3). In this regard, it has been 
reported that the high relative humidity inside the packages can help retain the initial concentration of 
pigments until the end of storage (Fadda et al., 2010). Likewise, these results can be attributed to the differences 
in gas permeability of the packaging used and to the ripening process of the fruits, that is, at the time that CO2 
is fixed as HCO3

- it modifies the pH of the tissue and increases the degradation of secondary colour pigments 
such as anthocyanins (Valle-Guadarrama et al., 2008). For their part, Slatnar et al. (2011) report that the 
anthocyanin concentration is severely affected by the loss of water and the progress in the ripening process, 
which could be indicated as one of the negative effects of ambient temperature on the appearance of the fruit. 

Throughout the evaluation period, only at the beginning and on day thirteen, which corresponds to the 
last data collection for the fruits preserved at room temperature, significant values could be observed in the 
content of total phenols, where the treatment with EPTP + 25 ± 1 °C was the most consistent. One of the 
attributes of phenols is their ability to act as active antioxidants, that is, to act as a defence method against the 
harmful activity of reactive oxygen species (Crisosto et al., 2010), a product of increased metabolism secondary 
induced by the fruit ripening process. Variation in environmental conditions during storage (storage 
temperature, light and oxygen availability) directly affect the structural stability of the phenolic compounds 
accumulated in the tissues (Okatan et al., 2020), although there is uneven behaviour in its concentration when 
the fruits are subjected to environmental temperature conditions (Villalobos et al., 2017). Zhang et al. (2008) 

Treatments 
Days after storage 

3 5 7 9 11 13 15 17 
Vitamin C (mg 100 g-1) 

Clamshell + 1 °C 3.03 a 3.25 a 2.99 a 2.94 b 2.98 a 2.84 a 2.97 a 3.06 a 
Clamshell + 25 ±1 °C 3.07 a 3.37 a 3.04 a 3.34 a 3.17 a 3.01 a - - 

EPTP + 1 °C 3.04 a 3.06 a 3.09 a 2.89 b 3.13 a 2.81 a 2.91 a 2.85 a 
EPTP + 25 ±1 °C 3.10 a 2.98 a 3.10 a 3.17 ab 3.12 a 3.04 a - - 

CV (%) 1.06 5.61 1.54 6.78 2.67 2.67 - - 
 Total anthocyanins (mg cyanidin-3-glucoside 100 g-1) 

Clamshell + 1 °C 43.18 a  39.55 a 41.43 a 44.29 a 66.89 a 39.50 ab 58.64 a 33.66 a 
Clamshell + 25 ±1 °C 33.37 a 57.56 a 41.64 a 64.22 a 64.49 a 66.39 ab - - 

EPTP + 1 °C 31.73 a 43.60 a 63.77 a 41.62 a 42.94 a 35.43 b 45.37 a 38.87 a 
EPTP + 25 ±1 °C 41.33 a 59.68 a 44.60 a 52.30 a 32.65 a 73.19 a - - 

CV (%) 13.18 17.31 19.37 17.36 27.90 30.59 - - 
 Total phenols (EAG mg 100 g-1) 

Clamshell + 1 °C 103.5 b 98.6 a 95.0 a 103.0 a 93.5 a 68.8 b 72.9 a 72.6 a 
Clamshell + 25 ±1 °C 162.7 a 122.2 a 93.6 a 104.5 a 97.1 a 77.7 b - - 

EPTP + 1 °C 97.5 b 92.3 a 74.6 a 75.6 a 74.9 a 62.0 b 99.6 a 82.5 a 
EPTP + 25 ±1 °C 132.7 ab 97.7 a 90.8 a 90.0 a 124.1 a 149.2 a - - 

CV (%) 20.92 11.21 9.22 12.50 18.04 39.09 - - 
 Antioxidant capacity (mMol TE 100 g-1)) 

Clamshell + 1 °C 0.33 a 0.38 a 0.52 b 0.58 b 0.63 b 0.71 ab 0.83 a 0.82 a 
Clamshell + 25 ±1 °C 0.41 a 0.42 a 0.65 a 0.72. a 0.81 a 0.75 a - - 

EPTP + 1 °C 0.32 a 0.41 a 0.50 b 0.54 b 0.62 b 0.69 b 0.86 a 0.83 a 
EPTP + 25 ±1 °C 0.39 a 0.40 a 0.66 a 0.73 a 0.82 a 0.76 a - - 

CV (%) 10.57 3.67 12.52 13.26 13.21 3.93 - - 
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when studying fruits in immature state, physiological maturity and consumption maturity of Chinese 
strawberry (Myrica rubra Sieb. and Zucc.) stored at 0 ± 0.5 °C and 20 ± 0.5 °C, report a direct relationship 
between the time of storage and concentration of these compounds, where the maximum concentration was 
found at maturity of consumption. In this sense, the onset of cellular senescence of the fruit coincides with a 
slight substantial increase not only in phenols but also in anthocyanins and flavonoids, as part of the 
uncontrolled metabolism of senescent tissues. Regarding the last storage period, Villalobos et al. (2015b) point 
out that a higher moisture content during senescence may be a factor that can favour the oxidation of phenolic 
compounds, which suggests the search for a container permeable to gases and water in the form of vapour. 

The fig fruit is an important source of fibre, vitamins, carotenoids, minerals, polyphenolic compounds, 
sugars and organic acids, all of them recognized for their nutritional importance and antioxidant activity 
(Wojdyło et al., 2016; Frías-Moreno et al., 2019). In this study it was observed that the treatments at room 
temperature showed the highest values of AC, however, on day 13, the fruits packed with Clamshell and 
preserved at 1 °C, showed similar behaviour (Table 3). Previous studies indicate that the fig fruit has phenolic 
compounds, such as hydroxycinnamic acid, flavones, flavonols and anthocyanins, but mainly epicatenin and 
luteolin-8-C-glucoside (Slatner et al., 2011), which are synthesized as part of the ripening process and colour 
changes (Villalobos et al., 2015a). Compounds that are relatively unstable in conditions of high temperature 
and light (Wojdyło et al., 2016; Okatan et al., 2020), which could explain the behaviour observed in the 
treatments with room temperature. 

At the beginning of the evaluation period, the colour components did not show statistical variation 
between treatments. However, in the end, significant values were found for the hue angle (h°) (43.10 and 
56.08°), where the fruits preserved in cold were the highest, but it did not statistically exceed what was observed 
in the treatment with EPTP + 25 ± 1 °C (Table 4). Results that do not exceed the 86.42 ± 5.42° reported by 
Sozzi et al. (2005) in ‘Brown Turkey’ fig fruits stored at 0 °C for fifteen days, however, these same authors 
report that this colour component showed a decreasing trend as the storage period progressed, that is, values of 
94.33 ± 5.4, 91.00 ± 4.58, 89.25 ± 5.74, 88.54 ± 5.40, 88.03 ± 6.70 and 87.99 ± 5.98°, at 1, 3, 5, 8, 10 and 12 
days of storage, respectively. Behaviour associated with the degradation of chlorophyll and carotenoids, and 
subsequent synthesis of anthocyanins, flavonoids and phenolic compounds (Harzallah et al., 2016), which 
implies a loss of the nutritional and functional value of the product. 

 
TabTabTabTable 4.le 4.le 4.le 4. Colour components in ‘Black Mission’ fig fruits with different packaging and stored at 1 °C 

Note: EPTP = expanded polystyrene tray covered with pliofilm; CV: coefficient of variation. Values with the same 
letter within each column are not statistically different according to Tukey's test (p ≤ 0.05) 

 
Fig fruits are considered to have a climacteric pattern, that is, they continue with their maturation 

process after being harvested by moderately increasing their respiratory activity (Karabulut et al., 2009). In this 
work, the use of packaging and cold allowed a decrease in the respiratory rate of fig fruits with values that 
fluctuated between 14.35 and 36.41 mg CO2 kg h-1, which were significantly lower than those observed in fruits 
packed and stored at room temperature (Table 5). Results that do not coincide with those indicated for ‘Black 
Mission’ fig fruits packed in pterephthalate polyethylene containers with a thickness of 330 µm and stored at 5 
°C for 16 days, which did not show variation with respect to the respiration values, whose range was 69.4- and 
86.9-mL CO2 kg-1 h-1 (Baldoni et al., 2016). Likewise, Crisosto et al. (2010) in the same variety indicate values 
between 47 and 67 mL CO2 kg-1 h-1, which could suppose that the combined storage of packages and 

Treatments 
Colour (0 days after storage) Colour (15 days after storage) 

L* C* h° L* C* h° 
Clamshell + 1 °C 22.30 a 8.45 a 58.25 a 18.65 a 8.45 a 53.90 a 

Clamshell + 25 ±1 °C 22.42 a 7.24 a 50.20 a 26.31 a 7.28 a 43.10 b 
EPTP + 1 °C 20.94 a 7.63 a 56.70 a 19.80 a 7.65 a 51.36 a 

EPTP + 25 ±1 °C 21.66 a 7.30 a 68.20 a 22.58 a 7.53 a 56.08 a 
CV (%) 2.70 6.30 11.04 13.52 5.67 9.62 
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temperatures of 1 °C, turns out to be beneficial for the conservation of the organoleptic quality of fig fruits, 
since our shelf life was similar to that reported by other authors (Neves et al., 2002; Villalobos et al., 2015b). 
On the other hand, Villalobos et al. (2015a) indicate that fig fruit is insensitive to cold damage and that it 
tolerates storage conditions between -1 and 0 °C with 90-95% relative humidity and its shelf life can be between 
7 and 14 days. However, if packages are also selected with high permeability to CO2 and a slight reduction in 
the availability of O2, the respiration rate, ethylene production and the preservation of the firmness of the fruits 
may decrease (Crisosto et al., 2010; Bautista-Baños et al., 2017). 

 
Table 5.Table 5.Table 5.Table 5. Respiration rate and ethylene production in ‘Black Mission’ fig fruits with different packaging 
and stored at 1 °C 

Note: EPTP = expanded polystyrene tray covered with pliofilm; CV: coefficient of variation. Values with the same 
letter within each column are not statistically different according to Tukey's test (p ≤ 0.05) 

 
The use of refrigeration favoured a significant reduction in EP (0.45-0.99 µL C2H4 kg h-1), with respect 

to the values found in fruits stored with similar packages (3.5-5.8 µL C2H4 kg h-1) but at ambient temperature. 
Fig fruit is characterized by showing a moderate production of ethylene (Sozzi et al., 2005), however, adverse 
factors such as temperature and the advance in the ripening process, can favour autocatalysis and a higher 
concentration of this hormone (Bahar and Lichter, 2018). With this, changes in colour, concentration of sugars 
and loss of firmness (Villalobos et al., 2018b). In this sense, the reduction of these processes can be achieved 
with the application of rapid cooling and storage in MA (Harzallah et al., 2016). 

The results of the sensory test are shown in Table 6. The texture of the fruits did not show significant 
changes the first seven days of evaluation, however, after nine days of storage, an important effect of packaging 
and cold is observed (1 °C) by keeping the fruits in very good to good condition, which is significant as a 
preservation method. Furthermore, the colour of the fruits remained unchanged. In this regard, King et al. 
(2012) point out one of the most appreciated characteristics in figs is the colour of their epidermis, because 
both consumers and marketers establish a direct relationship of this characteristic with the quality of the fruit, 
that is, homogeneous tonality and fresh appearance (Kamiloglu and Capanoglu, 2013), conditions that can be 
achieved with the management of the appropriate temperature as in this study. 

The general appearance of the fruit is decisive as a selection and purchase factor, so it is of great 
importance to maintain this characteristic for as long as possible. The fruits stored with refrigeration remained 
without significant changes (excellent appearance) until the eleven day of storage. However, for day fifteen and 
seventeen there were slight changes (very good appearance), in which the combined effect of storage 
temperature and packaging is visible. Thus, the fruits stored at room temperature showed a slight decrease in 
their appearance (very good appearance) (seven days after storage) behaviour that remained unchanged until 
day eleven day after storage, when the fruits showed visible symptoms of deterioration when manifesting an 

Treatments    
Days after storage 

3 5 7 9 11 13 15 17 
Respiration (mg CO2 kg h-1) 

Clamshell + 1 °C 15.86 b 17.01 b 21.90 b 25.30 b 29.87 b 31.35 b 32.01 a 35.89 a 
Clamshell + 25 ±1 °C 46.25 a 58.23 a 66.16 a 69.58 a 76.35 a 78.08 a - - 

EPTP + 1 °C 14.35 b 18.25 b 23.67 b 28.98 b 35.21 b 35.25 b 35.98 a 36.41 a 
EPTP + 25 ±1 °C 47.18 a 56.06 a 69.25 a 71.35 a 75.56 a 76.25 a - - 

CV (%) 51.17 52.90 49.71 44.49 40.17 39.80 - - 
    Ethylene production (µL C2H4 kg h-1) 

Clamshell + 1 °C 0.50 b 0.55 b 0.61 b 0.78 b 0.78 b 0.90 b 0.92 a 0.99 a 
Clamshell + 25 ±1 °C 3.50 a 3.90 a 4.90 a 5.20 a 5.80 a 5.70 a - - 

EPTP + 1 °C 0.45 b 0.48 b 0.48 b 0.50 b 0.64 b 0.68 b 0.71 a 0.89 a 
EPTP + 25 ±1 °C 4.01 a 4.30 a 4.70 a 5.10 a 5.40 a 5.50 b - - 

CV (%) 78.01 77.93 79.66 77.97 77.64 75.34 - - 
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appearance regular. In this regard, one of the most common causes associated with the deterioration of fig fruit 
is found with the use of inappropriate storage temperatures (Irfan et al., 2013), due to its great susceptibility to 
water loss, browning, changes colour and texture, surface pitting and microbial deterioration, among others 
(Villanueva et al., 2018a). 

 
Table 6.Table 6.Table 6.Table 6. Kruskal-Wallis range means of aspects of sensory quality in ‘Black Mission’ fig fruits with different 
packaging and stored at 1 °C 

Note: EPTP = expanded polystyrene tray covered with pliofilm. Values correspond to comparisons of means of ranges 
by treatments for a completely randomized design (Conover, 1980) 

 
As mentioned previously, the appearance and colour of the fruits are two important aspects of the 

acceptance of the product by both consumers and marketers. In this study, with one week of storage, the level 
of commercialization showed significant changes, where the treatments associated with refrigeration 
(Clamshell + 1 °C and EPTP +1 °C +) and the treatment with EPTP + 25 ± 1 °C showed values on the scale 
of 5.0 and 4.7, which correspond to fruits with excellent and very good commercialization levels, respectively. 
Similar behaviour was observed for day 11, where the fruits stored with cold showed fruits with a very good 
level of commercialization, however, those fruits packed in EPTP and room temperature showed a similar 
quality (3.3). On day 13, a slight decrease in the level of commercialization was observed in the fruits stored in 

Treatments 
Days after storage 

3 5 7 9 11 13 15 17 
Texture 

Clamshell + 1 °C 5.0 a 5.0 a 4.7 a 4.7 a 4.1 a 3.0 a 4.0 a 3.0 a 
Clamshell + 25 ±1 °C 5.0 a 4.5 a 4.3 a 3.3 b 3.0 b 1.7 b - - 

EPTP + 1 °C 5.0 a 4.7 a 5.0 a 4.3 a 4.0 a 3.7 a 4.0 a 3.7 a 
EPTP + 25 ±1 °C 5.0 a 5.0 a 4.3 a 3.7 b 3.3 b 2.2 b - - 

 Colour  
Clamshell + 1 °C 4.3 a 4.0 a 3.7 a 4.7 a 4.3 a 4.2 a 4.4 a 4.8 a 

Clamshell + 25 ±1 °C 4.3 a 4.3 a 4.0 a 4.0 a 4.8 a 5.0 a - - 
EPTP + 1 °C 4.3 a 4.3 a 3.7 a 4.7 a 4.0 a 4.0 a 4.5 a 4.5 a 

EPTP + 25 ±1 °C 4.7 a 4.7 a 4.5 a 4.3 a 3.8 a 5.0 a - - 
 Appearance 

Clamshell + 1 °C 5.0 a 5.0 a 5.0 a 5.0 a 5.0 a 5.0 a 4.0 a 4.0 a 
Clamshell + 25 ±1 °C 5.0 a 4.7 a 3.3 b 3.7 b 3.7 b 2.0 b - - 

EPTP + 1 °C 5.0 a 5.0 a 5.0 a 5.0 a 5.0 a 5.0 a 4.1 a 4.0 a 
EPTP + 25 ±1 °C 5.0 a 5.0 a 4.0 b 4.0 b 3.7 b 2.0 b - - 

 Marketing level 
Clamshell + 1 °C 5.0 a 5.0 a 5.0 a 5.0 a 4.7 a 4.5 a 4.0 a 3.6 a 

Clamshell + 25 ±1 °C 5.0 a 4.7 a 3.7 b 4.0 a 3.0 b 1.3 c - - 
EPTP + 1 °C 5.0 a 5.0 a 5.0 a 5.0 a 4.8 a 4.5 a 4.0 a 3.5 a 

EPTP + 25 ±1 °C 5.0 a 5.0 a 4.7 a 4.0 a 3.3 ab 2.3 b - - 
 Aroma 

Clamshell + 1 °C 3.0 az 3.3 a 3.0 a 4.0 a 4.0 a 4.5 a 4.2 a 3.3 b 
Clamshell + 25 ±1 °C 3.0 a 3.3 a 4.0 a 4.3 a 3.5 a 1.7 b - - 

EPTP + 1 °C 3.0 a 3.0 a 3.0 a 3.3 a 3.5 a 3.8 a 4.2 a 4.2 a 
EPTP + 25 ±1 °C 3.0 a 3.3 a 3.7 a 4.7 a 3.2 a 2.5 b - - 

 Flavour 
Clamshell + 1 °C 3.0 a 4.3 a 4.7 a 4.7 a 4.0 a 4.7 a 4.5 a 4.5 a 

Clamshell + 25 ±1 °C 3.7 a 4.3 a 4.7 a 4.7 a 4.7 a 0.9 b - - 
EPTP + 1 °C 3.3 a 4.3 a 4.3 a 4.7 a 3.3 a 4.3 a 4.7 a 4.8 a 

EPTP + 25 ±1 °C 3.7 a 4.3 a 4.7 a 4.7 a 4.3 a 1.3 b - - 
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cold, and this was maintained until the end of the evaluation. In contrast, the fruits preserved at room 
temperature and packed with Clamshell and EPTP, presented values that correspond to bad and fair, which is 
manifested in the reduction of 60% of the price with respect to fruits of excellent quality (Wojdyło et al., 2016). 
In this sense, a greater influence of temperature was observed, however, among the packages used, the EPTP 
showed the best results, attributed to its better permeability, that is, an adequate balance between the 
concentration of CO2 and O2, in the that the firmness and external appearance (colour and brightness of the 
epidermis) are maintained (Villalobos et al., 2015b). 

The gradual change in flavour and aroma of fruit and vegetable products is a consequence of the ripening 
process, that is, the use of reserve substrates (polysaccharides and organic acids) to obtain chemical energy and 
the simultaneous synthesis of volatile compounds (Salas et al., 2017; Frías-Moreno et al., 2019; Estrada-Beltrán 
et al., 2020), processes that make them attractive to be consumed. The use of packaging and refrigeration 
favoured for eleven days the perception of preservation of the flavour and aroma of the fruits, and even in the 
following evaluation there was an improvement of these attributes (from good to very good) and fall slowly, 
with respect to treatments in room temperature, where its fall was abrupt and with the appearance of 
unpleasant flavours and aromas. In this regard, the effect of temperature on increasing respiration is well 
known, which affects the solubilisation and use of reserve substances (polysaccharides and organic acids) 
(Bouzo et al., 2012; Bautista-Baños et al., 2017; Villalobos et al., 2018a). It is during the breathing process when 
the product loses many of its nutritional and functional properties, which are highly appreciated by consumers 
who are concerned about a diet that contributes to the care of their health (Harzallah et al., 2016; Ersoy et al., 
2017; Bahar and Lichter, 2018). 

 
    
ConclusionsConclusionsConclusionsConclusions    
 
The fig fruit responds satisfactorily to the use of packaging and cold (1 °C). The use of expanded 

polystyrene trays covered with pliofilm was efficient in significantly reducing weight loss, maintaining firmness, 
total soluble solids, respiration, and ethylene production, although in the last two parameters its behaviour was 
similar to Clamshell. It does not cause changes in titratable acidity, vitamin C content and colour of the fruits. 
Compounds valued for their antioxidant activity, such as anthocyanins and total phenols, were maintained 
with the least degradation. On the other hand, the generation of passive atmospheres (packaging) and cold (1 
°C) significantly favoured the conservation (very good to good) of the sensory characteristics of the fig fruit 
(appearance, texture, colour, commercialization level, aroma and flavour). 
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