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Abstract

The main aim of this study was to evaluate the effect of the application of an alginate—chitosan (A—Ch) coating on the
bioactive compounds and the antioxidant capacity of fresh figs (Ficus carica), collected at two maturity stages
(referred to as stages III and IV), and stored for 15 days at 6 °C. The composition of the internal atmosphere of
the figs, as well as the polyphenol content and antioxidant capacity, was analyzed at 0, 3, 6, 9, 12, and 15 days,
respectively. The sensory quality of coated and uncoated figs, stored for 15 days, was also assessed. Fresh figs were
used as a reference in the sensory quality evaluation. The A—Ch coating caused considerable modifications in the
internal atmosphere of the figs at the two maturity stages evaluated. The ripening process was delayed as O, was
reduced and CO, concentrations were increased. Further, the total polyphenol content of the figs and, also, identified
individual polyphenols, were preserved by the application of the A—Ch coating. Anthocyanins, in particular cyanidin-
3-O-rutinoside, were the most abundant bioactive compound. Uncoated figs also exhibited higher antioxidant capacity
than coated figs at maturity stage III, whereas in coated figs antioxidant capacity was kept constant along storage
period regardless of their maturity stage. Interestingly, the coated figs stored for 15 days at 6 °C showed a high
acceptability in the sensory evaluation, being similar to fresh figs. Therefore, the A—Ch coating could be an excellent
post-harvest technology useful in preserving not only the organoleptic and sensory attributes but also bioactive
components of figs during storage at low temperature.
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vitamins, amino acids, antioxidants, and dietary fibers
(Martinez-Garcia et al. 2013; Solomon et al. 2006; Turan
and Celik 2016). This fruit, in particular the dark or purple
varieties, represents an important source of bioactive com-
pounds, in particular high amounts of anthocyanins
(Duenas et al. 2008; Caliskan and Aytekin Polat 2011;
Kamiloglu and Capanoglu 2015); the content being simi-
lar to that of black plums (Usenik et al. 2009), blueberries
(Bunea et al. 2013), sweet cherries, and strawberries (Wu
et al. 2006). This high content of anthocyanins has made
figs an attractive fruit to consumers, since it has been
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observed that their intake can inhibit inflammatory pro-
cesses and heart failure, in addition to promoting anticar-
cinogenic and hypoglycemic activities (Szymanowska
et al. 2015; Castro-Acosta et al. 2016). Besides, figs con-
tain large amounts of the flavonoid quercetin-3-O-
rutinoside (Del Caro and Piga 2008; Kamiloglu and
Capanoglu 2015) which has been associated with different
health benefits, such as the reduction of oxidative stress
(Nishimura et al. 2016) and anti-inflammatory activity
(Mascaraque et al. 2014).

Generally, figs are harvested at two different maturity
stages, either physiological maturity (stage I1I) or commercial
maturity (stage IIV) (Crisosto et al. 2010; Owino et al. 2004).
Figs in maturity stage IV are completely mature, being more
susceptible to overripe, microbial infection, and loss of the
organoleptic properties (Villalobos et al. 2014) whereas figs
at physiological maturity tend to show long shelf life since the
biochemical and physiological changes continue after harvest-
ing (Marei and Crane 1971).

Commercially, a very large percentage of figs are con-
sumed dried in cookies or bars, and to a lesser extent, figs
are also eaten in fresh form (Reyes-Avalos et al. 2016).
However, dehydration affects the sensorial, nutritional, and
functional fruit quality (Kamiloglu and Capanoglu 2015;
Martinez-Garcia et al. 2013), while fresh figs are highly sen-
sitive to microbial growth even when stored at low tempera-
tures; therefore, it may be useful to evaluate alternative pro-
cesses to extend the shelf life of this fruit (Martinez-Garcia
et al. 2013). A feasible alternative could be the application of
edible coatings, which is a preservation method used not only
to improve food appearance, but also to maintain the quality of
different fruits and vegetables (Meighani et al. 2015; Arnon
et al. 2015).

Edible films can modify the internal atmosphere (O, and
CO,) of coated products, delaying the metabolic changes as-
sociated with the ripening process of fruits and, therefore,
extending the shelf life (Meza-Velazquez et al. 2013;
Tzoumaki et al. 2009). Previously, we characterize an
alginate—chitosan bilayer edible film and evaluated the effec-
tiveness of this film on the quality and shelf life of figs stored
at low temperature (Reyes-Avalos et al. 2016). Interestingly,
this edible film demonstrated excellent water vapor and gas
barrier properties which contributed to decreasing the transpi-
ration and respiration rates of stored figs. Further, figs coated
with the film exhibited a better resistance to fungal contami-
nation than uncoated figs, improving the overall quality and
also extending shelf life during low-temperature storage.
However, the information about possible effects of this coat-
ing on bioactive compounds, such as antochyanins, is very
scarce. Thus, the aim of this study was to evaluate the effect
of the application of this coating on the bioactive compounds
and the antioxidant capacity of figs (Ficus carica) var.
Mission, harvested at two maturity stages, during storage at
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low temperature. In particular, internal atmosphere gas, poly-
phenol content, antioxidant capacity, and the sensorial quality
of figs were analyzed in this study.

Material and Methods
Chemical Reagents

Sodium alginate was acquired from CYTECSA, S.A. de C.V.
(México, D.F.), soy lecithin from Golden Bell (México, D.F.),
and olive oil was purchased at a local store. J.T. Baker
(Phillipsburg, NJ, USA) supplied water, phosphoric acid, am-
monium diacid phosphate, and acetonitrile HPLC grade.
Chitosan, sodium carbonate, lactic acid and calcium chloride,
Folin—Ciocalteu and 6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (Trolox), ABTS diammonium salt (2, 2-
azinobis-3-ethylben zothiazoline-6-sulphonic acid) reagents,
potassium persulfate, 2,4,6-Tri-(2-pyridyl)-s-triazine (TPTZ),
hydrochloric acid, ethyl alcohol, iron (III) chloride hexahy-
drate, sodium acetate 3-hydrate, glacial acetic acid; CO,, ox-
ygen standard grade, gallic acid, chlorogenic acid, quercetin-
3-O-rutinoside, cyanidin-3-O-glucoside, and cyanidin-3-O-
rutinoside were all purchased from Sigma-Aldrich Company
(St. Louis MI, USA).

Plant Material

The figs used in this study were collected in August—
September in Cd. Lerdo (Durango, Mexico; 25° 32" 10"
N/103° 31’ 28" W) as previously described in Reyes-Avalos
et al. (2016). Fruits free of any physical damage were selected
and washed using 0.02% sodium hypochlorite solution.
Finally, according to their maturity stage, either stage III or
stage IV, the fruits were divided into two batches before ap-
plying any treatment. Each treatment was repeated four times
(n=4).

The first batch was selected as a control group (without
coating application), while the second batch was coated with
the alginate—chitosan (A—Ch) film. The preparation and appli-
cation of the A—Ch coating has previously been described in
Reyes-Avalos et al. (2016). All figs, coated and uncoated,
were stored at 6 °C and 95% RH for 15 days.

The internal CO, and O, concentrations, total phenolic,
polyphenol profile, and antioxidant capacity were evaluated
at 0, 3, 6,9, 12 and 15 days of storage. Sensory quality of
coated and uncoated figs was determined at 15 days of stor-
age; fresh figs were used for comparison purposes.
Approximately, 15 g of coated and uncoated figs from each
storage period was homogenized and lyophilized at —20 °C
for 72 h in a Labconco FreeZone Triad Cascade Benchtop
Freeze drier (Kansas City, MO, USA) for subsequent analysis.
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Internal CO, and O,

Two milliliters of gas from the internal atmosphere of the fruit
was extracted with a syringe inserted through the fruit blos-
som ends. The CO, and O, concentrations in the gas sample
were determined using an Agilent 6820 gas chromatograph
(Agilent Technology, Palo Alto, CA, USA) equipped with a
TCD detector, two 6 ft x 1/4 in Alltech CTR I columns
(Alltech Associates, Inc., Deerfield, IL, USA) as previously
described in Reyes-Avalos et al. (2016). The internal gas sam-
ple was isothermally separated at 95 °C while the injector and
detector temperatures were 70 °C and 170 °C, respectively.
All determinations were measured in triplicate. CO, and O,
concentrations were expressed as tM (micromoles of gas/L
air).

Polyphenol Compound Analysis
Extraction

Polyphenol compounds were extracted according to the meth-
od proposed by Eim et al. (2013) with slight modifications.
Approximately, 0.5 g of lyophilized figs was homogenized
with 10 mL of methanol (MeOH) using an Ultra-Turrax
IKA T25D (IKA® Works, Inc., Wilmington, USA) at
13,500 rpm for 1 min. The samples were stored in darkness
and mechanically stirred for 16 h at 4 °C. The samples were
centrifuged (ALC 4218, Milano, Italy) at 1750g for 15 min
and filtered through a Whatman no. 4 filter paper. The super-
natants were stored at 4 °C for later analysis. All extractions
were performed in duplicate.

Total Phenolic Content

Total soluble polyphenols were spectrophotometrically
measured in accordance with the Folin—Ciocalteu method,
using 96-well microplates, as previously described by
Gonzalez-Centeno et al. (2014) with some modifications.
Briefly, 95 uL of distilled water was placed in each well,
and 10 pL of the extract was added, followed by 5 uL of
the Folin—Ciocalteu reagent. Then, the mixture was incu-
bated for 5 min and 80 uL of 7.5% (w/v) Na,COj3 solution
was added. A Multiskan Spectrum spectrophotometer
(Thermo Fisher Scientific, Vanda, Finland) was used to
incubate the mixture for 30 min, in the absence of light,
at 25 °C before measuring the absorbance at 765 nm.
Gallic acid (0-200 ppm) was used as standard for calibra-
tion and the phenolic content results were expressed as
milligram of gallic acid per 100 g of dry matter (dm).
Each of the given values is the mean of six experimental
determinations.

Identification and Quantification of Polyphenol Compounds
by HPLC-DAD

The polyphenolic compounds were extracted and analyzed by
HPLC-DAD according to the method described by Del Caro
and Piga (2008) with slight modifications. Approximately, 2 g
of lyophilized figs was homogenized with 10 mL of MeOH
(HPLC grade) and stirred for 16 h at 4 °C. Then, the samples
were centrifuged at 4000g for 5 min at 4 °C and concentrated
to 5 mL at 30 °C in vacuum conditions. The concentrated
samples were then diluted to 10 mL with Milli-Q water and
filtered through a & 0.45-pum PTFE filter prior to HPLC anal-
ysis. The chromatographic analysis was carried out using an
HPLC Agilent 1200 (Agilent Technology, Palo Alto, CA,
USA) equipped with a diode array detector (DAD), a quater-
nary pump, and two LiChrospher C;g 5-pm (4 mm x 150 mm)
columns (Phenomenex) connected in series. The temperature,
flow rate, and injection loop were of 25 °C, 0.5 mL/min, and
20 uL, respectively. The mobile phase was comprised of (A)
50 mM ammonium diacid phosphate solution brought to 2.6
pH with phosphoric acid, (B) 80% acetonitrile and 20% phase
A, and (C) 200 mM phosphoric acid. The mobile phase gra-
dient was 0of 100% A at 5 min, 92% A and 8% B at 8 min, 14%
B and 86% C at 20 min, 16.5% B and 83.5% C at 25 min,
21.5% B and 78.5% C at 35 min, 50% B and 50% C at 70 min,
100% A at 75 min, and 100% A at 80 min. The polyphenol
compounds were analyzed at four different wavelengths:
280 nm for catechins and benzoic acids, 316 nm for
hydroxycinnamic acids, 365 nm for flavonols, and 520 nm
for anthocyanins. High purity standards of gallic acid,
chlorogenic acid, quercetin-3-O-rutinoside, cyanidin-3-O-
rutinoside, and cyanidin-3-O-glucoside were used not only
to identify but also quantify these polyphenolic compounds.

Evaluation of the Antioxidant Capacity

The effect of the A—Ch bilayer edible film and, also, of the
maturity stage on the antioxidant capacity of figs was also
tested. The 2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic ac-
id) (ABTS) and ferric reducing antioxidant power (FRAP)
assays were used as described by Gonzalez-Centeno et al.
(2012). For both antioxidant assays, an automated microplate
reader, in particular a Multiskan Spectrum (Thermo Scientific,
Waltham, MA USA) was used.

Sensory Quality

The sensory analysis of coated and uncoated (control) fig
fruits was carried out following the methodology previously
described by Gol et al. (2013) with some modifications.
Specifically, the sensory quality was evaluated from the fol-
lowing parameters: appearance, color, odor, firmness, flavor,
and overall acceptability for a total of 3 samples; one sample
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corresponding at 0 day (fresh) and 2 samples (coated and
uncoated) stored for 15 days. All figs were labeled with 4-
digit code numbers and randomly provided to the panelists.
The samples were evaluated by a panel of 50 volunteers aged
between 19 and 53 years old, who were habitual consumers of
figs. Drinking water was provided to panelists for eliminating
the residual taste between samples. Each attribute was scored
on a structured hedonic scale labeled from “extremely
unpleasant” (0) to “extremely pleasant” (9).

Data Analysis

All data were statistically analyzed using analysis of variance
(ANOVA). Further, the post hoc analysis was carried out
using Fisher’s least significant difference (LSD) test with a
significance level of 0.05. All calculations were carried out
using Minitab 18 statistical software (Minitab Inc. 2018).

Results and Discussion
Internal Concentrations of CO, and O, of Figs

Regardless of the maturity stage of the evaluated figs, the
application of the alginate—chitosan (A—Ch) coating caused
important changes in the composition of the internal atmo-
sphere of figs during storage at low temperature (p < 0.05).
Thus, coated figs exhibited a higher CO, concentration than
uncoated figs (Fig. 1), whereas O, concentration was higher in
uncoated figs (Fig. 2).

As can be observed in Fig. 1, the CO, concentration of
coated figs decreased during storage, from ~ 1600 to ~
710 uM, for figs at stage III, and from ~ 1850 to ~740 uM,
for figs at stage IV; whereas in uncoated figs, the CO, con-
centration decreased from ~ 600 to less than 200 uM, regard-
less of the maturity stage.

However, the internal O, of uncoated figs exhibited a
slight but significant increase during storage, from ~ 5890
to 7650 uM for figs of both stages of maturity (III and
IV), whereas in coated figs internal O, increased from ~
3100 to ~3990 uM for figs stage III, and from ~2900 to
~3250 uM for figs at stage IV (Fig. 2). As can be ob-
served, CO, concentration decreased during the first days
of storage, which could be attributed to the low respiration
rate as consequence of low temperature. In the subsequent
days of storage, the A—Ch coating promoted the CO, ac-
cumulation inside of fruit as consequence to the low gas
permeability of coating (Reyes-Avalos et al. 2016).

The composition of the internal atmosphere of coated
figs showed a similar behavior to other coated fruits since
it has been observed that coated fruits and vegetables tend
to exhibit a CO,-rich internal atmosphere (Cisneros-
Zevallos and Krochta 2002; Meza-Velazquez et al. 2013).
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Several authors have also observed that edible coatings are
able to decrease the respiratory rate of figs, which in turn
may lead to the modification of the internal atmosphere
(Reyes-Avalos et al. 2016; Bourbon et al. 2011; Fabra
et al. 2012). It is well known that the modification of the
internal atmosphere, by increasing CO, and decreasing O,
concentration, is one of the key factors in delaying the
ripening process of fruits (Diaz-Mula et al. 2011; Majidi
et al. 2014; Chaudhary et al. 2015).

Total Polyphenols

The influence of the A—Ch coating on the total polyphenol
content (TPC) of figs at the two maturity stages (Il and I'V)
stored at 6 °C can be observed in Fig. 3. Here, TPC was
influenced by both the application of the coating and also
the maturity stage of the figs. Thus, in uncoated figs, TPC
decreased as the maturity stage increased (p <0.05),
whereas in coated figs TPC remained almost unchanged,
accounting for about 206 mg GAE/100 g dm, regardless of
the maturity stage and storage time (p > 0.05). In fact, only
uncoated figs at stage III exhibited a slight but significant
increase in the TPC as storage time increased, achieving a
maximum of 246.15 + 8.84 mg GAE/100 g dm at 12 days
of storage (p < 0.05) (Fig. 3). Interestingly, these results are
concomitant with those from other studies performed in
sweet cherry fruits coated with the sodium alginate film
(Diaz-Mula et al. 2012), and in blue berries coated with
the A—Ch film (Chiabrando and Giacalone 2015), showing
that the TPC of coated fruits was lower than in uncoated
fruits. Several authors have suggested that lower TPC in
coated samples could be the result of the hypoxia and the
inhibition of the phenylalanine ammonia-lyase promoted
by the lower O, and higher CO, concentration which result
from the coating (Imahori et al. 2008; Wang et al. 2015).

Identification and Quantification of Anthocyanins,
Flavonols, and Polyphenol Acids of Figs by HPLC

In order to gain more insight into the different polyphenolic
compounds present in figs, methanolic extracts were subjected
to HPLC-DAD analysis. The chromatograms from the
HPLC-DAD analysis of the methanolic extracts from figs
are shown in Fig. 4.

As can be seen, five different polyphenolic compounds
were identified at different wavelengths (280—520 nm). In
particular, gallic acid (GA) and chlorogenic acid (CA)
were identified at 280 and 316 nm, respectively. The fla-
vonol quercetin-3-O-rutinoside (Q3R) was also found at
365 nm whereas at 520 nm two anthocyanins were identi-
fied: cyanidin-3-O-glucoside (C3G) and cyanidin-3-O-
rutinoside (C3R). Interestingly, C3R, with around 90%,
was the predominant compound followed by Q3R,
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whereas C3G, CA, and GA were found in minor amounts
(listed in order of abundance).

The influence of the application of the A—Ch film on each
of these polyphenolic compounds is described below.

Effects of the A-Ch Coating on Anthocyanins

The results from the quantification of two anthocyanins,
cyanidin-3-O-glucoside (C3G) and cyanidin-3-O-rutinoside
(C3R), found in the methanolic extracts obtained from the
different samples are shown in Table 1.

As can be observed, the application of the film significantly
affected the concentration of C3G and C3R at maturity stage
IIT (»p <0.05) whereas at maturity stage IV it was not

Time (d)

significant (p > 0.05). Interestingly, uncoated figs at maturity
stage III showed a significant increase from 4.8 to 13 mg/
100 g dm for C3G and from 53 to 117 mg/100 g dm for
C3R during the first 9 days of storage (p <0.05). After this
period, these anthocyanins, C3G and C3R, exhibited a signif-
icant decrease (p < 0.05), up to 5.84 mg/100 g dm for C3G and
to 63.81 mg/100 g dm for C3R.

The coated figs at maturity stage III did not exhibit a clear
trend, and in this case C3G and C3R anthocyanin concentrations
during the storage period varied from ~2.5 to ~5 mg/100 g dm
and from ~ 35 to ~65 mg/100 g dm, respectively (p > 0.05).

Similar results have been reported by other authors for
plums coated with alginate (Valero et al. 2013) and black-
berries coated with chitosan (Oliveira et al. 2014). The lower

@ Springer
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anthocyanin content in the coated fruits could be a conse-
quence of the internal atmosphere modification (high CO,—
low O,), since it has been observed that the biochemical reac-
tions involved in the anthocyanin synthesis can be regulated
by modified atmosphere (Diaz-Mula et al. 2011; Selcuk and
Erkan 2014).

Effect of the A—Ch Coating on Quercetin-3-O-Rutinoside

The quercetin-3-O-rutinoside (Q3R) was the most abun-
dant flavonoid found in the methanolic extracts of figs.
Table 2 shows the concentration of this compound in coat-
ed and uncoated figs, at the two maturity stages, during
low-temperature storage.
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Time (d)

Interestingly, the application of the A—Ch coating on
figs at stage III did not show any significant effect on
the Q3R concentration. However, when the A—Ch coating
was applied on figs at stage IV, the concentration of Q3R
was slightly higher than in uncoated figs, in particular at
the end of the storage period evaluated. Overall, the Q3R
content ranged from ~20 to ~30 mg/100 g dm in figs at
stage I1I; whereas for figs at stage 1V, it varied from ~ 15
to ~25 mg/100 g dm. These results are in agreement with
RoBle et al. (2011), who observed that the application of
an alginate film did not affect the content of Q3R in apple
samples. Nevertheless, it should be emphasized that infor-
mation relating to the effect of edible coatings on the con-
tent of Q3R is very scarce.
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Effect of the A—Ch Coating on Phenolic Acids

The influence of the A—Ch coating on the content of
chlorogenic acid (CA) and gallic acid (GA) of figs, at two
maturity stages (III and IV), stored at low temperature (6 °C)
is presented in Table 3.

As can be seen, significant changes were observed in the
CA content when figs, at stage III, were coated with A—Ch
coating (p < 0.05), whereas the application of A—Ch coating in
figs at stage IV did not cause such changes (p > 0.05).
Interestingly, the CA content increased, both for uncoated
and coated figs, as storage time increased (p < 0.05). In par-
ticular, for uncoated figs, CA increased from 1.21+0.16 to
3.14£0.45 mg/100 g dm while a similar increase from 1.31 =
0.2 to 3.62 +0.14 mg/100 g dm was observed for coated figs.

The application of the A—Ch coating changed GA content
significantly at the end of the storage period (p <0.05). In

Time (d)

particular, coated figs exhibited higher GA levels than those
found in uncoated samples. Thus, an increment in GA content
in figs at stage III, from ~1.7 to ~2.8 mg/100 g dm, was
caused by the coating application, whereas for uncoated sam-
ples the GA content remained almost constant. However, no
significant changes in the GA content were observed for coat-
ed figs at stage IV, while for uncoated figs, this phenolic acid
decreased during storage period. These results suggested that
CA could be more affected by the internal atmosphere modi-
fication as consequence of the application of the A—Ch coating
than GA. It is important to note that most of polyphenol com-
pounds showed high variability along storage period, in par-
ticular those in maturity stage 111, which could be attributed to
different biochemical changes involved in ripening process.
Again it is important to emphasize that there is very limited
information in the scientific literature relating to the influence
of coatings on this type of phenolic compounds. Further
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studies focused in the biochemical mechanisms involved in
the synthesis of this type of bioactive compounds during stor-
age at low temperatures should be carried out in order to
explain this phenomenon.

Effect of the Application A-Ch Coating
on the Antioxidant Capacity of Fig Fruits

The results corresponding to the antioxidant capacity, deter-
mined by the ABTS and FRAP assays, of uncoated figs and,
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also, of figs coated with an A—Ch film stored at 6 °C during
15 days are presented in Table 4.

Interestingly, significant differences were observed in
the antioxidant capacity, measured by ABTS and FRAP,
as a consequence of the application of the A—Ch coat-
ing (p <0.05). Thus, in general, the antioxidant capacity
of uncoated figs was higher than in coated figs. Further,
the maturity stage of figs was also an important param-
eter since figs at stage IV exhibited lower antioxidant
capacity than fruits collected at stage IIl (see Table 4).
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Table 1 Concentration of two
different anthocyanins, cyanidin- Maturity stage ~ Storage days  Cyanidin-3-O-glucoside Cyanidin-3-O-rutinoside
3-O-glucoside (C3G) and
cyanidin-3-O-rutinoside (C3R), Uncoated Coated Uncoated Coated
identified in the methanolic ex-
tracts of coated figs withan A-Ch 11 0 480+£007%  373£004F  53.10+9.97%  46.79+3.37"%
coating and uncoated (control) 3 7.19£0.03%%  535+£0.12°%  80.92+4.03  35.56+5.04
figs, collected at two maturity 6 S73£0.12'%  346+005"% 6054+ 1274% 3065875
stages and stored for 15 days at bX by bX abY
6 °C (mg/100 g dm) 9 13.00+0.03 4.68+0.08" 116.93 +4.45 49.97 +10.84°
12 8.10+£0.17°% 2.79+0.04% 83.68+18.08°%  19.43+1.37Y
15 584+0.13°%  536+0.05®Y  63.81+21.49%  6535+3.15%%
v 6.73+0.08°%  521+0.05°%  77.02+3.12%X 63.96+2.98°X
721+0.07°%  353+0.10°Y  78.88+3.57°X 52.12+£8.52%%
5.13+0.11%% 6.73 +0.09°% 64.14 +3.70°% 61.70+12.91%%
545+0.10°%  6.04+0.08"%  6437+12.34%  58.65+7.95%%
12 6.64+022°%  506+0.06°%  74.86+2648%%  60.38+5.86°%
15 633+021°%  539+0.09%%  68.51+25.85%  67.38+9.04°X

Lowercase letters (a, b, ¢, d) indicate significant differences in maturity stages and storage days according to the

LSD test (p < 0.05) (n =4)

Uppercase letters (X, Y) indicate significant differences between coated and uncoated fruits according to the LSD

test (p<0.05) (n =4)

For instance, the antioxidant capacity of uncoated figs
at stage III increased during storage, either for ABTS
(from 1930.7+£39.0 to 2140.1+18.2 uM TE/100 g dm)
or FRAP assay (1928.8+41.4 and 2322.5+82.4 uM
TE/100 g dm). On the contrary, no significant differ-
ences (p>0.05) were observed in coated figs at this

Table 2 Concentration of quercetin-3-O-rutinoside (Q3R) identified in
the methanolic extracts of coated figs with an A—Ch coating and uncoated
(control) figs, collected at two maturity stages and stored for 15 days at

6 °C (mg/100 g dm)

Maturity stage  Storage days  Quercetin-3-O-rutinoside
Uncoated Coated
I 0 2524+0.88"%  28.09+3.46"%
3 30.14+0.55% 31.78 £0.43%X
6 29.69+0.58°%  21.94+231°X
9 25.59+123%%  20.15+2.34°%
12 34.53+£7.73%% 18.78 £2.17°Y
15 3218+ 1120  3321+11.85%
v 0 25.08+3.55%  2472+1.67%
25.46+4.99X  23.96+3.93%X
28.13+2.12%%  2276+3.11°%%
1623+2.73%%  252444.08%%
12 19.77+£2.58%4%  17.71 +£1.99°%
15 13.50 £4.07%X 20.11+£3.90%%

Lowercase letters (a, b, c, d, e, f) indicate significant differences in ma-
turity stages and storage days according to the LSD test (p < 0.05) (n=4)
Uppercase letters (X, Y) indicate significant differences between coated
and uncoated fruits according to the LSD test (» <0.05) (n=4)

maturity stage, accounting for a mean value of 1672.2
+34.9 uM TE/100 g dm for ABTS, and 1726.0 +
554 uM TE/100 g dm for the FRAP assay. It is im-
portant to point out that the maximum antioxidant ca-
pacity of uncoated figs at maturity stage III, for both
ABTS and FRAP assays, was observed after 9 days of
storage, decreasing afterwards.

On the other hand, no significant changes (p > 0.05) in
the antioxidant capacity of coated figs at stage IV were
observed, accounting for a mean value of 1505.9 £26.3
and 1432.3+41.4 uM TE/100 g dm for ABTS and
FRAP assays, respectively. However, uncoated figs at
the same maturity stage exhibited a significant decrease
in the antioxidant capacity as storage time increased. In
the case of the antioxidant capacity measured by ABTS,
a decrease from 1860.8 £65.3 to 1500.0+98.7 uM TE/
100 g dm was observed, while a decrease from 1861.9 =
61.1 to 1427.9+76.8 uM TE/100 g dm was determined
by the FRAP method.

Interestingly, the antioxidant capacity of figs, measured for
both ABTS and FRAP assays, showed a good correlation with
the C3R content (R = 0.80).

Several authors have also observed that the lower
antioxidant capacity exhibited by the coated fruits could
be associated with the delay of the ripening process
(Diaz-Mula et al. 2012; Wang and Gao 2013). Thus,
these results suggested that the ripening delay caused
by the A—Ch coating promotes a high preservation of
the antioxidant capacity of figs during storage at low
temperature (6 °C), regardless of the maturity stages
(IIT and IV) evaluated.
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Table 3 Concentration of the

phenolic acids (mg/100 g dm) Maturity stage Storage days ~ Chlorogenic acid Gallic acid
identified in methanolic extracts
of coated figs with an A—Ch Uncoated Coated Uncoated Coated
coating and uncoated (control)
figs, collected at two maturity 111 0 12140.16%  131£020*%  1.96+0.07% 1.70£0.17°%
stages and stored for 15 days at 3 1.65+0.07°%  1.18+0.11%% 2.07+0.06™% 2.12+0.12%%
6°C 6 1994020°%  181£0.07%  2,09+0.13% 1.86+0.06™X
9 3.22+0.17°% 2.33+0.14%Y 220+0.11%% 236+0.07°%
12 3.20+0.66°% 2.06+0.06Y  223+0.05% 2.58+0.219%
15 3.14+0.45% 3.61+0.14%% 2.13+0.29°% 2.78+0.25°Y
% 140+0.08%%  144+0.10°%  1.78+0.11™%  1.85+0.05*%
1.14+0.18% 146+0.13%  1.85+0.08""%  1.42+0.08"
2.09+0.04°% 1.31+£0.29%%  1.89+0.08°% 1.67+£0.19*%
1.44+0.12%% 1.92+0.41°% 1.46+£0.10%% 1.67+£0.10*%
12 2.05+0.63% 148+0.16™%  1.58+0.17°%  142+0.06%
15 2.02+0.53% 1.67+£0.19%% 1.31+0.12% 1.50£0.14*%

Lowercase letters (a, b, c, d, e, f) indicate significant differences in maturity stages and storage days according to

the LSD test (p < 0.05) (n=4)

Uppercase letters (X, Y) indicate significant differences between coated and uncoated fruits according to the LSD

test (p < 0.05) (n=4)

Sensory Quality Evaluation

The results obtained after the sensory quality evaluation of
fresh figs as well as coated and uncoated figs stored for 15 days
at 6 °C are shown in Fig. 5.

Color, texture, appearance, odor, taste, and general accept-
ability were the main sensory attributes assessed. Overall, the
results clearly show that coated figs did not present significant
differences, for the different sensory attributes evaluated, in

comparison with fresh figs (p > 0.05), the score being higher
than 7 for all attributes.

On the contrary, uncoated figs exhibited a significant re-
duction of the score related to the sensory attributes evaluated,
taking the fresh figs as a reference (p < 0.05), and obtaining a
score lower than 6 for all attributes.

Generally, the sensory attributes of fruits undergo a signif-
icant reduction as the time of storage increases, reducing the
overall quality of fruits. Similar results have been observed for

Table 4 Antioxidant capacity

(umol Trolox equivalent/ Maturity Storage  ABTS FRAP
100 g dm) of coated figs with an stage days
A-Ch coating and uncoated Uncoated Coated Uncoated Coated
(control) figs, collected at two
maturity stages and stored for 11 0 1930.7£39.0°%  1661.7+51.1"Y  1928.8+£41.4°%  1735.4+68.1°°%
15 days at 6 °C 3 1963.9 +23.8%% 1795.9 +93.4°% 2226.9 + 84.8°% 1894.0 £41.7°Y
6 1916.9+42.9°%  1504.5+73.5%Y  2104.0+£78.5°%  1542.5+137.7°Y
9 2140.1 +18.2°% 1669.7+58.7%°Y  2322.5+82.4%X 1710.7 +95.4%Y
12 2008.5+101.6™%  1561.1+953%Y  2163.6+£94.2°%  1619.8+170.0%Y
15 1862.7+156.2°%  1840.2 +85.4%% 1924.4+241.3%%  1853.7+220.2%%
A% 1474.1 +44.1% 1590.8+65.2°% 14852 +44.0%  1636.7+41.7°%
1860.8+65.3%%  1525.5+22.1%Y  1861.9+61.1"%  1521.8+46.6°%Y
1480.6 + 65.8°% 1550.6 +53.6°9%  1408.4 +71.0%% 1451.2 + 126.5%°%
9 1734.2 +49.49% 1469.5+67.4°%  1713.4+72.4°X  1360.1 +65.5°Y
12 1771.0+33.5°%  1384.8+46.69Y 1495.7+124.9%% 12344+ 14.4%
15 1500.0 +98.7°% 1514.2+902°9%  1427.9+76.8%X  1390.0+122.2°¢%

Lowercase letters (a, b, ¢, d, ) indicate significant differences in maturity stages and storage days according to the

LSD test (p <0.05) (n=4)

Uppercase letters (X, Y) indicate significant differences between coated and uncoated fruits according to the LSD
test (p<0.05) (n=4)
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Fig.5 Comparison of the sensory
quality of coated figs with an A—
Ch coating and uncoated (control)
figs, stored for 15 days at 6 °C
with fresh figs. Means with the
same letters are not significantly
different according to the LSD
test (p>0.05)

overall
acceptability

-
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strawberries coated with a chitosan-based film (Valenzuela
et al. 2015) and for pineapple coated with the alginate film
(Mantilla et al. 2013) during storage at low temperature (<
6 °C). Thus, these results showed that the application of the
A—Ch coating could reduce the loss of the sensory character-
istics of figs, retaining its main sensory attributes at least dur-
ing 15 days of storage at 6 °C.

Conclusions

The effect of the application of an alginate—chitosan (A—Ch)
coating on the internal atmosphere, the bioactive compounds,
antioxidant capacity, and sensorial quality of figs, collected at
two stages of maturity (IIT and IV), has been evaluated. Thus,
the A—Ch coating modified the internal atmosphere (increas-
ing CO, and decreasing O, content) of figs, delaying the rip-
ening process. In particular, the application of the A—Ch coat-
ing promoted, on the one hand, a controlled synthesis of poly-
phenol compounds ensuring a better retention of these com-
pounds, in particular of C3R and Q3R, whereas for GA was
not only retained but also increased. Further, during the stor-
age period evaluated, the antioxidant capacity and CA of coat-
ed figs were preserved. Finally, it should be highlighted that
the application A—Ch coating caused a much more efficient
preservation of the overall sensory quality of the fruit during
storage, especially more noticeable when figs at maturity stage
IV were coated.

Therefore, the application of A—Ch coating can be a poten-
tial and effective alternative to preserve not only the bioactive
compounds, but also, the organoleptic characteristics assuring
the shelf life of the fruit during storage at low temperature.
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