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Abstract: Dried figs undergo undesirable changes during storage, particularly browning reactions. An
approach to this issue is using, separately, antioxidants such as ascorbic acid and salicylic acid as anti-
enzymatic browning agents. The aforementioned chemical agents were tested at the concentrations 0.1,
0.2, and 0.3% during 6 weeks-storage at 4 °C, for dried figs sealed within polyethylene terephthalate
bags. For both agents, the results demonstrated that a concentration of 0.3% lowered the browning index
compared to the control by 55 and 54%, respectively. Compared to other concentrations, the same
concentration suppressed polyphenol oxidase to 75 and 80%, respectively. A significant impact (p <
0.05), for both treatments, particularly at 0.3%, was obtained on dried figs quality by lowering the total
phenols loss and antioxidant capacity loss during the storage period. The results of vibrational
spectroscopy were able to confirm the same pattern of the polyphenols compared to those examined by
UV-Visible spectrophotometry, revealing thus a decreasing absorbance. A similar tendency was
revealed using integrated intensity around the phenols vibration within the region of 1175-940 cm, as
the concentrations of anti-browning agents increased. Thus, pre-storage ascorbic and salicylic acids
treatments at 0.3% on dried figs could be appropriate to delay enzymatic browning and quality loss and,
therefore to extend their shelf-life.

Keywords: enzymatic browning; polyphenol oxidase; vibrational spectroscopy; salicylic acid; ascorbic
acid.
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1. Introduction

Growing demands for fruits and vegetables in forms where they can be consumed as
easily accessible snacks has always been a major concern for the agri-food industry and
continues to be a worthwhile yet challenging endeavor [1,2]. Figs (Ficus carica L.) and
especially dried figs are emblematic food of the Mediterranean countries as the species is
abundantly cultivated in such hot, dry climates [3]. There is little research in spoilage
prevention methods and preserving their health-promoting properties, despite the importance
of dried figs. Indeed, after harvest, at its fully ripe stage, figs generally contain more than 75%
water [4], and given this characteristic of perishability, it is exposed to deterioration very
quickly. Keeping them fresh has always been the best way to maintain their nutritional value
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for health through technological enhancement treatments [5,6]. However, such a decision is
difficult to maintain throughout the distribution chain since it requires low temperatures and
involves high costs [7,8]. For centuries, many alternatives have been practiced to overcome
this, such as salting, dehydration, and fermentation [9]. Since drying prolongs its shelf life,
dried fig is very popular and is important in the consumer market [10]. However, the fig
undergoes several modifications and attacks during this process, such as biochemical reactions
and microbial growth, leading to its senescence and deterioration [11]. Some of these changes
persist after drying, such as unwanted browning reactions [12-14].

Under the term "browning" are grouped a set of phenomena that cause a reduction in
quality, alteration of color, and organoleptic properties related to flavor, texture, and loss of
nutrients. Consumers' appearance changes affect the sensory evaluation of dried figs, as
browning is often linked to rotting [15,16]. Due to its polyphenols richness, the susceptibility
of fig to enzymatic browning is high, and surface browning is the main cause of its deterioration
during and after drying [14]. Over 50% of the fruit industry's losses have been attributed to
enzymatic browning, one of the biggest problems in fruit storage and processing [17]. This
phenomenon, which represents enzymatic oxidation of polyphenols, is mainly attributed to the
action of polyphenol oxidases (PPO), which catalyze the conversion of polyphenols into
quinones, which constitute very unstable species that polymerize, leading to the formation of
heavy molecular pigments, usually brown or black called "melanins” [15,16,18].

Sulfites are well-known anti-browning agents widely used for their effectiveness in
food processing to prevent browning [19,20]. However, as the apparent safety of sulfite
additives led to their widespread use, reports began to appear during the 1970s that consuming
foods containing sulfites was associated with adverse health reactions [21]. Symptoms reported
range from mild in some people to very severe in others, and in some people, these reactions
can be life-threatening [16,22]. Faced with this situation, over the past decade, there has been
a lot of research to replace sulfite treatment with less harmful anti-browning agents. Various
healthier and safer anti-browning agents have recently gained considerable attention, including
ascorbic and salicylic acids, which are able to inhibit the activity of PPO, either by lowering or
increasing the pH or by inactivating the enzyme by chelating copper at its active site to inhibit
the catalysis reaction [23-26]. Its low cost, low toxicity, and antioxidant and anti-free radical
properties make ascorbic acid (vitamin C) the anti-browning agent that best meets the criteria
for replacing sulfites in the food industry due to its preservative effects attributed to the
reduction of reactive quinones to the original colorless diphenols [27,28]. Several
investigations recommend its use at concentrations between 0.1 and 0.3% [29-31]. Likewise,
salicylic acid (SA), which is a phenolic compound harmless to human health, has shown
effective inhibition of enzymatic browning from several sources [32—34] due to a competitive
inhibition mechanism of SA on the PPO activity [35]. Its role in inducing plant defense against
various forms of biotic and abiotic stress has also been reported [35,36]. On freshly cut Chinese
chestnut (Castanea mollissima), the effect of SA on enzymatic browning was studied by Zhou
et al. [33] using concentrations between 0.1 and 0.5%. With higher concentrations, the effect
was significantly large. Similar results have been reported in several studies using the anti-
browning agents mentioned above [17,35,37].

As far as we know, there is no data regarding Moroccan dried fig browning monitoring
and preventing. To date, several studies worldwide have been carried out to find unharmful
strategies to prevent food enzymatic browning. These strategies were mainly assayed using
biochemical markers, such as PPO activity, polyphenols kinetic, and browning index.
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However, very few studies have investigated this phenomenon by combining these markers
with vibrational spectroscopy as a highly sensitive and non-destructive method [38]. The
present study investigated the effects of Ascorbic and salicylic acids on enzymatic browning
and PPO activity in dried figs by combining biochemical assays using UV spectrophotometry
with Fourier Transform Infrared spectroscopy (FTIR) using chemometrics.

2. Materials and Methods

2.1. Plant material and growing conditions.

350 fresh fruits samples of Ficus carica L. "El Qoti Lebied™ cultivar, one of the most
locally cultivated clones, was harvested during September 2020 at their full ripening stage from
the ex-situ collection. This collection belong to the experimental station of the National
Institute of Agricultural Research (INRA), in northern Morocco (x = 511,600 ; y = 370,250 ; z
= 480 m). This collection is 14-year-old trees planted in a completely random design and
spacings of 5 x 3 m. The trees are driven in a cup, and drip-irrigated daily, from March to
October, with an average daily dose of 55 liters/tree. The orchard is planted on loamy clay soil,
quite rich in organic matter (2.07%) and usually fertilized with 170, 90, and 120 kg ha® of N,
P.Os, and K20, respectively. Figs were considered fully ripe when the receptacle was three-
quarters reddish-purple and when they were easily separated from the twig. Selected fruits had
uniform size and maturity, with no diseases and visual blemishes. Initial moisture content was
determined using the oven-dried method as described by AOAC. [39] and was noted to be 78
+ 1% wet basis (w.b.).

2.2. Fruit pretreatment and drying.

Figs were distributed according to an experimental design depending on the treatment
with the anti-browning agents. The selection of the soak temperature, duration, and
concentrations was based on the available literature. Thus, as described by Ali et al. [30] and
Zhou et al. [33], fruits were immersed for 5 min in distilled water (control) or in the following
concentrations of 0.1, 0.2, and 0.3%, either ascorbic acid or acid salicylic respectively.
Subsequently, the fruits were dried in a hot air dryer at a temperature of 80 °C, and a speed of
300 m®/h. Drying was stopped at a moisture content of 25% according to the Commercial Grade
Standards for Dried Figs developed by the United Nations Economic Commission for Europe
[40]. All the dried samples (315 dried figs) with the same moisture content were packaged and
sealed in polyethylene terephthalate (PET) bags (size: 17 x 12 cm L/W; permeability: 50-100
and 245.83-408.64 cm®um/m2.h. atm for O, and CO,, respectively; permeability to water
vapor: 16.25-21.25 g.um/m2.h) to serve as replicates. For each treatment, twenty-one bags,
each containing fifteen fruits, were prepared. Samples were arranged in a complete randomized
design with one fruit per repeat for each treatment and stored at 4 °C for six weeks. At the end
of the experimental storage period, samples' water activity (aw) was 0.41, 0.4, and 0.38 for the
dried samples treated with salicylic and ascorbic acids and the control, respectively. This was
measured using a calibrated electric hygrometer (HygroLab, Rotronic, Bassersdorf,
Switzerland). All measurements were performed in triplicate.
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2.3. Browning index determination.

Color variation of the dried figs according to the different treatments (control included),
during the periodic monitoring, along the experimental storage was measured using a Minolta
CM-700 colorimeter (Minolta Camera Co., Osaka, Japan), standardized with white and black
calibration. All measurements were obtained from four random points located on opposite sides
of the equatorial region of the fruit. The average of the four measurements was taken as a single
replica, with less than 0.5% error. Fifteen replications per sample were considered. The color
was studied with reference to the CIE L*, a*, b* color coordinates with the D65 illuminant, the
SCI mode, and an observation angle of 10 °. Low reflectance glass (Minolta CRA51/1829-752)
was placed between the samples and the equipment. The determined CIE L*, a*, b* coordinates
referred to clarity (L*), redness (a*, red/green coordinate), and yellowing (b*, yellow-blue
coordinate). Browning Index (Bl), which represents the purity of the brown color, and which
is reported as an important parameter in the processes where enzymatic browning occurs
[41,42], was calculated using equations 1 and 2 below described according to Palou et al. [43].

BI = [100(x — 0.31)]/0.172 (Eq.1)
where: x = (a* +1.75L)/(5.645L 4+ a * — 3.012b *) (Eq.2)

2.4. Polyphenoloxydase (PPO) activity determination.

Extraction and determination of the PPO enzymatic activity were carried out as
described by Zhou et al. [33]. Briefly, 20 g of dried fig were homogenized in 100 mL of citrate
phosphate buffer (0.05 M, pH 5.6) using an IKA T-18 Basic Ultra-Turrax homogenizer (IKA
Werke GmbH & Co ., Staufen, Germany). The mixture was centrifuged for 30 min at 0 °C and
10,000 g, and the supernatant was then added with 100 mL of the same buffer. Enzymatic
activity of PPO was evaluated by adding 0.1 M catechol (1 mL) as a substrate to a mixture of
0.1 M phosphate citrate buffer (pH 5.6, 3 mL) to the enzymatic extract solution (0.5 mL). The
change in absorbance at 420 nm was measured every 30 s for 3 min using a UV-1700
spectrophotometer Shimadzu, Japan. Results were represented by a specific activity, defined
as an increase in absorbance per minute in 1 mg enzyme of the reaction mixture
(AA420/min/mg).

2.5. Determination of total phenolic content (TPC).

After drying, and every 15 days, on each treatment with its different concentrations, a
sample was taken at random and was subjected to extraction for phenolic compounds.
Extraction was performed with reference to the method developed by Sanders et al. [44], and
slightly modified by Xie and Bolling. [45]. Total polyphenols content (TPC) of the dried fig
extracts was determined with reference to the micro Folin-Ciocalteu method described by
Waterhouse. [46]. Briefly, 1 g aliquots of each sample powder were homogenized in 20 ml of
ethanol and ultra-pure water (80:20, v/v) at 4 °C for 15 min using an IKA T-18 Basic Ultra-
Turrax homogenizer (IKA Werke GmbH & Co., Staufen, Germany). After centrifugation for
10 min at 4 °C at 3000 g, the supernatant was removed from the residue, and the extraction was
repeated three times. Supernatants were combined and filtered through Whatman No.1 filter
paper. Afterward, 40 uL of extract were added to 3160 pL of ultrapure water, 200 uL of the
Folin-Ciocalteu reagent, and 600 puL of 20 % sodium carbonate solution. After 30 min of
incubation at 40 °C, the absorbance was measured at 765 nm (UV-1700 Shimadzu, Japan). The
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TPC is expressed as gallic acid equivalent per dry weight of fig fruit (mg GAE/gdw). The
analysis was performed in triplicate, and the results were expressed as mg of gallic acid
equivalent (GAE) per 100 g.

2.6. Antioxidant activity.

Antioxidant activity was assessed by the free radical scavenging methodology, using
DPPH (radical 2,2-diphenyl-1-picrylhydrazyl) and  ABTS  (2,2-azinobis-(3-
ethylbenzothiazoline- 6-sulphonic acid) tests. DPPH assay was performed according to the
method adapted from Kumar et al. [47] with slight modifications. Briefly, to 0.2 mL of the
ethanolic extract was added 3.8 mL of the freshly prepared DPPH solution (by dissolving in
96% ethanol (0.026 mg.mL™)). After 30 min of incubation, the absorbance was read at 515 nm,
and the antioxidant capacity was calculated according to the equation below. ABTS test was
performed according to Re et al. [48] by reacting an aqueous solution of 7 mM ABTS (3.6 g.L"
1y with 2.45 mM potassium persulfate (0.662 g.L™?), followed by incubation of the mixture in
the dark for 12-16 h at room temperature. ABTS solution was then diluted with ethanol to
obtain a table absorbance of 0.7 = 0.02 at 734 nm. Hence, 20 pl of the extract or the distilled
water (control) were mixed with 1 ml of the diluted ABTS solution. After 6 min at 30 °C, the
absorbance was measured at 734 nm. After 6 min at 30 °C, the absorbance was measured at
734 nm. All essays were performed in triplicate, and antioxidant capacity values for both DPPH
and ABTS were calculated using the equation (Eq. 3) below.

1 (%) = [(Abs Control — Abs Sample )/Abs Control] x 100 (Eq. 3)

2.7. FTIR-ATR spectroscopy.

Fourier transform infrared spectroscopy (FTIR) measurements were performed using
the Bruker Vertex 70 FTIR spectrometer equipped with an ATR (Attenuated Total Reflection)
accessory (Bruker Optics Inc., Ettlingen, Germany), in the region of 4000 to 450 cm™ with a
spectral resolution of 4 cm™. Three scans were averaged for each FTIR spectrum on the infrared
(IR) spectrum corresponding to the accumulation of 128 scans. Measurements were carried out
by applying 50 pL of the ethanolic extracts of each sample to the germanium crystal by
spreading it using the pipette tip. Prior to evaluating the sample, a background spectrum was
collected, which corresponds to an IR spectrum of an empty germanium crystal surface. This
is automatically subtracted from the sample spectra. Crystal cell was cleaned between spectral
collections using an ethanol rinse and hot water, then thoroughly dried with a soft tissue.

2.8. Processing of FTIR-ATR infrared spectra.

In order to correct multiplicative interference, a basic correction procedure was first
performed on each IR spectrum [49]. ATR correction procedure was applied to the raw FTIR
spectra. The processing parameters were summarized as follows: incidence angle = 45 °; ATR
reflection number = 1; average refractive index of the sample = 1.5; maximum interaction =
50; 1.8 mm crystal surface. Peaks in each spectrum that indicate regions of vibration
corresponding to sample biochemical fingerprints and areas were obtained using Essential
FTIR software (version 3.50.183). In order to show the differences in absorbance between
samples, the vibration corrected spectra of the phenol region were obtained using OriginPro
v8.5 software (OriginLab Corporation Inc.).
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2.9. Statistical data processing and chemometrics.

Before statistical analysis, the data were tested for normality and homogeneity of
variance to ensure the validity of the analysis. This was carried out using SPSS v22 software
to test the significant differences between the samples. Experimental design consisted of a
three-factor model which are treatments (AA and SA) x applied concentration (0, 0.1, 0.2 and
0.3%) x storage period (0—6 weeks).

3. Results and Discussion

3.1. Treatments effect on the browning index (BI).

The instant enzymatic browning is the main factor that restricts the selling of dried figs.
Therefore, Bl is considered as an important index of the browning process and surface decay,
and which increased from 10 to 60 after the six-week storage of control samples, while that of
the AA and SA treated samples showed a low browning rate, which varied depending on the
treatment and following the applied concentrations (Figure 1). Generally, treated figs
maintained a low browning index during storage time. It is noteworthy that Bl remained almost
unchanged during the first week of storage. After that, treatment doses significantly impacted
dried fig browning rate, which was negatively correlated to the treatment dose. Thus, overall,
the samples treated with a concentration of 0.3% showed low Bl compared to 0.1 and 0.2%,
particularly for SA. At the end of the storage time, the BI of samples treated with 0.3% of AA
and SA was 34.25 and 33.64, representing 55 and 54% of the control, respectively (Figure 1).
The results showed that AA and SA delayed the browning reaction on the surface of dried fig
during the cold storage time, and the effects were influenced by their respective concentrations.
Both treatments showed the same effects, with no remarkable differences between them.
Similar results were shown by Zhou et al. [33], who reported that SA had lowered BI of fresh-
cut Chinese chestnut during six days storage. Zhang et al. [50] have also observed that
melatonin treatment inhibited the postharvest browning of litchi fruit. The same results were
found by Ali et al. [30], using cysteine, ascorbic acid, and citric acid as PPO inhibitors and
anti-browning agents on lettuce-head fresh-cut.
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Figure 1. Browning index (BI) variation over six weeks storage as affected by different concentrations of
ascorbic (AA) and salicylic acid (SA). Values are given as means * standard deviations (n = 3 fruits).
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The authors stressed that high concentrations of ascorbic acid (> 1.5%) reduced the
quinone instantly formed to the catechol (original substrate), whereas it showed a competitive
mechanism at lower concentrations. The browning index has been proven to be the best indirect
way to investigate the enzymatic activity in foods. It provides valuable information of color
deterioration, representing the purity of brown color, indicating where the enzymatic browning
process takes to convert polyphenols to quinones [35]. In this sense, the correlation between
PPO and BI was given in Figure 2, showing all related statistics, including a high R-square
value of 0.81.
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Figure 2. Correlation between the specific activity of polyphenol oxidase (PPO) and browning index (BI) in
dried figs (example of control samples).

3.2. Impact of processing on PPO activity.

The changes in samples' PPO activity over time are shown in Figure 3. After six weeks
storage period, AA and SA treatments had significantly reduced the specific activity of PPO
compared to the control (p < 0.05). The specific PPO activity of untreated samples has
increased by 200% after three-week storage, which is more than three times the initial value.
However, it showed a low increase rate starting from the end of the third week. Treated samples
displayed an increasing PPO activity during the first-week storage before it decreased
substantially for the rest of the storage period. Thus, figs specific activity of PPO decreased to
17 and 25% of that of the first week as treated by 0.1 and 0.2% of AA, and therefore the PPO
activity was lowered 15 to 13 times that of the control samples, respectively. A higher decrease
rate of the PPO specific activity (75%) was obtained AA treatment at 0.3% (Figure 3). After
treatment with low SA concentration, the specific activity of PPO at week six was reduced to
7.5% compared to that of week one. This is equivalent to a specific PPO activity 15 times lower
than the control samples. At 0.2 and 0.3% of AS treatment, a sharp decrease in specific PPO
activity was observed, where it was decreased to 17 and 12%, respectively at the end of each
treatment, which corresponds to a lowering of 20 to 27 times compared to that of the control
samples respectively (Figure 3). During the experimental storage period, the enzymatic
activities of PPO of figs treated with AA and SA were significantly lower than those of control
fruits. General inhibition of PPO activities by the anti-browning agents applied would consist
of reduced contact between the enzymes and the substrates. In this sense, several authors have
reported the PPO activity inhibition in the fruits by the treatments used in this trial, inhibiting
effect and not by inactivation of the enzyme [51-53]. While the level of PPO activity lowering
by ascorbic acid was 75% compared to the control, salicylic acid showed an 80% decrease in
PPO activity, even if the two treatments showed similar kinetics during the storage period. The

small increase in the PPO specific activity after the first week of storage, for all treatments, and
https://biointerfaceresearch.com/ 8373


https://doi.org/10.33263/BRIAC126.83678384
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC126.83678384

all concentrations may be due to a synergistic effect of AS with certain polyphenols present in
the crude enzyme, which may affect the binding of AA and SA in the active site of PPO, and
subsequently the conversion of polyphenols to quinones [50]. Zhou et al. [33] report that the
hydrogen bonds formed between the oxygen atoms of the anti-browning agent and the
hydrogen atoms of the phenols may be the main factor leading to the inactivation of PPO. The
inhibitory effect of AA and SA on the PPO activity had gradually become effective, with the
increase in the concentration of the treatments. Investigations carried out on other browning
inhibitors, such as cysteine and citric acid [35], chlorine dioxide [37], sodium chloride [54],
and chitosan [55], have reported this phenomenon. In addition, various studies have shown that
AA and AS are competitive inhibitors of PPO, which inhibits the conversion of polyphenols to
quinones. Therefore the spontaneous polymerization of quinones to melanin leads to browning

[17,33,35,37,56].
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Figure 3. Variation of enzymatic specific activities of polyphenol oxidase (PPO) in dried figs over time (six
weeks) (AA: ascorbic acid; SA: salicylic acid). Values are given as means + standard deviations (n = 3 fruits).

3.3. Effects of treatments on total phenolic content (TPC) kinetic.

Polyphenols are one of the main compounds implicated in fruit enzymatic browning.
Total polyphenols contents (TPC) were measured, and their evolution was followed during the
test along the storage period. Evaluation of total polyphenols kinetics revealed for both treated
and control dried figs a significant decrease in levels as storage time increased (Figure 4). TPC
increased during the first week of storage and then decreased significantly until the end of the
storage period. With a sharp decrease during the first three weeks, control samples exhibited a
very low TPC during the experiment, before remaining relatively constant at a low level for
the two consecutive weeks. Finally, the curve showed a rate of relatively small decrease. After
six weeks, TPC decreased to 17% at the start of the storage period in the control samples.
Processed samples displayed a similar pace to their specific PPO activity, which resulted in a
substantial increase in TPC during the first week of storage before decreasing until the sixth
week of storage significantly. In samples treated with AA, this peak was remarkable, where the
TPC was generally about 139.5 mg GAE/100 g, compared to those treated with SA (120 mg
GAE/100 g). According to Saito and Kawabata. [57], this finding can probably be explained
by the suppression of the formation, and the dissipation of free radicals by the two anti-
browning agents used, which results from the synergistic effect between the anti-browning
agents with the compounds phenolics in the samples. Since AA and SA interfere with the Folin-
Ciocalteu reagent, this phenomenon could also be attributed to the excessive amount of AA

https://biointerfaceresearch.com/ 8374


https://doi.org/10.33263/BRIAC126.83678384
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC126.83678384

and SA with the soaking treatment. This has been demonstrated by Saito and Kawabata. [57].
Compared with AA, TPC levels were higher in the case of SA, which may also be explained
by the action of the agents on the PPO catalytic reaction. Indeed, at 0.3%, while AA reduced
initial PPO activity by 75%, SA suppressed up to 80%. On the other hand, a relatively rapid
decrease in TPC was observed with low concentrations of treatments.

Thus, TPC decreased to 30 and 33% of the initial value after six weeks of storage at
0.1% of the AA and SA treatments, while it was reduced to 13 and 16% after treatment with
0.3%, respectively. Using the same concentration (0.3%), it should be noted that throughout
the storage period, TPC was maintained at higher levels in the samples treated with SA
compared to AA. These results can be explained by the inhibition of phenolic compounds
oxidation by the anti-browning agents used during storage time. In agreement with several
previous investigations [17,35,37,56], these results suggest that AA and SA treatments had
beneficial effects on maintaining dried figs' total phenol content. During postharvest storage,
reducing the oxidation of phenolic compounds ultimately helps reduce enzymatic browning
[35]. Thus, the binding of anti-browning agents AA and SA into the PPO active site was
probably associated with the higher level of TPC in the samples treated with these agents,
subsequently preventing the conversion of polyphenols to quinones. This result suggests that
AA and SA treatments inhibit the oxidation of phenolic compounds and consequently the
browning process of dried figs.
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Figure 4. Total phenolic content (TPC) variations during storage as affected by different concentrations of
ascorbic (AA) and salicylic acid (SA). Vertical bars show the standard error of the means, and data are the mean
of three replicates.

3.4. Effect on antioxidant activity by scavenging free radicals DPPH and ABTS.

During storage, in order to evaluate the kinetics of dried figs' antioxidant capacity, tests
for antioxidant activity by scavenging free radicals DPPH and ABST were applied to the
samples under the different processing conditions. In both DPPH and ABTS trials, a significant
decrease pattern similar to TPC in control and treated dried figs was observed throughout
storage, with a typical increase during the first week (Figure 5). Compared to control figs, the
decrease in antioxidant activity was significantly less in dried figs treated with AA and SA. In
dried figs treated with AA and SA, DPPH scavenging activity decreased significantly from
week 2 to 6 (p < 0.05), which was in agreement with the previous study by Adiletta et al. [55]
on fresh figs treated with ascorbic acid (1.5%) and chitosan (1%) for 9 days. Zhang et al. [58]
reported the same results in litchi fruit as influenced by apple polyphenols. The authors pointed
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out that as storage time increased, there was a similar suppression of DPPH radical scavenging
activity. The same was observed in the ABTS radical scavenging activity kinetics (Figure 5).
After the first week to the end of the storage period, the ABTS radical scavenging activity in
the dried figs treated with AA and SA decreased considerably (p < 0.05). Results showed a
consistent trend with total phenolic content, suggesting that the antioxidant capacity kinetics
of dried figs decrease due to accelerated senescence during storage [59]. These results suggest
that AA and SA delay dried figs' antioxidant capacity decrease, and thus both treatments could
maintain higher antioxidant activity compared to control samples, and this is probably related
to the same effect they had on the kinetics of TPC during the storage period. AA and SA
treatments mechanism to reduce browning in dried figs is probably related to their ability to
delay the decrease in antioxidant activity, which has been observed through the kinetics of
DPPH and ABTS radical scavenging, thus inhibiting the process for converting phenolic
compounds into quinones. These are findings consistent with several investigations [35,56,59].

80 80
AA AS
A m 0.1% m 0.1%
c_"’ﬁ @ & 0.2% o 0.2%
2 50 - AN 0.3% % AN 0.3%
o 60 F
IS v Control, % v Control
I
o L2 % £ A
a)
40 v ¥ & 4t v ¥ ] &
c . | N
(5] v
= vV e vo8
<2 . % 20t g
c
s v v
X v v
0 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
60 60
AA AS
H 0.1% m 0.1%
50 b & 0.2% @ o
o0 f A o
v Control 570
40 + 401 v Contro

% inhibition of ABTS radicals
38

FEH
<

T

BB
e~ ot
.QN
A >

% 20+
]

|
Ly

o 1 2 3 4 5 6
Weeks Weeks
Figure 5. Changes in free radical scavenging activity (DPPH and ABTS) of dried figs treated by different
concentrations (0.1, 0.2, and 0.3%) of ascorbic (AA) and salicylic acid (SA). Vertical bars show the standard
error of the means, and data are the mean of three replicates.

3.5. FTIR-ATR spectral analysis.

Dried figs extracts analysis at the respective treatments by FTIR-ATR spectroscopy
revealed spectral bands shown in Figure 6. Between 4000 and 450 cm?, in relation to spectra
shape and depending on the peaks, we can note five vibration zones (3700-3000, 3000-2800,
1800-1500, 1500-1175, 1175-940 cm™) associated with wavelengths characteristic of a given

chemical group. It should be noted that the spectrum is made up of spectral bands specific to
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each treatment under all the concentrations, along the storage period, which is superimposed,
where the five zones of vibrations are found, and obviously with a similarity. The first region
is assigned to OH stretching vibrations resulting from hydrogen bonding in cellulose.
According to Schwanninger et al. [60] and Oh et al. [61], the main vibration of this region
which is visible at 3336 cm™, can be associated with the intramolecular hydrogen bond between
C(3) OHe++O(5) and C(6) O+++O(2) H. It was also possible for us to detect in our samples, as
shown in the present figure, a peak in the absorption band between 3000 cm™ and 2800 cm™.
This implies the presence of C-H, O-H, and NH3 groups, which can be assigned to carbohydrate
compounds, phenolics, carboxylic acids, as well as free amino acids [62,63]. Between 1800
cm* and 1600 cm™, the spectrum has a small shoulder in the FTIR spectra, which has been
attributed to deformation OH in the plane, to elongation C=0 of carboxylic ester type and
stretching C=0 of proteins [64—66]. Between 1500 and 1175 cm™, the absorbance bands would
correspond to the phosphodiester groups and are probably the result of several weak peaks that
could not be differentiated in the analyzed samples.
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Figure 6. Typical ATR-FTIR spectra of dried fig samples (example of 0.1% treatment) measured in the region
of 450-4000 cm™.,

Various investigations connect these bands with vibration around 1458.15 cm™*, which
could probably be associated with the curvature of CH, and the methylene deformation of
protein [67,68], the vibration to 1392 cm™ which is most likely assigned to carbohydrates or

https://biointerfaceresearch.com/ 8377


https://doi.org/10.33263/BRIAC126.83678384
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC126.83678384

the lateral chain of amino acids [69,70], the vibration at 1315 cm™, which is associated to tilting
CH,[60], and vibration at about 1155 cm™, which is the result of CO stretching [70]. Finally,
the vibrations in the region of 1175-940 cm™ are made up of a small peak at 1086 cm™,
probably assigned to the C-OH group and a pointed peak around 1044 cm™ attributed to CC
and CO stretching in the glucide structure and CO in phenol [71].
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Figure 7. ATR-FTIR spectra in the region of 1775-940 cm™ as a function of storage period and treatment dose.
Each sample IR represents the mean of 3 spectra.
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The effect of anti-browning agents used is particularly observed in this region because
it is often linked to phenols, the subjects of spontaneous conversion to quinones, and enzymatic
browning.

Since it is difficult to visualize the impact of each treatment on the absorbances of the
samples, and based on overall results obtained with the FTIR-ATR spectroscopy, and of our
major interest for the phenolic compounds because of their determining implication in
enzymatic browning, it was particularly interesting to draw the infrared spectra (IR) of each
treatment in the absorption band between 1775 cm™ and 940 cm™ which comprise the phenols
(Figure 7). As the storage time increases, the absorbance decreases gradually, according to the
results above. Also, as the concentration of each treatment increases, the overlapping of IR
bands becomes less remarkable in both treatments. This characteristic is observed in the
samples processed by SA.

Using the Essential FTIR software, the integrated intensity of the 1175-940 cm™ region,
which includes phenols' vibration, has been calculated and plotted for each treatment (Figure
8). With the storage time advancement, the integrated intensities have shown a downward trend
in all samples, indicating the decrease of phenolic compounds in the samples. This trend
reversed with the increase in each treatment concentration. Thus, as the concentration of anti-
browning agents increased, integrated intensities increased. Even by being a qualitative
method, FTIR spectroscopy has been useful for characterizing changes in dried samples and
the effect of AA and SA treatment and their corresponding concentrations. In previous studies,
FTIR-ATR fingerprints showed an excellent ability to discriminate from the distribution of
numerous biomolecules, with a significant flow resolution to distinguish several food samples
including fruits, vegetables, or drinks, for example, biosynthesis of silver nanoparticles in figs
[72], polysaccharides of the cell wall of the olive pulp [73], the authentication of the
pomegranate juice concentrate [74] and the discrimination of bovine gelatin, swine and fish
[38]. In this approach, the level of resolution on the classification suggests the usefulness of
FTIR-ATR spectroscopy in screening as accurate, fast, with minimal sample preparation and
inexpensive technology in addition to being respectful of the environment compared to classic
chemical methods. Baltacioglu et al. [75] investigated with the FTIR technique. It gave
satisfactory results in the study of structural changes and PPO activity during heat treatment in
the temperature range of 25 to 80 °C.
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Figure 8. Integrated intensity of the 1175-940 cm™ vibration (phenols vibration) as a function of storage period
and treatment dose showing that the decrease of the intensity was lowered by the decrease of treatment dose.
(AA: ascorbic acid; SA: salicylic acid).
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In our study, FTIR results were generally consistent with those of TPC Kinetics,
antioxidant activity, Bl, and PPO, which showed a significant impact of AA and SA treatments
on the decrease in Bl and PPO activity, in addition to maintaining the TPC and antioxidant
capacity at a higher level compared to control samples. The characteristics thus unveiled in this
approach have important implications on the basis that they may encourage the potential use
of FTIR-ATR fingerprints in a pattern of chemotypes distribution discrimination.

4. Conclusions

Enzymatic browning is a challenging endeavor for dried fig marketability leading to a
considerable quality loss. Through this report, it can be concluded that ascorbic and salicylic
acids treatment at the concentration of 0.3% was the most effective for controlling the fig peel
enzymatic browning at low-temperature storage. The same concentration delayed the quality
loss through lowering polyphenols and antioxidant activity decrease. The vibrational
spectroscopy technique using ATR-FTIR was consistent with previous ones since the
absorbance showed a decreasing rate in the region of phenols vibration (1175-940 cm™), which
was lowered as the anti-browning agents' concentration decreased. Integrated intensities
observed at this vibration region also showed a low decrease in high inhibitor concentrations.
Considering these results, this study suggests the use of SA, which showed a slight superiority
in its effect to lower enzymatic browning in dried figs. Both applied treatments are harmless to
human health, easy to use, and did not significantly differ in their prices. The present study
provides interesting and promising results on the use of ascorbic and salicylic acids as an
unharmful anti-browning agent for inhibition of dried fig enzymatic browning and, at the same
time lowering their antioxidant quality loss.
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