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Abstract

The effect of processing on potential changes of antioxidant activity (DPPH and ABTS), total phenolic content
(TPC) and total flavonoids (FLAV) of feijoa pulp during storage was investigated. In addition, possible modifications
in the phenolic composition of the pulp. The pulp was subjected to refrigeration (control, 5 °C), pasteurization (85
°C/5 min) and irradiation (2.0 kGy). TPC, FLAV, DPPH and ABTS were measured during 28 days, whereas the iden-
tification and quantification of phenolic compounds were conducted after processing. The results were submitted
to principal component analysis (SAS 9.4). Pasteurization preserved TPC, DPPH and ABTS for 21 days, while in the
irradiated samples and control, the values were decreased and FLAV were maintained at high levels. The profile

of phenolic compounds was different for each sample with six compounds being identified.
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1. Introduction

Brazil has a wide variety of native fruits with unique and attractive
flavors for commercialization. Furthermore, these fruits are often im-
portant sources of bioactive compounds, such as polyphenols, which
comprise a large group of molecules whose regular consumption
has been associated with anti-inflammatory, antioxidant, and cardio-
protective effects as well as immuno-stimulating activity (Weston,
2010; Alov et al., 2015; Szymanowska and Baraniak, 2019).
Considering the present perspectives, better use of native fruits
by the food industry may be a way to provide innovative and
healthier products. Although some native fruits present an interest-
ing composition, many are still inadequately known and are not
explored by the commercial market as is the case for feijoa (Feijoa
sellowiana), a fruit that belongs to the Myrtaceae family, and con-
tains high amounts of vitamin C, flavonoids (quercetin glycosides,

procyanidins and catechins) and phenolic acids (Weston, 2010;
Karami et al., 2013; Mosbah et al., 2019).

Due to its high perishability, the processing of feijoa for com-
mercialization as frozen products or refrigerated pulp is stimulated
as a way to extend its shelf life and add value it (Karwowski et al.,
2013). However, attention must be paid to the processing method
chosen, in order to reduce possible losses of nutritional value and
bioactive compounds.

In this context, besides the conventional conservation methods
such as pasteurization, refrigeration, and freezing, other technologies
have been employed to increase the shelf life of products, such as
irradiation, because it is a non-thermal technology which contributes
to the conservation, distribution and marketing of the pulp, by inacti-
vating pathogenic and spoilage microorganisms (Aneja et al., 2014).

Although some studies have demonstrated the impact of the
processing on the bioactive compounds of feijoa pulp (Buratto et
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al., 2019; Castelucci et al. 2020), to the best of our knowledge,
there has been no report focusing on the fresh feijoa pulp and its
shelf life using irradiation compared to other conventional meth-
ods. Considering the potential use of this fruit for manufacturing
new foodstuffs, further studies must be carried out to indicate the
advantages of using different processing methods in order to avoid
the loss of functional compounds. Therefore, this study aimed to
verify whether different processing methods (refrigeration, pas-
teurization and irradiation) had an effect on changes of the antioxi-
dant activity, total phenolic content and total flavonoids of feijoa
pulp during storage, both quantitatively and qualitatively.

2. Material and methods
2.1. Raw material and pulp processing

The feijoa fruits were obtained from a producer in Paraibuna (Sao
Paulo, Brazil). The fruits were harvested in 2012 and stored at —18
°C for one month, until processing. For pulping, the fruits passed
by a selection for high quality, and were washed and sanitized with
active chlorine solution (200 mg L") for 15 min. The material was
crushed and homogenized in an industrial stainless-steel blender
(2:1, w/v) with mineral water for 3 min at room temperature (25
°C). The pulps were separated into three portions for treatments
via refrigeration (control), pasteurization and irradiation.

The control treatment consisted of storing the pulp at 5 °C (non-
irradiated and non-pasteurized pulp). For the pasteurization treat-
ment, the pulps were treated in an open pan (36 cm) at 85 °C for
5 min, and rapidly cooled down after thermal treatment in an ice
bath, and packed in polyethylene bags (10 x 15 cm) with 100 mL
of pulp that were stored under refrigeration (5 °C). For irradiation
treatment, the pulps were packed in polyethylene bags (100 mL)
and stored at —18 °C in a commercial freezer until the irradiation
process. According to previous studies (Silva et al., 2018), irradia-
tion doses above 2.5 kGy have not shown satisfactory results for
fruit pulps. Thus, the lots were irradiated in the radiator of the In-
stitute of Energy and Nuclear Research (IPEN, Sdo Paulo, Brazil),
using a commercial source of cobalt-60 with 2.0 kGy and subse-
quently were stored at 5 °C. The dose was 2.30 kGy hour™!, and the
boxes were positioned at 30 cm from the source for 2 h.

The samples (three repetitions) were stored under refrigeration
(5 °C) for 28 days (in the dark, to avoid the oxidation of the phe-
nolic compounds). The experimental design was randomized fac-
torial, composed of three treatments (control, pasteurization and
irradiation) and five periods of analysis (1, 7, 14, 21 and 28 days
after processing).

2.2. Phenolic extract

For the preparation of the phenolic extract, 10 g of feijoa pulp were
vortexed (1 min) with 20 mL of ethanol/water (80:20, v/v) and al-
lowed to stand for 50 min at room temperature (25 °C). The extract
was centrifuged at 8,000 g for 15 min at 4 °C in a refrigerated
Eppendorf-R-5810 centrifuge (Hamburg, Germany) and the su-
pernatant (ethanolic extract) was used for the subsequent analyses.

2.3. Total phenolic compounds

Folin-Ciocalteau method (Singleton, 1965) was employed to meas-
ure the total phenolic compounds. The absorbance was read at 765

nm in a UV/VIS Femto—432C spectrophotometer (Sao Paulo, Bra-
zil) and the results were expressed as mg of gallic acid equivalents
(GAE) per g of pulp on the wet basis.

2.4. Total flavonoids

Total flavonoids were determined according to Park et al. (1995)
and the absorbance was read at 415 nm using a UV/VIS Femto—
432C spectrophotometer. The results were expressed as mg of
quercetin equivalents per 100 g of pulp on the wet basis.

2.5. Antioxidant activity

The antioxidant capacity was evaluated by DPPH and ABTS
analyses. The DPPH assays were conducted according to Brand-
Williams et al. (1995). The solutions were mixed and the reduction
of the DPPH radical was measured by reading the absorbance at
515 nm in a UV/VIS Femto—432C spectrophotometer after 50 min
of reaction. Results were expressed in pM of trolox equivalents per
g of pulp on the wet basis. For the ABTS assays, the methodology
described by Rufino et al. (2007) was used. The reduction of the
ABTS"™ was measured at 734 nm using a UV/VIS Femto—432C
spectrophotometer after 6 min of reaction. The results were ex-
pressed in uM of trolox equivalents per g of pulp on the wet basis.

2.6. ldentification and quantification of the phenolic compounds
in feijoa pulp

Thirteen phenolic compounds (1,3-dicaffeoylquinic acid, 1,5-di-
caffeoylquinic acid, caffeic acid, p-coumaric acid, chlorogenic
acid, ellagic acid, ferulic acid, gallic acid, quinic acid, shikimic
acid, kaempferol, quercetin and rutin) were identified and quanti-
fied in samples of feijoa pulp by UHPLC-MS.

For this analysis, the feijoa pulp was primarily lyophilized (Ap-
paratus Inc., New York, NY, USA) and employed in the extraction
of the phenolic compounds by the use of a FastPrep®-24 homog-
enizer. In this, 10 mg of the material were added to a tube with 1.5
mL of water/methanol (1:1, v/v) and porcelain pearls. The samples
were agitated at a speed of 5.0 ms™! for 120 s and then filtered.

The identification and quantification of the phenolic compounds
were performed using ultra-high-performance liquid chromatogra-
phy (UHPLC) Accela 1250 pump, coupled to a Thermo Scientific
high-resolution mass spectrometer, model LTQ Orbitrap Velos
with electrospray ionization (ESI) operating in the negative mode.
The samples were injected (10 pL) by an autosampler Accela
Open, and a (C18) Phenomenex Kinetex PFP column (150 mm
x 3.00 mm x 2.6 um) was employed, with the flow of the mobile
phase of 500 uL min~!. The mobile phase used consisted of a gra-
dient of water/0.1% formic acid (solvent A) and methanol/0.1%
formic acid (solvent B), which was eluted in a linear gradient: from
5 to 80% (v/v) of B for 5 min; from 80 to 100% (v/v) of B for 5
min; 3 min with 100% of B; from 100% to 5% (v/v) of B for 4
min, and 3 min with B at 5%. For the quantification of compounds,
the calibration curve was constructed using authentic standards
(Sigma-Aldrich, St. Louis, MO, USA). The results were expressed
in pg ¢! of pulp on the wet basis.

2.7. Statistical analysis

The results obtained in the evaluation of the phenolic compounds
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Table 1. Antioxidant activity, phenolic compounds and flavonoids of feijoa pulp subjected to refrigeration (control), irradiation (2.0 kGy) and pasteuriza-

tion (85 °C/5 min) during 28 days of refrigerated storage (mean t standard deviation, n = 3)

Storage period (days)

Treatments 1 7 14 21 28
DPPH radical scavenging activity (LM of trolox equivalents g™! of pulp)
Control 53.74 £ 8.95 39.20+3.78 20.53+2.69 25.36 £ 2.77 22.97+2.10
Irradiation 48.92 +2.06 46.06 +4.30 33.89+1.31 21.41+3.42 26.57 £0.57
Pasteurization 49.61 +0.69 37.74 £ 4.09 41.84 +6.70 39.95+7.05 49.60 + 0.58
ABTS radical scavenging assay (UM of trolox equivalents g=* of pulp)
Control 42.87 +6.11 32.89+4.38 34.24 £ 6.96 26.98 £1.20 28.98 £2.61
Irradiation 39.34 £5.25 42.21 +2.05 47.07 £0.80 23.72+£2.75 31.47 £0.30
Pasteurization 41.63+1.72 55.31+5.39 59.26 + 6.05 58.15+0.59 59.40+0.37
Total phenolic compounds (mg of gallic acid equivalents g™* of pulp)
Control 10.21+0.75 6.01+0.84 5.09+0.91 5.09+0.91 4,98 £0.61
Irradiation 9.75+0.78 7.77 £0.28 6.54 £0.14 6.54 +0.14 4.23+0.84
Pasteurization 12.64 +0.47 10.35+1.21 12.42£1.10 12.42 +1.10 6.20 £ 0.07
Total flavonoids (mg of quercetin equivalents 100 g™* of pulp)
Control 68.40 +9.39 42.50+1.67 40.25+2.24 47.99+5.34 21.01+0.47
Irradiation 53.82+4.74 44.33 +7.30 40.46 +2.08 31.51+3.16 18.65 + 5.99
Pasteurization 58.48 +7.82 30.89 +4.36 29.17 £3.45 26.74+£2.12 13.56+2.70

during the storage period and in the analysis of identification and
quantification of phenolic compounds were subjected to the Princi-
pal Component Analysis (PCA), based on the Correlation Matrix.
For this, the statistics program SAS 9.4 was employed.

3. Results

3.1. Total phenolic compounds, flavonoids and antioxidant ac-
tivity of the feijoa pulp during storage

The PCA extracted two principal components from the total data-
set (Table 1), explaining 88.45% of the variance. The first princi-
pal component (Component 1) explained 58.81% of the statistical
variance and was positively correlated with the variables antioxi-
dant activity by the DPPH method and total phenolic compounds
(TPC) (Figure 1). The second principal component (Component
2) explained 29.64% of the statistical variance and was positively
correlated with the variable flavonoids (FLAV). The variable anti-
oxidant activity by the ABTS method was correlated with the third
principal component, which is not present in the cloud of observa-
tions and variables because it corresponded with only 11.55% of
the total variance.

On the first day of storage, the control feijoa pulp (refriger-
ated) presented higher values of FLAV, TPC and DPPH. On the
other hand, after seven days of storage, a reduction in the values
of flavonoids was observed, with the results of antioxidant activity
(DPPH) and TPC staying close to those of the general mean among
the observations. After the 14 day of storage, the samples of the
control treatment presented a similar profile until the end of the
analyses. An interesting fact for this treatment is that the content of
flavonoids of the samples stored for 21 days remained above those

verified in the pasteurized and irradiated samples.

The pasteurized samples, on the other hand, when compared
to the control treatment, presented higher values of DPPH and
TPC, and lower flavonoid content with values remained similar
during the entire storage period. Although the pasteurized samples
demonstrated a flavonoid content below the general mean of the
observations (between 7 and 28 days of storage), the pasteuriza-
tion applied to feijoa pulp can be considered an advantageous tech-
nique, since it is less expensive than irradiation, for instance, and
maintained the contents of TPC and antioxidant activity (DPPH
and ABTY) at satisfactory levels.

When compared to the other treatments, the irradiated pulps
(2.0 kGy) presented the lowest amount of FLAV, DPPH and TPC
on the first day of storage. During storage, a decrease in the above
values was noticed in each period. It is worth noting that despite
the decreases observed after 28 days of storage, the values of TPC
and of DPPH in the irradiated samples were similar to those of the
control samples.

Furthermore, among the variables presented in Figure 1, a high
positive correlation existed between TPC and DPPH, since they
are positioned in an angle close to zero degree.

3.2. Identification and quantification of the phenolic compounds
in feijoa pulp

Among the 13 compounds analyzed, six phenolic compounds were
identified and quantified in the feijoa pulp subjected to different
treatments (Figure 2, Table 2), each observation (control, pasteur-
ized and irradiated) evidencing a specific profile of phenolic com-
pounds.

The PCA extracted two principal components from the total
dataset (Table 2), explaining 100% of the variance. The first princi-
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Figure 1. Distribution of the cloud of variables and observations, obtained in the Principal Component Analysis (PCA) from the results of antioxidant
activity, phenolic compounds and flavonoids of the feijoa pulp submitted to refrigeration (control), irradiation (2.0 kGy) and pasteurization (85 °C/5 min)
during storage (5 °C, 28 days). Variables: FLAV = total flavonoids (mg of quercetin equivalents 100 g=* of pulp); DPPH = DPPH radical scavenging activity (LM
of trolox equivalents g of pulp); TPC = Total phenolic compounds (mg of gallic acid equivalents g™* of pulp); ABTS = ABTS radical scavenging assay (UM of
trolox equivalents g™ of pulp). Observations: C1 = control stored for 1 day; C7 = control stored for 7 days; C14 = control stored for 14 days; C21 = control
stored for 21 days; C28 = control stored for 28 days; 11 = irradiated (2.0 kGy) stored for 1 day; C7 = irradiated (2.0 kGy) stored for 7 days; C14 = irradiated (2.0
kGy) stored for 14 days; C21 = irradiated (2.0 kGy) stored for 21 days; C28 = irradiated (2.0 kGy) stored for 28 days.

pal component (Component 1) explained 69.52% of the statistical
variance and was positively correlated with the compounds ellagic
acid, quercetin and caffeic acid; and negatively correlated with
quinic acid (Figure 2). The second principal component (Compo-
nent 2) explained 30.48% of the statistical variance and was posi-
tively correlated with the compound shikimic acid, and negatively
with gallic acid.

The control feijoa pulp (refrigerated) was characterized by a
higher amount of gallic acid and lower contents of quinic acid,
shikimic acid and caffeic acid. Meanwhile, intermediate values
were found for ellagic acid and quercetin (Figure 2). Conversely,
the pasteurized pulp presented higher values for caffeic acid, ellag-
ic acid and quercetin. In this sample, lower values were verified for
gallic acid, quinic acid and shikimic acid. On the other hand, the
irradiated sample (2.0 kGy) presented higher values for quinic acid
and shikimic acid and lower values for ellagic acid and quercetin.

Regarding the correlations among the compounds, a high posi-
tive correlation existed between ellagic acid and quercetin (posi-
tioned with angle close to 0°). On the contrary, gallic acid and caf-
feic acid showed a high negative correlation since the variables are
positioned with angle close to 180° from each other.

4. Discussion

4.1. Total phenolics, flavonoids and antioxidant activity of feijoa
pulp during storage

The search for strategies for the preservation of phenolic com-
pounds in fruit-based products is mandatory for the functionality

and quality of the end product. During the storage period, it was
observed that the contents of total phenolic compounds (TPC),
total flavonoids (FLAV) and antioxidant activity (DPPH) for the
control treatment decreased, which precludes the storage of the
product for long periods.

According to Galani et al. (2017), the storage of fruits and veg-
etables at 4 °C for 15 days significantly decreased their TPC con-
tent, drastically affecting the results of antioxidant activity, espe-
cially by the DPPH method, which is coherent with that observed
in the present study, given the high correlation existing between
these two parameters (Figure 1). Furthermore, many factors can
influence the antioxidant activity of fruit pulps, including colloidal
properties of the substrates, the conditions and oxidation stages,
the formation and stability of the radical, as well as the possible
location of antioxidants and their stability at different processing
stages in food (Rockenbach et al., 2008).

It is worth noting that although both the DPPH and ABTS
methods are considered indirect methods for determination of an-
tioxidant activity; these assays present distinct forms of analysis
regarding the solubility of the compounds present in the samples.
In the ABTS method, both lipophilic and hydrophilic compounds
are identified, whereas by DPPH there is a higher sensitivity for the
hydrophilic compounds (Dastmalchi et al., 2011). Therefore, since
the DPPH method is represented by Component 1, it is possible
to affirm that there was a dominance of hydrophilic compounds
(e.g. phenolic acids, phenylpropanoids, flavonoids and quinones)
(Guiné and Barroca, 2014) related to the antioxidant activity in the
samples of refrigerated feijoa pulp.

In general, the values for antioxidant activities by the DPPH
method in feijoa pulp, regardless of the treatment used, were simi-
lar to the values described for acerola pulp (68.0 umol of trolox
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Figure 2. Distribution of the cloud of variables and observations, obtained in the Principal Component Analysis (PCA) from the phenolic compounds
identified and quantified (ug g™') in feijoa pulp subjected to refrigeration (control), irradiation (2.0 kGy) and pasteurization (85 °C/5 min). Variables: Shik
= Shikimic acid; Caff = Caffeic acid; Ella = Ellagic acid; Quer = Quercetin; Gall = Gallic acid; Quin = Quinic acid. Observations: C = refrigerated feijoa pulp (con-

trol); | = irradiated feijoa pulp (2.0 kGy); P = pasteurized feijoa pulp (85 °C/5 min).

equivalents g™ ) (Kuskoski et al., 2005), a fruit which presents con-
siderable antioxidant activity. The authors also found 7.4 umol of
trolox equivalents g ! in guava pulp, a fruit belonging to the same
family of feijoa.

Regarding the behavior of the samples in relation to the other
processing strategies studied, pasteurization was observed to be
the most promising method in terms of the preservation of the
total phenolic compounds and the antioxidant activity for feijoa

pulp, with the pasteurized samples presenting a lower loss of the
total phenolic compounds (1.74%), when compared to the control
(50.14%) and irradiated (32.92%) samples after 21 days of storage.
It is known that pasteurization is a thermal process capable of in-
activating enzymes and reducing microbial load, which may have
contributed to prevent the oxidation of phenolic compounds in the
samples subjected to this treatment (Kaur and Kapoor, 2001).
Mena et al. (2013) reported similar results for juice samples that

Table 2. Phenolic compounds identified and quantified (ug g2 of pulp) in feijoa pulp subjected to refrigeration (control), irradiation (2 kGy) and pasteuri-

zation (85 °C/5 min)

Phenolic compound Control Irradiation Pasteurization
1,3-Dicaffeoylquinic acid LD LD LD
1,5-Dicaffeoylquinic acid LD LD LD

Caffeic acid 14.9 £ 0.001 19.0 £ 0.001 25.9+£0.001
Chlorogenic acid LQ LQ LQ
p-Coumaric acid LQ LQ LQ

Ellagic acid 290.0 £ 0.004 237.0 £ 0.004 383.0+0.003
Ferulic acid LD LD LD

Gallic acid 80.1 + 0.004 77.2 £0.0036 73.0 £ 0.003
Quinic acid 217.0 £ 0.007 269.0 £ 0.007 204.0 £ 0.006
Shikimic acid 21.9+0.0001 27.2 £0.001 23.3 £0.0001
Kaempferol LQ LQ LQ

Quercetin 6.24 £ 0.0033 LQ 16.1+0.003
Rutin La LQ LQ

LQ (limit of quantification) = 6.09 103 mg g™* of extract; LD (limit of detection) = 3.10 107° mg g™* of extract.
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showed higher antioxidant activity values following processing
under mild temperature pasteurization (MTP) and high tempera-
ture pasteurization (HTP) conditions compared to the samples sub-
jected to low-temperature pasteurization (LTP) that did not suffer
any thermal treatment.

Although there were some variations in the results of antioxi-
dant activity (DPPH), it was observed that the sample of pasteur-
ized pulp tended to remain stable during the storage period (Figure
1, Table 1). Small positive fluctuations were also observed for the
TPC content during the 14" and 215! days of storage of the pasteur-
ized feijoa pulp, similar to that reported by Castro-Lopez et al.
(2016) when analyzing the TPC content of pasteurized fruit bever-
ages (95 °C, 15 s) after the 12 days of storage.

Studies have demonstrated that thermal food processing treat-
ments can present positive effects (Guiné and Barroca, 2014), such
as TCP content and antioxidant activity (DPPH and ABTS) in the
pasteurized feijoa pulps. However, some detrimental effects such
as lower FLAV contents were observed for the pasteurized pulps
compared to the control and irradiated samples.

Flavonoids are among the major metabolites found through-
out the plant kingdom, especially in fruits and vegetables. Their
consumption has grown in the past years, given their numerous
health benefits and because these compounds can also be used as
functional compounds and natural food ingredients (Ahmed and
Eun, 2018).

Studies have demonstrated that the use of thermal treatment
for the preservation of vegetable products may cause degrada-
tion of total flavonoids. Igual et al. (2011) evaluated the effect of
conventional pasteurization (water bath at 80 °C/11 seconds) on
the flavonoid content in grapefruit juice, and concluded that heat-
ing caused a decrease in FLAV content. According to Fuleki and
Ricardo-da-Silva (2003), pasteurization combined with cold press-
ing increased the content of some flavonoids (e.g. catechins and
procyanidins) in grape juice but when the samples were subjected
to further thermal treatment (hot pressing), there was a decrease
in the concentration of these compounds. Variations for the total
flavonoids after the use of pasteurization (70 °C for 1 h) were also
identified by Medina-Meza and Barbosa-Canovas (2015) in the
analysis of grape and plum peels. Thus, in order to prevent fluc-
tuations in the phenolic compounds (e.g. flavonoids) in foodstuffs,
other non-thermal methods, such as irradiation, are gaining more
popularity because these approaches allow the retention of the nu-
tritional value in various functional foods in addition to their role
in food preservation (Ahmed and Eun, 2018; Khan et al., 2018).

For this study, however, it was verified that the feijoa pulp sub-
jected to gamma radiation (2.0 kGy) presented decreases in phe-
nolic compounds and antioxidant activity (DPPH and ABTS) dur-
ing the storage period. This result is supported by studies on the
effects of the gamma radiation in jugara pulp subjected to doses
between 2.5 and 10 kGy (Silva et al., 2018); in oranges, between
0.5 and 2.0 kGy (Jo et al., 2019); in strawberries, between 1.0 and
10 kGy (Breitfellner et al., 2002); in kale juice, between 0.3 and
5.0 kGy (Song et al., 2006) and in sour cherry juice, between 0.5
and 6.0 kGy (Arjeh et al., 2015). The decrease in the antioxidant
activity and the phenolic compounds may be related to the indirect
action of the gamma radiation on the organic compounds present
in fruits or vegetables. One of these effects is water radiolysis,
which promotes the formation of hydroxyl radicals, hydrated elec-
trons and hydrogen atoms, which may break the glycosidic bonds
of phenolic compounds (Breitfellner et al., 2002; Lee et al., 2009).

In contrast, the irradiated samples presented flavonoid contents
above those observed in the pasteurized samples, in which at 7 and
14 days of storage, the irradiated had approximately 44 and 39%
more of such compounds, respectively (Table 1). Pongamia pin-

nata leaves subjected to gamma radiation (100-600 Gy) also evi-
denced the rise in the flavonoid content after treatment (Wani et al.,
2019). Irradiated sesame seeds (3, 6, 9 and 12 kGy), likewise, pre-
served a high flavonoid content during 12 months of storage (Hajar
et al., 2019). Studies indicate that radiations, such as gamma or
UV radiation, can stimulate phenylalanine ammonia lyase (PAL)
biosynthesis, which, in turn, increases flavonoid production in the
samples (Hadwiger and Schwochau, 1971; Oufedjikh et al., 2000).

4.2. Identification and quantification of phenolic compounds in
feijoa pulp

Plant foods containing high amounts of phenolic compounds and
antioxidant potential can be used in nutraceuticals and functional
foods for health promotion and disease risk reduction (Shahidi,
2005). The identification and quantification of the phenolic com-
pounds in feijoa pulp subjected to different processings (refrigera-
tion, irradiation or pasteurization) were performed on the first day
of storage. The results indicated that the contents of flavonoids
and total phenolic compounds were similar among the samples,
but it was observed that the use of different methods resulted in
the dominance of distinct phenolic compounds in the end product.

According to the literature, the fruit of feijoa may contain sig-
nificant amounts of catechins, leucoanthocyanins, proanthocya-
nidins, naphthoquinones, syringic and frans-cinnamic acids in its
flesh, whereas ferulic and o-coumaric acids and these occur most
commonly in the peels (Romero Rodriguez et al., 1992; Ielpo et
al., 2000; Tuncel and Yilmaz, 2015). Considering the results ob-
tained in the present study, among the compounds identified in fei-
joa pulp, only quercetin is a flavonols which is commonly found in
large amounts in onions, broccoli, apples and berries (Aherne and
O’Brien, 2002; Arya et al., 2014). Researches have indicated that
quercetin exerts a protective effect in the human organism against
a series of diseases (Yokoyama et al., 2009; Yousef et al., 2010). In
the present study, quercetin was found in the highest amount in the
sample of pasteurized pulp (16.1 ug g™!), and it was not identified
in the irradiated samples. Nonetheless, it is worth highlighting that,
given the elevated content of total flavonoids (FLAV) in the irradi-
ated feijoa pulp, it is believed that other compounds belonging to
the class of the flavonoids, that were not included in this study,
might be present in the irradiated samples, justifying the result ob-
tained in the shelf life study.

Regarding non-flavonoids, the most important compounds in
the diet are phenolic acids, which include gallic and ellagic ac-
ids (phenolic acids with chemical structure C6-C2-C6), caffeic
and ferulic acids (hydroxycinnamates of structure C6-C3) and
resveratrol (stilbenes C6-C2-C6) (Crozier, 2003). Among these
compounds, the first three were identified in relevant amounts in
the pulp of feijoa.

In the pasteurized pulp, caffeic acid was present in the highest
amount (25.9 ug g") in comparison with the other treatments. A
similar behavior was observed by Bhattacherjee et al. (2011) for
pasteurized aonla juice at 90 °C during the first days of storage. On
the other hand, Gil-Izquierdo et al. (2002) observed its degradation
after thermal treatment (pasteurization at 95 °C) of orange juice.
Given its powerful antioxidant activity, caffeic acid has the po-
tential for use in medications and cosmetics. Its consumption has
been related to the increase in collagen production and prevention
of premature aging, antimicrobial activity, in addition to possible
effects in the treatment of dermal diseases (Magnani et al., 2014).

Similarly, it was observed that pasteurization contributed to the
rise in ellagic acid content (383.0 ug g'!) in feijoa pulp, which is
in accordance with that recommended by Mena et al. (2013) in
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a study with pasteurized pomegranate juices (80 °C or 95 °C for
30 s) and by Marszatek et al. (2015) in the analysis of pasteur-
ized strawberry puree (90 °C for 15 min). Ellagic acid is known as
the product formed upon hydrolysis of ellagitannins, a compound
commonly found in plant species of the Myrtaceae family (Aoy-
ama et al., 2018) as is the case for feijoa. Heat treatment can con-
tribute to an increase in the level of ellagic acid due to its release
from ellagitannins (Zafrilla et al., 2001). Thus, it can be observed
that thermal treatment can influence the release of certain antioxi-
dant compounds from fruit tissues, increasing their presence ac-
cording to the binomial time and temperature employed.

The samples of feijoa pulp subjected to irradiation evidenced
higher values of quinic acid (269.0 pg g™!) and of shikimic acid
(27.2 pg g, indicating that the treatment did not degrade them.
The first is a polyphenol that occurs naturally in fruits, coffee, co-
coa beans and wine, and it can also be synthesized via the hydroly-
sis of chlorogenic acid, whose antioxidant activity is higher than
that of certain synthetic antioxidants, such as butylated hydroxy-
toluene (BHT) (Hung et al., 2006; Cinkilic et al., 2013). Similar
to this study, Nagy et al. (2011), using a Cobalt-60-gamma ray
irradiator (10 kGy) in extracts of dehydrated herbs, verified that
irradiation did not exert any significant impact on quinic acid and
other 19 phenolic compounds present.

On the other hand, shikimic acid is fundamental for plant me-
tabolism, producing l-phenylalanine and I-tryptophan, which are
essential amino acids for humans (Kridmer et al., 2003). Further-
more, this compound is used in the synthesis of the antiviral agent
oseltamivir phosphate, which is employed against the human influ-
enza virus A and B (Marchiosi et al., 2019). Pereira et al. (2015),
irradiating Ginkgo biloba (1 and 10 kGy) also observed that the
treatment preserved compounds such as quinic and shikimic acids.

Finally, gallic acid was present in higher amounts in the control
sample (80.1 pg g™!), with 3.8% higher amounts in the irradiated
and 9.7% in the pasteurized samples, indicating the negative effect
of processing on that compound. Similar results were obtained by
Kumari and Khatkar (2019) when they verified a reduction in the
gallic acid content after pasteurization (90 °C for 1 min) of aonla
juice; and also by Chaikham et al. (2014) after they pasteurized
longan juice (90 °C for 2 min). The reduction in the gallic acid
content in the irradiated samples of the feijoa pulp can be related
to the fact that this compound has antioxidant activity, donating
H atoms of the phenol groups to the free radicals formed during
irradiation (Roidoung et al., 2016).

5. Conclusion

The use of different processing methods (refrigeration, pasteuriza-
tion and irradiation) changed the antioxidant activity, total phe-
nolic content and total flavonoids of feijoa pulp during the storage
period, as well as the composition of phenolic compounds of this
product. Pasteurization (85 °C for 5 min) was considered the most
promising technique for the preservation of feijoa pulp during 21
days of storage (5 °C), since the contents of total phenolic com-
pounds and the antioxidant activity were maintained. Conversely,
for both refrigeration (5 °C) and irradiation (2.0 kGy) there was a
decrease in the values of these parameters during storage; how-
ever, it is worth highlighting that the flavonoid contents were more
elevated. From the identification and quantification of phenolic
compounds of feijoa pulp, a distinct profile difference was ob-
served among samples subjected to different processing methods;
six compounds were also quantified. The refrigerated pulps (con-
trol) presented a higher amount of gallic acid, whereas the irradi-

ated demonstrated elevated levels of quinic acid and of shikimic
acid, and the pasteurized sample had higher amounts of caffeic
acid, ellagic acid and quercetin.

The results obtained in this research are innovative and original,
since there are no reports in the literature on the identification and
quantification of phenolic compounds in feijoa pulp subjected to
different processing strategies (e.g. irradiation), besides the evalu-
ation of this product regarding its antioxidant activity during stor-
age. However, future studies should be conducted to evaluate the
individual behavior of phenolic compounds during storage. Addi-
tionally, optimization of the binomial time/temperature relative to
the process of pasteurization in feijoa feijoa pulp for the preserva-
tion of flavonoid compounds is necessary.
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