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Abstract: The present study determined the chemical composition, bioactive compounds and
biological properties of Australian grown feijoa (Acca sellowiana), including whole fruit with peel, fruit
peel and pulp, in order to assess the nutritional quality and antimicrobial activity of this emerging
subtropical fruit. Polyphenolic compounds and vitamins were determined by UHPLC-PDA-MS/MS,
showing that the feijoa fruit not only contains high amounts of antioxidant flavonoids, but is also a
valuable source of vitamin C (63 mg/100 g FW (fresh weight)) and pantothenic acid (0.2 mg/100 g FW).
Feijoa fruit is also a good source of dietary fibre (6.8 g/100 g FW) and potassium (255 mg/100 g FW).
The edible fruit peel possesses significantly (p < 0.05) higher amounts of antioxidant flavonoids and
vitamin C than the fruit pulp. This is most likely the reason for the observed strong antimicrobial
activity of the peel-extracts against a wide-range of food-spoilage microorganism. The consumption
of feijoa fruit can deliver a considerable amount of bioactive compounds such as vitamin C, flavonoids
and fibre, and therefore, may contribute to a healthy diet. Furthermore, the potential use of feijoa-peel
as a natural food perseverative needs to be investigated in follow-up studies.

Keywords: Acca sellowiana; feijoa fruit; proximate composition; polyphenols; vitamins; minerals;
antimicrobial activity

1. Introduction

Obesity, type 2 diabetes and cardiovascular disease are major chronic diseases in the developed
world. Increased intake of fresh fruit and/or high-quality fruit products, resulting in increased
consumption of bioactive compounds such as polyphenols, carotenoids, vitamins and dietary
fibre, has been suggested as one approach to reduce the incidence of these conditions. The feijoa
(Acca sellowiana) belongs to the family Myrtaceae and is commonly known as pineapple guava or
guavasteen since it is related to the guava genus Psidium guajava L. [1]. The feijoa is native to South
America around the highlands of the Uruguay and Brazilian border, but nowadays is widely distributed
and cultivated in many countries, including Australia. The fruit of feijoa was described as a smooth
and soft green skin fruit, with the juicy flesh being divided into a clear, gelatinous seed pulp and a
firmer, slightly granular, opaque flesh nearer the skin [2]. However, the fruit has remained relatively
unknown to many people around the world to this day.

Recent studies have reported that feijoa is a good source of vitamins (e.g., vitamin C), polyphenols,
dietary fibre and essential minerals (e.g., potassium) [3]. For polyphenols, phenolic acids and flavonoids
(e.g., flavone, catechin, quercetin-glycoside, procyanidin B1 and B2) have been found and identified as
the major phenolic compounds in the feijoa fruits [4–6]. Interestingly, the bioactive components are
not only present in the pulp, but also found at a relatively high level in the other biological tissues
of the plant such as peel, leaf and flower bud [6–9]. Although the feijoa fruit peel is edible and can
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be a rich source of functional ingredients such as polyphenols and pectin fibre [4], it is considered
as a by-product of food processing. Furthermore, feijoa is rich in characteristic aroma and volatile
compounds such as methyl benzoate, ethyl butanoate and ethyl benzoate [10], giving this fruit an
‘unique’ flavour profile.

Apart from unique nutritional and sensory qualities, feijoa fruit also shows potential biological
activity. Zhu [3] has published a comprehensive review that summarized the health-related properties
of the feijoa plant both in vitro and in vivo. For example, feijoa fruit demonstrated antioxidant activity
in male Sprague Dawley rats [11] and anti-inflammatory effects and superoxide anion generation in
male Wistar rats [12]. Whilst information about the health benefits reported from in vivo studies is
relatively limited, in vitro studies have shown a wide-range of biological properties such as anticancer,
antidiabetic, antimicrobial, antioxidant and anti-inflammatory activities of the feijoa plant [5,6,13–15].

As feijoa fruit has become more popular and cultivated in Australia for fresh consumption and
processing, a better understanding of its nutrient and phytochemical composition and subsequent
potential bioactivity is crucial. Australia, compared to other countries and continents, has a ‘unique’
natural environment, which can have a significant impact on the nutritional quality and bioactivity
of fruits and vegetables. Therefore, the aim of the present study was to determine the nutritional
characteristics of Australian grown feijoa fruit, its antioxidant and antimicrobial properties, to generate
important information for a better assessment of its nutritional ‘value’.

2. Materials and Methods

2.1. Materials

Ready-to-eat fresh feijoa fruits (approximately 5 kg; Supplementary Figure S1) were harvested
randomly in Victoria (Australia) and provided by Produce Art Ltd. (Rocklea, QLD, Australia). Whole
fruits, pulp and peel (after manual separation), were freeze-dried at −50 ◦C for 48 h (CSK Climatek,
Darra, QLD, Australia) and ground to powder (Supplementary Figure S1). The powdered samples
were stored at −35 ◦C until further analysis.

Commercial phenolic standards ((+/−)-catechin, ellagic acid, vanillic acid, p-coumaric acid, ferulic
acid; ascorbic acid), α-tocopherol, sugar, and organic solvents (HPLC grade) were purchased from
Sigma-Aldrich (Castle Hill, NSW, Australia).

Cultures of Staphylococcus aureus strain 6571 and Escherichia coli strain 9001 were obtained from the
National Collection of Type Cultures (NCTC, Health Protection Agency Centre for Infection, London,
UK), and Candida albicans (strain 90028) was sourced from the American Type Culture Collection
(ATCC, In Vitro Technologies Pty Ltd., Noble Park, VIC, Australia).

2.2. Proximate Analysis

The proximate composition of the whole fruit powder was analysed by Symbio Alliance
Laboratories (Eight Mile Plains, QLD, Australia), a National Association of Testing Authorities (NATA)
accredited laboratory that complies with the International Organization for Standardization/the
International Electrotechnical Commission (ISO/IEC) 17025:2005. The analysis were carried out
according to NATA approved in-house methods or appropriate Association of Official Analytical
Chemists (AOAC) methods. Analysis of protein by AOAC method 990.03 [16]; fat by AOAC
method 991.36 [17]; saturated, mono-unsaturated, poly-unsaturated and trans-fatty acids by gas
chromatography with flame-ionization detection (in-house method CFH068.2); ash by AOAC method
923.03 [18]; minerals and heavy metals by inductively coupled plasma spectrometry (in-house methods
ESI02 and ESM02, respectively); total dietary fibre by enzyme digestion and spectrophotometric
in-house method (CF057); energy based on calculation from proximate data (in-house method CF030.1);
crude fibre by AOAC method 962.09 [17]; dry matter using air-oven (in house method CF006.1); and
selected B-vitamins by high performance liquid chromatography (in-house method CHF363).
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2.3. Measurement of Physico-Chemical Parameters

In order to measure the physico-chemical parameters, the fresh fruits (with peels) were blended
into a puree using a Laboratory Blender Waring 8010S (Waring® Laboratory Science, Torrington,
CT, USA). The puree was used for the determination of total soluble solids (TSS) using a digital
refractometer HI 96,804 HANNATM (Hanna Instruments Ltd., Leighton Buzzard, UK), pH and total
acid content (TA; titrimetric method) using an automated titration system Metrohm 795 Karl Fischer
Titrator System (Metrohm, Herisau, Switzerland).

2.4. Extraction and Analysis of Individual Polyphenols

2.4.1. Extraction of Free Phenolic Compounds

Extraction of free phenolic compound was carried out as per the previously reported method [19],
with a few minor modifications. Approximately 500 mg powdered samples were extracted with 80%
methanol containing 1% HCl (v/v) on a reciprocating shaker (RP1812, Paton Scientific, Adelaide, SA,
Australia) for 15 min in the dark at room temperature. Ultra-sonication was subsequently applied to
the samples for 15 min, followed by centrifugation (3,900 rpm for 5 min; Eppendorf Centrifuge 5804,
Hamburg, Germany). Supernatants were retained, whilst the residues were re-extracted twice with the
procedure described above. The supernatants were combined and subjected to U(H)PLC-PDA-MS
analysis and the total phenolic content (TPC) assay. The extraction was conducted in triplicate.

2.4.2. Extraction of Bound Phenolic Compounds

Bound phenolic compounds were extracted according to the method described by Adom and
Liu [20] with slight modifications. Briefly, the residues obtained in 2.4.1. were subjected to alkaline
hydrolysis for 1 h while shaking. After that, the samples were acidified to pH 2.0 (using concentrated
HCl) and then ethyl acetate was added to further purify the released phenolic compounds. The ethyl
acetate extracts were collected and dried under nitrogen at 40 ◦C in a dry block heater (DBH30D, Ratek
Instruments Pty Ltd., Melbourne, VIC, Australia) and re-dissolved in 50% methanol containing 1%
formic acid for further analysis.

2.4.3. U(H)PLC-PDA-MS Analysis

Analysis of individual (main) phenolic acids and flavonoids (free and bound) by UPLC-PDA
followed the method of Gasperotti et al. [21], using a Waters AcquityTM UPLC-PDA System (Waters,
Milford, MA, USA). The compounds were separated on a Waters HSS-T3 column (100 × 2.1 mm
i.d; 1.8 µm) maintained at 40 ◦C, with aqueous 0.1% formic acid (eluent A) and 0.1% formic acid in
acetonitrile (eluent B). The gradient program (time (min), % B) was: (0.0, 5); (3.0, 5); (4.3, 20); (9.0, 45);
(11.0, 0); (14.0, 0) with a flow rate of 0.4 mL/min.

Detected peaks in the feijoa samples were identified by a Thermo high resolution Q Exactive
mass spectrometer equipped with a Dionex Ultimate 3000 UHPLC system (Thermo Fisher Scientific
Australia Pty Ltd., Melbourne, VIC, Australia). A full scan in negative (ESI) ionization mode was
acquired at a resolving power of 70,000 full width half maximum, followed by an MS2 scan range
of m/z 100–1200 for the compounds of interest. The Thermo XcaliburTM software (Thermo Fisher
Scientific) was used for data acquisition. The detected peeks were identified by matching spectrum,
retention time, and MS data obtained from literature. External calibration curves were constructed
from the polyphenolic standard solutions (0–2 mg/10 mL in methanol) for quantification, except for
dihydroxyflavone, which was quantified as mg of catechin equivalent.
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2.5. Total Phenolic Content (TPC)

The TPC was determined in the ‘free’ and ‘bound’ extracts as previously reported [22,23], using
a micro-plate absorbance reader (Sunrise Tecan, Maennedorf, Switzerland) at 700 nm. TPC was
expressed as mg of gallic acid equivalents (GAE).

2.6. Analysis of Sugar

Sugar analysis was performed as previously reported [24,25], with a few minor modifications.
Briefly, 1 g of powdered samples were incubated with hot water (60 ◦C) for 30 min in a sonication
bath maintained at 60 ◦C, followed by centrifugation at 3900 rpm for 10 min. The supernatants were
collected and subjected to Solid Phase Extraction (SPE; Bond Elut LRC-C18, 500 mg, Part No: 12113027,
Agilent Technologies, Santa Clara, CA, USA). A Shimadzu HPLC Class VP system (Shimadzu Corp.,
Kyoto, Japan) coupled with a Shimadzu ELSD-LT detector was employed. ELSD parameters were set
as follows: N2 low-flow nebulizer pressure 350 KPa, temperature 47 ◦C, gain 4. Sugar components
were separated using a Luna C18-NH2 column (250 × 4.6 mm, 5 µm, Phenomenex, Lane Cove West,
NSW, Australia) at 40 ◦C, with an isocratic elution (aqueous acetonitrile; 88%, v/v) at a flow rate of
2.5 mL/min.

2.7. Analysis of Vitamin E (Alpha-Tocopherol)

Extraction of α-tocopherol was performed according to the method described by Chun et al. [26]
with slight modifications. Briefly, 0.5 g feijoa powder samples were extracted with ethanol containing
0.1% (w/v) butylated hydroxytoluene (BHT), followed by saponification using 30% KOH (w/v) in MeOH
for 30 min in the dark at room temperature, while shaking at 100 rpm. NaCl 10% (w/v) was added
to the tubes and the sample was extracted 4 times with a mixture of hexane/ethyl acetate (85:15, v/v)
containing 0.1% BHT. The upper phase was collected and evaporated until dryness (under nitrogen
stream). The dry extract was re-dissolved in ethanol containing 0.1% BHT prior to UHPLC-MS/MS
analysis. A Shimadzu UHPLC system (Shimadzu Corp., Kyoto, Japan) equipped with a Shimadzu 8060
triple-stage quadrupole mass spectrometer was employed. The ESI source was operated in positive
mode with multiple reaction monitoring (MRM) to identify and quantify α-tocopherol. Mass transition
429.3→ 165.2 (CE at −21 eV) was used for quantification. An isocratic flow of 0.1% formic acid in
methanol at the flow rate of 0.17 mL/min was used to elute α-tocopherol through a Waters C18 BEH
column (2.1 × 100 mm i.d, 1.7 µm; Waters, Milford, MA, USA) at 30 ◦C.

2.8. Analysis of Vitamin C (Ascorbic Acid)

Ascorbic acid (L-AA) extraction and analysis was conducted following the method published by
Campos and co-workers [27], with slight modifications. Briefly, 200 mg feijoa powder sample was extracted
with 3% meta-phosphoric acid containing 8% acetic acid and 1 mM ethylenediamine-tetraacetic acid
(EDTA). The reduction of dehydroascorbic acid (DHAA), which was also present in the extracts/samples,
to L-AA was performed following the method of Spinola et al. [28], prior to UPLC-PDA analysis.
Total vitamin C (L-AA + DHAA) was determined using a Waters UPLC-PDA system and a Waters
HSS-T3 column (100 × 2.1 mm i.d; 1.8 µm; 25 ◦C), with aqueous 0.1% formic acid as the mobile phase
(0.3 mL/min) and isocratic elution. An external calibration curve of L-AA was used for quantification.

2.9. Antimicrobial Screening Test

Agar well diffusion assay was performed against the selected microorganisms. Isolated microbial
colonies were grown on plate count agar plates (for S. aureus and E. coli) or potato dextrose agar
(PDA) plates (for C. albicans) at appropriate growth temperatures (37 ◦C for bacteria and 30 ◦C for the
fungi), for 16 h. The microbial growth was then diluted in sterile Phosphate Buffered Saline (PBS)
and adjusted to an absorbance reading of 0.1 at 600 nm (corresponds to an inoculum of 104 CFU/mL)
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using a spectrophotometer (Genesys 20, Thermo Fisher Scientific Australia Pty Ltd., Melbourne,
VIC, Australia).

Freeze dried powders (approximately 1 g) of whole feijoa fruit, pulp or peel, were extracted
twice with 10 mL water or methanol. Following the extraction, the water and methanolic extracts
were evaporated at 60 ◦C and 40 ◦C, respectively in a miVac sample Duo concentrator (Genevac Ltd.,
Ipswich, UK) until dryness. Aqueous methanol solution 20% (v/v) was used to freshly reconstitute the
dry extracts prior to antimicrobial test.

For the antimicrobial assay, Mueller Hinton Agar (MHA) plates (Oxoid CM0337, Thermo Fisher
Scientific, Melbourne, VIC, Australia) were impregnated with the adjusted microbial cultures aseptically.
Wells of 11 mm diameter were made aseptically onto the inoculated plates. A volume of 100 µL of each
of the extracts was added to the wells. The assay also included a mixture of penicillin and streptomycin
(1 µg each) (Gibco, Life Technologies, Melbourne, VIC, Australia) and 10 µg amphotericin B (Sigma
Aldrich Inc, Sydney, NSW, Australia) that were used as ‘antibiotic control ’ for bacteria and fungi,
respectively. The aqueous methanol 20%, used for re-suspending, was also included to evaluate the
effect of extracted solvent on the microbial growth. Plates were incubated overnight at the appropriate
growth temperature.

At the end of the incubation period, the diameters of the inhibition zones formed around each
well were determined and presented in mm. The zone of inhibition was categorized as low (1–6 mm),
moderate (7–10 mm), high (11–15 mm), and very high antimicrobial activity (16–20 mm) [14].

2.10. Statistical Analysis

A one-way analysis of variance (ANOVA), using Minitab 17 for Windows (Minitab Pty Ltd.,
Sydney, NSW, Australia) was applied to test significant differences between the whole fruit, the pulp and
the peel. Means were compared using Tukey’s least significant difference test at a 5% significance level.

3. Results and Discussion

3.1. Physico-Chemical Parameters

The physico-chemical parameters of the feijoa whole fruit puree are summarized in Table 1.
The total acid (TA) content and total soluble solids (TSS) are important factors for fruit quality, whilst
the ratio TSS:TA (or ripening index) is usually used for determination of the taste and palatability of
the fruit and consequently the consumer acceptability. TSS and pH are in agreement with literature
data [13,29,30]. However, the TA content was lower than the reported values of 12 feijoa cultivars grown
in Italy [13], but was higher than that of the feijoa accessions grown in Brazil [29] and Colombia [30],
probably reflecting differences in cultivars, growing conditions/environment, maturity and storage.
The moisture content of the fresh feijoa is also in the same range as reported in the literature.

Table 1. Physico-chemical parameters of fresh feijoa whole fruit puree.

Parameters Fresh Whole Fruit Puree * Literature Data

TSS (%) 13.9 ± 0.1
10.08–12.89 [13]

9.3–12.5 [29]
11.19–13.35 [30]

pH 3.1 ± 0.03
2.45–3.68 [7]
3.2–3.4 [29]

TA (g citric acid Eq/100 g) 2.0 ± 0.05
4.05–6.7 [13]
0.9–1.5 [29]

1.58–1.93 [30]

TSS: TA 7.2 ± 0.2
1.9–3.35 [13]
8.5–12.1 [29]

Moisture content (%) 80.3 ± 0.8 83.3 [3]

Eq: equivalent; (*) Data are means ± SD (n = 3).
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3.2. Proximate Analysis

Only the freeze-dried whole fruit powder was analyzed for total energy, protein, fat, minerals,
dietary fibre, heavy metals, dry matter and ash content. The proximate results of the present study are
similar to that reported in the literature, as shown in Table 2.

Table 2. Proximate of the feijoa whole fruit powder.

Proximate Composition Quantity
per 100 g DW

Quantity
per 100 g FW *

Literature Data [3]
per 100 g FW

Energy 1203 kJ 237 kJ n/a
288 Cal 57 Cal 61 Cal

Protein 3.7 g 0.73 g 0.71 g
Fat Total fat content 2.2 g 0.43 g 0.42 g

Saturated fatty acids 0.6 g 0.12 g 0.104 g
Monounsaturated fatty acids 0.3 g 0.058 g 0.056 g
Polyunsaturated fatty acids 1.3 g 0.26 g 0.136 g

Trans fatty acids <0.1 g <0.02 g 0 g

Dietary fibre Total dietary fibre
Crude fibre

34.6 g
20.4 g

6.8 g
4.01 g

6.4 g
n/a

Ash 3.5% 0.01 g n/a

Data area means of duplicate analysis; DW: Dry weight; FW: Fresh weight; (*) Results in DW converted to FW based
on the moisture content given in Table 1; (n/a): Not available.

The results of proximate analysis showed that feijoa is a good source of dietary fibre with
34.6 g/100 g DW (Table 2), being equivalent to 6.8 g/100 g FW (calculated based on the moisture content
given in Table 1). According to Food Standards Australia New Zealand, if a serving of the food
contains at least 4 g of dietary fibre, it can be considered as a good source of dietary fibre. Based on
this, feijoa is definitely a valuable fruit for a healthy diet. The high dietary fibre content of the feijoa
whole fruit powder might be mainly derived from the peel. The adequate intake (AI) for dietary fibre
in Australia and New Zealand is 25–30 g/day for adults [31], which means that a serving size of 250 g
feijoa (whole) fruit can deliver 50% of the AI for adults. It is well documented that an adequate intake
of dietary fibre is essential for a healthy gut and has also been related to a reduced risk for developing
common ‘life-style diseases’ such as heart disease, certain cancers and type 2 diabetes. However,
the protein (0.73 g/100 g FW) and fat (0.43 g/100 g FW) content of this powder sample are relatively low.
Interestingly, the proximate data of the Australian grown feijoa fruits (Table 2) are similar to that in the
USDA Food Composition Database reported by Zhu [3].

3.3. Minerals and Heavy Metals

The analyzed minerals and heavy metals are summarized in Table 3. Potassium was found to be
highest among the seven minerals tested, followed by calcium, magnesium, sodium, iron, zinc and
iodine. Furthermore, the potassium content in the Australian grown feijoa fruit was higher than that
reported by Zhu [3] (255 mg/100 g FW versus 172 mg/100 g FW). Relevant (nutrition) information
in regard to AI, RDA, EAR and UL are also provided in Table 3. Aluminium was found to be
highest (0.25 mg/kg FW) among the six heavy metals tested followed by lead, arsenic and chromium
(both <0.005 mg), mercury and cadmium (both <0.002 mg). As shown in Table 3, the levels of heavy
metals found in the Australian grown feijoa fruits are considerably lower than the reported ULs.
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Table 3. Minerals and heavy metals in the powdered feijoa whole fruit sample.

Minerals and Heavy Metals Quantity per
kg DW

Quantity per
kg FW *

Relative Percentage per
100 g FW , Nutrition Information **

Minerals Sodium (Na) 96 mg 18.87 mg 0.15 1.3 g/day AI [32]
Potassium (K) 13,000 mg 2,556 mg 5.4 4.7 g/day AI [32]

Iron (Fe) 12.8 mg 2.5 mg 3.1 8 mg/day RDA [32]
Calcium (Ca) 940 mg 185 mg 1.5 1200 mg/day AI [32]

Magnesium (Mg) 614 mg 121 mg 3.5 350 mg/day EAR [32]
Zinc (Zn) 4.3 mg 0.9 mg 0.82 11 mg/day RDA [32]
Iodine (I) 0.4 mg 0.08 mg 8.4 95 µg/day EAR [32]

Heavy metals Mercury (Hg) <0.01 mg <0.002 mg 5 µg/kg BW/week UL [33]
Lead (Pb) 0.11 mg 0.022 mg 25 µg/kg BW/week UL [33]

Cadmium (Cd) <0.01 mg <0.002 mg 2.5 µg/kg BW/week UL [34]
Arsenic (As) <0.025 mg <0.005 mg -

Aluminium (Al) 1.29 mg 0.25 mg 1.0 mg/kg BW/week UL [35]
Chromium (Cr) <0.025 mg <0.005 mg 25-35 µg/kg day AI [32]

Data area means of duplicate analysis; DW: Dry weight; FW: Fresh weight; , Relative percentage in relation to the
nutrition information given in the adjacent column; * Results in DW converted to FW based on the moisture content
given in Table 1; ** RDA: Recommended Dietary Allowance; AI: Adequate Intake; UL: Tolerable Upper Intake Level;
EAR: Estimated Average Requirement; BW: Body weight; (-): Not available.

3.4. Sugar Components

Sugar is not only important for the ‘pure’ sweetness of fruits, but also for its flavor and sensory
attributes and subsequent consumer acceptance. Therefore, a detailed sugar analysis is necessary to
better understand the relationship between the individual sugar profile in a fruit and its impact on
aroma and taste. Individual sugar components and the total sugar content are summarized in Table 4,
showing that sucrose is the main sugar in feijoa whole fruit and pulp with up to 50% of the total sugar
content. Previously, Oksana et al. [36] reported a similar sugar profile and sugar concentrations in
18 different feijoa fruits that varied in ripening stage and fruit mass (Table 4). Unlike other common
fruits such as grapes or guava, in which glucose and fructose are major sugars [37,38], feijoa fruit is
similar to strawberry with sucrose as the main sugar component [24]. The contents of sucrose and total
sugar in the peel were significantly (p < 0.05) lower than in the whole fruit and pulp (Table 4).

Table 4. Sugar content in feijoa fruit (g/100 g).

Sugar Components Whole Fruit Pulp Peel Literature Data (Whole Fresh Fruit)

Fructose
11.9 ± 0.4 a * 12.3 ± 0.6 a 12.2 ± 0.1 a

(2.3) ** (2.3) (2.3) 1.4–4.3 g/100 g FW [36]

Glucose
13.4 ± 0.5 a 13.7 ± 0.4 a 13.2 ± 0.3 a

(2.6) (2.7) (2.6) 0.07–1.5 g/100 g FW [36]

Sucrose
25.9 ± 1.0 b 29.0 ± 0.9 a 11.5 ± 0.3 c

(5.1) (5.7) (2.3) 2.15–5.9 g/100 g FW [36]

Total sugars 51.2 ± 1.3 b 55.0 ± 1.6 a 36.9 ± 1.5 c
(10.1) (10.8) (7.3)

Data are means ± SD (n = 3); Calculated based on * DW: Dry weight and ** FW: Fresh weight; Different letters at the
same row indicate significant differences at α = 0.05.

3.5. Total Phenolic Content (TPC)

The TPC results (free, bound and total) are summarized in Figure 1. After conversion to
fresh weight, the TPC in Australian grown feijoa fruit was higher than that reported in several
previous studies: 515 mg GAE/100 g FW (present study) versus. 93–251 mg GAE/100 g FW [13]
and 197–359 mg GAE/100 g FW [39], but relatively similar to the reported TPC for flesh, peel and
whole fruit of New Zealand grown feijoa cultivars [6]. Again, different cultivars/genotypes, growing
conditions/environment, locations, maturity as well as pre-and post-harvest treatment of the fruits are
most likely the reasons for the observed difference in TPC.
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Figure 1. Total phenolic content (TPC): (A) Free, (B) Bound and (C) Total (free + bound) in powdered
feijoa whole fruit, pulp and peel. The TPC was calculated on dry weight basis. Data are means ± SD
(n = 3). Different letters in the same figure indicate significant differences at α = 0.05.

Interestingly, the free-TPC was considerably higher than the bound-TPC in the whole fruit, pulp
and peel. This may affect the bioaccessibility (matrix-release) and subsequently, the bioavailability of
feijoa fruit polyphenols (potentially more bioaccessible and better bioavailable). However, this needs
to be substantiated in follow-up studies using in vitro digestion models and human clinical trials.
The feijoa peel had the highest TPC (p < 0.05), indicating a high content of bioactive (poly)phenols
which is in agreement with previous finding [6]. The potential utilization of feijoa peel as a source of
functional ingredients for food and nutraceutical applications should be investigated further.

3.6. Individual Phenolic Compounds

Results from chromatographic and mass spectrometric analysis show that dihydroxyflavone
(m/z 253), catechin (m/z 289) and ellagic acid (m/z 301) could be identified as the main free phenolic
compounds in the powdered feijoa fruit samples (Figure 2), whereas dihydroxyflavone, vanillic acid
(m/z 167), p-coumaric acid (m/z 163), ferulic acid (m/z 193) and ellagic acid were the main bound
polyphenolics. Interestingly, dihydroxyflavone (free and bound) was found predominantly in the peel
of the feijoa fruit, with up to 90% of the total amount (Figures 3 and 4). Consistent with the TPC results,
the concentrations of individual phenolics were significantly (p < 0.05) higher in the peel compared to
the fruit pulp. These findings are in agreement with recent studies that have also identified flavone,
catechin and ellagic acid as the major phenolic compounds in feijoa fruit [5,6,40]. It has been reported
that 7,8-dihydroxyflavone exerts strong neuroprotective effects in monkeys [41], is effective in early
brain trauma recovery in male rats [42], and has potential anticancer activity [40]. However, further
studies on the potential health benefits of feijoa fruit in humans and the exact mode of action of its
bioactive compounds are warranted.
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acid, and (D) total amount of free polyphenols in the powdered feijoa fruit samples. Data are
means ± SD, n = 3. Different letters in the same figure indicate significant differences at α = 0.05.
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Figure 4. Bound (main) phenolic compounds, including (A) vanillic acid, (B) dihydroxyflavone,
(C) p-coumaric acid, (D) ferulic acid, (E) ellagic acid, and (F) total amount of bound polyphenols in the
powdered feijoa fruit samples. Data are means ± SD, n = 3. Different letters in the same figure indicate
significant differences at α = 0.05.

3.7. Vitamins

The results of the vitamin analysis are summarized in Tables 5 and 6. B-vitamins are crucial in many
metabolic and physiological processes and can act as coenzymes in the energy metabolism (vitamin B1,
B2, B3, B5 and B7), production of new cells (vitamin B6 and B12), protein metabolism (vitamin B6),
and are essential for a functioning nervous system (vitamin B1, B3 and B12) [43]. Pantothenic acid
(vitamin B5) was highest among the seven B-vitamins tested and a 250 g serve of feijoa fruit would
deliver almost 14% of the RDI for adults (Table 5).

Table 5. Selected B-vitamins in feijoa whole fruit powder.

Vitamins
Quantity (per 100 g) * Nutrition Information [31] (RDI

for Adults)Whole Fruit (DW) Whole Fruit (FW)

B1 (Thiamin) <5.0 µg <1 µg 1.1–1.2 mg/day
B2 (Riboflavin) <5.0 µg <1 µg 1.6 mg/day

B3 (Niacin) 270 µg 53.1 µg 14–16 mg/day
B5 (Pantothenic acid) 1100 µg 216.3 µg 4–6 mg/day

B6 (Pyridoxine) 190 µg 37.4 µg 1.7 mg/day
B7 (Biotin) <5.0 µg <1 µg 25–30 µg/day

B12 (Cyanocobalamin) <5.0 µg <1 µg 2.4 µg/day

Data are means of duplicate analysis; * Results in DW converted to FW based on the moisture content given in
Table 1; RDI: Recommend Dietary Intake.
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Table 6. Vitamin C and E in the powdered feijoa fruit samples.

Sample
Vitamin C (L-AA + DHAA) Literature Data

(mg/100 g FW)
Vitamin E (α-Tocopherol) Literature Data

(mg/100 g FW)(mg/100 g DW) * (mg/100 g FW) * (mg/100 g DW) * (mg/100 g FW) *

Whole fruit
powder 319.2 ± 2.5 b 62.8 ± 0.4 b

32.9 [43]
1.41 ± 0.11 b 0.28 ± 0.02 b 0.16 [43]

27.9–39.9 [7]

Pulp powder 281.1 ± 0.6 c 51.8 ± 0.1 c 38.7–92.5 [13] 0.27 ± 0.03 c 0.05 ± 0.01 c n/a

Peel powder 469.4 ± 4.3 a 95 ± 0.6 a 63.5–101 [13] 2.27 ± 0.14 a 0.45 ± 0.03 a n/a

* Data are means ± SD (n = 3); DW: Dry weight; FW: Fresh weight; Results in DW converted to FW based on the
moisture content given in Table 1; Different letters at the same column indicate significant differences at α = 0.05;
n/a: Not available.

The vitamin C content of feijoa fruit was considerably higher than previously reported data
(Table 6). According to the obtained results, 100 g fresh feijoa fruit (containing the fruit peel) would
supply 140% (62.8 mg) of the RDI of vitamin C for adults (45 mg/day [31]). Besides vitamin C, feijoa also
contained vitamin E (α-tocopherol). It has been shown that a high intake of vitamin E is correlated with
a reduced risk to develop non-communicable diseases [44]. Alpha-tocopherol, the most biologically
active form of vitamin E, was found as the main tocopherol constituent in the feijoa fruit samples.
Other tocopherol-forms were also present in the feijoa samples (data not shown), however, in very
low concentrations (at or below the limit of quantification) and therefore not quantified. To the best of
our knowledge, there is no previous investigation on the vitamin E content in feijoa pulp and peel.
The available data from the USDA (Table 6) do not provide clear information whether the analyzed
fruit contained the peel or not. Previously, the presence of α-tocopherol (qualitative analysis only) in
lipid extracts of feijoa leaves has been reported [45].

Based on the present results, Australian grown feijoa fruit can be considered as an ‘excellent’
source of vitamin C, but is not a major source of vitamin E like tomatoes (containing up to 8 mg vitamin
E/100 g FW [46]). The RDI for vitamin E for adults is 7–10 mg/day [31]. Furthermore, the peel sample
had significantly (p < 0.05) higher vitamin C and vitamin E levels than the feijoa pulp. This ‘trend’ was
similar to that already observed in the TPC/polyphenol-results.

3.8. Antimicrobial Activity

Antimicrobial efficacy of water and methanolic extracts of feijoa whole fruit, pulp and peel were
determined against three microorganisms: A Gram-positive S. aureus, a Gram-negative E coli and
a fungi C. albicans (Supplementary Figure S2). The inhibition zones varied from 11.9 to 23.4 mm
(Table 7), suggesting a ‘high’ to ‘very high’ antimicrobial activity of feijoa-extracts against the three
microorganisms tested. However, the water extracts of feijoa failed to show any activity against E. coli
and C. albicans. Overall, the methanolic extracts of feijoa peel had the strongest antimicrobial activity
of all samples/extracts, followed by the methanolic extracts of feijoa whole fruit.

Table 7. Inhibition zones of the methanolic and water extracts from different tissues of feijoa fruit.

Samples
E. coli S. aureus C. albicans

MeOH Water MeOH Water MeOH Water

Whole fruit powder 11.9 ± 0.2 b * - 23.1 ± 0.8 b 20.1 ± 0.1 b 15.5 ± 1.2 a -

Pulp powder - - 22.7 ± 0.3 b 18.9 ± 0.2 c - -

Peel powder 14.7 ± 1.1 a - 26.5 ± 0.2 a 23.4 ± 0 a 15.6 ± 3.2 a -

Antibiotic control 29.2 55.8 27.1

Methanol (20%, v/v) - - -

Data are means ± SD, n = 3; MeOH: Methanolic extracts; (*) Different letters in the same column indicate significant
difference at α = 0.05; (-) No zone of inhibition was observed. The zone of inhibition was categorized as low (1–6
mm), moderate (7–10 mm), high (11–15 mm), and very high antimicrobial activity (16–20 mm).
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S. aureus is an important pathogen responsible for causing foodborne diseases in humans. S. aureus
produces enterotoxins leading to food poisoning in humans [47]. Typically, humans are asymptomatic
carriers of enterotoxigenic S. aureus and carry it in nose, throat, and skin. Therefore, food handlers can
be an important source of food contamination. E. coli is an important food related pathogen. The genus
Candida comprises of ~200 species of fungi with distinguished morphological, biochemical and genetic
characteristics. They are known to be opportunistic pathogens, affecting mainly immunocompromised
individuals [48,49]. This study included C. albicans as reference fungi to assess the efficacy of feijoa
extracts against fungi.

Antimicrobial assessment indicated that methanolic extracts of feijoa tissues have broad
antimicrobial efficacy. The strong antimicrobial efficacy of the methanolic feijoa peel-extract is
in agreement with Motohashi et al., [9], who also reported a significant inhibitory effect of methanolic
extracts from feijoa peel against S. aureus, E. coli and C. albicans. Future studies are warranted to
identify individual bioactive compounds, released in different extracted solvents, that might contribute
to observed antimicrobial activity.

The results also indicate that the Gram-positive S. aureus was more susceptible to the tested
extracts compared to the Gram-negative E. coli. The difference in susceptibility between Gram-positive
and Gram-negative to feijoa extracts, can be attributed to the difference in the bacterial morphology.
Gram-negative bacteria like E. coli, contains an outer phospholipid membrane, which can act as an
effective barrier against hydrophobic molecules from penetrating the cell wall [50]. This complex outer
layer of Gram-negative bacteria allows them to be more resistant to plant extracts and essential oils
with antimicrobial activity

The antimicrobial efficacy of the feijoa samples could be attributed to the presence of bioactive
phytochemicals. As mentioned before, feijoa peel showed the strongest antimicrobial efficacy among
the tested samples, which correlates well with our observation that the feijoa peel in its powdered or
fresh form possesses the highest polyphenol and vitamin C concentration.

4. Conclusions

Our findings suggest that Australian grown feijoa fruits are a valuable source of dietary fibre,
minerals (potassium), polyphenols (e.g., flavones), vitamin C and B5, and exhibit a broad spectrum
of antimicrobial activity. The fruit peels have potential to be utilized for the extraction of functional
ingredients for the food and nutraceutical industries. The observed broad spectrum of antimicrobial
activity of feijoa fruit extracts is promising with regard to the potential use as natural food preservatives.
The assessment of the digestive stability, bioaccessibility (matrix release), bioavailability and subsequent
bioactivity both in vitro and in vivo are strongly recommended to get a better understanding of the
nutritional value of feijoa, an emerging fruit in the Australian fresh fruit market.

Supplementary Materials: The following are available online at http://www.mdpi.com/2304-8158/8/9/376/s1,
Figure S1: Feijoa samples: fresh fruit and freeze-dried fruit powder, Figure S2: representative photos showing the
inhibitory activity of feijoa extracts (water and methanol) against gram-positive and gram-negative bacteria and
yeast. Samples tested included (2.1)–Whole fruit powder, (2.2)–Pulp powder, (2.3)–Skin powder, and (2.4)–Fresh
whole fruit puree.

Author Contributions: Conceptualization, Y.S., M.E.N. and A.D.T.P.; methodology, A.D.T.P., M.C..; software,
A.D.T.P., M.C.; formal analysis, A.D.T.P., and M.C.; writing—original draft preparation, A.D.T.P.; writing—review
and editing, Y.S., M.E.N., M.C.; supervision, Y.S. and M.E.N.; funding acquisition, Y.S., M.E.N.

Funding: The Australian Government and Produce Art Ltd. (Rocklea, QLD, Australia) via the Innovation
Connections Grant Scheme funded this research.

Acknowledgments: We would like to acknowledge Produce Art Ltd. for providing the Australian grown feijoa
fruits. This project was jointly supported by the Department of Agriculture and Fisheries and the University of
Queensland, Australia.

Conflicts of Interest: The authors declare no conflict of interest.

http://www.mdpi.com/2304-8158/8/9/376/s1


Foods 2019, 8, 376 13 of 15

References

1. Weston, R.J. Bioactive products from fruit of the feijoa (Feijoa sellowiana, Myrtaceae): A review. Food Chem
2010, 121, 923–926. [CrossRef]

2. Kabiri, S.; Gheybi, F.; Jokar, M.; Basiri, S. Antioxidant acitvity and physicochemical properties of fresh, dried
and infused herbal extract of Feijoa Fruit. Nat. Sci. 2016, 14, 7.

3. Zhu, F. Chemical and biological properties of feijoa (Acca sellowiana). Trends Food Sci Technol. 2018, 81, 121–131.
[CrossRef]

4. Sun-Waterhouse, D.; Wang, W.; Waterhouse, G.I.N.; Wadhwa, S.S. Utilisation Potential of Feijoa Fruit Wastes
as Ingredients for Functional Foods. Food Bioprocess Technol. 2013, 6, 3441–3455. [CrossRef]

5. Aoyama, H.; Sakagami, H.; Hatano, T. Three new flavonoids, proanthocyanidin, and accompanying phenolic
constituents from Feijoa sellowiana. Biosci. Biotechnol. Biochem. 2018, 82, 31–41. [CrossRef]

6. Peng, Y.; Bishop, K.S.; Quek, S.Y. Extraction Optimization, Antioxidant Capacity and Phenolic Profiling of
Extracts from Flesh, Peel and Whole Fruit of New Zealand Grown Feijoa Cultivars. Antioxidants 2019, 8, 141.
[CrossRef]

7. Vidal Talamini do Amarante, C.; Goede de Souza, A.; Dal Toé Benincá, T.; Steffens, C. Fruit quality of Brazilian
genotypes of feijoa at harvest and after storage. Pesqui. Agropecu. Bras. 2017, 52, 734–742. [CrossRef]

8. Amarante, C.V.T.d.; Souza, A.G.d.; Benincá, T.D.T.; Steffens, C.A. Phenolic content and antioxidant activity
of fruit of Brazilian genotypes of feijoa. Pesqui. Agropecu. Bras. 2017, 52, 1223–1230. [CrossRef]

9. Motohashi, N.; Kawase, M.; Shirataki, Y.; Tani, S.; Saito, S.; Sakagami, H.; Kurihara, T.; Nakashima, H.;
Wolfard, K.; Mucsi, I.; et al. Biological activity of Feijoa peel extracts. Anticancer Res. 2000, 20, 4323–4329.

10. Shaw, G.J.; Allen, J.M.; Yates, M.K.; Franich, R.A. Volatile flavour constituents of feijoa (Feijoa sellowiana):
Analysis of fruit flesh. J. Sci. Food Agric. 1990, 50, 357–361. [CrossRef]

11. Keles, H.; Ince, S.; Kucukkurt, I.; Tatli, II.; Akkol, E.K.; Kahraman, C.; Demirel, H.H. The effects of
Feijoa sellowiana fruits on the antioxidant defense system, lipid peroxidation, and tissue morphology in rats.
Pharm. Biol. 2012, 50, 318–325. [CrossRef]

12. Monforte, M.T.; Fimiani, V.; Lanuzza, F.; Naccari, C.; Restuccia, S.; Galati, E.M. Feijoa sellowiana Berg fruit
juice: Anti-inflammatory effect and activity on superoxide anion generation. J. Med. Food 2014, 17, 455–461.
[CrossRef]

13. Pasquariello, M.S.; Mastrobuoni, F.; Di Patre, D.; Zampella, L.; Capuano, L.R.; Scortichini, M.; Petriccione, M.
Agronomic, nutraceutical and molecular variability of feijoa (Acca sellowiana (O. Berg) Burret) germplasm.
Sci. Hortic. 2015, 191, 1–9. [CrossRef]

14. Mosbah, H.; Louati, H.; Boujbiha, M.A.; Chahdoura, H.; Snoussi, M.; Flamini, G.; Ascrizzi, R.; Bouslema, A.;
Achour, L.; Selmi, B. Phytochemical characterization, antioxidant, antimicrobial and pharmacological
activities of Feijoa sellowiana leaves growing in Tunisia. Ind. Crop. Prod. 2018, 112, 521–531. [CrossRef]

15. Basile, A.; Conte, B.; Rigano, D.; Senatore, F.; Sorbo, S. Antibacterial and antifungal properties of acetonic
extract of Feijoa sellowiana fruits and its effect on Helicobacter pylori growth. J. Med. Food 2010, 13, 189–195.
[CrossRef]

16. Association of Official Analytical Chemists. Official Methods of Analysis; AOAC: Washington, DC, USA, 1997.
17. Association of Official Analytical Chemists. Official Methods of Analysis; AOAC: Washington, DC, USA, 1990.
18. Association of Official Analytical Chemists. Official Methods of Analysis; AOAC: Washington, DC, USA, 2000.
19. Lekala, C.S.; Madani, K.S.H.; Phan, A.D.T.; Maboko, M.M.; Fotouo, H.; Soundy, P.; Sultanbawa, Y.;

Sivakumar, D. Cultivar-specific responses in red sweet peppers grown under shade nets and
controlled-temperature plastic tunnel environment on antioxidant constituents at harvest. Food Chem.
2019, 275, 85–94. [CrossRef]

20. Adom, K.K.; Liu, R.H. Antioxidant activity of grains. J. Agric. Food Chem. 2002, 50, 6182–6187. [CrossRef]
21. Gasperotti, M.; Masuero, D.; Mattivi, F.; Vrhovsek, U. Overall dietary polyphenol intake in a bowl of

strawberries: The influence of Fragaria spp. in nutritional studies. J. Funct. Foods 2015, 18, 1057–1069.
[CrossRef]

22. Netzel, M.; Fanning, K.; Netzel, G.; Zabaras, D.; Karagianis, G.; Treloar, T.; Russell, D.; Stanley, R. Urinary
excretion of antioxidants in healthy humans following queen garnet plum juice ingestion: A new plum
variety rich in antioxidant compounds. J. Food Biochem. 2012, 36, 159–170. [CrossRef]

http://dx.doi.org/10.1016/j.foodchem.2010.01.047
http://dx.doi.org/10.1016/j.tifs.2018.09.008
http://dx.doi.org/10.1007/s11947-012-0978-3
http://dx.doi.org/10.1080/09168451.2017.1412246
http://dx.doi.org/10.3390/antiox8050141
http://dx.doi.org/10.1590/s0100-204x2017000900005
http://dx.doi.org/10.1590/s0100-204x2017001200011
http://dx.doi.org/10.1002/jsfa.2740500308
http://dx.doi.org/10.3109/13880209.2011.608074
http://dx.doi.org/10.1089/jmf.2012.0262
http://dx.doi.org/10.1016/j.scienta.2015.04.036
http://dx.doi.org/10.1016/j.indcrop.2017.12.051
http://dx.doi.org/10.1089/jmf.2008.0301
http://dx.doi.org/10.1016/j.foodchem.2018.09.097
http://dx.doi.org/10.1021/jf0205099
http://dx.doi.org/10.1016/j.jff.2014.08.013
http://dx.doi.org/10.1111/j.1745-4514.2010.00522.x


Foods 2019, 8, 376 14 of 15

23. Rangel, J.C.; Benavides Lozano, J.; Heredia, J.; Cisneros-Zevallos, L.; Jacobo-Velázquez, D. The Folin-Ciocalteu
assay revisited: Improvement of its specificity for total phenolic content determination. Anal. Methods 2013,
5, 5990. [CrossRef]

24. Ogiwara, I.; Ohtsuka, Y.; Yoneda, Y.; Sakurai, K.; Hakoda, N.; Shimura, I. Extraction Method by Water
followed by Microwave Heating for Analyzing Sugars in Strawberry Fruits. J. Jpn. Soc. Hortic. Sci. 1999, 68,
949–953. [CrossRef]

25. Shanmugavelan, P.; Kim, S.Y.; Kim, J.B.; Kim, H.W.; Cho, S.M.; Kim, S.N.; Kim, S.Y.; Cho, Y.S.; Kim, H.R.
Evaluation of sugar content and composition in commonly consumed Korean vegetables, fruits, cereals, seed
plants, and leaves by HPLC-ELSD. Carbohydr. Res. 2013, 380, 112–117. [CrossRef]

26. Chun, J.; Lee, J.; Ye, L.; Exler, J.; Eitenmiller, R.R. Tocopherol and tocotrienol contents of raw and processed
fruits and vegetables in the United States diet. J. Food Compos. Anal. 2006, 19, 196–204. [CrossRef]

27. Campos, F.M.; Ribeiro, S.M.R.; Della Lucia, C.M.; Pinheiro-Sant’Ana, H.M.; Stringheta, P.C. Optimization of
methodology to analyze ascorbic and dehydroascorbic acid in vegetables. Química Nova. 2009, 32, 87–91.
[CrossRef]

28. Spinola, V.; Mendes, B.; Camara, J.S.; Castilho, P.C. An improved and fast UHPLC-PDA methodology for
determination of L-ascorbic and dehydroascorbic acids in fruits and vegetables. Evaluation of degradation
rate during storage. Anal. Bioanal. Chem. 2012, 403, 1049–1058. [CrossRef]

29. Sánchez-Mora, F.D.; Saifert, L.; Ciotta, M.N.; Ribeiro, H.N.; Petry, V.S.; Rojas-Molina, A.M.; Lopes, M.E.;
Lombardi, G.G.; dos Santos, K.L.; Ducroquet, J.P.H.J.; et al. Characterization of Phenotypic Diversity of
Feijoa Fruits of Germplasm Accessions in Brazil. Agrosyst. Geosci. Environ. 2019, 2. [CrossRef]

30. Parra-Coronado, A.; Fischer, G.; Camacho-Tamayo, J.H. Development and quality of pineapple guava fruit
in two locations with different altitudes in Cundinamarca, Colombia. Bragantia 2015, 74, 359–366. [CrossRef]

31. National Health and Medical Research Council. Nutrient Reference Values for Australia and New Zealand.
Available online: https://www.nrv.gov.au/ (accessed on 5 May 2019).

32. Otten, J.; Hellwig, J.; Meyers, L. Dietary Reference Intakes: The Essential Guide to Nutrient Requirements;
The National Academic Press: Washington, DC, USA, 2006.

33. Cheung Chung, S.W.; Kwong, K.P.; Yau, J.C.; Wong, W.W. Dietary exposure to antimony, lead and mercury
of secondary school students in Hong Kong. Food Addit. Contam. Part A 2008, 25, 831–840. [CrossRef]

34. EFSA_Panel_on_Contaminants_in_the_Food_Chain_(CONTAM). Statement on tolerable weekly intake for
cadmium. EFSA J. 2011, 9, 1975.

35. European_Food_Safety_Authority. Safety of aluminium from dietary intake—Scientific Opinion of the Panel
on Food Additives, Flavourings, Processing Aids and Food Contact Materials (AFC). EFSA J. 2008, 754, 1–34.

36. Oksana, B.; Magomed, O.; Zuchra, O. Chemical composition of fruits of a feijoa (F. sellowiana) in the conditions
of subtropics of russia. Potravin. Slovak J. Food Sci. 2014, 8, 119–123.

37. Liu, H.-F.; Wu, B.-H.; Fan, P.-G.; Li, S.-H.; Li, L.-S. Sugar and acid concentrations in 98 grape cultivars
analyzed by principal component analysis. J. Sci. Food Agric. 2006, 86, 1526–1536. [CrossRef]

38. Wilson, C.W.; Shaw, P.E.; Campbell, C.W. Determination of organic acids and sugars in guava
(Psidium guajava L.) cultivars by high-performance liquid chromatography. J. Sci. Food Agric. 1982,
33, 777–780. [CrossRef]

39. Silveira, A.C.; Oyarzún, D.; Rivas, M.; Záccari, F. Postharvest quality evaluation of feijoa fruits (Acca sellowiana
(Berg) Burret). Agrociencia (Montev.) 2016, 20, 14–21.

40. Bontempo, P.; Mita, L.; Miceli, M.; Doto, A.; Nebbioso, A.; De Bellis, F.; Conte, M.; Minichiello, A.; Manzo, F.;
Carafa, V.; et al. Feijoa sellowiana derived natural flavone exerts anti-cancer action displaying HDAC inhibitory
activities. Int. J. Biochem. Cell Biol. 2007, 39, 1902–1914.

41. He, J.; Xiang, Z.; Zhu, X.; Ai, Z.; Shen, J.; Huang, T.; Liu, L.; Ji, W.; Li, T. Neuroprotective Effects of 7,
8-dihydroxyflavone on Midbrain Dopaminergic Neurons in MPP(+)-treated Monkeys. Sci. Rep. 2016,
6, 34339. [CrossRef]

42. Krishna, G.; Agrawal, R.; Zhuang, Y.; Ying, Z.; Paydar, A.; Harris, N.G.; Royes, L.F.F.; Gomez-Pinilla, F.
7,8-Dihydroxyflavone facilitates the action exercise to restore plasticity and functionality: Implications for
early brain trauma recovery. Biochim. Biophys. Acta. Mol. Basis Dis. 2017, 1863, 1204–1213. [CrossRef]

43. Zhang, Y.; Zhou, W.-E.; Yan, J.-Q.; Liu, M.; Zhou, Y.; Shen, X.; Ma, Y.-L.; Feng, X.-S.; Yang, J.; Li, G.-H.
A Review of the Extraction and Determination Methods of Thirteen Essential Vitamins to the Human Body:
An Update from 2010. Molecules 2018, 23, 1484. [CrossRef]

http://dx.doi.org/10.1039/c3ay41125g
http://dx.doi.org/10.2503/jjshs.68.949
http://dx.doi.org/10.1016/j.carres.2013.06.024
http://dx.doi.org/10.1016/j.jfca.2005.08.001
http://dx.doi.org/10.1590/S0100-40422009000100017
http://dx.doi.org/10.1007/s00216-011-5668-x
http://dx.doi.org/10.2134/age2019.01.0005
http://dx.doi.org/10.1590/1678-4499.0459
https://www.nrv.gov.au/
http://dx.doi.org/10.1080/02652030701697751
http://dx.doi.org/10.1002/jsfa.2541
http://dx.doi.org/10.1002/jsfa.2740330815
http://dx.doi.org/10.1038/srep34339
http://dx.doi.org/10.1016/j.bbadis.2017.03.007
http://dx.doi.org/10.3390/molecules23061484


Foods 2019, 8, 376 15 of 15

44. Raiola, A.; Tenore, G.C.; Barone, A.; Frusciante, L.; Rigano, M.M. Vitamin E Content and Composition in
Tomato Fruits: Beneficial Roles and Bio-Fortification. Int. J. Mol. Sci. 2015, 16, 29250–29264. [CrossRef]

45. Ruberto, G.; Tringali, C. Secondary metabolites from the leaves of Feijoa sellowiana Berg. Phytochemistry 2004,
65, 2947–2951. [CrossRef]

46. Hwang, E.S.; Stacewicz-Sapuntzakis, M.; Bowen, P.E. Effects of heat treatment on the carotenoid and
tocopherol composition of tomato. J. Food Sci. 2012, 77, C1109–C1114. [CrossRef]

47. Le Loir, Y.; Baron, F.; Gautier, M. Staphylococcus aureus and food poisoning. GMR 2003, 2, 63–76.
48. Aperis, G.; Myriounis, N.; Spanakis, E.K.; Mylonakis, E. Developments in the treatment of candidiasis: More

choices and new challenges. Expert Opin. Investig. Drugs 2006, 15, 1319–1336. [CrossRef]
49. Richardson, M.D. Changing patterns and trends in systemic fungal infections. J. Antimicrob. Chemother. 2005,

56 (Suppl. 1), i5–i11. [CrossRef]
50. Trombetta, D.; Castelli, F.; Sarpietro, M.G.; Venuti, V.; Cristani, M.; Daniele, C.; Saija, A.; Mazzanti, G.;

Bisignano, G. Mechanisms of antibacterial action of three monoterpenes. Antimicrob. Agents Chemother. 2005,
49, 2474–2478. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3390/ijms161226163
http://dx.doi.org/10.1016/j.phytochem.2004.06.038
http://dx.doi.org/10.1111/j.1750-3841.2012.02909.x
http://dx.doi.org/10.1517/13543784.15.11.1319
http://dx.doi.org/10.1093/jac/dki218
http://dx.doi.org/10.1128/AAC.49.6.2474-2478.2005
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Materials 
	Proximate Analysis 
	Measurement of Physico-Chemical Parameters 
	Extraction and Analysis of Individual Polyphenols 
	Extraction of Free Phenolic Compounds 
	Extraction of Bound Phenolic Compounds 
	U(H)PLC-PDA-MS Analysis 

	Total Phenolic Content (TPC) 
	Analysis of Sugar 
	Analysis of Vitamin E (Alpha-Tocopherol) 
	Analysis of Vitamin C (Ascorbic Acid) 
	Antimicrobial Screening Test 
	Statistical Analysis 

	Results and Discussion 
	Physico-Chemical Parameters 
	Proximate Analysis 
	Minerals and Heavy Metals 
	Sugar Components 
	Total Phenolic Content (TPC) 
	Individual Phenolic Compounds 
	Vitamins 
	Antimicrobial Activity 

	Conclusions 
	References

