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Abstract: Avocados are one of the important fruits in our diet, showing many health benefits.
However, a significant amount of avocados become defective as they are transported throughout
the supply chain and are refused by consumers, ending up at animal or pet feed manufacturers.
Indeed, some previous evidence suggests that rejected avocados still present high phenolic content
that can be reused in the drug or pharmacological industry. Therefore, in the present work, we
measured the phenolic content from rejected avocado pulp and evaluated the antioxidant potential,
followed by characterization and quantification using LC-ESI-QTOF-MS/MS and HPLC-PDA. Reed
avocado pulp was highest in TPC (0.21 mg GAE/g f.w.) and TFC (0.05 mg QE/g f.w.), whereas in
TCT assay, low traces of tannins were exhibited in Wurtz and Reed avocado pulp. Hass avocado
pulp had the highest antioxidant potential in DPPH (0.32 AAE/g f.w.), FRAP (0.13 AAE/g f.w.),
ABTS (0.32 AAE/g f.w.), §OH-RSA (0.51 AAE/g f.w.) and FICA (0.47 mg EDTA /g) assays. Wurtz
avocado pulp had higher antioxidant potential in RPA (0.07 mg AAE/g) and PMA (0.27 AAE/g
f.w.). A total of 64 phenolic compounds were characterized in avocado pulp, including 10 in Hass
avocado pulp, 31 in Wurtz avocado pulp and 45 in Reed avocado pulp. In HPLC-PDA quantification,
chlorogenic acid (21.36 mg/g f.w.), epicatechin (14.24 mg/g f.w.) and quercetin (21.47 mg/g f.w.)
were detected to be the highest in Hass, Wurtz and Reed avocado pulp, respectively. Our study
showed the presence of phenolic compounds in rejected avocado pulp and hence can be utilized in
food and pharmaceutical industries.

Keywords: avocado pulp; polyphenols; antioxidant activity; LC-ESI-QTOF-MS/MS; HPLC-PDA

1. Introduction

Food waste and loss is a global concern due to the adverse effect it has on ecology, the
economy and food security. Generally, food waste can occur throughout the supply chain
during production, manufacturing, distribution, retail and as it reaches the consumers [1].
Fruits and vegetables, essential parts of our diet, are susceptible to damage during these
processes. Particularly, they are sensitive to temperature, humidity, contamination and
physical injury, which shortens their shelf life during transportation due to their relatively
soft and wet nature [2]. Further storage and improper handling methods in shops and
supermarkets accelerate food spoilage, and then food is discarded as waste as it is deemed
unmarketable [3]. However, bioactive compounds abundantly present in these rejected
fruits and vegetables, especially phenolic compounds, can be extracted and utilized [4,5].
Phytochemicals have positive biological effects on preventing chronic diseases, including
cardiovascular, inflammatory, neurodegenerative, cancer as well as diabetes and senescence,
which contribute to human health [6,7].

Avocado (Persea americana M.) is a popular stone fruit native to South America that
consists of peel (7-15%), pulp (65-72%) and stone (20%) [8]. The avocado’s thick and creamy
texture as well as its high protein content, fat-soluble vitamins and potassium content make
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it a popular and widely consumed fruit globally as part of an alternative diet [9,10]. Addi-
tionally, avocado contains considerable amounts of phytochemicals, especially phenolic
acids and flavonoids, which provide antioxidative capabilities [10,11]. Avocado pulp can
be directly consumed or further processed to create guacamole, avocado oil, puree, sauce
and other commercial avocado products [12]. For direct consumption, consumers prefer
fresh avocados with moderate maturity, firmness and with few defects [13]. The frequent
collision and compression that occur during harvest, transport and storage lead to bruising,
cracking and visible injuries on avocados, reducing their quality [14]. However, 80% of
avocados on the shelf have quality defects and more than 10% have bruises, which reduces
the purchasing desire of consumers [15,16]. Despite the physical injuries, they still contain
beneficial bioactive compounds which can be utilized to develop functional products.

Phenolic compounds are widely present in plants as secondary bioactive metabo-
lites [17]. They act as electron donors to eliminate free radicals and inhibit undesirable
redox reactions in the human body, promoting human health [7]. In fruits and vegetables,
they are widely found as flavonoids (flavanols, flavones, anthocyanin), phenolic acids
(hydrocinnamic and hydrobenzoic acids), lignans and tannins [18]. These compounds
can be extracted with organic solvents under various temperature, time and treatment
conditions which affect their purity and extraction yield [18,19]. The antioxidant activity
and phenolic estimation in fruits were previously determined in vitro via spectrophoto-
metric methods [20]. Their antioxidative activities were determined by 2,2’-diphenyl-1-
picrylhydrazyl (DPPH) antioxidant assay, ferric reducing antioxidant power (FRAP) assay,
2,2’-azino-bis-(3-ethylbenzo-thiazoline-6-sulfonic acid) (ABTS) reducing power assay (RPA),
hydroxyl radical scavenging activity (¢OH-RSA), ferrous ion chelating activity (FICA) and
phosphomolybdate assay (PMA). Furthermore, the characterization and quantification of
compounds can be achieved by liquid chromatography coupled with electrospray ion-
ization and quadrupole time-of-flight mass spectrometry (LC-ESI-QTOF-MS/MS) and
high-performance liquid chromatography equipped with a photodiode array detector
(HPLC-PDA). To the best of our knowledge, previous studies on the phenolic profile and
the extraction, purification and characterization of phenolic compounds from rejected
avocado pulp are limited.

With this study, we aim to provide sufficient information on the phenolic content and
antioxidant properties in rejected avocado pulp to be utilized in food and pharmaceutical
industries. We expected to extract high content of phenolic compounds with strong antioxi-
dant capacity, giving avocado the potential to be a food processing agent and nutritional
supplement. Hence, we estimated the phenolic, flavonoid and tannin content from rejected
avocado pulp and further evaluated their antioxidative potential by DPPH, FRAP, ABTS,
RPA, ¢OH-RSA, FICA and PMA assays. Furthermore, the phenolic profile of avocado
pulp was characterized by LC-ESI-QTOF-MS/MS with several targeted phenolics, and
flavonoids was quantified by HPLC-PDA.

2. Materials and Methods
2.1. Chemicals and Reagents

Most of the chemicals and reagents used in the extraction and characterization pro-
cess were of analytical grade and were purchased from Sigma-Aldrich (Castle Hill, NSW,
Australia). Folin—Ciocalteu phenol reagent, aluminum chloride hexahydrate, 2,2’-diphenyl-
1-picrylhydrazyl (DPPH), 2,4,6-tripyridyl-s-triazine (TPTZ), 2,2’-azinobis-(3-ethylbenzo-
thiazoline-6-sulfonic acid) (ABTS), hydrochloric acid, potassium persulfate and vanillin
were purchased from Sigma-Aldrich (Castle Hill, NSW, Australia). The standard for in vitro
antioxidant assays, including gallic acid, quercetin, catechin and L-ascorbic acid, were
obtained from Sigma-Aldrich (Castle Hill, NSW, Australia). Sodium carbonate, sodium
acetate, sulfuric acid, methanol, acetonitrile and acetic acid were acquired from Thermo
Fisher (Scoresby, VIC, Australia). For HPLC analysis, reference standards including cat-
echin, quercetin, caffeic acid, syringic acid, coumaric acid, gallic acid, protocatechuic
acid, p-hydroxybenzoic acid, chlorogenic acid, caffeic acid, catechin, epicatechin, epicate-
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chin gallate, quercetin and kaempferol were purchased from Sigma-Aldrich (Castle Hill,
NSW, Australia).

2.2. Sample Preparation

Avocado pulp samples rejected by consumers, including Hass, Wurtz and Reed vari-
eties, were obtained from a local retail store in Melbourne, Australia. The pulps of each
variety were separately blended in a 1.5 L blender (Russell Hobbs Classic, model DZ-1613,
Melbourne, VIC, Australia). Samples were stored at —20 °C for a week for further analysis.

2.3. Extraction of Phenolic Compounds

Samples were extracted with 70% (v/v) ethanol and homogenized by Ultra-Turrax T25
Homogenizer (IKA, Staufe, Germany) at 1000 rpm for 15 min followed by incubation in
the ZWYR-240 incubator shaker (Labwit, Ashwood, VIC, Australia) at 120 rpm at 4 °C for
12 h. Centrifugation was conducted at 5000 rpm using ROTINA 380R centrifuge (Hettich
(Beverly, MA, USA)) under 10 °C for 15 min. The supernatant was filtrated and stored at
—20 °C for a week for further analysis.

2.4. Polyphenol Estimation and Antioxidant Assays

TPC, TEC and TCT were assessed for polyphenol content, and DPPH, FRAP, ABTS,
RPA, eOH-RSA, FICA and PMA assays were conducted to quantify the antioxidant poten-
tial of the extracts. All the assays were performed in triplicates using modified methods of
Tang et al. [21] and Subbiah et al. [22]. The data were obtained from the Multiskan® Go
microplate reader (Thermo Fisher Scientific, Waltham, MA, USA).

2.4.1. Determination of Total Phenolic Content (TPC)

The TPC of the extract was quantified by modifying the Folin-Ciocalteu assay protocol
in Wang et al. [23]. First, 25 uL of sample was mixed with 25 uL of Folin reagent and 200 uL
of Milli-Q water in 96-well plates (Costar, Corning (Glendale, CA, USA)), and incubated at
room temperature for 5 min. Then, 25 uL sodium carbonate (10%, w/w) was added to the
reaction mixture and incubated in a dark place for 60 min at 25 °C. The absorbance was
measured at 765 nm by a microplate reader (Thermo Fisher Scientific, Waltham, MA, USA).
The calibration curve was prepared with gallic acid standard (0-200 pg/mL), and the TPC
result was expressed as mg of gallic acid equivalents (GAE) per gram of each sample (mg
GAE/gfw.).

2.4.2. Determination of Total Flavonoids Content (TFC)

The TFC of the extract sample was quantified by the aluminum chloride method
described by Gu, Howell, Dunshea and Suleria [20], with some modifications. First, 80 pL
(2%, w/v) of aluminum chloride and 80 puL of sample extract were added to 96-well plates,
followed by mixing 120 pL of 50 mg/mL sodium acetate solution and incubation at 25 °C
for 2.5 h. The absorbance was read at 440 nm. The quercetin (0-50 ng/mL) calibration
curve was used to determine TFC, expressed as quercetin (QE) equivalents per gram fresh
sample (mg QE/g f.w.).

2.4.3. Determination of Total Tannins Content (TTC)

The TTC method was followed according to the method described by Suleria et al. [24].
First, 150 uL (4%, w/v) vanillin solution was mixed with 25 pL of extract, followed by
25 uL (32%, v/v) of sulfuric acid in a 96-well plate. The absorbance was read at 500 nm
after incubation at 25 °C for 15 min. The concentration ranged between 0 and 1000 ug/mL.
Catechin was used for the calibration curve, and the TTC was expressed as mg catechin
(CE) equivalents per gram of fresh sample (mg CE/g f.w.).
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2.4.4. 2,2'-Diphenyl-1-picrylhydrazyl (DPPH) Antioxidant Assay

The assay aimed to calculate the free radical scavenging ability of rejected avocado
pulp, and the procedure was followed according to Rocchetti et al. [25], with some modifi-
cations. First, 40 pL of sample and 260 pL of 0.1 mM DPPH methanol reagent were added
to 96-well plates. Absorbance was read at 517 nm after incubation for 30 min in the dark.
The ascorbic acid standard curve was prepared with a concentration ranging from 0 to
50 pg/mL. The DPPH scavenging capability was calculated and expressed as ascorbic acid
(AAE) equivalent per gram fresh sample (mg AAE/g f.w.).

2.4.5. Ferric Reducing Antioxidant Power (FRAP) Assay

The FRAP assay was used to evaluate the sample ability to reduce Fe3* complex into
FeZ* complex based on the method described by Gu, Howell, Dunshea and Suleria [20].
FRAP solution was prepared by mixing 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) of solution,
20 mM of FeCl; and 300 mM of sodium acetate solution in the ratio of 1:10:10 (v/v/v).
Then, 280 puL of FRAP reagent was added to 20 puL sample extract and incubated at 37 °C
for 10 min. Absorbance was read at 593 nm. The ascorbic acid standard curve with
the concentration ranging from 0 to 50 pg/mL was used to determine the FRAP values,
expressed as mg ascorbic acid (AAE) equivalents per gram sample (mg AAE/g f.w.).

2.4.6. 2,2'-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) Assay

The ABTS scavenging ability of the extract was quantified by the modifying the method
of Severo et al. [26]. The ABTS" stock solution was prepared by the addition of 5 mL of
7 mM ABTS and 88 uL of 140 mM potassium persulfate solution, incubated in a dark place
for 16 h. Then, 10 uL of extract and 290 puL of dye solution were added to a 96-well plate
and incubated for 6 min at 25 °C. Absorbance was measured at 734 nm. The antioxidant
potential was measured using the standard curve of ascorbic acid (0 to 150 ug/mL) and
was expressed in ascorbic acid equivalents (AAE) in mg per gram of sample.

2.4.7. Total Antioxidant Capacity (TAC)

Total antioxidant capacity was quantified by following the method of Suleria, Barrow
and Dunshea [24]. Phosphomolybdate reagent was prepared by mixing 0.6 M of sulfuric
acid, 0.028 M of sodium phosphate and 0.004 M of ammonium molybdate. Then, 40 pL
of sample was added to 260 uL of phosphomolybdate reagent, followed by incubation at
95 °C for 10 min and then cooling to room temperature. Absorbance was read at 695 nm.
Ascorbic acid with the concentration range of 0-200 ug/mL was prepared as the standard
curve, and the results were calculated as mg ascorbic acid equivalents (AAE) per g of fresh
sample weight (mg AAE/g f.w.).

2.4.8. Reducing Power Assay (RPA)

The reducing power activity was determined by modifying the method of Ferreira
et al. [27]. First, 10 pL of extract, 25 puL of 0.2 M sodium phosphate buffer (pH 6.6) and
25 uL of K3[Fe(CN)¢] were added, followed by incubation at 25 °C for 20 min. Then, 25 pL
of 10% TCA solution was added to stop the reaction, followed by the addition of 85 uL of
water and 8.5 uL of FeCl3. The solution was further incubated for 15 min at 25 °C. Then,
the absorbance was measured at 750 nm. Ascorbic acid from 0 to 500 ug/mL was used to
obtain a standard curve, and data were presented as mg ascorbic acid equivalents (AAE)
per g of fresh sample weight (f.w.) & standard deviation (SD).

2.4.9. Hydroxyl Radical Scavenging Activity (¢OH-RSA)

The Fenton-type reaction method of Smirnoff and Cumbes [28] was used to determine
oOH-RSA, with some modifications. First, 50 uL extract was mixed with 50 uL. of 6 mM
FeSO,-7H,0 and 50 pL of 6 mM H,0, (30%), followed by incubation at 25 °C for 10 min.
After incubation, 50 pL of 6 mM 3-hydroxybenzoic acid was added and absorbance was
measured at a wavelength of 510 nm. Ascorbic acid from 0 to 300 ug/mL was used to
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obtain a standard curve and data were expressed as ascorbic acid equivalents (AAE) per g
of fresh sample weight (f.w.) & standard deviation (SD).

2.4.10. Ferrous Ion Chelating Activity (FICA)

The Fe?* chelating activity of the sample was measured according to Dinis et al. [29],
with modifications. First, 20 puL extract was mixed with 80 pL of water, 50 uL. of 2 mM
ferrous chloride (with an additional 1:15 dilution in water) and 50 uL. of 5 mM ferrozine
(with an additional 1:6 dilution in water), followed by incubation at 25 °C for 10 min. Then,
the absorbance was measured at a wavelength of 562 nm. Ethylenediaminetetraacetic acid
(EDTA) from concentrations of 0 to 30 pg/mL was used to obtain a standard curve and
data were presented as mg EDTA /g f.w.

2.5. Characterization of Phenolic Compounds by LC-ESI-QTOF-MS/MS Analysis

Phenolic characterization was carried out by using LC-ESI-QTOF-MS/MS and the
protocol was followed according to Zhong et al. [30]. We used Agilent 1200 series High-
Performance Liquid Chromatography (HPLC) (Agilent Technologies, Santa Clara, CA,
USA) coupled with electrospray ionization (ESI) and Agilent 6520 Accurate-Mass Q-TOF
LC/MS (Agilent Technologies, CA, USA), as well as Synergi Hydro-RP 80 A LC column
250 mm X 4.6 mm and 4 um (Phenomenex, Lane Cove) with temperature 25 °C and sample
temperature at 10 °C. Mobile phase A: 98% water and 2% acetic acid; mobile phase B:
acetonitrile, water and acetic acid solution (50:49.5:0.5). Then, 6 uL of sample filtrate was
injected with the flow rate of 0.8 mL/min. Mobile phase A and B were mixed as follows:
90% A and 10% B in 0-20 min; 75% A and 25% B in 20-30 min; 65% A and 35% B in
30-40 min; 60% A and 40% B in 40-70 min; 45% A and 55% B in 70-75 min; 20% A and 80%
B in 75-77 min; 100% B in 77-82 min; 10% A and 90% B in 82-85 min. Both positive and
negative modes were applied for peak identification and the m/z range was obtained from
50 to 1300 amu. The parameters of nitrogen gas were set as 45 psi, 300 °C with a 5 L/min
flow rate, and sheath gas was under 250 °C with 11 L/min velocity. The capillary and
nozzle voltage were operated at 3.5 kV and 500 V, respectively. Results were obtained by
MassHunter Data Acquisition Software (Qualitative Analysis, version B.03.01, Agilent).

2.6. Quantification of Phenolic Compounds by HPLC-PDA Analysis

The quantification of phenolic components was performed according to Tang et al. [21]
with Agilent 1200 serious HPLC (Agilent Technologies, CA, USA) equipped with a pho-
todiode array (PDA) detector. The analysis was operated with the same column size and
condition as those of LC-ESI-QTOF-MS/MS with temperature 25 °C and sample temper-
ature at 10 °C, except for the 20 puL injection volume for each sample with the flow rate
of 0.8 mL/min. Wavelengths were set at 280 nm, 320 nm and 370 nm for identifying
hydroxybenzoic acids, hydroxycinnamic acids and flavonol groups, respectively. Data
acquisition and analysis were carried out by Agilent LC-ESI-QTOF-MS/MS MassHunter
Workstation Version B.03.01.

2.7. Statistical Analysis

The result in each assay is expressed as mean =+ standard deviation (SD). One-way
analysis of variance (ANOVA) through Minitab Program 18.0 (Minitab, LLC, Stage College,
PA, USA) was conducted to test the differences between each sample group, followed by
Tukey’s honestly significant differences (HSD) multiple rank test at p < 0.05.

3. Results and Discussions
3.1. Polyphenol Estimation (TPC, TFC and TTC)

Avocado pulp is not only nutrient-dense and rich in vitamins, but also contains a
variety of active phytochemicals which contribute to their positive health benefits [7,10,11].
However, these health benefits are not widely explored in rejected avocado pulp. Hence,
the phenolic contents of rejected Hass, Wurtz and Reed avocado pulp were estimated to
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evaluate their health potential. The total phenolic, flavonoid and condensed tannin contents
were estimated by TPC, TFC and TCT assays and are reported in Table 1.

Table 1. Polyphenol content estimation and antioxidant capacity of rejected avocados.

Antioxidant Assays Hass Avocado Wurtz Avocado Reed Avocado
TPC (mg GAE/g) 0.17 &+ 0.06® 0.16 + 0.03° 0.21 +0.042
TFC (mg QE/g) 0.04 +0.03 2 0.02 £0.04° 0.05 +0.052
TTC (mg CE/g) 0.02 £0.01 _ 0.01 £ 0.02
DPPH (mg AAE/g) 0.32+£0.09° 0.24 +0.07° 0.12 £0.05¢
FRAP (mg AAE/g) 0.13 +0.052 0.09 +0.01° 0.04 +0.03°¢
ABTS (mg AAE/g) 0.32+0.092 0.21+0.04¢ 0.28 + 0.06°
RPA (mg AAE/g) 0.01 +0.04° 0.07 4 0.03 2 0.01 +£0.01°
#OH-RSA (mg AAE/g) 0.51+0.012 0.07 £0.01 ¢ 0.17 +0.02°
FICA (mg EDTA/g) 047 £0.12° 0.18 £0.02 ¢ 0.34 +0.08°
PMA (mg AAE/g) 0.19 + 0.05 ¢ 0.27 +0.042 021 +0.03P

The data are expressed in mg equivalents per gram based on fresh weight and shown as mean =+ standard
deviation (SD) (n = 3); the lettering (@P*) indicates the significant difference (p < 0.05) using one-way analysis of
variance (ANOVA) and Tukey’s HSD test. GAE: gallic acid equivalents; QE: quercetin equivalents; CE: catechin
equivalents; AAE: ascorbic acid equivalents, EDTA: ethylenediaminetetraacetic acid.

For the TPC assay, Reed avocado pulp was found to have the highest total phenolic
content (0.21 £ 0.04 mg GAE/g) compared to Hass (0.17 £ 0.06 mg GAE/g) and Wurtz
(0.16 £ 0.03 mg GAE/g). Previous studies reported a higher total phenolic content of
Hass avocado pulp, which might be due to different solvents and concentrations used for
extraction [31]. In Wang, Bostic and Gu [23]’s study, the avocado pulp phenolic content
ranged from 60 to 490 mg GAE/100 g f.w., higher than our results.

For the TFC assay, Reed avocado pulp was found to have the highest total flavonoid
content (0.05 £ 0.05 mg QE/g), followed by Hass (0.04 £+ 0.03 mg QE/g) and Wurtz
(0.02 £ 0.04 mg QE/g). Different ripening stages of avocado showed different flavonoid
contents ranging from 9.91 to 26.36 mg QE /100 g on a fresh weight basis [32]. Hence, the
small quantity of flavonoids found in our study might be due to the avocados’ maturity
level, storage condition, bruising and metabolism processes [26,33].

Tannin content was found to be negligible in all three avocado pulp varieties by
the TCT assay. Previously, Poovarodom et al. [34] examined the tannin content of the
Ettinger avocado variety extracted in methanol, water, acetone and hexane and reported
the presence of tannin as 497 mg CE/100 g d.w., 72 mg CE/100 g d.w., 832 mg CE/100 g d.w.
and 625 mg CE/100 g d.w., respectively. However, Princewill-Ogbonna et al. [35] reported
lower condensed tannin concentrations in avocado, which aligns with the low tannin
content in our rejected avocado pulp. The low tannin concentration may be due to the
vanillin reagent in the TCT assay, which reacts with specific chemical groups in avocado
itself and reduces its detection scope.

3.2. Antioxidant Activities

The antioxidant capacity of three varieties of rejected avocado pulp was determined
by DPPH, FRAP, ABTS, RPA, «OH-RSA, FICA and TAC in vitro assays and is reported
in Table 1.

DPPH and FRAP are single-electron transfer (SET) reaction-based assays that deter-
mine antioxidant activity. DPPH assay evaluates the donating hydrogen ability to eliminate
free radicals [36]. The odd electron in the nitrogen atom present in DPPH (C15H;12N50g,
M = 394.33) is reduced by receiving a hydrogen atom from an antioxidant to the corre-
sponding hydrazine [37]. The highest DPPH value of Hass avocado is 0.32 mg AAE/g
and is significantly different from other avocado varieties (p < 0.05). The lowest DPPH
value among the samples was the Reed avocado with 0.12 mg AAE/g. In a previous study
by Wang, Bostic and Gu [23], the antioxidant potential ranged between 0.4 and 1.3 umol
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TE/g. The difference in the antioxidant potential might be due to maturity level, storage
condition, bruising and metabolism processes [26,33].

The FRAP assay is based on the reduction of ferric-tripyridyltriazine [Felll(TPTZ)]**,
forming an intense blue-colored ferrous complex [Fell(TPTZ)]**. The reaction was con-
ducted under the acidic condition to maintain iron stability and transfer the electron,
improving the redox potential [38]. The FRAP results had a similar trend to those of DPPH
assay because it utilizes a similar SET mechanism. The antioxidant potential between the
avocado varieties is significantly different (p < 0.05). Similarly, Hass avocado had higher
antioxidant potential (0.13 & 0.05 mg AAE/¢g), followed by Wurtz (0.09 & 0.01 mg AAE/g)
and Reed (0.04 £ 0.03 mg AAE/g) avocado pulp. This present study reports a higher FRAP
value than a previous study conducted by Poovarodom, Haruenkit, Vearasilp, Namiesnik,
Cvikrovd, Martincova, Ezra, Suhaj, Ruamsuke and Gorinstein [34], where methanol extract
of avocado pulp was reported to have antioxidant potential of 32 pmol FeSO, /g [39]. These
differences might be due different growing regions and/or extraction solvents, as different
solvents were used to extract avocado pulp phenolics and perform antioxidant activities,
which might affect the extraction rate and overall antioxidant potential.

For the ABTS scavenging radical capacity assay, the antioxidant ability is measured
by reaction of the extracts with ABTS* radical cation [40]. Hass avocado pulp was found
to have the highest ability to eliminate free radicals (0.32 & 0.09 mg AAE/¢g), followed
by Reed (0.28 £ 0.06 mg AAE/g) and Wurtz (0.21 £ 0.04). The difference between each
avocado pulp is significantly different from one another (p < 0.05). However, Daieni Alves
Vieira et al. [41] compared avocado pulp of different varieties (Hass, Margarida, Quintal
and Fortuna) and found that Hass avocado pulp showed the lowest antioxidant potential
compared to other avocado varieties.

For RPA, the rejected Wurtz avocado pulp had higher antioxidant potential
(0.07 £ 0.03 mg AAE/g) compared to other varieties, namely, Hass (0.01 & 0.04 mg AAE/g)
and Reed (0.01 £ 0.01 mg AAE/g). However, the value is very small and is negligible,
although the values are significantly different (p < 0.05) between Wurtz and other vari-
eties. Furthermore, similar studies only report a milli amount of antioxidant activity. In a
previous study, the avocado peel ranged from 63 to 742 mg ascorbic acid/g based on the
different solvents used [42]. In another study, the methanolic extract of the avocado pulp
ranged between 42 and 90 ng/mL depending on their concentration [43]. The values in
the previous studies were higher than our studies, which might be due to differences in
varieties, growing regions and extraction solvents.

For «OH-RSA, hydroxyl radicals (¢OH) are produced in the presence of hydrogen
peroxide and Fe?* ion through the Fenton reaction [44]. Each avocado variety showed
significantly different antioxidative potential, ranging from 0.07 to 0.51 mg AAE/g of dry
samples with the highest value recorded in Hass and the lowest in Wurtz avocado pulp.

Next, FICA is a metal chelation transition assay. Antioxidant potential is measured by
the chelating ability of ferrous ion. Phenolic compounds (Ph-OH) bind with a fraction of
Fe?*, while the remaining Fe?* ions can react with ferrozine (CpgH12N4Nay,OgS,) to form a
ferrous ion—ferrozine complex which is stable and water-soluble under mild acid conditions
(pH 6) [45]. The rejected Hass avocado pulp showed the highest antioxidant potential of
0.47 mg EDTA /g compared to other avocado varieties. However, this is the first paper to
estimate antioxidant activity by FICA and phosphomolybdate assay.

In the phosphomolybdate assay, Wurtz avocado (0.27 &+ 0.04 mg AAE/g) showed
the highest antioxidant potential, followed by Reed (0.21 £ 0.03 mg AAE/g) and Hass
(0.19 £+ 0.05 mg AAE/g) varieties.

3.3. LC-ESI-QTOF-MS/MS-Based Characterization of Phenolic Compounds

The quantification of phenolic profiles of avocado pulp samples was carried out using LC-
ESI-QTOF-MS/MS in both modes of ionization, negative and positive (M — H]~ /[M + H]").
Compounds were tentatively characterized based on their mass to charge ratio (1/z) and MS
spectra using Agilent LC-MS mass hunter qualitative software and the Personal Compounds
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Database and Library (PCDL). The criteria for the compounds to be further analyzed were
mass error < 5 ppm and a PCDL library score of more than 80; thereby, compounds were
further identified using MS/MS identification and m/z characterization (Table 2).

Table 2. Characterization of phenolic compounds in rejected avocados by LC-ESI-QTOF-MS/MS.

. MS?
Molecular RT o . Molecular Theoretical Observed Error
No. Proposed Compounds Formula (min) Ionization Weight (mlz) (mlz) (ppm) Pli(:’il;ct Samples
Phenolic acid
Hydroxycinnamic acids
1 15-Dicaffeoylquinicacid ~ CpsHpOpp  4.181 M- HI- 516.1268 515.1195 5151196 02 Ty Wartz
2 p-Coumaroyl malic acid Ci3HpO; 5953 [M — H]~ 280.0583 279.0510 279.0514 14 163,119 Waurtz
*
3 p-Coumaroyl tartaric acid C13H120g 8.935 **[M — H]~ 296.0532 295.0459 295.0451 -2.7 115 mléﬁz'
4 3-Caffeoylquinic acid CigHisOs 24757 M — H|- 354.0951 353.0878 353.0891 37 255,00 TRz,
5 Sinapic acid CyHpOs 29019 [M—HJ™ 224.0685 223.0612 223.0617 22 205,163 Reed
*
6 Ferulic acid 4-O-glucoside ~ CigHxOs 30870  * [M — H]- 356.1107 355.1034 355.1041 2.0 %49;3', . .
o 178, 14
7 Ferulic acid CioHiOs 42847 M —HJ- 194.0579 193.0506 193.0506 0.0 S Reed,
8 Verbascoside CwHxOs 44703  [M—HI 624.2054 623.1981 6231977 —06 Ly Wurtz
9 1-Sinapoyl-2- CsHyOs 72821 M — H]~ 724.2215 723.2142 723.2146 0.6 529, 499 Reed
feruloylgentiobiose
Hydroxybenzoic acids
10 2-Hydroxybenzoic acid C7Hs05 4327 = [M-—H|" 138.0317 137.0244 137.0241 22 93 *nggas/
11 3-O-Methylgallic acid CsH;s0s5 12.938 [M +HJ* 184.0372 185.0445 185.0444 —05 170, 142 Wartz
12 Paconiflorin CysHsOu 40731 *[M — H]- 480.1632 479.1559 479.1579 42 o Reed
Hydroxyphenylacetic acids
13 3'4'D1hydr‘;"c§l’dphenylacehc CgHgO, 31.864  *[M — HJ~ 168.0423 167.0350 167.0359 5.4 149,123 ! ‘ﬁ‘é‘éﬁz'
14 Z'Hydroxyfc'ighenylacetlc CgH3O3 36.105 M — H]~ 152.0473 151.0400 151.0407 4.6 136,92 Wurtz
Hydroxyphenylpropanoic acids
Dihydroferulic acid _ 195, 151,
15 Loulfate CyoH;,0;8 4112 M- H] 276.0304 275.0231 275.0230 04 197 Hass
Flavonoids
Anthocyanins
Delphinidin " -
16 3.0-galactoside CyHyOp  36.639 [M +H] 465.1033 466.1106 466.1097 19 303 Reed
17 Delphinidin CyH31017  36.655 [M + HJ* 627.1561 628.1634 628.1630 —0.6 465, 3030 Reed
3-O-glucosyl-glucoside
18 Cyanidin 3,5-O-diglucoside ~ CoyH3O15  40.382  *[M + HJ* 611.1612 612.1685 612.1678 11 449,287 Reed
Petunidin *Reed,
19 3,5-O-dighicoside CsH3Op;  40.846 [M +HJ* 641.1718 642.1791 642.1794 05 479,317 Weats
Petunidin
20 3-0-(6"-acetyl-ghucoside) CosHysOp3  61.318 [M +HJ* 521.1295 522.1368 522.1372 08 317 Reed
Flavonols
Quercetin
21 3-O-xylosylrutinoside CypHaOp 16481 [M +HJ* 742.1956 743.2029 743.2038 12 479,317 Reed
2 3-Methoxynobiletin CpHpOy 20837 [M +HJ* 432.1420 433.1493 433.1482 —25 ‘é(}g' gﬁ‘g Reed
388,373 Waurtz, *
23 3-Methoxysinensetin CyHpOg 29374  *[M+H]* 402.1315 403.1388 403.1393 12 32 307 Hass,
4 Reed
24 Quercetin 3-O-arabinoside ~ CpHigOy1 30907  [M — H|~ 434.0849 433.0776 433.0789 3.0 301 Reed
Kaempferol 3-O-glucosyl- - * Wurtz,
25 Thamnosyl-galactoside CyHypOn 32709  *[M —H] 756.2113 755.2040 755.2069 38 285 N
26 Myricetin 3-O-thamnoside ~ CyHOp, 51748 [M — H]~ 464.0955 463.0882 463.0892 22 317 Reed
Quercetin *Reed
27 3-O-(6”"-malonyl-glucoside) ~ CzoHzpOy  53.914 [M +HJ* 712.1487 713.1560 713.1568 1.1 551, 303 Weaty
7-O-glucoside
Kaempterol 3-O-(2"- 593, 447,
28 rhamnosyl-galactoside) C33H40019 60.098 *[M — H]~ 740.2164 739.2091 739.2093 0.3 2/85 . Reed
7-O-rhamnoside
Flavones
Apigenin " - _ * Wurtz,
29 6,8-di.C-glucoside CyHOp5 32261 *[M —H] 594.1585 593.1512 593.1506 1.0 503, 473 Roeq
6-Hydroxyluteolin -
30 7-O-tharmnoside CyHypOn 51777 [M —H] 448.1006 447.0933 447.0950 38 301 Waurtz
31 Apigenin CoeHsOps  59.215  **[M+HJ* 564.1479 565.1552 565.1542 -18 296 y\figé’

7-O-apiosyl-glucoside
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Table 2. Cont.

. MSZ
Molecular RT s Molecular Theoretical Observed Error
No. Proposed Compounds Formula (min) Ionization Weight (mlz) (mlz) (ppm) Pli(:)il;Ct Samples
Isoflavonoids
32 Dihydrobiochanin A CisHuOs  9.841 M + HJ* 286.0841 287.0914 287.0919 17 269,295, Wurtz
33 3/-Hydroxygenistein CisHjgO 31357 [M +HJ* 286.0477 287.0550 287.0540 35 269, 259 ! }’{\g‘éﬂf'
56,73 A'- - + - Reed,
34 Pentahydroxyisoflavone CisHigO; 31423 [M +H] 302.0427 303.0500 303.0493 23 285, 257 Wty
35 Glycitin CpHpOy 38236 [M +HJ* 446.1213 447.1286 447.1298 27 285 Hass
Formononetin " _ * Wurtz,
36 7-O-glucuronide CpHxOpo 42036 *[M —H] 4441056 443.0983 443.0976 ~16 267,252 Roeq
37 6"-O-Malonyldaidzin CoHpOpp, 45551 [M +HJ* 502.1111 503.1184 503.1193 1.8 255 Waurtz
38 6"-O-Malonylgenistin CoyHpO3  64.084 [M +H]J* 518.1060 519.1133 519.1161 54 271 Reed
Flavanols
39 (+)-3%1_1§§ﬁ;eéhm CpHisOn 17150  [M—HJ 458.0849 457.0776 457.0789 2.8 305, 169 Hass
40 Prodelphinidin dimer B3~ CaHyO14 28673 [M+HJ* 610.1323 611.139 611.1401 038 T plurtz,
41 (+)-Catechin CisHuOs 31118 *[M—HJ- 290.0790 289.0717 289.0717 0.0 23,205, plurtz,
Flavanones
4 Naringin 4'-O-glucoside CyHpOp 12481 *[M — H]~ 742.2320 741.2247 741.2271 32 433,271 ’ VH";‘;;Z
43 Neoeriocitrin CyH3O15  45.015 M — H]~ 596.1741 595.1668 595.1677 15 431,287 *ngggs'
44 6-Prenylnaringenin CpoH2005 45.633 [M +H]* 340.1311 341.1384 341.1396 3.5 323,137 Reed
Dihydrochalcones
3-Hydroxyphloretin N
45 ; . CosH3O15 36370  [M — HJ 584.1741 583.1668 583.1666 -03 289 Waurtz
2'-O-xylosyl-glucoside
3-Hydroxyphloretin " _ * Wurtz,
46 2-O-glucoside C;HyOn 42383 *[M — HJ 452.1319 451.1246 451.1237 —20 289,273 Roeq
.
47 Phloridzin CyHpuOyp 42847  *[M — HJ~ 436.1369 435.1296 435.1298 05 273 ‘ﬁ‘é‘éﬁzr
Dihydroflavonols
Dihydromyricetin - * Wurtz,
48 O thomoside CyHpOp, 26430 *[M —H] 466.1111 465.1038 465.1040 0.4 301 Reod
Other polyphenols
Tyrosols
49 3,4-DHPEA-AC CioH,O;  9.681  *[M — HJ~ 196.0736 195.0663 195.0667 2.1 135 ! K‘ng/
*Wurtz,
50 Demethyloleuropein Co4H30O13 23050  * [M — HJ~ 526.1686 525.1613 525.1621 15 495 Hass,
Reed
Hydroxyphenylpropenes
2-Methoxy-5-prop-1- 149,137,
51 enylphenol CiH;,0, 23305 M + HJ* 164.0837 165.0910 165.0906 —24 133, 124 Reed
Hydroxybenzaldehydes
52 p-Anisaldehyde CgHgO, 17.690 [M + HJ* 136.0524 137.0597 137.0598 0.7 122,109 Reed
Hydroxycoumarins
53 Coumarin CoH0, 52.192 M + HJ* 146.0368 147.0441 147.0444 2.0 103, 91 Reed
Curcuminoids
54 Demethoxycurcumin CyH1505 76.809 [M —H]~ 338.1154 337.1081 337.1083 0.6 217 Wurtz
Furanocoumarins
55 Isopimpinellin Ci3Hi005s 14808  [M+HJ* 246.0528 247.0601 247.0607 24 232,217, Reed
pimp 1351005 . : : : g 205, 203
Other polyphenols
56 Lithospermic acid CyHpOp 31035  [M—HI 538.1111 537.1038 537.1047 17 493,339, Waurtz
Stilbenes
57 Resveratrol 5-O-glucoside CypHpOs 44305  [M - HJ- 390.1315 389.1242 389.1238 -1.0 227 Waurtz
4-Hydroxy-3,54'- " - 271,241,
58 trimethoxystilbene CiyHigOs 63306 [M +H] 286.1205 287.1278 287.1265 45 55 Reed
Lignans
59 Conidendrin CaHaOs  4.340 M+ HJ* 356.1260 357.1333 357.1330 —08 3392 Reed
60 7-Hydroxymatairesinol CypHpO; 10282 [M-—H]- 374.1366 373.1293 373.1288 ~13 343, 313, Reed

298, 285
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Table 2. Cont.
. MSZ
Molecular RT s Molecular Theoretical Observed Error
No. Proposed Compounds Formula (min) Ionization Weight (mlz) (mlz) (ppm) Pli(:)il;Ct Samples
61 Schisandrin C CnHuOs 32682  [M+HF 384.1573 385.1646 385.1651 13 370315, urtz,
62 7-Oxomatairesinol CaoHnO; 35437  [M+HJ 372.1209 373.1282 373.1303 56 %3% z‘g Hass
63 Todolactol A CxHpuO;, 41489  [M—H] 376.1522 375.1449 375.1438 29 313,137 Wurtz
64 Pinoresinol CoHnOs 47768  *[M — HJ~ 358.1416 357.1343 357.1353 2.8 342327, Purtz,

* Compound was identified in more than one avocado samples, and the data presented in the table are from
the sample with the asterisk. ** Compounds were detected in both negative [M — H]~ and positive [M + H]*
ionization modes, but only single-mode data are presented. RT is the abbreviation for “retention time”.

In the present study, a total of 64 phenolic compounds were characterized among three
avocado pulp samples, including 15 phenolic acids, 33 flavonoids, 8 other polyphenols,
2 stilbenes and 6 lignans.

3.3.1. Phenolic Acids

Phenolic acids categorized into four subclasses, namely, hydroxybenzoic acids, hy-
droxycinnamic acids, hydroxyphenylacetic acids and hydroxyphenylpropanoic acids,
were identified.

e  Hydroxycinnamic Acids

Compound 2 was observed in Wurtz avocado and characterized as p-coumaroyl malic
acid with precursor ion [M — H] ™ at m/z 279.0514, which was further identified due to
the loss of C4;H4Oy4 at m/z 163 and m/z 119 [46]. Compound 5 present in Reed avocado
pulp was tentatively identified as sinapic acid with [M — H]™ at m/z 223.0617, and further
confirmed by the MS? experiment due to the loss of HyO and 2CHO from precursor ions at
m/z 205 and m/z 163 [47]. Compound 6 (ferulic acid 4-O-glucoside) was detected with both
ionization modes at m/z 355.1041, and further identification was achieved by the fragment
losses of glucoside (162 Da), C;H;30 (177 Da), CyH19O7 (206 Da) and CgH;307 (221 Da) at
m/z 193, m/z 178, m/z 149 and m/z 134, respectively [48].

In previous studies, the observation of p-coumaroyl malic acid was reported by Mpai
and Sivakumar [49] in Hass avocado pulp. The presence of sinapic acid was consistent with
the study of Sumitra et al. [36], which reported the presence of the compound in avocado
and mango. Similarly, the observation of sinapic acid was reported in cauliflower [50].
1-sinapoyl-2-feruloylgentiobiose compound was detected in Brassica oleracea in abundance,
including broccoli and cabbage [51]. Caffeoylquinic acid and ferulic acid have been iden-
tified in various tropical fruits, including quince, mulberry mango, durian, avocado and
grapefruit [52,53]. p-coumaroyl tartaric acid was identified in grapes [54]. In addition,
phenylethanoid glycosides, including verbascoside, have been detected in Sideritis trojana,
which is a herb plant that is used to treat cold [55].

e  Hydroxybenzoic Acids

Compound 10 was tentatively identified as 2-hydroxybenzoic acid at m/z 137.0241
in both ionization modes, which was further identified due to the characteristic loss of
CO; (44 Da) from the precursor ions at m/z 93 [48,56]. Compound 11 was detected in
Reed avocado at m/z 185.0444 with positive ionization mode and was identified as 3-O-
methylgallic acid due to the loss of CO, (44 Da) at m/z 142.

Previously, Malakar et al. [57] detected salicylic acid (2-hydroxybenzoic acid) in Hass
avocado pulp, which is similar to our results. Moreover, the existence of salicylic acid has
been confirmed in fruit peels, including avocado, mango, pineapple, etc. [24].

3.3.2. Flavonoids

Flavonoids were the predominant category of phenolic compounds. A total of
33 flavonoids were identified and classified into eight subclasses, with five anthocyanins,
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eight flavonols, three flavones, seven isoflavonoids, three flavanols, three flavanones, three
dihydrochalcones and one dihydroflavonol.

e  Anthocyanins

Compounds 17, 18 and 20 were present in Reed avocado, and were tentatively iden-
tified as delphinidin 3-O-glucosyl-glucoside, cyanidin 3,5-O-diglucoside and petunidin
3-O-(6"-acetyl-glucoside), respectively. Compounds 17 and 18 were detected with positive
ionization mode at m/z 628.1630 and m/z 522.1372. Compound 20 was present in both
modes at m/z 522.1372. Further confirmation was given by the loss of sugar moieties in
the MS? experiment [58]. Cyanidin glycosides, including cyanidin 3,5-O-diglucoside, was
identified in pomegranate fruits [59].

e Flavonols

Two kaempferol glycosides, Compounds 25 and 28, were detected in both modes
with precursor ions at m/z 755.2069 and m/z 739.209 and were tentatively identified
as kaempferol 3-O-glucosyl-thamnosyl-galactoside and kaempferol 3-O-(2”-rhamnosyl-
galactoside) 7-O-rhamnoside, respectively. In the MS? experiment, kaempferol 3-O-glucosyl-
rhamnosyl-galactoside compound was confirmed with the loss of glucoside. Kaempferol
3-O-(2"-rhamnosyl-galactoside) 7-O-rhamnoside peaks at m/z 593, m/z 447 and m/z
285 was detected with the removal of fragments such as CgH10O4, 2CcH19O4, 2CsH;9O4
and C6H1005.

e Flavones

Compound 29 with both ionization modes at 111/z 593.1506 was tentatively identified as
apigenin 6,8-di-C-glucoside, and the MS2 experiment confirmed that peaks were detected
at m/z 503 and m/z 473 due to the fragment removal at [M-H-90] and [M-H-120] [60].
Roowi and Crozier [61] reported the observation of apigenin 6,8-di-C-glucoside in tropical
citrus fruits, including Citrus microcarpa, Citrus hystrix and Citrus suhuiensis.

e  Other Derivatives of Flavonoids

Compounds 40 and 41 were detected in Wurtz and Reed avocado pulp at m/z 611.1401
and m/z 289.0717, and were tentatively identified as prodelphinidin dimer B3 and (+)-
catechin, respectively. In the MS? experiment, prodelphinidin dimer B3 was found with
characteristic peaks at m/z 469, m/z 311 and m/z 291, which were caused by the heterocyclic
ring fission and the breakdown of dimer (Zalke, 2014). (+)-Catechin was identified with the
fragment losses of CO; (44 Da), flavonoid ring A (84 Da) and flavonoid ring B (110 Da) at
m/z 245, m/z 205 and m/z 179, respectively [56].

Compound 42 was detected in both modes at m/z 741.2271 and tentatively identified
as naringin 4’-O-glucoside, which was further confirmed by characteristic fragments at
m/z 433 and m/z 271 [62]. Compound 43 was assigned as neoeriocitrin at #/z 595.1677
with negative mode due to the loss of rhamnoside and H,O at m/z 431, and rhamnoside
and glucoside at m/z 287 [63,64].

Compounds 47 and 48 were detected in Wurtz and Reed avocado pulp with both
modes at m/z 435.1298 and m/z 465.1040, which were identified as phloridzin and dihy-
dromyricetin 3-O-rhamnoside, respectively. In the MS? experiment, the loss of glucoside
(162 Da) was identified at m/z 273 in phloridzin, and the removal of rhamnose (164 Da)
was detected at m/z 301 in dihydromyricetin 3-O-rhamnoside [65].

Phloridzin was reported in the Narifio variety of avocado cultivated in Colombia [66].
The observation of 3-hydroxyphloretin 2’-O-glucoside was previously reported in apple
fruits [67]. Neoeriocitrin was detected as a rich resource of phytochemicals in various citrus
fruits, including mandarin, lemon, grapefruit, sweet orange, etc. [68].

3.3.3. Other Polyphenols

The LC-ESI-QTOF-MS/MS characterized a total of eight other polyphenols including
tyrosols, hydroxyphenylpropenes, hydroxybenzaldehydes, curcuminoids, furanocoumarins
and other polyphenols in three avocado varieties.
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Compound 49 was detected in Wurtz and Reed avocado pulp in both ionization
modes with precursor ion at m/z 195.0667. The MS? experiment identified the compound
as 3,4-DHPEA-AC due to the loss of C;H4O, [69]. It has been reported previously that
tyrosol derivatives were widely identified in olive oil (Di Maio et al., 2013).

3.3.4. Lignans and Stilbenes

Compounds 61 and 64 were detected in Wurtz and Reed avocado pulp and were
identified as schisandrin C and pinoresinol, respectively. Schisandrin C was tentatively
identified at m/z 385.1651 with positive ionization mode, which was further confirmed by
the MS/MS analysis due to the removal of CH3 15 Da at m/z 370, CsHyg (70 Da) at m/z
315, and CHj3 and CsHjg (85 Da) at m/z 300 (Yang et al., 2017). MS/MS analysis identified
Compound 64 based on the characteristic loss of CH3 (15 Da) at m/z 342, CoHg (30 Da) at
m/z 327, CO, (44 Da) at m/z 313 and CgHgO, (136 Da) at m/z 221 [48].

3.4. Distribution of Phenolic Compounds—Venn Diagram

The phenolic compounds in three avocado pulp varieties, Hass, Wurtz and Reed, are
shown in Venn diagrams (Figure 1). The results of the Venn diagrams emphasize that the
content of phenolic compounds, including phenolic acids, flavonoids, lignans, stilbenes
and other compounds, varied among the different varieties of avocado pulp, and further
exploration is helpful to indicate the correlation among phenolic content, avocado varieties
and growing regions.

According to Figure 1, a total of 303 phenolic compounds were tentatively identified
in rejected avocado pulp of the three varieties. In total, 10 (3.3%), 86 (28.4%) and 49 (16.2%)
phenolic compounds were detected in rejected Hass, Reed and Wurtz avocados, respectively.
Moreover, 11.2% of compounds were present in all three varieties. A total of 95 (31.4%)
compounds were identified in both Reed and Wurtz avocado pulp. However, only 9 (3%)
were characterized in Hass and Reed avocado pulp. In Figure 1B, 15% of the phenolic
acids were present in all varieties. The percentage of unique phenolic acids in Hass, Reed
and Wurtz avocado pulp was 5%, 16.7% and 5%, respectively. Similar to the total phenolic
compound, the highest numbers of phenolic acids were detected in Reed and Wurtz
avocado pulp, which accounted for 41.7% of the phenolic acids. Flavonoids and other
phenolic compounds shown in Figure 1 C,D amounted to 4.4% and 15.6%, respectively.

The total phenolic compounds, phenolic acids, flavonoids and other common phenolic
compounds shared among the samples are low. This indicates that the difference in
phenolic content among different varieties leads to differences in antioxidant activities.
Stefano et al. [70] identified protocatechuic acid with a concentration ranging from 0 to
1.07 mg analyte/kg based on fresh sample weight in Hass, Orotwa, Pinkerton, Rincon,
Bacon and Fuerte avocados. Additionally, Reed avocado had the highest number of unique
compounds in total phenolic compounds, phenolic acids and flavonoids. The results were
supported by phenolic content estimation assays. Reed avocado had the highest values
in TPC and TFC. Villa-Rodriguez, Molina-Corral, Ayala-Zavala, Olivas and Gonzdlez-
Aguilar [32] reported that kaempferol, a flavonoid derivative, decreases during ripening.
The studies report that the phenolic profile might have changed compared to fresh samples
due to deterioration and other metabolism processes [71].

The Venn diagram shows that the variety and growing regions of avocados may
affect phenolic content in samples, and the differences in the composition of phenolic
compounds were identified. Further study is necessary to explore the influences of variety
on targeted components.
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(A) Hass avocado Reed avocado Hass avocado Reed avocado

(B)

Wurtz avocado Wourtz avocado

© Hass avocado Reed avocado ) Hass avocado Reed avocado

Wurtz avocado
Wurtz avocado

Figure 1. Venn diagrams of phenolic compounds in various rejected avocado samples. (A) The
relations of total phenolic compounds in different avocados; (B) the relations of phenolic acids in
different samples; (C) the relations of flavonoids in different avocados; (D) the relations of other
phenolic compounds in rejected samples.

3.5. HPLC-PDA Quantification of Phenolic Compounds

HPLC was used for the quantification of compounds [72]. The quantification analy-
sis of targeted phenolic compounds was based on the peak area upon comparison with
reference standards. A total of ten phenolic compounds were quantified. They were
five phenolic acids, i.e., gallic acid, protocatechuic acid, p-hydroxybenzoic acid, chloro-
genic acid and caffeic acid, and five flavonoids, namely, catechin, epicatechin, epicatechin
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gallate, quercetin and kaempferol. The result was represented as mg/g of fresh sample
weight (Table 3).

Table 3. Quantification of phenolic compounds in rejected avocados by HPLC-PDA.

. Wurtz
No. Compounds Name %2?311:1&;1 RT (min) Has(snz?gv/(g);ado A(\I/;l);;xg)o Reet(im%\;(g))c ado Polyphenol Class
1 Gallic acid C7HgOs 6.836 6.78 £0.342 239 +0.19¢ 458 +0.23° Phenolic acids
2 Protocatechuic acid C7HgOy4 12.569 458 +£0.32b 754 +0.38° 3.89 4+ 0.27P Phenolic acids
3 p-Hydroxybenzoic acid C7HgO3 20.240 - 213 +0.09? 1.24 £0.062 Phenolic acids
4 Chlorogenic acid Ci16H1809 20.579 21.36 £ 0.85° 13.49 4+ 0.67° 14.67 +0.73° Phenolic acids
5 Caffeic acid CoHgOy4 25.001 725+044% 214 £0.17°¢ 329 +0.19° Phenolic acids
6 Catechin Cy5H1406 19.704 13.68 + 0.96 9.57 £0.38 15.94 +0.80 2 Flavonoids
7 Epicatechin C15H1406¢ 24.961 5.48 +0.27°b 1424 +0.852 3.71+£022¢ Flavonoids
8 Epicatechin gallate C2H15010 38.015 - 3.21+0.192 1.25 +0.082 Flavonoids
9 Quercetin Ci15H1007 70.098 17.37 £ 0.87P 6.87 = 0.55°¢ 2147 £1.072 Flavonoids
10 Kaempferol C15H1006 80.347 3.6+0.14° 2.14+0.15" 9.68 £0.58° Flavonoids

The values are expressed as mg/g, mean + standard deviation (SD) (1 = 3). The superscript letters (a, b and c)
indicate significant differences (p < 0.05) by one-way analysis of variance (ANOVA) and Tukey’s test in the row.

In the study, five phenolic acids were quantified in three varieties of rejected avocado
pulp samples. In Hass avocado pulp, four out of five phenolic acids were detected: gallic
acid (Compound 1), protocatechuic acid (Compound 2), chlorogenic acid (Compound 4)
and caffeic acid (Compound 5). Gallic acid (Compound 1), chlorogenic acid (Compound 4)
and caffeic acid (Compound 5) were significantly higher among three varieties. Previously,
protocatechuic acid and caffeic acid were reported to have 0.37 4= 0.02 and 2.26 £ 0.10 pug/g
based on dry weight in avocado samples [34]. Moreover, catechin was previously quantified
to have 3.3 £ 0.3 mg/100 g based on dry weight in Hass avocado pulp [73].

In Wurtz avocados, protocatechuic acid (Compound 2) was higher when compared to
other varieties. p-hydroxybenzoic acid (Compound 3) was exclusively detected in Wurtz
and Reed avocado pulp. Previously, protocatechuic acid was reported with a concentration
of 0 to 1.07 mg analyte/kg based on fresh sample weight in six different avocado varieties,
namely, Hass, Orotwa, Pinkerton, Rincon, Bacon and Fuerte [70].

Four flavonoids were detected in Hass avocado, including catechin (Compound 6),
epicatechin (Compound 7), quercetin (Compound 9) and kaempferol (Compound 10). Epi-
catechin gallate (Compound 8) was only quantified in Wurtz and Reed avocados. Catechin
(Compound 6) was higher in Reed avocado, followed by Hass and Wurtz. Epicatechin
(Compound 7) were quantified with the highest value in Wurtz avocados, while quercetin
(Compound 9) displayed significantly (p < 0.05) lower values among the three varieties.
Catechin (Compound 6), quercetin (Compound 9) and kaempferol (Compound 10) had
higher concentrations in Reed avocado, which supported the results of the total flavonoid
content in phenolic estimation. Previous study has reported that the phenolic profile differs
according to the stage of ripening [32].

4. Conclusions

In this study, we analyzed rejected avocado pulp of three varieties, Hass, Reed and
Waurtz. Hass avocado pulp contained the highest bioactive values in almost all antioxidant
assays due to its high phenolic content (0.17 mg/GAE g). The most dominant phenolic in
rejected avocados is chlorogenic acid, ranging from 13.49 mg/g to 21.36 mg/g. Additionally,
a total of 64 phenolic compounds were identified in rejected avocado cultivars, with 10 in
Hass avocado pulp, 31 in Wurtz avocado pulp and 45 in Reed avocado pulp. In HPLC-
PDA quantification, chlorogenic acid (21.36 mg/g f.w.), epicatechin (14.24 mg/g f.w.) and
quercetin (21.47 mg/g f.w.) were detected to be the highest in Hass, Wurtz and Reed
avocado pulp, respectively. Given the demonstrated antioxidant activities and phenolic
profiles, the results of this study can be used for further potential guidance in the recycling
of rejected avocados as an ingredient for drugs or pharmaceuticals.
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