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Abstract: Ginger (Zingiber officinale R.), lemon (Citrus limon L.) and mint (Mentha sp.) are commonly
consumed medicinal plants that have been of interest due to their health benefits and purported
antioxidant capacities. This study was conducted on the premise that no previous study has been
performed to elucidate the antioxidant and phenolic profile of the ginger, lemon and mint herbal
tea infusion (GLMT). The aim of the study was to investigate and characterise the phenolic contents
of ginger, lemon, mint and GLMT, as well as determine their antioxidant potential. Mint recorded
the highest total phenolic content, TPC (14.35 £ 0.19 mg gallic acid equivalent/g) and 2,2'-azino-
bis(3-e-thylbenzothiazoline-6-sulfonic acid), ABTS (24.25 £ 2.18 mg ascorbic acid equivalent/g)
antioxidant activity. GLMT recorded the highest antioxidant activity in the reducing power assay,
RPA (1.01 + 0.04 mg ascorbic acid equivalent/g) and hydroxyl radical scavenging assay, *OH-RSA
(0.77 + 0.08 mg ascorbic acid equivalent/g). Correlation analysis showed that phenolic content posi-
tively correlated with the antioxidant activity. Venn diagram analysis revealed that mint contained a
high proportion of exclusive phenolic compounds. Liquid chromatography coupled with electro-
spray ionisation and quadrupole time of flight tandem mass spectrometry (LC-ESI-QTOF-MS/MS)
characterised a total of 73 phenolic compounds, out of which 11, 31 and 49 were found in ginger,
lemon and mint respectively. These characterised phenolic compounds include phenolic acids (24),
flavonoids (35), other phenolic compounds (9), lignans (4) and stilbene (1). High-performance liquid
chromatography photometric diode array (HPLC-PDA) quantification showed that GLMT does
contain a relatively high concentration of phenolic compounds. This study presented the phenolic
profile and antioxidant potential of GLMT and its ingredients, which may increase the confidence in
developing GLMT into functional food products or nutraceuticals.

Keywords: polyphenols; LC-ESI-QTOF-MS/MS; HPLC; medicinal plants; ginger; lemon; mint;
herbal tea infusion; antioxidants

1. Introduction

Herbal teas made from various medicinal plants are rich sources of phenolic com-
pounds and are consumed by many cultures all around the world. Medicinal plants
prepared for tea infusions have been studied for their antioxidant, anti-inflammatory and
other properties [1]. Herbal teas have also been reported to exhibit synergistic antioxidant
effects, which increases their value as beverages for potential health benefits [2,3]. Common
medicinal plants such as ginger, lemon and mint can be fused together as ginger lemon
mint tea (GLMT) and be consumed as herbal tea to improve health being.

Gingers (Zingiber officinale Roscoe) from the family Zingiberaceae [4—6], are native to
Southeast Asia and have been incorporated into a diverse array of cuisines. In China and
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India, gingers are regarded as medicine [5]. Ginger is reported to have various health
benefits as it demonstrates antioxidant, antimicrobial and anti-inflammatory activities [7].
A gingerol is a group of phenols commonly found in the rhizomes of Zingiberaceae plants,
which have been extensively studied for their cytotoxic potential [8]. Lemon (Citrus
limon L.) is from the citrus family Rutaceae [9], and has been demonstrated to contain
phenolic compounds which are beneficial to health [10]. Eriocitrin, a phenolic compound in
lemons was found to increase antioxidant activities in plasma after ingestion [11]. Lemon
has potent antioxidant activities in its peel and zest and its protective properties against
DNA and cell damage have prompted the research on lemon as a cancer preventative [12].
Other studies have also shown that lemon’s essential oil has antioxidant and antimicrobial
effects [13]. Mint (Mentha sp.) is from the Lamiaceae plant family [14,15]. The essential oils
of plants within the Mentha genus exhibit antioxidant and antimicrobial activities [16,17].
Notable antioxidants in mints were found to be rosmarinic acid, caffeic acid, «-terpinene,
luteolin and eriocitrin and these compounds are believed to be the major antioxidants
particularly found in peppermint [15].

Phenolic compounds are a large group of secondary plant metabolites commonly
found in fruits, vegetables and spices, which are thought to play prominent roles in human
nutrition and health [18]. Some of these metabolites produced by plants are classified as
antioxidants [19]. Antioxidants are molecules that can reduce the damaging effects of free
radicals, which are chemicals with one or more unpaired electrons produced in an organism
via natural metabolism or environmental factors [20]. Free radicals can turn non-free radical
molecules in the body into radicals, cascading a chain reaction that causes destructive
effects within cells and tissues [21]. Thus, medicinal plants rich in antioxidants have been
lauded and advised to be part of the human diet to promote health and wellbeing [22,23].

Various assays and equipment have been developed that have been useful for the
estimation and analysis of phenolic and antioxidant content. For the estimation of phenolic
compounds, common assays include Total Phenolic Content (TPC) Assay with Folin-
Ciocalteu reagent [24], Total Flavonoid Content (TFC) Assay by the aluminium chloride
method [25] and Total Tannins Content (TTC) using vanillin method [26]. 2,2"-diphenyl-1-
picrylhydrazyl (DPPH) assay [27], Ferric reducing antioxidant power (FRAP) assay [28],
2,2'-azino-bis(3e-thylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging assay [29],
reducing power assay (RPA) [30], hydroxyl radical scavenging activity (*OH-RSA) [31]
and ferrous ion chelating activity (FICA) [32] assays are common assays utilised to deter-
mine the antioxidant activities of samples. In addition, the phosphomolybdate method
has been used in the past for the estimation of total antioxidant content (TAC). Statistical
analysis was performed on the phenolic content and antioxidant activity of the samples to
investigate whether the phenolic content correlated with the antioxidant activity. Liquid
chromatographic-coupled mass spectrometry was useful as a separation, identification and
quantification technique, enabling the characterisation of phenolic compounds. This exper-
iment deployed HPLC-PDA and LC-ESI-QTOF-MS/MS, which enabled the quantification
and characterisation of phenolic compounds from ginger, lemon, mint and GLMT. Previous
experiments have also successfully utilised both HPLC and LC-MS/MS techniques to quan-
tify and characterise phenolic compounds in various herbal teas and medicines [33-35].
The comprehensive understanding of the phenolic profile of ginger, lemon and mint, GLMT
has not been extensively studied and there is a research gap that requires investigation into
GLMT’s antioxidant effect and its phenolic profile. Thus, the aims of this study were to:
(1) investigate and compare antioxidant activities of ginger, lemon, mint and GLMT herbal
tea infusion; (2) characterise and quantify their phenolic compounds through LC-ESI-
QTOF-MS/MS and HPLC-PDA respectively. Results indicating high phenolic content and
potent antioxidant activity from the samples could be used to inform the benefits of dietary
uptake of ginger, lemon, mint and GLMT, which may also encourage commercialisation of
GLMT infusions.
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2. Materials and Methods
2.1. Chemicals and Reagents

Most of the chemicals utilised were analytical grade and purchased from Sigma-
Aldrich (St. Louis, MO, USA). Reagents for the antioxidant assays include 2,2’-diphenyl-
1-picrylhydrazyl (DPPH), 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),
2,4,6-tripyridyl-s-triazine (TPTZ), Folin and Ciocalteu’s phenol, hexahydrate aluminium
chloride, potassium persulfate and vanillin were purchased from Sigma-Aldrich (St. Louis,
MO, USA). The phenolic acid and flavonoid reference standards used such as caffeic acid,
caftaric acid, catechin, chlorogenic acid, coumaric acid, epicatechin gallate, gallic acid,
kaempferol, kaempferol-3-O-glucoside, L-ascorbic acid, p-hydroxybenzoic acid, protocate-
chuic acid, quercetin, quercetin-3-galactose, quercetin-3-O-glucuronide and syringic acid
were also bought from Sigma-Aldrich (St Louis, MO, USA). Other chemicals including
acetic acid, ethanol, ferric (IIT) chloride (Fe [III] Cl3-6H,0), sodium acetate and sodium
carbonate were purchased from Sigma-Aldrich (St. Louis, MO, USA). The HPLC grade
acetic acid, methanol and acetonitrile used were bought from Sigma-Aldrich (St. Louis,
MO, USA). The 98% sulphuric acid used in this study was bought from RCI Labscan (Rong-
muang, Thailand). Anhydrous sodium carbonate, glacial acetic acid, hydrochloric acid and
methanol were purchased from Thermo Fisher Scientific Inc. (Waltham, MA, USA).

2.2. Sample Preparation

Ginger rhizomes, lemon and mint were bought from local supermarkets. Each sample
was blended into slurries separately using a 1.5 L blender (Russell Hobbs Classic, model
DZ-1613, Melbourne, VIC, Australia). Samples were stored at —20 °C for further analysis.

The herbal infusion ratio sampled the available commercial ginger, lemon, mint green
tea from Tetley (Tata Global Beverages Pty. Ltd., Richmond VIC, Australia) in which its
flavouring had a ratio of 50% lemon flavouring, 33% ginger flavouring and 17% mint
flavouring. Ginger rhizome, lemon and mint were sliced thin and steeped in 100 mL of
boiling Milli-Q water. After 10 min, debris in the herbal infusion was filtered out. The
herbal tea infusion was then stored at —20 °C until required for further analysis.

2.3. Extraction of Phenolic Compounds

Sample extracts of 1 mL (herbal infusions and herbal tea infusion) were homogenised
with the Ultra-Turrax T25 Homogenizer IKA, Staufen, Germany) in 10 mL of 70% ethanol
at 10,000 rpm for 30 s. The samples were then incubated in a shaking incubator (ZWYR-240,
Labwit, Ashwood, VIC, Australia) at 4 °C, 120 rpm for 12 h. Samples were then centrifuged
for 15 min at 5000 rpm (ROTINA 380 R centrifuge, Hettich, Victoria, Australia). The
supernatant was collected and then stored at —20 °C [36]. For HPLC and LC-MS analysis,
the extracts were filtered through a 0.45 pm sterile syringe filter (hydrophilic polyvinylidene
fluoride—PVDF) purchased from Millipore, Merck (KGaA, Darmstadt, Germany).

2.4. Phenolic Compound Estimation and Antioxidant Assays

The following assays were performed based on the previously published method-
ologies with some alterations [37-39]. The absorbance of samples was measured by the
Multiskan® Go microplate spectrophotometer (Thermo Fisher Scientific, Waltham, MA,
USA) in triplicates. Standard curves were generated with R? > 0.995. Phenolic compound
estimation was assayed through TPC, TFC and TTC while antioxidant capacity was mea-
sured by 4 antioxidant assays, TAC, ABTS, DPPH and FRAP.

2.4.1. Total Phenolic Content (TPC) Assay

TPC was measured by following a modified version of a previous method [40]. A
total of 25 uL of Folin-Ciocalteu reagent (1:3 diluted with water) was mixed with 25 puL
sample and 200 pL of Milli-Q water and incubated in the dark for 5 min at 25 °C. A sodium
carbonate solution (10%, w/w) of 25 uLL was then added and the mixtures were incubated
at 25 °C for 60 min before absorbance was measured at 765 nm. Gallic acid was dissolved
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in 70% ethanol and was used to construct the standard curve with concentrations ranging
from 0 to 200 pug/mL. Results were expressed as mg of gallic acid equivalents (GAE) per
gram of fresh weight (mg GAE/g.w).

2.4.2. Total Flavonoid Content (TFC) Assay

The flavonoid content of the samples was estimated by a previous aluminium chloride
(AICl3) colourimetric-based method with some modification [26]. A total of 80 pL of the
extract and 80 uL of 2% AICI; was mixed (dilution aided by 70% ethanol). An amount of
120 pL of 50 g/L sodium acetate was added to a 96-well plate and incubated at 25 °C for
2.5 h. Sample absorbance was measured at 440 nm as triplicates. TFC of the samples was
expressed as mg of quercetin per gram of fresh weight of the sample (mg QE/g¢.w). The
calibration curve of quercetin was constructed using various concentrations between 0 to
50 ug/mL.

2.4.3. Total Tannins Content (TTC) Assay

The following TTC is a modified iteration of a previous colourimetric method [26].
A total of 150 pL of 4% vanillin was mixed with 25 pL of sample extract and diluted
with methanol. An amount of 25 uL of 32% sulphuric acid was also added to each well
in the 96-well plate. The well plate was incubated in the dark at 25 °C for 15 min, and
then the absorbance was measured at 500 nm. Catechin was dissolved in 70% ethanol to
make varying concentrations from 0 to 1000 ug/mL, which was then used to construct
the standard curve. Results were expressed as mg catechin equivalents per gram of fresh
weight (mg CE/g¢.w).

2.4.4. DPPH Radical Scavenging Assay

DPPH assay was used to measure the radical scavenging activity of each extract and
GLMT mixture and the assay method was sourced from previous research with some
modifications for this research [41]. In total, 40 uL of extract and 40 pL of 0.1 mM DPPH
methanolic solution were mixed in a 96-well plate and incubated at 25 °C within a shaker
for 30 min. Then the absorbance was measured at 517 nm as triplicates. The standard curve
was generated results were expressed as mg AAE/g¢.., with ascorbic acid’s concentration
ranging from 0 to 50 ug/mL. This was then used to determine the sample’s scavenging
activity against DPPH free radicals.

2.4.5. Ferric Reducing Antioxidant Power (FRAP) Assay

FRAP assay assesses the ability of the sample to reduce iron in the Fe3*-TPTZ complex
(ferric-2,4,6-tripyridyl-s-Triazine) to FeZ*-TPTZ complex [42]. The performed FRAP assay
adapted a previous method with some modifications [41]. Fresh FRAP reagent was made
for each FRAP assay. A sodium acetate buffer (pH = 3.6) of 300 mM, 20 mM FeCl; and
10 mM TPTZ were mixed together in a volume ratio of 10:1:1. The mixture of 1 mL of
the FRAP reagent and 400 pL of the sample was incubated for 5 min at 37 °C. Then the
absorbance of each sample was measured at 593 nm as triplicates. Varying concentrations
between 0 to 50 pug/mL of ascorbic acid were prepared for the construction of the standard
curve. The results were expressed as mg AAE/g¢..

2.4.6. ABTS Radical Scavenging Assay

The free radical scavenging activity of the sample was also determined through
the ABTS" radical cation decolourisation assay, with a slight modification to a previous
methodology [41]. A total of 5 mL of 7 mmol/L ABTS solution was mixed with 88 pL
of 140 mM potassium persulfate, which allowed for the generation of ABTS" for the
scavenging assay. The mixture was left in the dark for 16 h before being retrieved and
diluted with 70% ethanol. A total of 10 puL of sample and 290 uL of the ABTS solution were
added to the 96-well plate, then the mixture was incubated at 25 °C for 6 min in the dark.
Following that, the sample absorbance was read at 734 nm as triplicates. The calibration
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curve was generated from ascorbic acid with concentration ranging from 0 to 2000 ng/mL,
in which the results were expressed as mg AAE/gg.w.

2.4.7. Reducing Power Assay (RPA)

The reducing power assay was a modified version of Ferreira, et al. [30]. A total of
10 uL of the sample, 25 pL of 0.2 M phosphate buffer (pH 6.6) and 25 pL of K3[Fe(CN)4]
were mixed sequentially and the solution was then incubated at 25 °C for 20 min. An
amount of 25 pL of 10% TCA solution was added to stop the reaction, which was followed
by the addition of 85 uL of water and 8.5 uL of FeCls. The solution was further incubated
for 15 min at 25 °C, and then the absorbance was measured at 750 nm. Ascorbic acid with
concentrations ranging from 0 to 500 ng/mL was used to construct a standard curve and
results were expressed as mg AAE/ ry.

2.4.8. Hydroxyl Radical Scavenging Activity (*OH-RSA)

A modified Fenton-type reaction method of Smirnoff and Cumbes [31] was conducted
to determine *OH-RSA of samples. In total, 50 pL of the sample was mixed with 50 uL of
6 mM H,O; (30%) and with 50 pL. of 6 mM FeSO,4.7H,0, and the solution was incubated
at 25 °C for 10 min. Then, 50 uL of 6 mM 3-hydroxybenzoic acid was added and the
absorbance was measured at 510 nm. Ascorbic acid concentrations ranging from 0 to
300 pg/mL were used to create a standard curve and data were expressed as mg AAE/ .

2.4.9. Ferrous lon Chelating Activity (FICA)

The ferrous ion chelating activity of samples was measured using a modified method
of Dinis, et al. [32]. A total of 15 pL of the sample was mixed with 85 uL of water, 50 uL of
1:15 water-diluted 2 mM ferrous chloride and 50 pL of 1:6 water-diluted 5 mM ferrozine.
The mixture was then incubated at 25 °C for 10 min and then the absorbance was measured
at 562 nm. Ethylenediaminetetraacetic acid (EDTA) with concentrations ranging from
0 to 50 ug/mL was used to construct a standard curve and data was expressed as mg
EDTA/¢g -

2.4.10. Total Antioxidant Content (TAC) Assay

TAC in the sample was determined by a modified phosphomolybdate method [43].
The phosphomolybdate reagent was a combination of 0.004 M ammonium molybdate,
0.028 M sodium phosphate and 0.6 M sulfuric acid. An amount of 260 puL phosphomolyb-
date reagent was mixed with 40 pL extracts and was then incubated at 95 °C for 10 min.
Absorbance was then measured at 695 nm at 25 °C and ascorbic acid was quantified by
linear regression plotting the absorbance against standard concentration (0-200 pg/mL).
The amount of TAC was expressed in ascorbic acid equivalent per gram of fresh weight
(mg AAE/gg.w).

2.5. LC-ESI-QTOF-MS/MS Analysis

Phenolic compounds were characterised following a previous protocol [44], which
was performed with Agilent 1200 series HPLC (Agilent Technologies, Santa Clara, CA,
USA) coupled with Agilent 6520 Accurate-Mass Q-TOF LC/MS (Agilent Technologies,
Santa Clara, CA, USA). Synergi Hydro-RP 80A, with LC Column of 250 mm x 4.6 mm
internal diameter and 4 um particle size (Phenomenex, Torrance, CA, USA), was used for
the separation of compounds with a column temperature of 25 °C and sample temperature
of 10 °C. Mobile phase A was a mixture of water/acetic acid at a ratio of 98:2 (v/v). Mobile
phase B was a mixture of acetonitrile/water/acetic acid at a ratio of 100:99:1 (v/v/v). Both
mobile phases were degassed at 21 °C for 15 min. The injection volume for each infusion
sample was 6 uL, the linear gradient elution of water contained 1% acetic acid and the flow
rate was set at 0.8 mL/min. The gradient elution ran for 85 min with a specific mixture
of mobile phase A and B following the gradient as described in a past method [45]. The
gradient reset to the initial gradient after the end of the program and the column was
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equilibrated for 3 min before the next injection. Mass spectrometry conditions were set with
nitrogen gas temperature of 300 °C with a flow rate of 5 L/min, sheath gas temperature of
250 °C with a flow rate of 11 L/min and nebuliser gas pressure of 45 psi. The nozzle voltage
was set at 500 V and the capillary voltage was set at 3.5 kV. A complete mass scan ranging
from m/z 50 to 1300 was used, MS/MS analyses were carried out in automatic mode with
collision energy (10, 15 and 30 eV) for fragmentation. Peak identification was performed
in both positive and negative modes while the instrument control, data acquisition and
processing were performed using MassHunter workstation software (Qualitative Analysis,
version B.03.01) (Agilent Technologies, Santa Clara, CA, USA).

2.6. HPLC-PDA Analysis

Quantification of the targeted phenolic compounds was performed following a previ-
ous methodology [45] using Agilent 1200 series HPLC (Agilent Technologies, Santa Clara,
CA, USA), which was equipped with Waters Model 2998 photodiode array (PDA) detector.
Settings for the column conditions were maintained as per the LC-ESI-QTOF-MS/MS
method above, with only one difference in sample injection at 20 uL. Detection was set
at wavelengths of 280 nm, 320 nm and 370 nm, which were selected for the identification
of hydroxybenzoic acids, hydroxycinnamic acids and flavonols respectively. The spectral
acquisition rate was set at 1.25 scan/second with a peak width of 0.2 min. Standards for
each phenolic compound sample were diluted into 7 different concentrations to generate
calibration standard curves for the quantification. Data acquisition and analysis were per-
formed using Agilent LC-ESI-QTOF-MS/MS MassHunter Workstation Software Version
B.03.01 (Agilent Technologies, Santa Clara, CA, USA).

2.7. Statistical Analysis

The one-way analysis of variance (ANOVA) via Minitab Version 19.0 (Minitab, LLC,
State College, PA, USA) was calculated to differentiate the mean values between samples,
using the setting Tukey’s honestly significant differences (HSD) at p < 0.05. The result
yielded were portrayed as mean =+ standard deviation (SD). Pearson’s pairwise correlation
test was also performed on the same software to elucidate the relationship between the
phenolic content assays and the antioxidant assays.

3. Results and Discussion
3.1. Phenolic Compound Estimation (TFC, TPC and TTC)

Ginger, lemon and mint are all considered to be medicinal plants with diverse phenolic
contents. The phenolic content of ginger, lemon, mint and GLMT were measured by TFC,
TPC and TTC assays with the results expressed as quercetin, gallic acid and catechin equiv-
alent respectively. Table 1 shows that mint has the highest total phenolic content, followed
by GLMT. Our ginger sample yielded 2.93 &+ 0.07 mg GAE/g of TPC, which is higher
than a previous study’s fresh ginger (control group) TPC yield of 0.44 mg GAE/g;.w [46].
However, when compared to the same study’s oven-dried ginger samples, the TPC of the
oven-dried ginger sample yielded 9.19 mg GAE/gs.\, nearly 4 times more yield than our
sample. This suggests that sample drying may help increase phenolic compound yield.
The phenolic content of lemon obtained in this study was considerably lower compared to
a previous study on dried Beldi lemon flesh, which reported 105.55 mg GAE/g;.., of TPC,
56.16 mg QE/g¢.., of TFC and 26.66 mg CE/g;., of condensed tannins, respectively [12].
The mint samples in this experiment extracted less TPC and TFC compared to a previous
study, in which they were able to obtain 19.9 mg GAE/gs.., of TPC and 13.1 mg QE/gs.\, of
TFC respectively [47]. There was also another study of 6 different mint species in northeast
Algeria, which found that Mentha x piperita produced 31.4 mg GAE/gq.\ for TPC assay
and 6.50 mg CE/gq4.w for TTC assay, both of which are higher than the results obtained in
this study [48].
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Table 1. Phenolic compound content (TPC, TFC and TTC) and antioxidant activities (DPPH, FRAP,
ABTS, RPA, *OH-RSA, FICA and TAC) of ginger, lemon, mint and GLMT per gram of fresh weight.

Assays Ginger Lemon Mint GLMT
TPC (mg GAE/g) 2.93 +0.07 € 01240049  14354+0.192  585+0.08°
TFC (mg QE/g) 0.98 +0.02 € 0.07 +0.03 4 1.29 +£0.07 2 1.25 4 0.04°
TTC (mg CE/g) 0.02 +0.04 4 0.04 £0.01°¢ 2.13 +0.08 2 045+ 0.09°
DPPH (mg AAE/g) 1.24 +0.09 € 0.09 +0.04 4 315+ 0.12°2 2.24+0.01°
FRAP (mg AAE/g) 0.83 £ 0.03 0.08 + 0.01 4 7.15+£0.142 1.91+0.07°
ABTS (mg AAE/g) 0.11 +£0.01°¢ 007 +0039  2425+2182  548+021°
RPA (mg AAE/g) 0.08 & 0.01 2 0.02 4+ 0.03¢ 0.04 +0.02° 1.01 £0.04°
*OH-RSA (mg AAE/g) 053 £0.03° 0.39 £ 0.07 2 0.27+0.01 ¢ 0.77+ 0.08 ©
FICA (mg EDTA/g) 0.04 +0.03° - 0.09 £ 0.02 2 0.07 £ 0.04 2
TAC (mg AAE/g) 0.73 £0.08 ¢ 0030049  674+0582 1.35+041°

Data expressed as mean + SD of three replicates; Different letters >4 indicate that the data is significantly

different from the other data of the same row (p < 0.05), in which ? is assigned to the largest value, then b assigned
to second largest and so forth. The significant difference was calculated through one-way analysis of variance
(ANOVA) and Tukey’s HSD Test.

The variation of phenolic content difference with the previous study may be due to
differences in variety or growing condition. Using lemon as an example, the variety in the
previous study was identified to be Beldi, whereas the variety of the lemon used within
this study could be any of the common lemon varieties in Australia such as Eureka or
Lisbon [49]. Different varieties of the same fruit may exhibit different phenotypic traits
and, thus, this could be a contributing factor to the observed difference in phenolic content.
Growing conditions can also alter the phenolic content in plants such as a change in
metabolism when dealing with environmental stress [50]. Finally, as seen in the ginger
sample comparison with a previous study, sample treatment such as drying may increase
phenolic content dramatically. Similarly, sample extraction and preparation will directly
affect the yield of phenolic compounds in the sample.

3.2. Antioxidant Activities (DPPH, FRAP, ABTS, RPA, *OH-RSA, FICA and TAC)

Antioxidant radical scavenging activities of samples were measured through DPPH,
FRAP, ABTS, RPA, *OH-RSA, FICA and TAC assays. These are common assays used for
determining the antioxidant capacity of plant materials. Table 1 shows that ginger, lemon,
mint and GLMT’s antioxidant activities significantly differ from each other according to
Tukey’s HSD Test. Across most assays, the highest antioxidant activity has been recorded
in mint samples, followed by GLMT sample, then ginger and lastly lemon. This pattern
matches that of the phenolic compound content discussed above (Section 3.1), with mint
recording the highest phenolic content. Previous studies have demonstrated that there is
a significant positive correlation between antioxidant activity and phenolic content [51].
This correlation may explain why mint exhibited the highest antioxidant activity out
of all samples. However, other non-phenolic phytochemicals may also contribute to
the antioxidant assays and mint does contain other phytochemicals that can also act as
antioxidant such as x-terpinene [15].

Contrary to past research, lemon did not produce high antioxidant activity or a high
phenolic compound content. For antioxidant assays that are predicated on the antioxidants
donating hydrogen to reduce the free radical, the amount of phenolic antioxidants will be
correlated with the amount of antioxidant activity, thus, the lower the phenolic content,
the more likely it is that the antioxidant capacity of that sample will be lower [52]. Since
mint displayed the highest antioxidant activity for most assays, the antioxidant activity in
GLMT may be contributed predominantly by mint’s polyphenols or other phytochemicals.

DPPH radical scavenging assay measures antioxidant activity, which is indicated by
the colourimetric change of the DPPH radical solution from the oxidised violet form to
an antioxidant-reduced yellow form [53]. A previous study’s peppermint DPPH assay
yielded 147.5 mg AAE/g [54], which is drastically higher than our result. Possible reasons
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for the dramatic difference may be that the previous study dried all leaf samples before
extracting the sample whereas this study did not dry the sample. A previous characterisa-
tion study of phenolic compounds from a variety of Citrus fruits found that sun dried and
grounded Eureka lemon exhibited 8.26 mg TEAC/gq.w [55], which is much higher than this
study’s lemon DPPH result. As discussed, dried samples may result in increased phenolic
compound measured in a sample and thus increased antioxidant activity of that sample
per gram of fresh weight. This study’s ginger result was slightly higher compared to a
previous study on phenolic compound-rich vegetables, which found that ginger yielded
0.21 £ 0.00 mg AAE/g for the DPPH assay [56]. The size and age of the sampled ginger
rhizome may also be a factor in the differences.

FRAP assay is a colourimetric assay that measures the absorbance of the developed
blue solution from the reduction of Fe(IlI)-TPTZ complex to Fe(I)-TPTZ by antioxidants in
acidic conditions, in which the amount of absorption provides an estimate of the antioxidant
activity [28]. In a previous phenolic compound-rich vegetable antioxidant study with
similar methods, the FRAP assay yielded 0.04 mg AAE/g [56], which is very similar to
the result obtained in this study. A study on fruit peels found that lemon peels exhibited
14.03 mg AAE/g from the FRAP assay [57], much higher than this study’s lemon results.
Many studies have consistently reported that fruit peels yield more polyphenols and thus
more antioxidant activity. A study on tropical and temperate tea drinks found that mint
and peppermint samples produced 31 mg GAE/g and 37 mg GAE/g, respectively, from
the FRAP assay [58]. These results are much higher than the mint result from this study;
which may potentially be attributed to the source of mint and also the aqueous extraction
method performed.

ABTS assay determines the sample’s antioxidant radical scavenging activity by mea-
suring the colourimetric change of the sample solution from blueish green to colourless
as ABTS free radicals become scavenged and reduced by the sample’s antioxidants in the
presence of persulfate salt [59]. In a previous study on vegetable phenolic content and an-
tioxidants, the ginger samples yielded 1.09 mg AAE/g from ABTS assay, roughly 10 times
higher than the results obtained in this study [56]. A study on spices and food condiments
in South Korea found that ginger rhizome and mint recorded 7.49 mg AAE/gq. and
19.89 mg AAE/g4.w, respectively for the ABTS assay [60]. A previous Singaporean study
found that blended lemon flesh produced approximately 0.93 mg AAE/g from ABTS
assay [61], which is higher than this study’s lemon ABTS result. The difference may be due
to a different variety of lemon studied and regional variance of the fruit.

RPA is an assay that measures the sample’s ability to reduce the ferric ion in potassium
ferricyanide into ferrous ion in the form of potassium ferrocyanide [62]. GLMT recorded
the highest RPA at 1.01 £ 0.04 mg AAE/g and markedly contrasts with the RPA of other
samples (ranging from 0.02 to 0.08 mg AAE/g). A past study observed that ginger roots
using methanolic and ethanolic extraction produced the best RPA results [63]. Additionally,
they also reported that their RPA values correlated with the total tannin content of the
sample. A study on spearmint recorded RPA activities in a spearmint sample [64].°OH-
RSA determines the sample’s ability to scavenge hydroxyl radicals. GLMT recorded the
highest value of 0.77 & 0.08 mg AAE/g, followed by 0.53 &= 0.03 mg AAE/g from ginger
sample. Previous research showed that ginger displayed the ability to scavenge hydroxyl
radicals [65].

FICA measures the sample’s ability to compete with ferrozine to chelate ferrous ions.
Our mint sample produced the highest FICA at 0.09 &+ 0.02 mg EDTA /g, followed by
GLMT at 0.07 £ 0.04 mg EDTA /g. In a past study, mint has demonstrated the ability to
chelate ferrous ion and its ability to chelate ferrous ion was stated to be proportional to its
polyphenol content [66]. Our lemon sample did not appear to have chelated ferrous ions. A
previous study also did not observe ferrous ion chelation in their lemon fruit sample [67].

Phosphomolybdate assay was chosen to measure the TAC of samples. The presence of
antioxidants turns the greenish solution blue upon reduction of the phosphomolybdenum
complex’s molybdenum ion from Mo®* to Mo>* or Mo** [43]. A study on culinary spices
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found that ginger yielded 1.5 ng AAE/mL and peppermint yielded 1 pg AAE/mL [68].
A study on lemon’s total antioxidant activity using phosphomolybdenum assay reported
1.75 mg of butylated hydroxytoluene equivalent per gram of sample (BHT/g) when using
70% methanol as solvent [69].

3.3. Phenolic Content and Antioxidant Activity Correlation Analysis

Pairwise Pearson’s correlation test was performed to determine whether the phenolic
compound content from the samples contributed to their corresponding antioxidant ac-
tivities. The correlation test results are as shown in Table 2. The r values for the pairwise
correlations between TTC and the antioxidant assays were the most significant, with TTC
significantly correlated with the FRAP, ABTS and TAC assays. TTC’s high correlation with
the antioxidant assays suggests that the tannins are likely the compounds that are primarily
responsible for the antioxidant activities measured. TFC did not correlate well with the
antioxidant assays except for DPPH and FICA. TPC was also significantly correlated with
DPPH, FRAP, ABTS, FICA and TAC assays, which indicates that the observed antioxidant
activities were likely caused primarily by the phenolic compounds extracted and not by
other non-phenolic compounds.

Table 2. Pearson’s correlation coefficient (r) for the pairwise correlation between the phenolic content assays (TPC, TFC,
TTC) and the antioxidant assays (DPPH, FRAP, ABTS, RPA, *OH-RSA, FICA and TAC).

Assays TPC TEC TTC DPPH FRAP ABTS RAP OH-RSA FICA
TFC 0.747
TTC 0971 * 0.565

DPPH 0.942 * 0.915 * 0.839

FRAP 0.988 * 0.639 0.994 ** 0.879

ABTS 0.976 * 0.583 1.000 ** 0.852 0.996 **
RAP 0.004 0.440 —0.150 0.293 —0.126 —0.126

*OH-RSA —0.357 0.269 —0.537 —0.030 —0.492 —0.515 0.886 *

FICA 0.907 * 0.948 * 0.783 0.995 ** 0.831* 0.798 0.353 0.055

TAC 0.977 * 0.604 0.994 ** 0.850 0.998 ** 0.993 ** —0.192 —0.546 0.799

* indicates significant correlation with p < 0.1, while ** indicates highly significant correlation with p < 0.01.

FRAP was significantly correlated with ABTS and TAC assays and TAC was signifi-
cantly correlated with ABTS assay. The correlation between DPPH with TPC and TTC was
low compared to other antioxidant assays. This could mean that the phenolic compounds
found in the samples were not as capable of scavenging DPPH radicals. Although DPPH
assays are used widely to determine the antioxidant capacity of bioactive compounds, there
have been reports of its limitations. The sensitivity of DPPH radicals to some compounds
including oxygen and their reactivity with other radicals in the solution are among some
of the drawbacks of the DPPH assay [53]. Interestingly, both RPA and *OH-RSA did not
significantly correlate with any other assays, except for their correlation with each other at
r = 0.886.

Mint is known to contain various phenolic compounds such as rosmarinic acid, ferulic
acid, caffeic acid, apigenin and more [70]. Mint’s phenolic content has been shown to
be correlated with its antioxidant activity [48]. A previous study reported that ginger’s
phenolic content in the leaves and rhizome correlated with its antioxidant activity [71].
A study on Sudanese wasted Citrus fruits (including wasted lemons) showed that these
wasted peels had higher phenolic content and was significantly correlated with antioxidant
activity [72]. These findings in the literature further increase our confidence that the
recorded antioxidant activities were due to the samples’ phenolic contents.

3.4. LC-MS/MS Analysis

LC-MS/MS is a commonly utilised technique to characterise phenolic compounds
from a diverse source of organic samples. In tandem mass spectrometry, product ions are
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generated, in which the product ion pattern is characteristic of a particular molecule, and
this feature allows for the characterisation of compounds of a particular sample [73]. Since
its conception, LC-MS/MS has been widely used for sample analysis in food, biomedical
and pharmaceutical industries. For polyphenol characterisation, LC-MS/MS has been
regarded as a powerful and accurate technique to identify and quantify polyphenols due
to its versatility [74]. Out of all the screened phenolic compounds, 73 were characterised in
this study.

3.4.1. Phenolic Distribution—Venn Diagram Analysis

A total of 292 phenolic compounds were screened from ginger (51), lemon (167) and
mint (247) using LC-MS analysis. It was found that 23 phenolic compounds were common
in all three samples as shown in Figure 1. The majority of phenolic acids were identified
in mint, and mint shared a relatively large proportion of its phenolic acid profile with
ginger and lemon. However, the phenolic acid profiles of ginger and lemon were relatively
dissimilar when compared to the similarity of their phenolic acid profiles with mint. For
flavonoids, ginger shared a large portion of its flavonoids profile with both lemon and mint.
Despite sharing a significant portion of its flavonoids profile with mint, lemon did contain
a relatively large portion of flavonoids that were found only in lemon. Mint had the highest
number of other polyphenols identified. Ginger and lemon both share a large portion
of their other polyphenol profile with mint. Despite ginger’s seemingly low phenolic
compound profile, ginger is still considered to be a medicinal plant that offers beneficial
phytochemicals with potent antioxidant and anti-inflammatory activities such as gingerol
and shogaol [75]. Thus, it is still considered worthwhile to infuse ginger into herbal teas to
incorporate ginger’s other potentially healthy and useful phytochemicals.

3.4.2. LC-ESI-QTOF-MS/MS Characterization

The untargeted shotgun qualitative analysis of ginger, lemon and mint was performed
via LC-ESI-QTOF-MS/MS in both positive and negative ionisation modes (M — H]~ /[M
+ HJ*). The phenolic compounds from the samples were identified based on their m/z
value and MS spectra in both ionisation modes using Agilent’s LC-MS Qualitative Software
and Personal Compound Database and Library (PCDL). Mass error less than £ 5 ppm
and a PCDL library score of more than 80 were used as a benchmark to select further
MS/MS identification, m/z characterisation and to verify the compounds (Supplementary
Materials, Figures S1 and S2). In this research, through LC-MS/MS, 73 compounds were
identified and characterised out of ginger (11 compounds), lemon (31 compounds) and
mint (49 compounds), which include phenolic acids (24), flavonoids (35), other phenolic
compounds (9), lignans (4) and stilbene (1) as listed in Table 3. It is possible that the
relatively high diversity of phenolic compounds found in mint samples may explain its
relatively higher antioxidant activities compared with ginger and lemon samples.
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Mint Mint
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Figure 1. Venn Diagram of the distribution of screened phenolic compounds. (a) Total phenolic compounds found in
ginger, lemon and mint; (b) Phenolic acids in ginger, lemon and mint; (c) Flavonoids in ginger, lemon and mint; (d) Other
polyphenols (including lignans and stilbenes) in ginger, lemon and mint.
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Table 3. LC-ESI-QTOF-MS/MS characterisation of phenolic compounds in ginger, lemon and mint samples.

Molecular RT Ionisation Molecular Theoretical Error MS?
No. Proposed Compounds Formula (min) (ESI*/ESI™) Weight (m/z) Observed (m/z) (ppm) Productions Samples
Phenolic acids
Hydroxybenzoic Acids

1 Gallic acid 4-O-glucoside C13H16010 6.580 [M —H] 332.0743 331.067 331.0684 42 169, 125 M

2 4-Hydroxybenzoic acid Ci3H1605 11.898 M — H]- 300.0845 299.0772 299.077 —07 255,137 M
4-O-glucoside
3 2,3-Dihydroxybenzoic acid C7HgOy4 12.378 [M —H]~ 154.0266 153.0193 153.0194 0.7 109 M
Protocatechuic acid _

4 4-0-glucoside C13H1609 13.256 [M — H] 316.0794 315.0721 315.0723 0.6 153 M
5 2-Hydroxybenzoic acid C7HgOs3 19.932 *[M —H]™ 138.0317 137.0244 137.0245 0.7 93 M

6 Paeoniflorin Cp3Hpg011 58.033 [M —H]~ 480.1632 479.1559 479.1577 3.8 449, 357, 327 L

Hydroxycinnamic Acids

7 p-Coumaroyl tartaric acid Cq13H120s 8.232 *[M — H]~ 296.0532 295.0459 295.0466 24 115 *G, L
8 Cinnamic acid CoHgO, 9.166 M —H]~ 148.0524 147.0451 147.0448 —-2.0 103 L

9 Caffeoyl tartaric acid C13H1209 13.438 [M —H]~ 312.0481 311.0408 311.0413 1.6 161 M
10 Ferulic acid C10H1004 15.708 *[M —H]~ 194.0579 193.0506 193.0515 4.7 178,149,134 L,*M
11 Caffeic acid 3-O-glucuronide C15H16010 16.354 *M — H]~ 356.0743 355.067 355.0685 4.2 179 M
12 3-p-Coumaroylquinic acid C16H150s8 17.695 *[M — H]~ 338.1002 337.0929 337.0943 42 265,173,162 M
13 p-Coumaric acid 4-O-glucoside C15H;505 19.137 M — H]~ 326.1002 325.0929 325.093 0.3 163 M
14 m-Coumaric acid CyHgO5 19.153 M —H]~ 164.0473 163.04 163.0395 -3.1 119 M
15 Caffeic acid 4-sulfate CoHgOS 19.248 [M + HJ* 259.9991 261.0064 261.0057 —2.7 179, 135 M
16 3-Caffeoylquinic acid C16H1809 19.766 *[M — H]~ 354.0951 353.0878 353.0878 0.0 253,190, 144 L, *M
17 Feruloy] tartaric acid C14H1409 22.185 [M —H]~ 326.0638 325.0565 325.0573 2.5 193, 149 M
18 Ferulic acid 4-O-glucoside C16H2009 25.779 =M — H]~ 356.1107 355.1034 355.1019 —42 193, gi' 149, M
19 Chicoric acid CyH15012 35.138 M —H]~ 474.0798 473.0725 473.0753 5.0 293,311 M
20 1-Sinapoyl-2-feruloylgentiobiose C33HyO1s 35.768 [M —H]~ 724.2215 723.2142 723.2184 41 529, 499 M
21 1,5-Dicaffeoylquinic acid CasHoyOro 48341 M — H]~ 516.1268 515.1195 515.122 49 353, ﬁg 191, M

Hydroxyphenylacetic Acids

22 3,4-Dihydroxyphenylacetic acid CgHgOy4 10.059 *[M —H]™ 168.0423 167.035 167.0354 24 149, 123 G,*M

23 2-Hydroxy-2-phenylacetic acid CgHgO3 15.310 *[M — H]™ 152.0473 151.04 151.0408 3.8 136,92 M
Hydroxyphenylpropanoic
Acids
24 Dihydroferulic acid C16H0010 6.978 =M — H]~ 372.1056 371.0983 371.0999 43 195 M

4-O-glucuronide
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Table 3. Cont.

Molecular RT Ionisation Molecular Theoretical Error MS?
No. Proposed Compounds Formula (min) (ESI*/ESI™) Weight (m/z) Observed (in/z) (ppm) Productions Samples
Flavonoids
Flavanols
25 4'-O-Methylepigallocatechin Ci16H1607 33.560 [M +H]* 320.0896 321.0969 321.0958 3.4 302 L, *M
. S e .
26 #-O-Methyl-()-epigallocatechin oy o . 48.622 M — H]~ 496.1217 495.1144 495.115 12 451,313 M
7-O-glucuronide
27 (+)-Catechin 3-O-gallate C2H15019 50.445 * M —H]~ 442.09 441.0827 441.0833 1.4 289, 169, 125 M
28 (+)-Gallocatechin 3-O-gallate CaoH15011 63.448 M — H]~ 458.0849 457.0776 457.0794 39 305, 169 M
Flavones
29 Apigenin 6,8-di-C-glucoside CoyH30015 26.791 *[M —H]™ 594.1585 593.1512 593.1556 4.7 503,473 G,*L, M-T
30 Apigenin 7-O-apiosyl-glucoside CoeH2s014 31.067 [M +H]* 564.1479 565.1552 565.1545 -1.2 296 *G, L, M-T
31 7 4'-Dihydroxyflavone C15H19O04 37.337 M+ HJ* 254.0579 255.0652 255.0659 2.7 227,199,171 M
6-Hydroxyluteolin x _ "
32 7-O-thamnoside Co1HoO11 39.131 [M —H] 448.1006 447.0933 447.095 3.8 301 L,*M
33 Rhoifolin CorHs0O14 43471 M — H]~ 578.1636 577.1563 577.1582 33 413,269 L, *M
34 Cirsilineol Ci18H1607 45.338 [M +H]* 344.0896 345.0969 345.0966 -0.9 330, 3{1331/ 297, L, *M
35 Apigenin 7-O-glucuronide Cy1Hi15011 47.673 [M +H]* 446.0849 447.0922 447.0901 —4.7 271,253 M
36 Chrysoeriol 7-O-glucoside CapHpOn 54.565 [M + HJ* 1621162 463.1235 463.1234 02 5,227,409 L *M
37 Diosmin CosH32015 59.17 * M + HJ* 608.1741 609.1814 609.1819 0.8 301, 286 L,*M
Flavanones
38 Naringin 4’-O-glucoside C33H4019 25.233 [M — H]- 742.232 741.2247 741.2279 43 433,271 M
39 Neoeriocitrin CoyH3,015 36.946 *[M —H]~ 596.1741 595.1668 595.1658 -17 431, 287 *L, M
40 Hesperidin CosH34O15 42.745 = [M + HJ* 610.1898 611.1971 611.1956 -25 5%, égg’ 449, L, M
Flavonols
4 Quercetin 3'-O-glucuronide CyHi013 12,512 = [M — H]~ 478.0747 477.0674 477.067 08 301 L, M
) Quercetin 3-O-glucosyl-xyloside ~ CaHasOre 15.395 M — H]~ 596.1377 595.1304 595.1299 08 265,138, 116 L
43 Kaempferol 3,7-O-diglucoside Co7H30016 23.162 * M —H]~ 610.1534 609.1461 609.1486 4.1 447, 285 L,*M
Kaempferol
44 3-O-(2""-thamnosyl-galactoside) Cs33Hy0019 34.660 * M —H]~ 740.2164 739.2091 739.2114 3.1 593, 447, 285 G, *L, M-T
7-O-rhamnoside
45 Kaempferol 3-O-glucosyl- CasHiO0%0 37.254 “[M — H]~ 756.2113 755.204 755.2037 —04 285 *G, L, M-T
rhamnosyl-galactoside
46 Myricetin 3-O-rhamnoside Co1HooOr2 39.479 = [M — H]~ 464.0955 463.0882 463.0874 17 317 L, *M
47 3-Methoxysinensetin Cy1H»Og 61.671 M +H]* 402.1315 403.1388 403.1388 0.0 388, g?;’ 355, M
48 Mpyricetin 3-O-rutinoside Co7H30017 81.239 * M —H]~ 626.1483 625.141 625.1404 —-1.0 301 L,*M
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Table 3. Cont.

Molecular RT Ionisation Molecular Theoretical Error MS?
No. Proposed Compounds Formula (min) (ESI*/ESI™) Weight (m/z) Observed (mlz) (ppm) Productions Samples
Dihydroflavonols
Dihydromyricetin _
49 3-O-rhamnoside Co1H2 O 39.926 M —H] 466.1111 465.1038 465.1051 2.8 301 M
Anthocyanins
50 Isopeonidin 3-O-arabinoside C21H21010 29.965 M+ HJ* 433.1135 434.1208 434.1213 1.2 271,253,243 M
Isoflavonoids
, . _ 314, 299, 284,
51 3/-O-Methylviolanone Ci1sH1306 12.494 **[M — H] 330.1103 329.103 329.1041 33 256 G, *M
52 Sativanone Cy7H1605 14.051 M —H]~ 300.0998 299.0925 299.0919 -2.0 284,269, 225 M
53 2’-Hydroxyformononetin C16H1205 28.896 M +H]J* 284.0685 285.0758 285.076 0.7 270, 229 *L, M
5/6/7/3,14,' *3% + *
54 Pentahydroxyisoflavone Ci5H1907 31.563 [M+H] 302.0427 303.05 303.0501 0.3 285, 257 LM
55 3/-Hydroxygenistein Ci15H1906 39.466 ** M+ H]* 286.0477 287.055 287.0543 —24 269, 259 *G, L, M-T
2/,7-Dihydroxy-4,5'- +
56 . . Ci7H1406 41.246 [M+H] 314.079 315.0863 315.085 —4.1 300, 282 M
dimethoxyisoflavone
57 6"-O-Acetylglycitin Cp4Hp4O11 45.345 * M+ HJ* 488.1319 489.1392 489.1378 -29 285, 270 *L, M
58 3’-Hydroxydaidzein Ci5H1005 46.895 M +H]* 270.0528 271.0601 271.0603 0.7 253,241, 225 L,*M
59 Glycitin CooHp» O 70.633 [M +HJ* 446.1213 447.1286 447.1276 —22 285 M
Other Phenolic Compounds
Hydroxycoumarins
60 Coumarin CoHgOo 60.230 M+ HJ* 146.0368 147.0441 147.0436 —-34 103, 91 M
Hydroxybenzaldehydes
61 4-Hydroxybenzaldehyde C7HgO, 19.932 M —H]~ 122.0368 121.0295 121.0299 3.3 77 M
Hydroxybenzoketones
62 23-Dihydroxy-1- C1oH1205 13.157 “[M — H]~ 212.0685 211.0612 211.062 3.8 167,123, 105, 93 M
guaiacylpropanone
Phenolic Terpenes
63 Carnosic acid CooHps04 80.86 M —H]~ 332.1988 331.1915 331.1922 2.1 287, 269 L
Tyrosols
64 Hydroxytyrosol 4-O-glucoside C14H200s 10.49 M — H]~ 316.1158 315.1085 315.109 16 153,123 M
65 Oleoside 11-methylester Ci7H24011 14.217 M —H]~ 404.1319 403.1246 403.1262 4.0 223,165 M
66 3,4-DHPEA-AC CyoH1204 33.080 *[M — H]~ 196.0736 195.0663 195.0671 4.1 135 *G, L, M-T
Other Phenolic Compounds
67 Lithospermic acid Co7Hp» 01 49.119 * M —H]~ 538.1111 537.1038 537.1054 3.0 493, 339, 295 M
68 Salvianolic acid B Ca¢H30016 76.568 M — H]~ 718.1534 717.1461 717.1491 42 519,339,321, M

295
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Table 3. Cont.

No Proposed Compounds Formls  (min) GRSy weight e Observed (i) opm) broductions  SPles
Lignans

69 7-Oxomatairesinol CaoHaoOy 30.089 [M + HJ* 372.1209 373.1282 373.1297 40 358, gig 328, L

70 Conidendrin Ca0H200s 45.653 M + HJ* 356.126 357.1333 357.1325 —22 339, 221, 206 M

71 Pinoresinol CaoHpO4 50,544 M — H]- 358.1416 357.1343 357.1364 13 342, g 313, M

72 Schisandrin C CapHp4O0p 80.132 ** [M + HJ* 384.1573 385.1646 385.163 —42 370, 315, 300 G L
Stilbenes

73 4-Hydroxy-3,54'- C17H1504 76.456 M+ HJ* 286.1205 287.1278 287.1266 —42 271,241, 225 G

trimethoxystilbene

RT is short for “retention time”. * Signals the sample in which the displayed data was obtained from. ** Indicates that the compound was detected in both negative [M — H]~ and positive [M + H]* mode of
ionisation, with only one ionisation mode presented in the table. Samples G, L and M are abbreviations for ginger, lemon and mint respectively while—T represents that the compound was also characterised in
the herbal tea infusion.
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Phenolic Acids

Phenolic acids are a subclass of phenolic compounds with a carboxyl group. Phenolic
acids mainly comprise hydroxybenzoic acids and hydroxycinnamic acids and they have
been extensively studied for their antioxidant, antimicrobial and anti-inflammatory ef-
fects [76]. Phenolic acid species can be found in ginger, lemon and mint samples [77-79]. In
this study, five subclasses of phenolic acid were identified, which include hydroxybenzoic
acids (6), hydroxycinnamic acids (15), hydroxyphenylacetic acids (2) and hydroxyphenyl-
propanoic acids (1).

Compound 8 was identified to be cinnamic acid based on the product ion formed
at m/z 103, which represents the loss of carbon dioxide (44 Da) from the precursor ion.
Cinnamic acids are found in a variety of dietary plant materials such as Citrus fruits, tea,
Brassica vegetables, cereals and more [80]. Cinnamic acids and their derivatives possess
antioxidant properties, especially cinnamic acid derivatives with cinnamoyl and hydroxyl
moieties in which these moieties reportedly increase cinnamic acid derivatives’ antioxidant
activities [81]. Compound 10 found in lemon and mint samples, had a precursor ion at [M —
H]™ m/z 193.0515 and was assigned to be ferulic acid based on the MS/MS fragmentation
product ions produced. The product ions of ferulic acid were at m/z 178, m/z 149 and
m/z 134, which coincide with the loss of methyl group (15 Da), carbon dioxide (44 Da) and
both methyl group and carbon dioxide (59 Da total) from the precursor ion respectively.
A previous study on phenolic compounds found in Phoenix dactylifera’s male flowers also
reported product ions at m/z 178 and m/z 134 for ferulic acid [82]. Previously, as ferulic
acid has been reported in mint, it is likely that ferulic acid contributed to the antioxidant
activity observed in this study’s mint sample.

Two hydroxyphenylacetic acids were identified. Compound 22 (M — H]~ m/z at 167.0354)
was found in both ginger and mint samples and was identified as 3,4-dihydroxyphenylacetic
acid (DOPAC). The result was two daughter ions, which were m/z 149 and m/z 123, corre-
sponding to the loss of hydroxide group and carbon dioxide, respectively. To the best of our
knowledge, this is the first time that DOPAC has been found in both ginger and mint. A
previous study on the bioactive compounds of buckwheat found that DOPAC exhibits radical
scavenging antioxidant activity [83]. DOPAC at micromolar concentrations was shown to
display antioxidative activity against lipid peroxidation in vitro rat plasma model [84]. Al-
though some other polyphenols such as quercetin may be more potent antioxidants, DOPAC
has been suggested as a suitable additive or supplement alternative due to its relatively lowered
cytotoxicity as it is a naturally occurring metabolite of dopamine within the human body [85].

Flavonoids

Flavonoids are a diverse group of phenolic compounds that are present in many dietary
plant foods. Flavonoids have attracted interest due to their antioxidant, anti-inflammatory
effects and their ability to modulate certain enzymatic functions [86]. Flavonoids are di-
vided into further subgroups based on the composition and structure of their B and C
rings [86]. In this experiment, compounds from seven flavonoid subclasses were identified,
which include flavanols (4), flavones (9), flavanones (3), flavonols (8), dihydroflavonols (1),
anthocyanins (1) and isoflavonoids (9).

Compound 39 was found in both lemon and mint samples. And had a precursor
ion at [M — H]™ m/z 595.1658 and was identified to be neoeriocitrin as the precursor ion
generated product ions at 1m/z 431 (loss of rhamnose, 164 Da) and 1 /z 287 (loss of rhamnose
and glucose moieties, total 308 Da) in MS/MS fragmentation. A similar fragmentation
pattern of neoeriocitrin was also reported in a study on Exocarpium Citri grandis flavonoid
metabolites in human urine after oral administration [87]. Neoeriocitrin was previously
shown to have high antioxidant activity through the superoxide radical scavenging assay
and low-density lipoprotein oxidation assay [88]. Compound 40 was present in both
ionisation modes and had a precursor ion at [M + H]* m/z 611.1956. Compound 40 was
identified to be hesperidin based on the MS/MS fragment ion peaks at m/z 593, m/z
465, m/z 449 and m/z 303. Hesperidin has been reported in both peppermint and lemon
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previously [89,90]. Studies have demonstrated hesperidin as a potent radical scavenger,
with beneficial in vitro effects such as antimicrobial and anticancer effects and has been
suggested for the management of cutaneous functions [89]. Hesperidin is thought to be
one of the main contributors to lemon peel’s antioxidant properties [90]. Hesperidin was
highly likely to have contributed to the observed antioxidant activity of this study’s mint
sample. The presence of neoeriocitrin and hesperidin is consistent with the literature, as
these are two of the main flavanones found in Citrus fruits such as lemon [60].

Compound 41 was found in lemon and mint samples in both negative and positive
modes. The precursor ion at [M — H]™ m/z 477.067 generated a product ion at m/z 301
through MS/MS fragmentation, which was the loss of glucuronide (176 Da) from the
precursor ion. This confirmed the identity of Compound 41 as quercetin 3'-O-glucuronide
and, to the best of our knowledge, this is the first time quercetin 3'-O-glucuronide was
characterised in lemon and mint. Quercetin 3'-O-glucuronide has been demonstrated to
exhibit antioxidant activities [91,92]. Additionally, it has been suggested that quercetin
3’-O-glucuronide can protect cell membranes from lipid peroxidation through its catechol
structure [93]. As one of the metabolites of dietary quercetin with health benefits, this
further reaffirms the value of adopting a polyphenol-rich diet.

Other Phenolic Compounds

Compounds identified as other phenolic compound were further divided into hydrox-
ycoumarins (1), hydroxybenzaldehydes (1), hydroxybenzoketones (1), phenolic terpenes
(1), tyrosols (3) and other phenolic compounds (2). A total of 9 phenolic compounds
classified as other phenolic compounds were found in the samples.

Compound 60 was the only hydroxycoumarin identified and was found in mint
samples in positive mode, with a precursor ion at [M + H]* m/z 147.0436. The product
ion generated from the MS/MS fragmentation peaked at m/z 103 [M + H — CO,] and
m/z 91 [M + H — 2CO], which identified Compound 60 as coumarin. A previous study
also observed the same fragmentation pattern at m/z 103 and m/z 91 [94]. Previously
coumarin and its derivatives have been reported to be associated with beneficial health
effects such as reducing inflammation and risk of cancer, which is thought to be due to their
antioxidant properties [95]. Compound 61 is a hydroxybenzaldehyde, which was identified
in mint samples in negative mode. Compound 61 was identified as 4-hydroxybenzaldehyde
because the precursor ion at [M — H]~ m/z 121.0299 produced a product ion at m/z 77,
representing the loss of carbon dioxide (44 Da) from the parent ion. A previous vanilla
extract study showed that 4-hydroxybenzaldehyde exhibited little DPPH scavenging
activity [96]. Referring to the literature, it is postulated that 4-hydroxybenzaldehyde
contributed little to mint’s observed antioxidant activity.

Three tyrosols were identified, of which one was present in all samples and the
other two were exclusively present only in mint samples. Present in the negative mode,
Compound 65 had a precursor ion at [M — H]~ m/z 403.1262 and was identified as oleoside
11-methylester based on the product ions produced at m/z 223 and m/z 165. A previous
study on olive polyphenols also characterised oleoside 11-methylester, with product ion
at m/z 223 [97]. These product ions correspond to the loss of glycoside (180 Da) and the
loss of glycoside moiety and methyl ester (238 Da) from the precursor ion, respectively.
To the best of our knowledge, this is the first time that oleoside 11-methylester has been
characterised in mint.

Lignans and Stilbenes

Only one stilbene was identified which was only present in ginger samples. Four lig-
nans were identified across ginger, lemon and mint samples. Compounds 71 and 72 were
identified as pinoresinol and schisandrin C respectively from the product ions they pro-
duced. Compound 71 was identified in negative mode in mint samples, while Compound
72 was identified in both positive and negative modes and was present in ginger and lemon
samples. Compound 71 precursor ion [M — H] ™ at m/z 357.1364 produced 4 product ions
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atm/z 342, m/z 327, m/z 313 and m/z 221. A study on fringe tree found that pinoresinol
possesses considerable antioxidant activity [98]. This is the first time that pinoresinol has
been characterised in mint. Compound 72 precursor ion in positive mode [M + H]" at
m/z 385.1646 was identified to be schisandrin C based on the product ions produced at
m/z 370, m/z 315 and m/z 300. A study on Schisandra chinensis fruit lignans using tandem
mass spectrometry also reported schisandrin C’s product ions at m/z 370, m/z 315 and
m/z 300, as well as other fragments [99]. Previously, it was reported that schisandrin C
has potential anti-inflammatory effects, was capable of inducing autophagy and enhanced
C2C12 skeletal muscle cells” ability to deal with oxidative stress [100]. To the best of
our knowledge, this is the first time schisandrin C has been characterised in both ginger
rhizome and lemon fruit.

3.5. HPLC Quantification Analysis

From the characterised and identified phenolic compounds, 10 compounds were
selected to be quantified using HPLC-PDA. The results in Table 4 were generated through
calculation from the calibration curve. The lemon samples had a relatively lower amount of
the selected phenolic compounds compared to other samples. Ginger samples recorded the
greatest amount of certain molecules, such as quercetin, kaempferol and p-hydroxybenzoic
acid. This is consistent with the literature as kaempferol and certain flavonoids comprise a
significant portion of the phenolic compounds found within ginger [101]. This is unlike
the TPC assay result, clearly demonstrating HPLC’s ability to generate higher-quality data.
GLMT consistently scored relatively well in terms of quantity of the selected phenolic
compounds, and had relatively higher levels of chlorogenic acid, caffeic acid and catechin
compared to other samples. Therefore, there is still an advantage to ingesting herbal tea
infusions because the combination of different plant parts results in the incorporation
of more of a variety of phenolic compounds and other phytochemicals. This reinforces
the importance of herbal tea infusions and combinations of diverse sources of phenolic
compounds with antioxidant properties for consumption. The relatively high quantity of
phenolic content observed in GLMT may be viewed as a promising attribute for GLMT to be
considered as a healthy herbal tea infusion, which could be exploited for commercialisation.

Table 4. Quantification of phenolic compounds in ginger, lemon, mint and GLMT.

No. Compound Name Ginger Lemon Mint GLMT

(mg/g) (mg/g) (mg/g) (mg/g)
1 Gallic acid 32140154 442 £0.25¢ 721 +0.122 6.85 +0.08
2 Protocatechuic acid 236 +0.14b - 427 +£0.134 216 +£0.11°¢
3 p-Hydroxybenzoic acid 7.87 +£0.232 3.17 £0.023 ¢ 6.37 £0.31b 7.84 +0.362
4 Chlorogenic acid 15.78 +£1.124 2145 +1.72° 18.79 + 1.05 ¢ 3147 +1.862
5 Caffeic acid 439 +0.18b 216 £0.02¢ 3.47 £ 0.05¢ 873+ 0402
6 Catechin 11.95 + 0.48¢ 456 + 0.09 4 17.87 £ 0.91b 21.56 +£1.422
7 Epicatechin 2.34+0.03¢ - 5.43 +0.332 3.71+0.02b
8 Epicatechin gallate - 1.25+0.05" 34240142 332+0.102
9 Quercetin 32.56 + 1.00 2 6.78 £0.26 ¢ 8.45 + 0.40 ¢ 17.76 + 0.66 ©
10 Kaempferol 14.37 + 0.66 2 7.98 +0.344 1143 +£0.29b 9.74 +0.32°¢

ab,cd

Data expressed as mean =+ SD of three replicates; Different letters

indicates that the data is significantly different from the other

data of the same row (p < 0.05), in which ? is assigned to the largest value, then ? assigned to second largest and so forth. The significant
difference was calculated through one-way analysis of variance (ANOVA) and Tukey’s HSD Test.

A previous study on Malaysian ginger varieties found that 16-week old Halia Bentong
rhizomes were found to contain 0.803 mg/gq.w of quercetin, 0.360 mg/gq.w of catechin and
0.045 mg/g4.w of kaempferol [102]. Compared to that study, our study’s samples produced
significantly higher yields of those flavonoids from HPLC quantification. The differences
in flavonoids observed may be attributed to many factors such as different variety, age,
growth condition, harvesting method and more. For lemon, the content of certain phenolic
acids and flavonoids demonstrated in this study was higher in comparison with previous
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studies on lemon phenolic quantity. A previous study on flavonoids in common plants
showed that lemon yielded the equivalent of 11 pg/g of quercetin [103], and another
study showed that Eureka lemons contained no quercetin nor kaempferol, but was high in
eriocitrin and hesperidin [104]. In a different study on the phenolic content of five varieties
of lemon, the juices contained a range of 0.38 ug/g to 7.62 pug/g of gallic acid and a range
of 2.70 png/g to 22.08 ng/g of chlorogenic acid [105]. In the same study, it was revealed
that the peel contained the most phenolic acid and flavonoids compared to the pulp and
juice of lemon. Thus, methods that increase the infusion of phenolic compounds from
the lemon peel into the herbal tea would reap higher phenolic content and, subsequently,
higher antioxidant activity. All ten compounds in Table 4 were present and quantified
in mint and were all found in relatively high quantities. In a previous study, Mentha x
piperita (mint) crude extract yielded 1.86 mg/g of caffeic acid, 0.73 mg/g of chlorogenic
acid and 0.84 mg/g of quercetin but no kaempferol was observed [106]. Another study was
also unable to quantify any kaempferol in mint but was able to quantify small amounts of
caffeic acid and catechin (0.027 mg/g and 0.147 mg/g, respectively). However, previous
studies revealed that mint and other related species do contain conjugated kaempferol and
kaempferol derivatives [107,108].

4. Conclusions

GLMT is a herbal infusion composed of ingredients with marked antioxidant prop-
erties and with unique polyphenols. To the best of our knowledge, our examination of
GLMT’s phenolic and antioxidant properties was unprecedented. The samples do exhibit
antioxidant activities and the activities were likely attributed to the variety of phenolic
compounds and possibly other phytochemicals found within the samples. Correlation
analysis suggested that the antioxidant activities recorded were significantly correlated
with the phenolic content from the samples. Furthermore, the LC-ESI-QTOF-MS/MS
characterisation aided the identification of the phenolic compounds within the samples,
in which a few were identified in the samples for the first time. Most of the phenolic
compounds identified through LC-MS/MS were found in mint (49). Ten compounds were
selected for HPLC quantification in which some phenolic compounds were abundant in
ginger and GLMT samples. As discussed, although ginger did not appear to contain a
diverse array of phenolic compounds from the analysis of this study, a wealth of literature
has reported other phytochemicals in ginger that are also considered to be beneficial to
health. With an understanding of the phenolic content in each sample from the charac-
terisation analysis, further research should consider the optimal ingredient ratio for the
maximum antioxidant activity or in vitro studies. Follow-up research could increase the
acceptance of functional foods like GLMT, which may encourage commercialisation and
promote a health-conscious society.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/fermentation7020073/s1, Figure S1: LC-ESI-QTOF-MS/MS basic peak chromatograph (BPC)
for characterisation of phenolic compounds of herbal tea. Figure S2: Extracted ion chromatogram
and their mass spectrum of characterised compounds in herbal tea.
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