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ABSTRACT

Vaccinium species are valuable resources for bioactive compounds with various applications.
This study investigated the phytochemical composition and TLC profile, and antioxidant and
antibacterial activities of the ethanolic extract of Vaccinium barandanum Vidal, a species endemic to
the Philippines. The study was conducted in the Research Laboratories of Saint Louis University,
Philippines and University of the Philippines Baguio from November 2021 to August 2023. The
ethanolic extract of the leaves was analyzed for its phenolic content (TPC) and flavonoid content (TFC).
Phytochemical analysis identified tannins, polyphenols, flavonoids, saponins, steroids, and
triterpenoids. TPC and TFC were at 96.62 + 0.77 mg GAE/g DE and 39.99 + 2.45 mg QE/g DE,
respectively. The DPPH antioxidant assay showed that V. barandanum 1Cso was at 144.09 pg/mL and
the extract showed a radical scavenging effect in a concentration-dependent manner. Activities against
bacterial pathogens with antibiotic resistance genes, namely S. aureus, E. cloacae, E. faecium, and K.
pneumoniae, were determined using a resazurin-based assay. The extract showed better antibacterial
activity against the gram-positive pathogens E. faecium and MRSA, with MIC of 6,000 ppm (6 mg/mL),
compared to the gram-negative pathogens, E. cloacae and K. pneumoniae, with MIC of 12,000 ppm
(12 mg/mL). This study is a pioneering work which revealed the bioactivities of the extract of the leaves
against bacteria with antibiotic resistance genes. V. barandanum has the potential to be developed as a
functional food and a raw material for nutraceutical and pharmaceutical products.
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INTRODUCTION

Vaccinium is a genus belonging to the tribe Vacciniae of the subfamily Vaccinoiodae of the
family Ericaceae (Ballington 2001). Ericaceae has approximately 450 species with a wide geographic
distribution, mainly in the northern hemisphere (Song and Hancock 2010). It is notable that Southeast
Asia is the origin of almost 40% of the Vaccinium species (Song and Hancock 2010). Representatives
of this genus are known as blueberries, cranberries, and bilberries. One Vaccinium species in the
Philippines is the endemic Vaccinium barandanum Vidal, in the section Barandanum (Vander Kloet
and Dickinson 2009). In the Cordillera, it is known by several names, such as lusong, dusong, loso,
losong (Igorot); alimomosong (Bontok); and ladew (Kankanaey) (Barcelo and Barcelo 2020).
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Leaves and fruits are the most cited useful parts of Vaccinium species (Abreu et al. 2014). The
berries are consumed as food and used as a rich source of polyphenol antioxidants (Tundis et al. 2021).
As such, the berries are popular targets for functional foods or nutraceuticals research due to their
benefits in promoting health and reducing the risks of chronic diseases, including diabetes and
atherosclerosis (Martau et al. 2023). Both leaves and berries have also been used in traditional medicine
(Tundis et al. 2021). The medicinal applications that were most frequently reported are urinary
antiseptic, antidiabetic, antidiarrheal, diuretic, antipyretic, and astringent effects (Abreu et al. 2014).
The decoction and infusion of leaves are used as remedies to treat diabetes and inflammation (Martau
et al. 2023; Tundis et al. 2021). The leaves, which are abundant throughout the year, have markedly
higher phenolic composition and higher antioxidant activity than the fruits (Bujor et al. 2019).

Discovering new antioxidant and antibacterial leads is an ongoing and significant field of study
in the light of nutraceutical and functional food research. Currently, alternative sources of such products
are required to meet the high demand for these products (Awuchi and Okpala 2022; Nwosu and Ubaoji
2020). Natural antioxidants play a crucial role in preventing the rancidity caused by the oxidation of
unsaturated fats, stabilizing food colors, and participating in the chemoprevention of various diseases
(Pires et al. 2020). Antimicrobial compounds naturally produced by plants, including V. barandanum,
for their defense against pathogens may be applied for food processing and preventing spoilage and
proliferation of pathogenic microorganisms (Juneja et al. 2012). Moreover, this plant may also
contribute toward the mitigation of antibiotic resistance, one of the most important public health issues
in recent decades (Begum et al. 2021). More than 50% of the bacterial isolates from water, soil, and
vegetables grown in gardens watered with polluted surface waters in Metro Manila, Philippines, have
antibiotic resistance (Vital et al. 2018).

Two of the most studied species of the genus Vaccinium, namely bilberry (Vaccinium myrtillus
L.) and lingonberry (Vaccinium vitis-idaea L.) were studied for antioxidant properties (Bujor et al. 2019;
Stefanescu et al. 2020), antimicrobial, and antibiofilm activity (Kryvtsova et al. 2020). On the other
hand, there are very limited studies on V. barandanum. The fruits of this plant were examined for its
ethnobotanical uses and antioxidant properties (Barcelo 2014, 2015) while the leaves were investigated
for antibiofilm activity (Mirghani et al. 2019). However, its bioactivity against antibiotic-resistant
strains of bacteria has not yet been investigated. To address this, the chemical constituents of this plant
were evaluated for its phytochemical profile, its antioxidant properties, and its bioactivity against
bacteria with antibiotic resistance genes, specifically Klebsiella pneumoniae, methicillin-resistant
Staphylococcus aureus, Enterococcus faecium, and Enterobacter cloacae. This research aimed to
document and evaluate the health properties of V. barandanum for possible nutraceutical or
pharmaceutical product development.

MATERIALS AND METHODS

Plant materials. Leaves of V. barandanum Vidal were collected in November 2021 from Topdac, Atok,
Benguet Province, Philippines (Fig. 1). Mature leaves without any visible signs of disease were selected.
The collected plants are deposited at the University of the Philippines Baguio Herbarium, Department
of Biology, College of Science, University of the Philippines Baguio, with accession number UPBH-
2024-Eric-002-1.

The leaves were carefully cleaned, washed, and oven-dried (60 °C) for 3 days. After drying,

these were homogenized using Retsch Ultra-centrifugal Mill ZM 200 to a fine powder (0.2mm) and
stored securely in sealed plastic containers (Escueta-De Cadiz and Almeria 2019).
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Figure 1. Vaccinium barandanum leaves taken in-situ in Topdac, Atok, Benguet, Philippines

Extraction. Crude leaf extracts were prepared following the protocol of Cruz (2019) with some
modifications. Powdered leaf samples (50g) were placed in beakers with 500 mL of 80% ethanol. The
sample was macerated and occasionally stirred for 48 h, then filtered into an Erlenmeyer flask. The
plant ethanolic extract was concentrated using a rotary evaporator set at 50 °C (Cruz 2019), then
evaporated to dryness as needed per assay using the Biotage VV10-Touch solvent evaporation system at
48 °C. The dried extract was then stored at 2 — 8 °C (Escueta-De Cadiz and Almeria 2019).

Phytochemical screening. The phytochemical contents were determined using standard colorimetric
methods as preliminary qualitative analysis. All assays were performed in triplicates with one negative
control.

Test for tannins. (Gelatin test). Powdered leaf sample (50g) was macerated in 500 mL distilled water
for 48 h with occasional stirring. The extract was filtered then concentrated using a rotary evaporator at
50 °C (Cruz 2019). The aqueous extract (1 mL) was placed in a test tube, and four drops of gelatin-salt
solution, containing 1% gelatin solution and 10% sodium chloride (NaCl), were added to the tube.
Tannins are present when white precipitate formed (Ben et al. 2013; Shaikh and Patil 2020).

Test for polyphenols (Ferric chloride test). Powdered leaf sample (50g) was macerated in 500 mL
ethanol (80%) for 48 h with occasional stirring. The ethanolic extract (1 mL) and 10% ferric chloride
solution (four drops) were mixed in a test tube. Polyphenols are present when a dark green or bluish-
black color formed (Shaikh and Patil 2020).

Tests for flavonoids. The procedures below were performed for the detection of flavonoids.

Alkaline reagent test. Two drops of 2% sodium hydroxide (NaOH) were added to 1 mL of the ethanolic
extract in a test tube. The formation of an intense yellow color was observed. One mL of 2 M
hydrochloric acid (HCI) was added dropwise until the solution became colorless. This color change
indicated the presence of flavonoids (Gul et al. 2017; Shaikh and Patil 2020).
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Lead acetate test. In a test tube, 1 mL of the ethanolic extract and three drops of 10% lead acetate
solution were mixed. The formation of a yellow precipitate confirmed the presence of flavonoids
(Shaikh and Patil 2020).

Shinoda’s test. Dried ethanolic extract was dissolved in distilled water (10 mL) and in 95% ethanol (5
mL). The sample dissolved in ethanol was mixed, filtered, and heated in a water bath, while the sample
in distilled water was filtered and mixed. One mL of the sample solutions in distilled water and in
ethanol were then added with three magnesium ribbon fragments and a few drops of concentrated HCI.
Flavonol glycosides are detected when a pink to crimson color forms; flavanones are present when an
intense cherry red color is observed; and flavonols are detected when an orange-red color was formed
(Gul et al. 2017; Shaikh and Patil 2020).

Tests for saponins (Froth test). Two mL of ethanolic extract was added to 10 mL distilled water in a
test tube. The solution was mixed vigorously for 1 min. Saponins were detected with the formation of
a 1-cm foam layer (Ben et al. 2013).

Test for alkaloids. Five grams of dried ethanolic extract were dissolved in 5 mL of 1% aqueous HCI
and then filtered (Ben et al. 2013). The filtrate was distributed among 4 test tubes to determine the
presence of alkaloids using 4 procedures: Mayer’s test, Wagner’s test, Dragendorff’s test, and Hager’s
test (Ben et al. 2013; Shaikh and Patil 2020).

Mayer’s test. One mL of the filtrate was added with 2 mL of Mayer’s reagent. The appearance of a
creamy white/yellow precipitate signified the presence of alkaloids.

Wagner’s test. One mL of the filtrate was treated with 2 mL of Wagner’s reagent. A positive result is
indicated by the presence of a brownish/reddish precipitate.

Dragendorff’s test. One mL of the filtrate was added with 1 mL of Dragendorff’s reagent. The
occurrence of alkaloids is confirmed by a red/reddish-brown precipitate.

Hager’s test. One mL of the filtrate was treated with 1 mL of Hager’s reagent. A cream white/yellow
precipitate indicated alkaloid presence.

Test for steroids and triterpenoids (Liebermann Burchard Test). The dried ethanolic extract (1 g)
was dissolved in 1 mL chloroform in a test tube. Glacial acetic acid (3 mL) and acetic anhydride (3 mL)
were then added. The solution was heated in a water bath and cooled in running water. Sulfuric acid
(three drops) was added along the side of the tube. A range of colors including blue to green, violet, and
red confirmed the presence of steroids and triterpenoids (Shaikh and Patil 2020).

Quantification of Total Phenolic Content (TPC) and Total Flavonoid Content (TFC). The dried
ethanolic extract was dissolved in distilled water for the determination of total phenolics and total
flavonoids, at concentrations of 2 mg/mL and 1 mg/mL, respectively.

Total Phenolic Content. The Folin-Ciocalteu method (Al-Dhabi et al. 2017) was employed to estimate
the total phenolic content. Briefly, 100 uL of the diluted plant extract (2 mg/mL), 150 pL Folin &
Ciocalteu’s phenol reagent (Sigma-Aldrich, USA), and 1 mL distilled water were mixed in a 2-mL
microtube and vortexed for 1 min. After adding 600 pL sodium carbonate (10% w/v), the solution was
vortexed for another 1 min and incubated at dark room temperature for 2 h. The absorbance was read
at 760 nm using the BMG Labtech FLUOstar Omega microplate reader. TPC was quantified as Gallic
acid equivalents (mg GAE/g of dry extract (DE) and converted to dry weight (DW) and fresh weight
(FW) basis) using a gallic acid reference curve. The experiment was performed in three trials with three
replicates per trial.
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Total Flavonoid Content. Aluminum chloride assay (Alnajar et al. 2012) was used to analyze the total
flavonoid content. Briefly, 200 pL of the diluted plant extract (1 mg/mL), 600 pL of 95% ethanol, 40
pL of 1 M potassium acetate, 40 puL of aluminum chloride, and 1.12 mL of distilled water were mixed
in a 2-mL microtube. After incubation at room temperature for 30 min, the absorbance was read at 415
nm using the BMG Labtech FLUOstar Omega microplate reader. TFC was quantified as Quercetin
equivalents (mg QE/g of dry extract (DE) and converted to dry weight (DW) and fresh weight (FW)
basis) using a quercetin reference curve. The experiment was done in three trials with three replicates
per trial.

Antioxidant activity assay. The antioxidant activity of the V. barandanum extract was determined on
the basis of its 1, 1-diphenyl-2-picrylhydrazyl (DPPH) scavenging activity (Masuku et al. 2020). Prior
to the assay, a 0.051 mM DPPH solution in methanol was prepared. The dried ethanolic extract and the
ascorbic acid standard were dissolved separately in distilled water at a concentration of 400 pug/mL and
serially diluted to 12.5 pg/mL.

In a 96-well microplate, 100 pL of each plant extract and ascorbic acid (12.5 to 400 pg/mL)
were dispensed in separate wells in triplicate. Then, 100 uL of DPPH radical solution was added to each
well. DPPH in methanol was used as the negative control, while 200 uL methanol was used as the blank.
After all samples and controls were dispensed in triplicate, the microplate was incubated at ambient
temperature for 30 min. The absorbance was measured at 517 nm using the BMG Labtech FLUOstar
Omega microplate reader, and the percentage inhibition was determined using the formula:

% Inhibition = [1 — (AbSsgmpie/AbScontror)] X 100

Where: Abssample IS the absorbance of the sample
Abscontrol IS the absorbance of the negative control.

Antioxidant activity was also determined in terms of 1Cs, or the sample concentration required
to inhibit 50% of the DPPH free radicals. The ICs of the plant extract and the ascorbic acid were
calculated based on linear regression plots.

Thin-layer chromatography profiling. TLC plate preparation and development, visualization of
spots, and calculation of the retention factor (Rf) values were conducted following the protocol of
Punzalan and Villasefior (2019). The solvent system of 70% hexane:30% ethyl acetate (h-hexane
(Duksan Pure Chemicals, South Korea) and ethyl acetate (Scharlau ACS Basic, Spain/European
Union)) resulted in the best resolution of the components of the extract. A plate measuring 4.5 cm by 9
cm from aluminum sheets of TLC silica gel (Merck TLC Silica gel 60 F254) was heated for 20 min at
55 °C in an incubator (Tryte Technologies Electrothermal Thermostatic Incubator TNP-9082-11) and
was carefully spotted with the sample in two replicates using a capillary tube (Kimble Chase 34500-99
Borosilicate Glass Melting Point Capillary Tube).

After plate development and air-drying, it was viewed at short (254 nm) and long (365 nm)
wavelengths of UV light (Analytik Jena UVP UVGL-58, Analytik Jena UVP Chromato-Vue® Cabinet
C-10), and the spots were marked. Vanillin-sulfuric acid (4 g of vanillin in 25 mL of concentrated
sulfuric acid) was sprayed onto the TLC plate and then heated at 110 °C, until coloration was observed
on the chromatogram. The retention factor (Rs) values were calculated by dividing the distance traveled
by the sample spots from the origin by the distance traveled by the solvent.

Antibacterial assay. Test pathogens Klebsiella pneumoniae (NCTC 13440), methicillin-resistant

Staphylococcus aureus (MRSA, ATCC 33592), Enterococcus faecium (NCTC 12204), and
Enterobacter cloacae (ATCC BAA-2341) were inoculated separately into a cation-adjusted Mueller
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Hinton Broth (CAMHB) and incubated overnight. All bacterial suspensions were adjusted to an optical
density equivalent to 0.5 McFarland Standard prior to the bioassay (Table 1).

Table 1. Strain characteristics of the bacterial pathogens used.

Bacteria Catalogue Number Strain Characteristics

Klebsiella pneumoniae NCTC 13440 MecA positive
SCCmec type Il positive
Methicillin and gentamicin resistant

Methicillin-resistant ATCC 33592 Metallo-beta-lactamase positive,

Staphylococcus aureus VIM-1

(MRSA) Beta-lactam antibiotic resistant

Enterococcus faecium NCTC 12204 VanA-type glycopeptide resistance
Vancomycin resistant

Enterobacter cloacae ATCC BAA-2341 BlaKPC positive

Beta-lactam antibiotic resistant

The minimum inhibitory concentration (MIC) of the dried plant ethanolic extract was
determined using the broth microdilution method and the resazurin microtiter test (Elshikh et al. 2016;
Sarker et al. 2007). The dried plant ethanolic extract was dissolved in 2% dimethyl sulfoxide (DMSO)
and prepared at different concentrations (40, 32, 24, 20, 16, 12, 8, 4, and 2 mg/mL). The antibiotic used
for positive control was ciprofloxacin, which was dissolved in sterile distilled water with a stock
concentration of 200 ppm.

Diluted plant extracts and bacterial suspensions were dispensed in the 96-well microplate
accordingly. Sample wells contained 50 pL bacterial suspension and 50 pL plant extract (final well
concentrations of 20,000, 16,000, 12,000, 10,000, 8,000, 6,000, 4,000, 2,000, and 1,000 ppm). Sample
blank wells contained 50 pL. CAMHB and 50 pL plant extract (final well concentrations of 20,000,
16,000, 12,000, 10,000, 8,000, 6,000, 4,000, 2,000, and 1,000 ppm). Positive control wells contained
50 uL bacterial suspension and 50 uL ciprofloxacin (a final well concentration of 100 ppm). Positive
blank wells contained 50 uL CAMHB and 50 pL ciprofloxacin (a final well concentration of 100 ppm).
Negative control wells contained 50 pL bacterial suspension and 50 uL. CAMHB. Sterility control wells
contained 100 pL. CAMHB. All samples, controls, and blanks have triplicate wells, and each well had
a total of 100 pL final volume. Microplates were sealed and incubated at 37 °C for 22 h.

After incubation, 20 pL of 300 ppm resazurin were dispensed into each well, then re-incubated
at room temperature for 15 min. A color change from blue to pink signifies the reduction of resazurin,
an indication of bacterial growth. After 15 min re-incubation, fluorescence (in RFU or relative
fluorescence units) was measured using a BMG Labtech FLUOstar Omega microplate reader with 544
nm excitation and 590 nm emission filters and gain at 700 nm. The concentration that inhibited the
growth of 100% of the pathogen was recorded as the MIC. Percent inhibition was calculated using the
equation shown below:

RFUsample = RFUpiank

X 100%
RFUnegative ctrl — RFUsterility ctrl

% Inhibition = |1 —

To determine the minimum bactericidal concentration (MBC), the contents of the wells were
inoculated into nutrient broth and incubated for 24 h at 37 °C. Turbidity signified bacterial growth. The
experiment was performed in three trials, three replicates per trial, and results were expressed as mean
+ standard deviation (n=3).
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RESULTS AND DISCUSSION

Phytochemical analysis. Tannins, polyphenols, flavonoids, saponins, steroids and triterpenoids were
detected in ethanolic extracts of V. barandanum leaves, while alkaloids were not detected (Table 2).
Flavonoids, saponins, and tannins were also detected on V. barandanum fruits in a previous study
(Barcelo 2015). Phytochemicals are often studied in Vaccinium berries for their application in human
health (Debnath and Goyali 2020), as this genus is a commonly consumed fruit.

Table 2. Phytochemical screening of V. barandanum leaf extract.

Test Positive Result Result
Tannins

Gelatin test white precipitate +
Polyphenols

Ferric chloride test dark green/bluish-black color +
Flavonoids

Alkaline reagent test colorless -

Lead acetate test yellow precipitate -

Shinoda’s test pink to crimson color (flavonol glycosides)/ +

intense cherry red color (flavanones)/
orange red color (flavonols)

Saponins

Froth test formation of 1 cm layer of foam +
Alkaloids

Mayer’s test creamy white/yellow precipitate -

Wagner’s test brown/reddish precipitate -

Dragendorff’s Test red/reddish-brown precipitate -

Hager’s Test creamy white/yellow precipitate -
Steroids and Triterpenoids

Liebermann Burchard test  colors ranging from blue to green, violet and red +

(-) not detected, (+) detected

The leaves, roots, and stems of this species are also valuable sources of antioxidants. Specific
phenolics had been previously studied. About 30 times more chlorogenic acid (a phenolic acid
derivative) concentrated were detected in leaf extracts than in fruits of V. angustifolium and ten-fold
less in glycoside species (Harris et al. 2007).

Total phenolic content (TPC) and total flavonoid content (TFC). Total phenolic and total flavonoid
contents of the leaf ethanolic extract were quantified using standard calibration curves of gallic acid (R?
= 0.994) and quercetin (R? = 0.9788), respectively (Table 3).
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Table 3. Total phenolic content (TPC) and total flavonoid content (TFC) of V. barandanum leaf per g
of dry extract (DE), leaf dry weight (DW), and leaf fresh weight (FW), presented as mean + standard
deviation (n = 3).

TPC

mg GAE/g DE + SD mg GAE/g DW £ SD mg GAE/g FW £ SD

96.62 + 0.77 3.67+0.77 1.25+0.77
TFC
mg QE/g DE + SD mg QE/g DW + SD mg QE/g FW + SD
39.99 + 2.45 152 +2.45 0.52 +2.45

Comparing the results of the current study with those of other Vaccinium species, the TPC of
V. barandanum leaf extract is within the range of previous results for V. formosum (67.15 to 349.17 mg
GAE/g DE) (Deng et al. 2014) and V. ashei (75.4 to 222 mg GAE/g DE) (Cezarotto et al. 2017), but
lower compared to reported values for V. myrtillus (90.5 mg GAE/g DW) and V. vitis-idaea (96.68 mg
GAE/g DW) (Vrancheva et al. 2020). Meanwhile, the TFC observed in this study is higher than the
TFC value reported for V. arctostaphylos (26.1 mg QE/g DE) (Mahboubi et al. 2013), but lower than
those reported for V. myrtillus (34.96 mg QE/g DW) and V. vitis-idaea (21.2 mg QE/g DW) (Vrancheva
et al. 2020).

When compared with the previously reported findings for V. barandanum fruit (Barcelo 2015),
with TPC ranging from 84 to 90 mg GAE/100 g FW (or 0.84 to 0.90 mg GAE/g FW) and TFC ranging
from 11 to 18 mg QE/100 g FW (or 0.11 to 0.18 mg QE/g FW), the TPC and TFC of the leaf extract
were found to be considerably higher. The results are in agreement with previous comparative studies
on TPC and TFC of other Vaccinium species, where higher values were recorded in leaves and stems
than in fruits (Bujor et al. 2019; Mahboubi et al. 2013; Silva et al. 2013; Vucic et al. 2013).

Antioxidant activity. The radical scavenging activity of the V. barandanum extract increased with
increasing concentrations, reaching 78.85% at 400 pg/mL, but has lower activity than the standard
ascorbic acid (Table 4).

Table 4. The DPPH radical scavenging activity of V. barandanum leaf ethanolic extract expressed as a
percentage inhibition at a given concentration and as 1Cs value.

Concentration (ug/mL) 1Cso I1Cs0
Extract AA*
12.5 25 50 100 200 400 (Hg/mL)  (ug/mL)

Inhibition 14.30% 15.06% 21.26% 36.14% 67.04% 78.85% 144.09 23.31

SD 2.77 2.73 2.26 3.94 0.59 5.16 5.77 0.9
*AA - Ascorbic acid

The antioxidant activity of V. barandanum leaf is lower than those of other Vaccinium species
recorded earlier, with I1Csq values ranging from 5.80 to 105 pg/mL for V. ashei (Cezarotto et al. 2017)
and 25 pg/mL for V. arctostaphylos (Mahboubi et al. 2013). Despite the wide variation, Vaccinium
species, including V. barandanum, remain recognized as rich sources of antioxidants and other bioactive
molecules (Tundis et al. 2021). TPC and TFC values were directly correlated with antioxidant activities
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of Vaccinium extracts in previous studies (Mahboubi et al. 2013; Tian et al. 2018). The observed
antioxidant activity of the V. barandanum leaf extract may therefore be attributed to the phenolics and
flavonoids detected.

TLC profile. After development using 70% hexane:30% ethyl acetate as the mobile phase system, the
chromatogram showed 11 spots under long UV, 4 under short UV, and 14 under vanillin-sulfuric acid
spray. Under UVses, the spots fluoresced red, some lighter in intensity. Four spots exhibited
fluorescence quenching and appeared as dark spots under UV zs4. The majority of the spots displayed a
violet or purple color in different intensities while one spot was blue, and another was yellow green-
gray under vanillin spray.

UV UV Vanillin spray
R0
4 R:= 0.94
2 g R = 0.90
—— W #==R:=0.86
=0.81 Re=0.81 tmR:=0.81
=0.73 4= R¢=0.74
=0.69
=0.61 Re=0.61
=057 o
#==R:=0.53
Re=0.46 R = 0.44
_ #==R:=0.39
Be=030 4= R:= 0.29
#==R:=0.23
Re=0.16 : .
Re=0.13 Re=0.13 : | ==R:=0.13
Re=0.09 Re=0.09
Re=0.06 - IVI"-RF 0.06
I >y i . ’l |

Figure 2. TLC chromatograms of V. barandanum leaf ethanolic extract visualized under UV at 365 nm,
UV at 254 nm and after spraying with vanillin-sulfuric acid. Mobile phase: hexane: ethyl acetate (7: 3
VIV).

Table 5 presents the summary of the TLC profile of the leaf ethanolic extract of V.
barandanum. Most of the spots appeared under UVsgs and vanillin-sulfuric acid staining.

Table 5. Summary of V. barandanum leaf ethanolic extract TLC profile.

Phytochemical

Rrvalue UV3e5 Nm UV2ss NmM Vanillin spray
group
0.06 Red - Violet Phenolics
0.09 Red Quenching - Phenolics
Red Quenching Yellow Green-
0.13 Gray
0.16 Red - -
0.23 - - Blue Sterol
0.29 - - Light Violet

167



Phytochemical composition, antioxidant, and antibacterial activities.....

Phytochemical

Rf value UV3es M UVass M Vanillin spray
group
0.30 - Quenching - Flavonoid
0.39 - - Light Violet
0.44 - - Light Violet
0.46 Red - -
0.53 - - Light Violet
0.57 Red - -
0.61 Red - Dark Violet Phenolics
0.69 Red - -
0.73 Red - -
0.74 - - Light Violet
0.81 Red Quenching Light Violet Phenolics
0.84 Red - -
0.86 - - Dark Violet
0.90 - - Light Violet
0.94 - - Violet
0.97 Dark Violet

The presence of phenolics was confirmed under UV (Harborne 1998; Martin-Puzon et al.
2015). The dark spots observed in V. barandanum extract under UV2s4 indicate the presence of
phenolics and further suggest that of a few flavonoids, which are known to cause fluorescence
quenching (Medic-Saric et al. 2008; Skorek et al. 2016). The application of vanillin-sulfuric acid reagent
corroborates the presence of phenolic compounds (violet/dark violet) (Napiroon et al. 2017), triterpenes
or terpenoids (purple), sterols (blue) (Akpalo et al. 2020), and tannic acid (purple) (Sharma et al. 1998).
Overall, the characteristic TLC profile of V. barandanum leaf ethanolic extract validates this study’s
phytochemical screening results.

The Ry value can be utilized to tentatively identify a compound by comparing the value of the
unknown to that of a reference (Kumar et al. 2013). Therefore, the observed coloration of the spots in
the chromatograms of V. barandanum extract and their respective Rt values can aid in the identification
of these phytochemicals when compared with standards.

Antibacterial activity. The ethanolic extract was tested against four bacterial pathogens with antibiotic
resistance genes. Comparing the MIC values of the extract against the different pathogens, the lower
MIC values of the extract against gram-positive bacteria, E. faecium and MRSA (Table 6) indicate
greater sensitivity of these bacteria to the extract. In contrast, the higher MIC values against gram-
negative bacteria, E. cloacae and K. pneumoniae, indicate that they are less sensitive to the extract. The
MIC of ciprofloxacin against the test pathogens was significantly lower than that of the extract (MIC
of 50-100 ppm concentration). While the positive control had a better MIC value, the observed MIC of
the V. barnandanum leaf extract is still notable, especially that it was tested against antibiotic-resistant
bacteria. This result demonstrates the plant’s potential to combat infections caused by these test
pathogens.

Mechanistically, antibacterial compounds destroy and penetrate the cell walls of gram-positive
bacteria more effectively compared to the cell walls of gram-negative bacteria because the latter have
hydrophilic outer membranes that are more resistant to antibacterial agents. The observed inhibition of
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the gram-negative bacteria, however, may be partially due to some organic acids found in berry plants
that weaken this outer membrane (Tian et al. 2018).

Table 6. Antibacterial activity of V. barandanum leaf ethanolic extract against bacterial pathogens with
antibiotic resistance genes.

Test Pathogen MIC of the MIC of MBC (ppm)
Extract (ppm) Ciprofloxacin (ppm)

E. faecium 6,000 <100 >20,000

MRSA 6,000 80 >20,000

E. cloacae 12,000 <100 >20,000

K. pneumoniae 12,000 50 >20,000

As to the MBC determination, there was growth in all of the test pathogens when these were
re-inoculated in nutrient broth and incubated for 24 h. Thus, the reduction in the bacterial population at
all the concentrations used was not enough to be considered a bactericidal activity.

Plant secondary metabolites are crucial for their inherent defensive mechanisms and are known
to have antimicrobial effects in vitro (Jurikova et al. 2018). These natural compounds, such as the
flavonoid phenolics that were detected in the V. barandanum extract, may explain the observed
antibacterial activities in the present study. In a previous report, the polyphenols found in the Vaccinium
corymbosum extract were found related to the inhibition of biofilm formation by clinically obtained
antibiotic-resistant pathogens, including MRSA and carbapenem-resistant K. pneumoniae (Gato et al.
2021). Earlier studies have also reported the significant contribution of phenolics, and their synergistic
effects, to the antimicrobial property of plant extracts against bacterial and fungal pathogens (Deng et
al. 2014). The phenolic compounds detected in the V. barandanum extract may have resulted in a
combination of mechanisms that is crucial in minimizing bacterial resistance (Gato et al. 2021). In this
regard, formulations using crude extract of the plant may have its advantages over using isolated and
purified compounds.

The MIC value from this study (6,000 ppm; 6 mg/ml) against MRSA suggests that V.
barandanum leaf extract has better antibacterial property against this bacterial pathogen compared to
V. corymbosum. An MIC value of 12,500 ppm (12.5 mg/mL) was previously reported for V.
corymbosum against MRSA and methicillin sensitive S. aureus (MSSA) (Silva et al. 2013, 2015).
Meanwhile, a lower MIC value of 3,750 ppm (3.75 mg/ml) was obtained for clinically acquired MRSA
using V. vitis-idaea leaf extract (Kryvtsova et al. 2020). Earlier studies, using MSSA strains as test
pathogens, also reported MIC values of 3,200 ppm (3.2 mg/mL) for V. arctostaphylos (Mahboubi et al.
2013), 1,500 ppm (1.5 mg/mL) for V. myrtillus (Sadowska et al. 2014), and 25,000 ppm (25 mg/mL)
for V. formosum leaf extract (Deng et al. 2014). A lower MIC value implies better antimicrobial
property, however, it should be noted that the better MIC values for V. vitis-idaea, V. arctostaphylos,
and V. myrtillus extracts were observed against non-antibiotic resistant strains, while the present study
used resistant test bacteria.

To-date, there is no available data on the antibacterial properties of V. barandanum leaf extract
against antibiotic-resistant pathogens. V. barandanum extract showed inhibition of biofilm formation
in P. aeruginosa and methicillin resistant S. aureus, done in combination with the antibiotic oxacillin
(Mirghani et al. 2019). There are also ho minimum inhibitory concentration (MIC) or minimum
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bactericidal concentration (MBC) values that have been reported for V. barandanum against any test
pathogen. Notably, the MIC detected in this study against vancomycin-resistant E. faecium (6,000 ppm;
6 mg/ml) is lower than the reported values for V. arctostaphylos (MIC value of 12,800 ppm; 12.8
mg/mL) (Mahboubi et al. 2013) and V. corymbosum (MIC value of 25,000 ppm; 25 mg/mL) (Silva et
al. 2013) leaf extracts against non-resistant strains of E. faecium. This result suggests that V.
barandanum extract has better antibacterial property against E. faecium compared to the other
Vaccinium species.

There are no reports to date on the MIC or MBC values for other Vaccinium species
specifically against beta-lactam antibiotic-resistant E. cloacae and methicillin- and gentamicin-resistant
K. pneumoniae. There are, however, reports of Vaccinium fruit and leaf extracts tested against strains
of E. cloacae and K. pneumoniae, which lack antibiotic resistance genes. Earlier studies reported a MIC
of 10,000 ppm (10 mg/mL) for V. floribundum (Guevara-Teréan et al. 2022) and V. myrtillus L. fruit
extracts (Vega et al. 2023) against E. cloacae. Reports also include an MIC of 6,400 ppm (6.4 mg/mL)
for V. arctostaphylos leaf extract (Mahboubi et al. 2013) and 126,000 ppm (126 mg/mL) for V. myrtillus
L. fruit extract (Miljkovic et al. 2017) against K. pneumoniae.

The results of this study provide a valuable contribution to the general chemical profile and
composition of this native species from the Cordillera region and to its biological activities, including
antibacterial and antioxidant properties. V. barandanum leaf ethanolic extract has broad antibacterial
activity, as shown against antibiotic-resistant E. faecium, MRSA, E. cloacae, and K. pneumoniae, with
better inhibition of the growth of the gram-positive bacteria. This is the first study to report the MIC of
V. barandanum extract against multidrug-resistant bacterial pathogens, and it allowed the comparison
of the antimicrobial activity of the extract with other Vaccinium extracts published in literature. This
shows the potential of V. barandanum leaf ethanolic extract as a source of antibacterial drug leads.
Further studies are needed to identify the phytochemical components and determine their mechanisms
of action to explain their bioactivity against the tested multidrug-resistant bacteria. Moreover, the study
established that the leaves of this species possess higher phenolic and flavonoid contents than the fruit.

CONCLUSION

The phytochemical analysis and assays expand on prior works on the Philippine native
species, V. barandanum. In addition to demonstrating that the leaves are a good source of antioxidants,
the activity against antibiotic-resistant strains of E. faecium, MRSA, E. cloacae, and K. pneumoniae is
a novel finding, albeit at high MIC concentrations.

This study provides a framework for future studies on nutraceutical and pharmaceutical
product development using this species. It is recommended that additional research be conducted to
isolate and characterize the specific chemical compounds responsible for the observed antibacterial
effects, specifically to determine better MIC values for the purified components. This may result in
novel drug leads, as metabolomics studies have not yet been conducted on V. barandanum. With the
chemical constituents and bioactivities observed in this study, this plant is an attractive candidate for
the development of functional foods and nutraceuticals.
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