MMM applied microbiology

L - 34

Article

The Potential Protective Roles of Garcinia Extract as an
Antimicrobial and Anticancer Agent Against MCF-7 Breast
Cancer, HCT Colon Cancer, and HepG2 Liver Cancer Cells

Amira A. Goda }, Jianrong Shi 2, Jianhong Xu 2, Xin Liu 2, Manal Ramadan 3, You Zhou 2, Kang Mao ¢, Jin Ye 5,
Eman G. Ayad ¢, Mona M. H. Soliman 7, Maha M. Elbrashy 8, Mohamed I. M. Ibrahim !, Mohamed M. Deabes 1,
Essam Hady % Mona Abdel-Galil ;, Ahmed Hamed El-Desoky 1, Dawood H. Dawood 1,

Gomaa N. Abdel-Rahman !, Gang Wang 2, Ofentse Pooe 2, Li Yu © and Sherif Ramzy *

Academic Editor: Filomena Nazzaro

Received: 6 September 2026
Revised: 12 October 2026
Accepted: 21 October 2026
Published: 30 October 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons

Attribution (CC BY) license.

1 Food Toxicology and Contaminants Department, Food Industries and Nutrition Research Institute,
National Research Centre, Giza 12622, Egypt

2 Institute of Food Safety and Nutrition, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China

3 Chemistry of Flavors and Aromas Department, National Research Centre, Dokki, Giza 12622, Egypt

¢ State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, Chinese Academy of
Sciences, Guiyang 550081, China

5 NFSRA Key Laboratory of Grain and Oil Quality and Safety, Academy of National Food and Strategic
Reserves Administration, Beijing 100037, China

¢ Chemistry Department, Faculty of Science, Helwan University, Cairo 11795, Egypt

7 Microbiology and Immunology Department, Veterinary Research Institute, National Research Centre,
Dokki, Giza 12622, Egypt

8 Biochemistry Department, Biotechnology Research Institute, National Research Centre, Dokki, Giza 12622, Egypt

° Food Science and Technology Department, Faculty of Agriculture, Al-Azhar University, Cairo 11751, Egypt

10 Pharmaceutical and Drug Industries Institute, Pharmacognosy Department, National Research Centre,
Dokki, Giza 12622, Egypt

1 Department of Agriculture Chemistry, Faculty of Agriculture, Mansoura University, Mansoura 35516, Egypt

12 Discipline of Biochemistry, School of Life Science, University of KwaZulu-Natal, Durban 4000, South Africa

13 Qil Crops Research Institute, Chinese Academy of Agricultural Sciences, Wuhan 430062, China

Correspondence: sheriframzy4@gmail.com

Abstract

As the search for novel natural therapeutics intensifies, Garcinia cambogia (Gc) emerges as
a powerhouse of phytochemical constituents, capable of inhibiting tumor growth. Thus,
we aimed to evaluate the phytochemical screening and biological activity of the aqueous
ethanolic extract of Gce fruit using HPLC, LC-MS, and GC-MS to identify natural phyto-
chemical constituents. The antimicrobial activity of Garcinia fruit extract (GFE) was
evaluated against methicillin-resistant Staphylococcus aureus and Enterococcus faecalis as
Gram-positive bacteria, Escherichia coli and Pseudomonas aeruginosa as Gram-negative
bacteria, and Malassezia furfur and Candida albicans as fungi. HPLC revealed that GFE
contained 14 polyphenol compounds, the LC-MS revealed the presence of fifty-six
compounds at the positive ionization mode and forty-seven compounds at the negative
mode; however, thirty-six compounds were detected using GC-MS. GFE exhibited the
strongest inhibitory effects against E. faecalis, with a minimum inhibitory concentration
(MIC) of 15.36 mg/mL. Where the inhibition zone diameters were 24.7, 21.7, 21.7, 21.3,
and 20.7 mm for E. faecalis, S. aureus, P. aeruginosa, M. furfur, and E. coli, respectively, at
the concentration of 500 mg/mL of GFE. In contrast, GFE exhibited no antimicrobial ac-
tivity against Candida albicans. Furthermore, GFE was screened against three cancer cell
lines, including breast cancer (MCEF-7), colon cancer (HCT-116), and liver cancer
(HepG2), and demonstrated in vitro cytotoxic activity, with IC50 values of 31.7, 49.87,
and 48.99 ug/mL for MCF-7, HCT-116, and HepG2, respectively. These findings indicate
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that GFE is a promising natural antimicrobial agent, while its in vitro cytotoxic activity
warrants further investigation.

Keywords: Garcinia extract; phenolic compounds; antimicrobial; anticancer cancer

1. Introduction

The human diet includes phytochemicals” bioactive compounds, mainly from fruits
and vegetables [1,2]. Phytochemicals are health-promoting bioactive compounds due to
their well-known activity against bacteria, viruses, and fungi, as well as acting as anti-
coagulants, anti-inflammatories, and lipid-lowering agents [3]. Cancer is the leading
cause of death worldwide. Approximately 300 genes with abnormalities have been
found in various human cancers [4]. The prevalence of death-related cancer is estimated
to be one in eight persons globally [5]. Thus, there is an urgent need to develop thera-
peutic agents derived from natural products, as chemotherapeutics have drawbacks, in-
cluding relapse and adverse effects [6].

There is a growing movement towards substituting chemically synthesized pre-
servatives with natural ones. This trend is driven by the growing clean-label movement
and consumer awareness of healthier eating and more sustainable foods. Using natural
antimicrobials extracted from plants, microbes, and marine sources is advantageous be-
cause it is safer for humans and more eco-friendly, and it also offers potential antimicro-
bial activity. Due to market convergence, consumer demand, and regulatory require-
ments, food manufacturers are increasingly using natural antimicrobials [7]. Therefore, it
is of great importance to extract, identify, and purify effective antimicrobial agents from
natural origin [8].

Garcinia cambogia is an Asian fruit that belongs to the Clusiaceae family. It has been
used in traditional medicine to treat gastrointestinal and rheumatic diseases, parasitic
infections, and digestive disorders [9]. Hydroxycitric acid (HCA) is the primary bioac-
tive compound in Garcinia cambogia, used to treat weight gain as it lowers appetite, en-
hances lipid oxidation, and regulates the endogenous lipid synthesis pathways [10].
Moreover, it is commonly used as a bulking agent in the food industry, a preservative
compound, and a flavor-enhancing substance. Several organic acids, benzophenones,
and xanthones have been identified as key phytochemicals in this plant [11].

Thus, this study aimed to evaluate the antimicrobial activity of the aqueous ethanolic
extract of Garcinia cambogia fruit against two Gram-positive bacteria, two Gram-negative,
and two fungal isolates. Additionally, the cytotoxic effects of GFE on breast cancer (MCEF?),
colon cancer (HCT), and liver cancer (HepG2) cell lines were also compared.

2. Materials and Methods
2.1. Materials
2.1.1. Dried Garcinia and Chemicals

Dried Garcinia fruits were purchased from a local herbal market in Cairo, Egypt.
The chemicals and reagents utilized in this study were sourced from the suppliers:
El-Gamhouria Chemicals and Drugs Co., Ltd. (Cairo, Egypt); Tokyo Chemical Industry
Co., Ltd. (Kita-Ku, Tokyo, Japan); and Sigma-Aldrich Co., Ltd. (St. Louis, MO, USA).

2.1.2. Microorganisms and Cancer Cell Lines

Assessment of the antimicrobial efficacy of GFE against six microbes: two
Gram-positive bacteria, Staphylococcus aureus (S. aureus) (ATCC 33591) and Enterococcus
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faecalis (E. faecalis) (ATCC 29212); two Gram-negative bacteria, Escherichia coli (E. coli)
(ATCC 43888) and Pseudomonas aeruginosa (P. aeruginosa) (ATCC 27853); and two fungal
species, Malassezia furfur (M. furfur) (ATCC 12078) and Candida albicans (C. albicans)
(NRRL-Y 477). The microbial strains used in this study were obtained from the Central
Laboratory, Faculty of Science (Girls), Al-Azhar University (Cairo, Egypt). The breast can-
cer (MCF-7), colon cancer (HCT-116) and liver cancer (HepG2) cell lines were acquired
from the National Cancer Institute, Cairo, Egypt (NCI, Cairo University, Giza, Egypt).

2.2. Methods
2.2.1. Preparation of Garcinia Fruit Extract (GFE)

100 g of Garcinia fruit was mixed with 200 mL ethanol 70% and incubated for 24 h at
25 °C and the process was repeated twice. The obtained suspension was filtered using
Whitman filter paper No. 4, and the filtrate was concentrated using a rotary evaporator
at 35 °C before being dissolved in 30 mL distilled water.

2.2.2. High-Performance Liquid Chromatography (HPLC)

An Agilent 1260 HPLC was employed for qualitative and quantitative analysis of
phytochemical constituents in GFE. The analysis was performed using HPLC on a
Zorbax Eclipse Plus Cis column (250 mm x 4.6 mm, 5 um) (Agilent Technologies, Santa
Clara, CA, USA). The mobile phases A (water) and B (0.05% trifluoroacetic acid in ace-
tonitrile) were used in a gradient: 0 min (82% A); 0-1 min (82% A); 1-11 min (75% A);
11-18 min (60% A); 18-22 min (82% A); 22-24 min (82% A) at 0.9 mL/min flow rate. The
multi-wavelength detector was monitored at 280 nm. Subsequently, 5 puL of each sample
was injected, and the column temperature was set at 40 °C [12]. Additionally, Caffeic
acid, (+)-Catechin, p-Coumaric acid, Chlorogenic acid, Rosmarinic acid, Quercetin, sy-
ringic acid, ellagic acid, vanillin, naringenin, Gallic acid, Rutin, Apigenin, and
Kaempferol were used as standards to identify and quantify the phenolic compounds in
the GFE. Quantification was performed using an external analytical service provider
where calibration curves, LOD, and LOQ were pre-established according to the standard
operating procedures of the analytical facility.

2.2.3. Liquid Chromatography—Mass Spectrometry Analysis (LC-ESI-MS/MS)

The phytochemical constituents were identified using LC-ESI-MS/MS with an Ex-
ionLC AC system, and SCIEX Triple Quad 5500+ MS/MS system (Waters Corporation
Co., Milford, MA, USA), equipped ESI for the separation and detection, respectively.
MS-DIAL software “version 4.9” was used to identify the tentatively identified com-
pounds with ReSpect library. Chromatographic separation was conducted on an Ascen-
tis® Express 90 A Cis (150 mm x 2.1 mm, 2.7 um) column (Sigma-Aldrich, Burlington,
MA, USA). The mobile phases consisted of 5 mM ammonium formate (A) and acetoni-
trile (B) at 0.3 mL/min flow rate. Subsequently, 5 uL of each sample was injected. For
MS/MS analysis, the parameters were used while applying the negative ionization mode
with a scan with EMS-IDA-EPI was as follows: for MS1 (from 100 to 1000 Da) curtain gas,
25 psi; Ion Spray voltage, 5500; source temperature, 500 °C; and for MS2 (from 50 to 1000
Da) ion source gas 1 and 2, 45 psi; declustering potential, 80V; collision energy, 35.

2.2.4. Gas Chromatography—Mass Spectrometry Analysis (GC-MS)

The sample was prepared by acidification with HCI, then extracted with diethyl
ether and ethyl acetate, and evaporated at 40 °C under vacuum. Before GC analysis, the
sample was reconstituted in 50 pL of bis (trimethylsilyl) trifluoroacetamide (BSTFA) +
trimethylchloro-silane (TMCS) 99:1 silylation reagent and 50 uL of pyridine to derivatize
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the sample’s functional groups to trimethylsilyl groups (TMS). Analyses were carried
out using a gas chromatograph (7890B) and an MS detector (5977A). The GC was
equipped with a DB-5MS column (30 m x 0.25 mm x 0.25 um). Hydrogen was used as
the carrier gas at a 1.0 mL/min flow rate, 1 uL of the solution was injected and the tem-
perature program was as follows: 60 °C for 1 min; rising at 10 °C /min to 320 °C held for
10 min. The injector and detector were held at 300 °C and 320 °C. Using a spectral range
of m/z 50-800 and a solvent delay of 3.9 min, mass spectra were obtained by electron
ionization (EI) at 70 eV. The mass temperature was 230 °C and Quad 150 °C. The spec-
trum fragmentation pattern was compared to the data from the NIST Mass Spectral Li-
brary and Wiley, Davies NW. 1990, to identify the various constituents.

2.2.5. Antimicrobial Activity of GFE

The antimicrobial activity of GFE was evaluated using the agar well diffusion
method, with slight modifications. The extract was dissolved in sterile distilled water to
prepare solutions at final concentrations of 500, 250, and 125 mg/mL. The tested bacterial
strains were cultured in Nutrient broth and incubated for 24 h, while the fungi were
cultured in Sabouraud dextrose broth and incubated for 48 h. The inoculum suspensions
were adjusted by 0.5 McFarland standards. to achieve a final working inoculum concen-
tration of 5 x 105 CFU/mL in strict accordance with CLSI guidelines [13,14]. Then, the in-
oculum suspensions were spread over the surface of MHA plates for bacterial strains and
SDA for fungal strains and the plates were left for 3-5 min to enable the absorption of ad-
ditional moisture present on their surfaces. A sterile cork borer (6.0 mm) was used to make
holes in the inoculated agar plates. 100 pL of the three varying concentrations of GFE were
placed into the holes. Levofloxacin and ketoconazole discs were used as positive controls
for bacterial and fungal isolates, respectively. After the incubation period of 24 h for bacte-
rial species and 48 h for fungal species, the inhibition zones were measured in mm.

Determination of Minimum Inhibitory Concentration (MIC) of GFE

The minimum inhibitory concentration (MIC) of GFE was assessed by the broth mi-
crodilution method using sterile polystyrene 96-well plates [15]. A volume of 200 pL of
autoclaved Mueller-Hinton broth for bacterial strains and Sabraud dextrose broth for fungal
strains supplemented with different concentrations of GFE (500-0.24 mg/mL) was added to
each well. Finally, 5 uL of the adjusted spore was added. The plates were incubated at 37 °C
for 24 h and 48 h for bacterial and fungal species, respectively. MIC was defined as the low-
est concentration of the extract at which the microbes showed no visible growth.

Determination of the Minimum Bactericidal Concentration (MBC) and the Minimum
Fungicidal Concentration (MFC) of GFE

The broth microdilution assay was performed, and MBC and MFC were deter-
mined by subculturing 100 puL from wells at or above the MIC onto TSA plates, which
were then incubated for 48 h at 37 °C. The concentration at which no microbial growth
occurs post-incubation is considered the MBC for bacterial species and the MFC for
fungal species. The MBC and MFC were defined as the minimum concentrations of GFE
required to kill more than 99.99% of the microbes present. Three replicates were per-
formed for each organism [16].

2.2.6. Cytotoxicity Assay of GFE

The Cytotoxicity assay of GFE was performed on MCF-7 breast cancer, HCT colon
cancer, and HepG2 liver cancer cell lines. DMEM medium supplemented with strepto-
mycin (100 mg/mL), penicillin (100 units/mL), and heat-inactivated fetal bovine serum
(10%) was used to keep the cells at 37 °C in a humidified atmosphere with 5% COz2 (v/v).
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For the Sulforhodamine B (SRB) assay, 100 pL of aliquot suspension containing (5 x 103)
cells was seeded into 96-well plates before being incubated in complete media for 24 h.
Subsequently, the cells were treated with an additional 100 pL aliquot of medium con-
taining various concentrations of GFE. Following exposure, 150 pL of 10% trichloroace-
tic acid (TCA) was added to the medium to fix the cells, and the cells were then incu-
bated for an hour at 4 °C. The TCA solution was removed, and the cells were washed
with distilled water in five rounds. Thereafter, 70 uL of 0.4% SRB solution (w/v) was
added, and the mixture was incubated in the dark at 25 °C for 10 min. Following three
washes with 1% acetic acid, the plates were left to air-dry overnight. Then, 150 uL of 10
mM Tris base was added. Finally, the absorbance was detected at 540 nm. The ICso val-
ues of the samples were calculated by plotting log concentration vs. percentage cell sur-
vival and analysed using GraphPad Prism version 8.0.

2.2.7. Statistical Analysis

The experiments were performed at least three times, and values are measured as
mean * standard deviation (SD). The data were analyzed using one-way ANOVA.

3. Results and Discussions
3.1. Determination of Polyphenol Compounds in Garcinia Fruit Extracts Using HPLC

HPLC analysis identified and quantified various phenolic compounds in Garcinia fruit
extract (GFE), as shown in Table 1. The chromatograms of the standard phenolic compounds
(A) and the detected compounds in the GFE (B) are shown in Figure 1. Here, the fractiona-
tion of the GFE identified a total of 18 phenolic compounds and flavonoids. The major char-
acterized compounds were chlorogenic acid, gallic acid, and catechin, which were found at
concentrations of 17210.22, 1019.24 and 372.74 ug/g of GFE, respectively. In addition, the
GFE also contained other compounds such as, caffeic acid, syringic acid, ellagic acid, vanillin,
naringenin, rosmarinic acid, quercetin, and kaempferol at lower concentrations of 17.33,
63.03, 27.48, 22.04, 27.60, 26.02, 17.92, and 26.49 ug/g GFE, respectively.

Among the characterized compounds, chlorogenic acid, the most abundant com-
pound detected in the GFE, is a phenolic compound reported in various sources, in-
cluding tea leaves, coffee beans, berry fruits, citrus fruits, and grapes [17]. It has many
therapeutic benefits, especially those connected to age-related disorders and chronic
metabolic diseases. Furthermore, it exhibits a variety of multifaceted properties, includ-
ing anti-inflammatory, antioxidant, antidiabetic, hepatoprotective, neuroprotective, and
anticancer activities [18-21]. At the molecular level, its integrative functions work
mechanistically by regulating metabolic homeostasis and anti-inflammatory/oxidation
processes. It can inhibit inflammatory components at several levels, including by reduc-
ing NF-kB pathways to counteract pro-inflammatory factors, preventing the spread of
inflammation, and reducing tissue damage. Moreover, chlorogenic acid simultaneously
increases levels of essential antioxidants and scavenges excess cellular free radicals. To
preserve and restore the metabolic equilibrium between lipids and glucose, it activates
AMPK pathways. Beyond its metabolic effects, chlorogenic acid targets ion channels and
neuroreceptors, demonstrating neuromodulatory effects [22].
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Figure 1. HPLC chromatogram of standard phenolic compounds and phenolic compounds iden-

tified in Garcinia fruit extract.

Table 1. Phenolic compounds identified in Garcinia fruit extract (GFE) using HPLC.

Identified Compounds Conc. (ug/g)
Gallic acid 1019.24
Chlorogenic acid 17,210.22

Catechin 372.74
Caffeic acid 17.33
Syringic acid 63.03
Ellagic acid 27.48
Vanillin 22.04
Ferulic acid 4.80
Naringenin 27.60
Rosmarinic acid 26.02
Daidzein 8.40
Quercetin 17.92
Cinnamic acid 12.06
Kaempferol 26.49
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Gallic acid is the second most abundant phenolic compound found in the GFE. It is
a widely distributed plant phenolic acid, abundant in fruits, tea, and many medicinal
plants, and is recognized as a key bioactive constituent with pharmacological properties.
Gallic acid has three phenolic hydroxyl groups, which efficiently scavenge reactive oxy-
gen species, inhibit lipid peroxidation, chelate metal ions, and up-regulate endogenous
antioxidant defenses. It is also reported to exhibit a wide range of biological and phar-
macological properties, such as antimicrobial, anti-inflammatory, and anticancer activi-
ties, as well as effects on gastrointestinal and cardiovascular diseases [23].

The third bioactive compound detected in GFE is catechin. The beneficial properties
of catechins against microbes, viruses, inflammation, allergy, and cancer development
are well documented. Catechins enhance the effectiveness of healthy functional meals
and biocosmetics by increasing their absorption and penetration into the body and skin.
Additionally, several in vitro and in vivo studies have reported the antioxidant effects of
catechins [24]. Findings in the current study are broadly in line with a previous study by
Rana and colleagues (2023) reported that the major phenolic compounds in Garcinia
gummi gutta using HPLC were quercetin (251.44 ug/gm), chlorogenic acid (6.517 pg/gm),
rutin (637.78 pg/gm), gallic acid (2.114 pg/gm), fumaric acid (0.363 ug/gm), HB acid
(3.515 pg/gm), benzoic acid (57.53 ug/gm), coumaric acid (50591 pg/gm), and
kaempferol (17.03 pg/gm) [25].

3.2. Analysis of Garcinia Fruit Extract (GFE) Using LC-MS

The LC-MS data showed that the GFE comprises numerous phytocompounds, in-
cluding flavonoids, phenolics, amino acids and derivatives, glycosides, organic acids,
and alkaloids, in correspondence with previous reports [26,27]. The analysis revealed the
presence of 56 tentatively annotated metabolites in positive ionization mode across many
chemical classes. The identified compounds are listed in Table 2 and Figure 2, along with
their retention times, mass-to-charge ratios (m/z), metabolite names, peak heights, and
peak areas. These metabolites belonging to eleven different classes: flavonoids and phe-
nolic compounds (11 metabolites), carbohydrates and glycosides (10 metabolites), nucle-
ic acid derivatives (9 metabolites), vitamins and cofactors (6 metabolites), amino acids
and derivatives (7 metabolites), lipids (3 metabolites), alkaloids (4 metabolites), carbox-
ylic acids (2 metabolites), organic acids (2 metabolites), peptides (1 metabolite), and
phosphorus-containing compounds (1 metabolite).

One of the top available components in the GFE is harmaline, with a remarkably
high peak area of 5.26 x 108 at m/z 214.9715. Harmaline is an alkaloid extensively inves-
tigated for its beneficial roles, such as antimicrobial activity against various pathogenic
microorganisms, like Escherichia coli, Staphylococcus aureus, Xanthomonas oryzae, Pectobac-
terium atroseptica, and Xanthomonas axonopodis, and suppresses fibrosarcoma, breast can-
cer, myeloma, esophageal squamous cell carcinoma, hepatocellular carcinoma, and he-
patic carcinoma [28-30]. Similarly, myricetin (1.41 x 108) with m/z 318.9057, is a flavonoid
that acts as an antioxidant, antimicrobial, and anti-inflammatory compound [31].
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Figure 2. LS-MS positive and negative chromatograms of Garcinia fruit extract.

Table 2. LC-MS data (Positive ionization mode) for compounds detected in Garcinia fruit extract.

ID RT (min) mlz Type Metabolite Name Peak Area
Flavonoids and Phenolic Compounds
1 2.42255 182.969 [M+H]* Syringaldehyde * 1.06 x 108
2 2.5217 305.1527 [M+H]* (#)-Taxifolin * 4.52 x 107
3 3.179333 317.189 [M+H]* 3 3' 4’ 5-Tetrahydroxy-7-methoxyflavone * 7.61 x 107
4 3.244967 318.9057 [M+H]* Myricetin * 1.41 x 108
5 3.3274 211833 MeHEROp 42 Pihydroxy-3-methoxy-3-glucopyran - g, 40
osylstilbene *
6 4.544734 316.9799 [M+H]* Petunidin * 4.01 x 108
7 10.0698 218.9482 [M+H]* 7-Acetoxy-4-Methylcoumarin 2.25 x 108
8 11.57553 355.2085 [M+H]* Chlorogenic acid * 1.79 x 108
9 15.3615 138.9731 [M+H]* p-Hydroxybenzoic acid * 9.70 x 107
10 21.96215 4071805 (MEH] E—3,4,5’-Trlhydroxye—r?:;—?ucopyranosylstﬂb 302 x 108
11 26.61208 655.3389 [M+2H]* Malvidin-3, 5-di-O-glucoside chloride * 9.31 x 107
12 1.434017 117.9637 [M+H]* Indole 3.63 x 107
13 2.307083 128.1759 [M+H]* Isoguvacine * 2.49 x 107
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14 3.1134 214.9715 [M+H]* Harmaline * 5.26 x 108
15 11.27063 168.0366 [M+H]* Phenylephrine 49800000
16 0.715583 160.9319 [M+H]* L-beta-homoglutamine-HCl 1.2 x108
17 2.610167 104.1846 [M+H]* N,N-Dimethylglycine 1.06 x 10°
18 3.56755 190.9527 [M+H]* DL-alpha,epsilon-Diaminopimelic acid * 1.07 x 10°
19 11.89153 399.1938 [M+H]* S-Adenosyl-L-methionine * 1.92 x 108
20 14.44653 176.9423 [M+H]* N-Carbamoyl-L-Aspartic acid * 4.25 x107
21 15.00652 197.9745 [M+H]* 3,4-Dihydroxy-L-Phenylalanine * 1.15 x 108
22 17.0915 175.1185 [M+H]* L-Arginine * 4.66 x 107
23 1.764783 135.9697 [M+H]* Adenine 7.05 x 107
24 2.610167 365.1231 [M+2H]>+ Xanthosine-5-monophosphate * 1.66 x 108
25 3.484117 335.1716 [M+H]* Beta-nicotinamide mononucleotide * 4.95 x 108
26 5.497617 126.9683 [M+H]* Thymine 3.03 x 108
27 6.5826 346.0137 [M+H]* Guanosine-3',5"-cyclic monophosphate * 7.03 x 108
28 9.195833 243.9686 [M+H]* Cytidine * 1.22 x 108
29 9.955883 388.1477 [M+H]* 2'-Deoxycytidine-5'-diphosphate * 2.20 x 108
30 13.65185 428.927 [M+H]* Inosine-5-diphosphate * 8.02 x 107
31 17.0915 228.0939 [M+H]* 2'-Deoxycytidine * 1.28 x 108
32 242255  244.9476 [M+H]* Alpha-L-(-)-Fucose 1-phosphate 2.01 x 10
bis(cyclohexylammonium) salt
33 242255  244.9476 [M-+H]* Alpha-L-()-Fucose 1-phosphate 2.01 x 108
bis(Cyclohexylammonium) salt *
34 2.954317 230.8959 [M+H]* D-Ribose 5-phosphate * 1.02 x 109
35 9.955883 259.9049 [M+H]* D-Glucosamine-6-phosphate * 9.31 x 107
36 12.83758 606.1862 [M+H]* Guanosine 5'-diphosphate-d-mannose * 8.93 x 107
37 13.55442 437.2325 [M+H]* Phlorizin * 8.97 x 107
38 13.94435 341.2173 [M+H]* Esculin * 4.79 x 107
39 16.52398 342.9745 [M+H]* D-(+)-Maltose * 3.69 x 107
40 18.02895 387.1043 [M+H]* 1-O-B-D-Glucopyranosyl sinapate 1.65 x 108
41 27.44507 625.2605 [M+2H]?* Isorhamnetin-3-O-rutinoside * 1.83 x 108
42 3.244967 393.2001 [M+H]* Sodium deoxycholate * 3.24 x 108
43 9.844283 172.9624 [M+H]* Glycerophosphate (2) * 1.91 = 108
44 19.08603 302.2093 [M+H] Dihydrosphingosine * 7.05 x 107
45 2.8242 377.2352 [M+H]* (-)-Riboflavin * 3.85 x 108
46 10.5524 170.0472 [M+H]* Pyridoxine * 8.11 x 107
47 10.66313 265.9861 [M+H]* Thiamine * 8.62 x 107
48 13.35835 768.127 [M+NHa]* Coenzyme A * 9.29 x 107
49 21.88877 666.2419 [M+H]* NADH * 1.03 x 108
50 28.00722 411.4659 [M+H]* Gamma-tocotrienol * 4.29 x 107
51 2.610167 203.0061 [M+H]* Sebacate * 9.88 x 108
52 4.544734 185.0176 [M+H]* 3,4-Dihydroxymandelate * 3.68 x 108
53 4.069133 109.0126 [M+H]* 1,4-Benzoquinone 1.78 x 10°
54 28.67488 114.0843 [M+H]* Creatinine 1.71 x 108
55 22.15912 427.2719 [M+H]* Leupeptin hemisulfate salt * 1.61 x 108
56 13.03333 206.9637 [M+H]* Etidronate * 1.20 x 108

* Tentatively annotated metabolites.

Another detectable component with a high peak area (3.85 x 10%) and m/z 377.2352
is Riboflavin, vitamin B2, which has been shown to be effective in chemotherapy while
avoiding its toxic side effects [32]. Remarkably, a key polyphenol metabolite, chlorogenic
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acid, was detected at (1.79 x 108) with m/z 355.2085. It has been shown to possess poten-
tial antimicrobial and anticancer effects in the Caco-2 cell line [32-34].

Malvidin 3,5-di-O-glucoside was identified at 9.31 x 107 with m/z 655.3389 and has
been shown to protect against infection with Helicobacter pylori and safeguard against
cardiovascular disease, type 2 diabetes, metabolic disorders, and oral cancer [35]. Addi-
tionally, the extract’s therapeutic potential may be due to the presence of petunidin (4.01
x 108) observed at m/z 316.9799, an anthocyanin with well-known antioxidant and anti-
cancer properties [36].

The compounds extracted from Garcinia identified by LC-MS in negative ionization
mode are displayed in Table 3 and Figure 2. The analysis identified forty-seven tenta-
tively annotated metabolites in the extract categorized into the following groups: flavo-
noids and phenolic compounds, carboxylic acids, nucleic acid derivatives, lipids, carbo-
hydrates and derivatives, amino acids and derivatives, terpenoids, peptides, purine de-
rivatives, and miscellaneous. Phenolic compounds, such as chlorogenic acid,
p-hydroxybenzoic acid, salicylic acid, and 3-(4-Hydroxy-3-methoxyphenyl) prop-2-enoic
acid, exhibited the deprotonated molecule [M-H]- at m/z 353.0125, 137.0449, 136.9373,
and 193.087, respectively. Studies have shown that plant phenolic compounds exhibit
potential anticancer activity and broad-spectrum antibacterial properties [1,37].

Table 3. LC-MS data (Negative ionization mode) for compounds detected in Garcinia fruit extract.

ID RT (min) mlz Type Metabolite Name Peak Height I:;Zl;
Flavonoids and Phenolic Compounds
1 0.54425  109.1627 [M-HJ]- 1,2-Benzenediol 1,667,813  2.71 x 107
2 0.54425  353.0125 [M-H]- Chlorogenic acid 12,50,000  3.50 x 107
3 1.54715  137.0449 [M-H]- p-Hydroxybenzoic acid 8,408,711  1.96 x 108
4 3.9198  286.9522 [M-H]J- 3'4'5 7-Tetrahydroxyflavanone * 5,449,360  1.40 x 108
5 4.245667  163.2066 [M-H]J- Hinokitiol * 4,021,228 1.71 x 108
6 6.3391  207.0536 [M-H]J- Sinapyl aldehyde * 8,232,345  3.16 x 108
7 1192887 193.087  [M-HJ- 3-(4-Hydroxy-3-methoxyphenyl) 4348874  1.01 x 108
prop-2-enoicacid *
8 12.421  285.1505 [M-H]J- Luteolin * 2,775,804  5.04 x 107
9 16.27673  253.0544 [M-H]J- Daidzein 5,185,810  7.91 x 107
10 2291063 653.3021 [M-H]J- Malvidin-3, 5-di-o-glucoside chloride * 6,271,499  1.27 x 108
Del-
11 239953  609.043 [M-2H]-  phinidin-3-O-(6"-O-alpha-rhamnopyranosyl-be 771,142.6  1.26 x 107
ta-glucopyranoside)
12 24.44005 267.1546 [M-H]- Formononetin 2,751,173 4.27 x 107
13 24.64995 136.9373 [M-H]- Salicylic acid 5,180,722 1.30 x 10®
14 26.64462 269.1835 [M-H]- Apigenin 3,589,086  5.86 x 107
15 27.81547 138.0394 [M-H]- Para nitro phenol 2,387,897  5.49 x 107
Carboxylic Acids

16 1.898733  145.131 [M-H]- 2-Methylglutaric acid * 2,221,483  2.06 x 107
17 2.0916  132.8535 [M-H]- D-(+)-Malic acid * 1.48 x107  1.67 x 108
18 2.635367 100.8704 [M-H]- 2-Oxobutyric acid 2,356,581  1.99 x 107
19 13.9637  191.1569 [M-H20-HJ- Citrate * 1,698,884  6.29 x 107
20 14.0541  173.054 [M-H]- (-)-Shikimic acid * 7,979,362 2.95 x 108
21 23.36137 116.9321 [M-H]- Succinic acid * 1.32x107  4.93 x 108
22 2378573 117.1628 [M-H20-H]- 3-Hydroxyisovaleric acid * 1.25x107  2.53 x 108
23 2529147  117.05 [M-H]- D-Alpha-hydroxyisovaleric acid * 1.68 x 107 2.67 x 108
24 26.74392  116.9473 [M-H]J- Methylmalonic acid * 2.53x107  6.64 x 108

Lipids
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25 13.9637  209.1586 [M-H]- (+)-Jasmonic acid * 4,972,069  1.52 x 108
26 14.29797  535.3734 [M-HJ- 1,2-Dilauroyl-sn-glycero-3-phosphate * 958,406.3  2.01 x 107
27 14.44762  170.9469 [M-H]- Glycerophosphate (2) * 3,888,621  6.75 x 107
28 21.9901 277.1923 [M-HJ- Gamma-linolenic acid 1.30 x 107 1.78 x 108

Nucleic Acid Derivatives
29 2.166367  321.1666 [M-H]- Thymidine-5-monophosphate * 6,440,993  7.09 x 107
30 3.138683 111.0011 [M-H]- Uracil 4,252,342  1.24 x 108
31 3.430983  480.9848 [M-H]- Thymidine-5"-triphosphate sodium salt * 604,511 6,860,695
32 11.3949  242.1778 [M-H]- Cytidine * 2,482,549  4.32 x 107
33 17.08492  606.1583 [M-HJ- Uridine 5'-diphospho-n-acetylglucosamine 1,432,130  2.28 x 107
34 22.13442  227.2301 [M-H]- 2'-Deoxyuridine 7,630,809  1.18 x 108
35 23.78573  241.2349 [M-H]- Thymidine 5,804,076  8.48 x 107
36 2425535 267.2068 [M-H]- Inosine 3,119,752 5.53 x 107
37 26.18513 604.2341 [M-H]- Guanosine-5'-diphosphoglucose sodium salt *  733,015.7 6727890
Amino Acids and Derivatives
38 1.898733  189.1317 [M-H]- Dl-Alpha, epsilon-diaminopimelic acid* 2.73x107  3.35x 108
39 2.842583 [M-H]- L-Beta-homotryptophan-HCL* 522 x107  9.67 x 108
Peptides
40 11.6173  171.0661 [M-HJ]- Glycyl-l-proline 3.22x107 5.33 x 108
Terpenoids
41 4.317467  263.0352 [M-H]- (x)-Cis, Trans-Abscisic acid * 3,969,537  9.12 x 107
42 23.78573 135.1124 [M-H]- Gamma-terpinene 8,354,649 1.48 x108
Carbohydrates and Derivatives
43 2.701417 198.9707 [M-HJ- D-Erythrose-4-phosphate sodium salt * 625,440.1 5251235
44 8.909233 168.9438 [M-H]- DI-Glyceraldehyde 3-phosphate * 3,908,919  1.05x 108
45 16.466 [M-H]- Glycerol-2-phosphate * 2,376,994  3.75 x 107
Purine Derivatives
46 10.82132  195.1249 [M-H]- 1,3-Dimethylurate * 3,250,968  6.71 x 107
Miscellaneous
47 6.693717 163.0177 [M-H]- Methyl 5-chloro-5-oxovalerate 2,125,757  5.54 x 107

* Tentatively annotated metabolites.

The highly abundant carboxylic acids detected were methylmalonic acid, succinic
acid, (-)-shikimic acid, and D-alpha-hydroxy isovaleric acid, presented the deprotonated
molecule [M-H]- at m/z 116.9473, 116.9321, 173.054, and 117.05, respectively. In particu-
lar, succinic acid has been shown to exhibit antibacterial activity by damaging the cell
membranes of S. aureus and P. fluorescens [38]. Another detected metabolite was gam-
ma-terpinene at m/z 135.1124, a monoterpene existing in several pharmacologically ac-
tive plants, which has been reported to have antibacterial activity and inhibit breast
cancer [39]. These findings highlight that the Garcinia extract is abundant in phenolics,
flavonoids, and other phytochemical constituents. Therefore, the significant existence of
these phytochemical constituents in GFE endows it with promising antimicrobial and
anticancer applications. This is because various phytochemicals work synergistically,
producing effects greater than the sum of their individual effects, thereby strengthening
the extract’s therapeutic potential while reducing the likelihood of resistance.

3.3. Bioactive Analyses of Garcinia Fruit Extract Using GC-MS

The GFE was analyzed using GC-MS to identify phytochemical constituents. The
active compounds, along with their retention times (RT), concentrations (peak area %),
and molecular formulas, are displayed in Table 4 and Figure 3, which show the presence
of 34 phytochemical constituents in the GFE. The GC-MS analysis revealed the presence
of several distinct phytochemical classes, primarily organic acids (29.45%), oxygenated
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compounds (3.16%), alcohols (24.09%), fatty acids (both saturated and unsaturated,
19.85%), phenolics (3.61%), terpenoids (0.24%), and sterols and thiols (0.55%) in the eth-

anolic extract of Garcinia cambogia fruit.

02|+ TIC Scan Sample.D

;. 7.141
9.054

0.8

0.6- 6.093 L6 oo

0'4_ 15,094

02{ 24 12.804 '

ol Tl 10329 11,747 | '.
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Counts (%) vs. Acquisition Time (min)
Figure 3. GC-MS chromatogram of Garcinia fruit extract.
Table 4. GC-MS data for components detect in Garcinia fruit extract.
NO. Rt Identified Compound Chemical Classification Molecular Area %
of Compounds Formula
1 4.079 Lactic Acid Organic acids GCsHeOs 0.11
2 4.289 Glycolic acid Organic acids CoH4Os 0.09
3 5.027 2-Ethoxyethanol (Oxitol) Oxygenated compounds CsH1002 0.88
4 5.472 3-Bromo-4-fluorobenzenethiol Thiols CeH4BrFS 0.2
5 5.866  4-Methylcyclohexaneacetic acid Phenolic acids CoHi602 0.41
6 6.906 1-Hexadecanol Fatty alcohol CisHa0 0.22
7 7.141 Trimethylolpropane Alcohol CsH14Os 23.87
8 7.292 Catechol Phenolic acids CeHsO2 0.07
9 7.343 Butanedioic acid Organic acids C4HeOq 0.07
10 7468  5-Hydroxymethyl-2-Furaldehyde Oxygenated compounds CsHeOs 0.57
11 75 ADimethyl:35-bis(l methyl Monoterpenoids CiaHas 0.23
ethenyl) cyclohexane
12 8.005 Phenoxyethanol Phenolic acids CsHi1002 0.17
13 8.257 Ethyl 6-chloropiperonylate Oxygenated compounds C10HsClOx4 0.39
14 8.366 Hydroquinone Phenolic compounds CeHsO2 0.7
15 9.054 Z'Phenyl'S'pyr;fi‘;dme carboxylic Organic acids CuHsN20z 28.81
16 9.423 Malic acid Organic acids CiHeOs 0.26
17 11.227 Dodecanoic acid Saturated fatty acids C2H20: 0.02
18 11.747 3-Isopropylcatechol Phenolic acids CoH1202 0.08
Ethyl
19 12.653 2-oxopropanoate;2-hydroxypropa Oxygenated compounds Cu1H13010 0.34
ne-1,2,3-tricarboxylate
20 12.804 2-Pentenedioic acid Unsaturated fatty acids CsHeOq 2.36
21 12.98 Protocatecatechuic acid Phenolic acids C7HeOs 2.18
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22 13.232 Myristic acid Saturated fatty acids C1aH2:02 0.17
23 13.601 Geranylgeraniol Diterpenoids Ca0H3:0 0.01
24 13.71 Citric acid Organic acids CsHsOr 0.11
25 14.179 D-Gluconic acid Oxygenated compounds CeH1207 0.98
26 14.658 Hexadecanoic acid Saturated fatty acids Ci1sH20 0.05
27 15.094 Palmitic Acid Saturated fatty acids C1sH30: 3.59
28 15.991 1-Octadecanol Fatty alcohol CisH3s0 1.65
29 16.201 Ethyl Oleate Fatty acid ester C20H3:02 0.16
30 16.587 Oleic Acid Unsaturated fatty acids C1sH30z 10.34
31 16.621 11-Octadecenoic acid, (Z) Unsaturated fatty acids CisH3:0 1.17
32 16.763 Stearic acid Saturated fatty acids CisHz6O2 2.15
33 18.818 (Z)-Docos-9-enenitrile Fatty acid nitrile C2HaN 0.45
34 24.137 [-Sitosterol Sterol C29Hs00 0.35

Fatty acids (alcohol, ester, nitrile) 2.26% Oxygenated compounds 3.16% Organic acids 29.45%
Alcohols 24.09% Saturated fatty acids 5.98% Unsaturated fatty acids
13.87%
Phenolic 3.61% Terpenoids 0.24% Sterol and thiol 0.55%

Notably, among the characterized phytocompounds, 2-phenyl-5-pyrimidine car-
boxylic acid, 5-hydroxymethyl-2-Furaldehyde, hydroquinone, catechol, and oleic acid
have antioxidant, antimicrobial, antitumor, and anti-inflammatory properties [40-43].
Furthermore, protocatechuic acid, a powerful bioactive compound, is recognized for its
strong antioxidant activity, antimicrobial and anti-inflammatory properties, and anti-
tumor potential, as well as antiapoptotic and antihyperglycemic activities [44].
[-Sitosterol also has potent anti-inflammatory and anticancer activity against various
cancers, including leukaemia, lung, breast, colon, and prostate cancer, and possesses an-
tioxidant and antimicrobial properties [45].

Similarly, Rahman and coworkers (2024) various compounds were identified in the
n-hexane extract of Garcinia cowa stems by GC-MS, including fatty acid esters, hydro-
carbons, steroids, and substituted hydrocarbons [46]. In parallel with this study, GC-MS
identified compounds in Garcinia schomburgkiana were catechol,
5-hydroxymethyl-2-furaldehyde, myristic acid, palmitic acid, oleic acid, and stearic acid,
which align with the current findings [47].

3.4. Antimicrobial Activity of Garcinia Fruit Extract Against Pathogenic Microorganisms

The GFE was investigated as an antimicrobial agent against Gram-positive (Staphy-
lococcus aureus, Enterococcus faecalis), and Gram-negative bacteria (Escherichia coli, Pseu-
domonas aeruginosa), as well as fungi (Malassezia furfur and Candida albicans) by the well
diffusion method. This method measures the diameter of the inhibition zone (mm)
against the test microorganisms, as shown in Table 5 and Figure 4.

In the case of Staphylococcus aureus, GFE at 500, 250, and 125 mg/mL exhibited inhi-
bition zone diameters of 21.7 + 0.3, 16.7 + 0.3, and 15.3 + 0.3, respectively, while
Levofloxacin disc was (31.3 + 0.3). Notably, the GFE gave the best results among the
tested bacteria, with inhibition zone diameters ranging from 17.3 + 0.3 to 26.3 + 0.3 mm
against Enterococcus faecalis, while Levofloxacin disc was (26.3 = 0.3). Regarding Esche-
richia coli, the GFE at concentrations of 500, 250, and 125 mg/mL exhibited inhibition
zone diameters of 20.7 = 0.3, 15.7 + 0.3, and 12.7 + 0.3, respectively, while Levofloxacin
disc was (21 + 0.3). In Pseudomonas aeruginosa, the diameter ranged between 21.7 and 11.7
mm while Levofloxacin disc was (24.3 £ 0.3). Surprisingly, GFE at various concentrations
exhibited superior antifungal activity against Malassezia furfur. In contrast, GFE at
different concentrations exhibited weak antifungal activity against Candida albicans.
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Staphylococcus aureus Enterococcus faecalis Escherichia coli

Pseudomonas aeruginosa Malassezia furfur

Figure 4. Zone of inhibition for ethanolic Garcinia fruit extract (GFE) against Staphylococcus aureus,
Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, Malassezia furfur and Candida albicans.
1—GFE 500 mg/mL, 2—GFE 250 mg/mL, 3—GFE 125 mg/mL. Levofloxacin and ketoconazole

discs were used as a control positive for bacterial and fungal isolated, respectively.

Table 5. Antimicrobial activities of the 500, 250, and 125 mg/mL of Garcinia fruit extract against

different pathogenic organisms.

Inhibition Zone Diameter (mm)

Pathogenic Bacteria 500 mg/mL 250 mg/mL 125 mg/mL Control
Gram-positive bacteria Levofloxacin
Staphylococcus aureus (ATCC 6538) 21.7+0.3 16.7 £0.3 15.3+0.3 31.3+0.3
Enterococcus faecalis (ATCC 29212) 24.7+0.3 26.3+0.3 17.3+0.3 26.3+0.3
Gram-negative bacteria Levofloxacin
Escherichia coli (ATCC 43888) 20.7+0.3 15.7+£0.3 12.7+£0.3 21+0.3
Pseudomonas aeruginosa (ATCC 217406 157403 117403 243+03
27853)
Fungi ketoconazole
Malassezia furfur (ATCC 12078) 21.3+0.3 19.7£0.3 17.3+£0.3 9.3+£0.3
Condid dicans (C aicons) o weak weak 143203

These results align with previous studies of Ayanda et al. (2025), who reported
effective antimicrobial activity of Garcinia kola against Escherichia coli, Staphylococcus au-
reus, Klebsiella pneumoniae, and Bacillus cereus, with minimum inhibitory concentration
(MIC) values <500 mg/mL [48]. Similarly, Hart & Cock (2016) reported that Garcinia
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cambogia fruit extracts exhibited strong inhibitory activity, with MIC values <1000 pg/ml
against many bacteria [49]. The Garcinia mangosteen peel extract exhibited substantial an-
timicrobial activity against a range of bacteria and fungi, including S. epidermidis, B. ce-
reus, B. siamensis, and E. indicum, with minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) values ranging from 0.015 mg/mL to 0.061
mg/mL [50].

Moreover, the results indicate that GFE exhibits a strong killing effect, with the
MBC/MEC values consistently being half of the corresponding MIC values for all organ-
isms with quantifiable results (Figure 5). The most susceptible organism was Enterococ-
cus faecalis, which required the lowest concentration of GFE to achieve a bactericidal
effect (MBC = 15.63 mg/mL). Conversely, Pseudomonas aeruginosa demonstrated the
highest resistance, necessitating the maximum tested concentration of 62.5 mg/mL to
achieve a complete kill. MRSA (methicillin-resistant Staphylococcus aureus) exhibited an-
tibacterial activity at 31.25 mg/mL indicating the strong therapeutic activity of GFE. The
fungicidal activity was also notable, with an MFC of 31.25 mg/mL. The observation that
the MBC/MFC was significantly higher than the MIC and the ratio between MIC/MBC or
MFC was less than 4 and this indicates the strong bactericidal and antifungal efficacy for
most organisms and this suggests that GFE capable of killing more than 99.99% of the
microbial population.

3.5. Anticancer Potential of Garcinia Fruit Extract Against Three Cancer Cell Lines: Breast
Cancer (MCF-7), Colon Cancer (HCT-116), and Liver Cancer (HepG2)

Morphological assessment revealed cellular alterations in GFE-treated cells com-
pared with untreated controls (Figure 6A-F). GFE-treated MCF-7 cells showed reduced
cell density and morphological alterations. Similarly, GFE-treated HCT-116 cells showed
changes in cell morphology and reduced cell density. The corresponding conditions for
HepG2 cells demonstrated changes in cell number and morphology following GFE
treatment. Dose-dependent cytotoxicity was quantified, and the results are presented in
the survival curves in Figure 6G. All three cell lines exhibited a decrease in the surviving
fraction with increasing concentrations of GFE. The MCF-7 cell line was the most sensi-
tive, with a calculated IC50 value of 31.7 ug/mL. HepG2 and HCT-116 cells showed IC50
values of 48.99 pg/mL and 49.87 ug/mL, respectively. In the context of screening crude
plant extracts for cytotoxic activity, an IC50 value below 30 pig/mL has been widely used
as a criterion for notable in vitro cytotoxicity [51]. The IC50 value for MCF-7 approached
this threshold, whereas higher values were observed for HCT-116 and HepG2.
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Figure 5. Minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC)
and the minimum fungicidal concentration (MFC) of Garcinia fruit extract against pathogenic mi-

croorganisms.
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Figure 6. Cytotoxic effects of Garcinia fruit extract on MCF-7, HCT-116, and HepG2 cancer cell
lines. Representative images showing the morphological appearance of (A,B) MCF-7 breast cancer
cells, (C,D) HCT-116 colon cancer cells, and (E,F) HepG2 liver cancer cells under control and
GFE-treated conditions. Compared with the corresponding untreated controls, treated cells
showed reduced cell density and morphological alterations. (G) Concentration-response curves

showing the surviving fraction of MCF-7, HCT-116, and HepG2 cells following treatment with in-
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creasing concentrations of GFE. The calculated IC50 values were 31.7 pg/mL for MCEF-7, 49.87
pg/mL for HCT-116, and 48.99 ug/mL for HepG2 cells. IC50 values were determined through non-
linear regression analysis of log concentration versus percentage cell survival. Data are presented

as the mean + SD of three experiments, each performed in triplicate.

Although the IC50 values obtained for the tested cell lines were above this thresh-
old, the results demonstrate in vitro cytotoxic activity of GFE and warrant further inves-
tigation. For crude plant extracts, the observed biological effects may arise from the
combined action of multiple constituents rather than a single compound. Therefore, the
cytotoxic effects observed across the three cancer cell lines may reflect contributions
from several constituents of the extract.

Our phytochemical analysis revealed several polyphenolic compounds in GFE, in-
cluding chlorogenic acid, gallic acid, and catechin. Chlorogenic acid, a major phenolic
compound in the extract, has been widely studied for its antioxidant and anticancer
properties. It has been reported to mitigate oxidative stress by scavenging reactive oxy-
gen species (ROS) and regulating redox homeostasis [51]. Chlorogenic acid has also been
reported to inhibit cell proliferation, induce apoptosis, and suppress tumor angiogenesis
in various cancer models, including breast, hepatic, and colon cancer, supporting its
possible contribution to the cytotoxic activity observed with Garcinia extract [52,53].

Similarly, gallic acid, another prominent polyphenol in the extract, has been exten-
sively studied for its anticancer properties. It modulates several signaling pathways, in-
cluding the PI3K/Akt and MAPK pathways, to inhibit cancer cell proliferation, migra-
tion, and invasion [54].

Catechin, a flavonoid compound has been reported to affect processes associated
with cancer cell invasion [55]. Ref. [56] demonstrated that green tea catechins inhibit the
activity of matrix metalloproteinase-7 (MMP-7), an enzyme involved in extracellular
matrix degradation. This activity may contribute to the biological effects associated with
catechin-containing extracts.

4. Conclusions

In conclusion, Garcinia fruit extract contains a range of natural bioactive compounds,
including phenolic and flavonoid compounds, carboxylic acids, derivatives of nucleic
acids, lipids, carbohydrates, amino acids, terpenoids, and peptides, with gallic acid, cat-
echin, and chlorogenic acid. GFE demonstrated antibacterial activity against S. aureus, E.
faecalis, E. coli, P. aeruginosa, and M. furfur, while its activity against Candida albicans
was ineffective under the tested conditions. GFE also demonstrated in vitro cytotoxic ac-
tivity against MCF-7 breast, HCT-116 colon, and HepG2 liver cancer cell lines. The
presence of polyphenolic compounds, particularly chlorogenic acid, gallic acid, and cat-
echin, may be associated with the observed cytotoxic activity based on their previously
reported biological properties. Future research should focus on isolating and character-
izing the bioactive constituents responsible for these effects and investigating their mo-
lecular pathways and possible interactions. Further in vivo studies are warranted to
evaluate the safety and biological relevance of Garcinia cambogia extract before any ther-
apeutic implications can be established.

Author Contributions: A.A.G.: Conceptualisation, Methodology, Resources, Formal analysis,
Writing —original draft. J.S.: Conceptualization, Supervision, Writing —review and editing. J.X.:
Supervision, Writing—review and editing. X.L.: Software, Supervision, Writing—review and ed-
iting. M.R.: Writing—review and editing, Formal analysis. Y.Z.: Data curation, Writing —review
and editing. K.M.: Writing —review and editing, Formal Analysis. ]J.Y.: Writing —review and edit-
ing. E.G.A.: Methodology, Resources, Writing—original draft. M.M.H.S.: Methodology, Writ-

https://doi.org/10.3390/applmicrobiol6110133


https://doi.org/10.3390/applmicrobiol6110133

Appl. Microbiol. 2026, 6, 133 18 of 21

ing—review and editing. M.M.E.: Data curation, Writing—review and editing. M.I.LM.I.: Method-
ology, Resources, Writing—review and editing. M.M.D.: Software, Writing—review and editing.
E.H.: Visualisation, Writing—original draft, Writing—review and editing. M.A.-G.: Writing—review
and editing, Formal analysis. A.H.E.-D.: Methodology, Formal analysis, Writing—original draft.
D.H.D.: Writing—original draft, Data curation.,, G.N.A.-R.; J.Y.; O.P,; GW.; data analysis, Writ-
ing—review and editing, final manuscript review. L.Y.: Resources, Data curation, Review of the final
version. S.R.: Conceptualisation, Writing—original draft, visualisation, supervision and final review.

All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in

the article. Further inquiries can be directed to the corresponding author.

Acknowledgments: We thank the Food Industries and Nutrition Research Institute, Food Toxi-
cology and Contaminants Dept., National Research Centre, Giza, Egypt.

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

References

1.

10.

11.

12.

13.

Anantharaju, P.G.; Gowda, P.C.; Vimalambike, M.G.; Madhunapantula, S.V. An overview on the role of dietary phenolics for
the treatment of cancers. Nutr. J. 2016, 15, 99.

Patra, A.K. Dietary Phytochemicals and Microbes; Springer Science & Business Media: Berlin, Germany, 2012.

Schreiner, M.; Huyskens-Keil, S. Phytochemicals in Fruit and Vegetables: Health Promotion and Postharvest Elicitors. Crit. Rev.
Plant Sci. 2006, 25, 267-278. https://doi.org/10.1080/07352680600671661.

Farouk, S.; Elbrashy, M.M.; Moustafa, R.I.; El-Shenawy, R.M.; Helmy, N.M.; Khairy, A.; Bader El Din, N.G. Unique dysregula-
tion of miR-7, miR-15, and miR-203 as novel biomarkers in Egyptian colorectal cancer. Biomark. Med. 2025, 19, 999-1008.
https://doi.org/10.1080/17520363.2025.2585779.

Elbrashy, M.M.; Farouk, S.; Hamdy, N.M.; Metwally, H.; Bader El Din, N.G. Unlocking the Epigenetic Landscape of Colorectal
Cancer: A  Step  Toward  Epigenetics to  Precision. Sub-Cell.  Biochem. 2026, 114, 183-236.
https://doi.org/10.1007/978-3-032-08530-6_4.

Abdel-Rahman, R.; Ghoneimy, E.; Abdel-Wahab, A.; Eldeeb, N.; Salem, M.; Salama, E.; Ahmed, T. The therapeutic effects of
Ficus carica extract as antioxidant and anticancer agent. South Afr. J. Bot. 2021, 141, 273-277.
https://doi.org/10.1016/j.sajb.2021.04.019.

Kumar, A.; Das, S.; Ali, S,; Jaiswal, S.G.; Rabbani, A.; Rahman, S.M.E.; Chelliah, R.; Oh, D.-H.; Liu, S.; Wei, S. Mechanisms,
applications and challenges of natural antimicrobials in food system. Food Biosci. 2025, 74, 107864.
https://doi.org/10.1016/j.fbio.2025.107864.

Liu, D.; Pan, S.; Sun, J. Natural phenolic acids as promising antimicrobial candidates in food industry: A review. Int. J. Food
Microbiol. 2025, 443, 111413. https://doi.org/10.1016/j.ijfoodmicro.2025.111413.

Noreen, S.; Khan Naizi, M.; Tufail, T.; Hassan, F.; Awuchi, C.G. Nutraceutical, functional, and therapeutic properties of
Garcinia cambogia: A review. Int. |. Food Prop. 2023, 26, 729-738. https://doi.org/10.1080/10942912.2023.2178458.

Raina, R.; Verma, P.K,; Taku, I.; Malik, ] K.; Gupta, R.C. Chapter 58 —Garcinia cambogia. In Natural Products: Efficacy, Safety and
Toxicity, 2nd ed.; Gupta, R.C., Lall, R., Srivastava, A., Eds.; Academic Press: Cambridge, MA, USA, 2021; pp. 975-990.
https://doi.org/10.1016/B978-0-12-821038-3.00058-6.

Bhat, R.; Shanbhag, P. Evaluating Garcinia Cambogia: A Comprehensive Analysis of its Effectiveness. Int. J. Health Med. Innov.
IJHMI 2024, 1, 1. https://doi.org/10.54489/ijhmi.v1i1.372.

Zhao, H.-N.; Chen, M,; Fan, C.-L.; Wang, Y.; Li, Y.-L.; Ye, W.-C. A new flavone C-glycoside from leaves of Lophatherum gracile.
China J. Chin. Mater. Medica 2014, 39, 247-249.

CLSI M07-Ed11; Methods for Dilution Antimicrobial Susceptibility Tests for Bacteria That Grow Aerobically. Clinical and La-
boratory Standards Institute: Wayne, PA, USA, 2018.

https://doi.org/10.3390/applmicrobiol6110133


https://doi.org/10.3390/applmicrobiol6110133

Appl. Microbiol. 2026, 6, 133 19 of 21

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

CLSI M27; Reference Method for Broth Dilution Antifungal Susceptibility Testing of Yeasts. Clinical and Laboratory Standards
Institute: Wayne, PA, USA, 2017.

Nguyen, N.H.; Nguyen, M.T.; Nguyen, H.D.; Pham, P.D.; Thach, U.D.; Trinh, B.T.D.; Nguyen, L.T.T.; Dang, S.V.; Do, A.T.; Do,
B.H. Antioxidant and antimicrobial activities of the extracts from different Garcinia species. Evid.-Based Complement. Altern.
Med. 2021, 2021, 5542938.

Rodriguez-Melcon, C.; Alonso-Calleja, C.; Garcia-Fernandez, C.; Carballo, J.; Capita, R. Minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) for twelve antimicrobials (biocides and antibiotics) in eight strains of
Listeria monocytogenes. Biology 2021, 11, 46.

Singh, AK; Pandey, A. Neuroprotective role of chlorogenic acid in arsenite-induced oxidative damage via modulation of
redox homeostasis and inflammation. J. Neurochem. 2022, 162, 155.

Ali, N.; Rashid, S.; Nafees, S.; Hasan, S.K.; Shahid, A.; Majed, F.; Sultana, S. Protective effect of Chlorogenic acid against
methotrexate induced oxidative stress, inflammation and apoptosis in rat liver: An experimental approach. Chem.-Biol. Interact.
2017, 272, 80-91.

Lee, Y.; Bae, C.-S.; Ahn, T. Chlorogenic acid attenuates pro-inflammatory response in the blood of streptozotocin-induced
diabetic rats. Lab. Anim. Res. 2022, 38, 37.

Li, Y.; Li, X,; Cuiping, C,; Pu, R,; Weihua, Y. Study on the Anticancer Effect of an Astragaloside- and Chlorogenic Ac-
id-Containing Herbal Medicine (RLT-03) in Breast Cancer. Evid.-Based Complement. Altern. Med. 2020, 2020, 1515081.

Singh, A K,; Rana, H.K,; Pandey, A.K. The oxidative stress: Causes, free radicals, targets, mechanisms, affected organs, effects,
indicators. In Antioxidants Effects in Health; Elsevier: Amsterdam, the Netherlands, 2022; pp. 33—42.

Nguyen, V.; Taine, E.G.; Meng, D.; Cui, T.; Tan, W. Chlorogenic acid: A systematic review on the biological functions, mecha-
nistic actions, and therapeutic potentials. Nutrients 2024, 16, 924.

Bhuia, M.S.; Rahaman, M.M.; Islam, T.; Bappi, M.H.; Sikder, M.I.; Hossain, K.N.; Akter, F.; Al Shamsh Prottay, A.; Rokonuzz-
man, M., Giirer, E.S; et al. Neurobiological effects of gallic acid: Current perspectives. Chin. Med. 2023, 18, 27.
https://doi.org/10.1186/s13020-023-00735-7.

Khan, N.; Mukhtar, H. Tea Polyphenols in Promotion of Human Health. Nutrients 2018, 11, 39.
https://doi.org/10.3390/nu11010039.

Rana, S.; Hussain, L.; Saleem, U.; Asif, M.; Lodhi, A.H.; Barkat, M.Q.; Riaz, M.; Jamil, A. Dose dependent effects of aqueous
extract of garcinia cambogia desr. Against letrozole induced polycystic ovarian syndrome in female adult rats with possible
mechanisms exploration. Dose-Response 2023, 21, 15593258231169380.

Mamat, S.F.; Azizan, K.A.; Baharum, S.N.; Noor, N.M.; Aizat, W.M. GC-MS and LC-MS analyses reveal the distribution of
primary and secondary metabolites in mangosteen (Garcinia mangostana Linn.) fruit during ripening. Sci. Hortic. 2020, 262,
109004. https://doi.org/10.1016/j.scienta.2019.109004.

Nossier, F.H.; Abdelmonem, A.R.; Ashour, R.; Abdel-Aziz, M.; Al _karmalawy, A.; Elsayed, A. UPLC-QTOF-MS/MS Based
Identification of Bioactive Compounds from Garcinia livingstonei Leaves and Evaluation of their Antioxidant and Antiarthritic
Activities. Egypt. J. Chem. 2025, 68, 243-261.

Vahedi, M.M,; Shahini, A.; Mottahedi, M.; Garousi, S.; Shariat Razavi, S.A.; Pouyamanesh, G.; Afshari, A.R.; Ferns, G.A.; Bah-
rami, A. Harmaline exerts potentially anti-cancer effects on U-87 human malignant glioblastoma cells in vitro. Mol. Biol. Rep.
2023, 50, 4357-4366. https://doi.org/10.1007/s11033-023-08354-z.

Wang, N.; An, J.; Zhang, Z.; Liu, Y.; Fang, J.; Yang, Z. The Antimicrobial Activity and Characterization of Bioactive Com-
pounds in Peganum harmala L. Based on HPLC and HS-SPME-GC-MS. Front. Microbiol. 2022, 13, 916371.
https://doi.org/10.3389/fmicb.2022.916371.

Xing, M.; Shen, F.; Liu, L.; Chen, Z.; Guo, N.; Wang, X.; Wang, W.; Zhang, K.; Wu, X.; Wang, X. Antimicrobial efficacy of the
alkaloid harmaline alone and in combination with chlorhexidine digluconate against clinical isolates of Staphylococcus aureus
grown in planktonic and biofilm cultures. Lett. Appl. Microbiol. 2012, 54, 475-482.

Imran, M.; Saeed, F.; Hussain, G.; Imran, A.; Mehmood, Z.; Gondal, T.A.; El Ghorab, A.; Ahmad, I.; Pezzani, R.; Arshad, M.U.
Myricetin: A comprehensive review on its biological potentials. Food Sci. Nutr. 2021, 9, 5854-5868.

Suwannasom, N.; Kao, L; Pruf§, A.; Georgieva, R.; Baumler, H. Riboflavin: The health benefits of a forgotten natural vitamin.
Int. ]. Mol. Sci. 2020, 21, 950. https://doi.org/10.3390/ijms21030950.

Ekbatan, S.S.; Li, X.Q.; Ghorbani, M.; Azadi, B.; Kubow, S. Chlorogenic acid and its microbial metabolites exert an-
ti-proliferative effects, S-phase cell-cycle arrest and apoptosis in human colon cancer caco-2 cells. Int. J. Mol. Sci. 2018, 19, 723.
https://doi.org/10.3390/ijms19030723.

https://doi.org/10.3390/applmicrobiol6110133


https://doi.org/10.3390/applmicrobiol6110133

Appl. Microbiol. 2026, 6, 133 20 of 21

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Wang, L.; Zhang, Y.; Liu, Y.; Xu, M.; Yao, Z.; Zhang, X.; Sun, Y.; Zhou, T.; Shen, M. Effects of chlorogenic acid on antimicrobial,
antivirulence, and anti-quorum sensing of carbapenem-resistant Klebsiella pneumoniae. Front. Microbiol. 2022, 13, 997310.
Olivas-Aguirre, F.J.; Rodrigo-Garcia, J.; Martinez-Ruiz, N.d.R.; Cardenas-Robles, A.I; Mendoza-Diaz, S.O.; Alvarez-Parrilla, E.;
Gonzélez-Aguilar, G.A.; De la Rosa, L.A.; Ramos-Jiménez, A.; Wall-Medrano, A. Cyanidin-3-O-glucoside: Physical-chemistry,
foodomics and health effects. Molecules 2016, 21, 1264.

Kamiloglu, S.; Akgun, B. Petunidin: Advances on Resources, Biosynthesis Pathway, Bioavailability, Bioactivity, and Pharma-
cology. In Handbook of Dietary Flavonoids; Springer: Berlin/Heidelberg, Germany, 2023; pp. 1-34.

Lima, M.d.C.; De Sousa, C.P.; Fernandez-Prada, C.; Harel, J.; Dubreuil, J.D.; De Souza, E.L. A review of the current evidence of
fruit phenolic compounds as potential antimicrobials against pathogenic bacteria. Microb. Pathog. 2019, 130, 259-270.

Huang, S.; Chen, X,; Yan, R.; Huang, M.; Chen, D. Isolation, Identification and Antibacterial Mechanism of the Main Antibac-
terial Component from Pickled and Dried Mustard (Brassica juncea Coss. var. foliosa Bailey). Molecules 2022, 27, 2418.
https://doi.org/10.3390/molecules27082418.

Zochedh, A.; Priya, M.; Shunmuganarayanan, A.; Thandavarayan, K.; Sultan, A.B. Investigation on structural, spectroscopic,
DFT, biological activity and molecular docking simulation of essential oil Gamma-Terpinene. J. Mol. Struct. 2022, 1268, 133651.
https://doi.org/10.1016/j.molstruc.2022.133651.

Abdizadeh, R.; Heidarian, E.; Hadizadeh, F.; Abdizadeh, T. Investigation of pyrimidine analogues as xanthine oxidase inhibi-
tors to treat of hyperuricemia and gout through combined QSAR techniques, molecular docking and molecular dynamics
simulations. J. Taiwan Inst. Chem. Eng. 2020, 113, 72-100. https://doi.org/10.1016/j.jtice.2020.08.028.

Giner, R.M,; Rios, ].L.; Manez, S. Antioxidant activity of natural hydroquinones. Antioxidants 2022, 11, 343.

Sales-Campos, H.; Reis de Souza, P.; Crema Peghini, B.; Santana da Silva, J.; Ribeiro Cardoso, C. An overview of the modula-
tory effects of oleic acid in health and disease. Mini Rev. Med. Chem. 2013, 13, 201-210.

Zhao, L.; Chen, J.; Su, J.; Li, L.; Hu, S,; Li, B.; Zhang, X.; Xu, Z.; Chen, T. In Vitro Antioxidant and Antiproliferative Activities of
5-Hydroxymethylfurfural. J. Agric. Food Chem. 2013, 61, 10604-10611. https://doi.org/10.1021/jf403098y.

Semaming, Y.; Pannengpetch, P.; Chattipakorn, S.C.; Chattipakorn, N. Pharmacological properties of protocatechuic Acid and
its potential roles as complementary medicine. Evid.-Based Complement. Altern. Med. ECAM 2015, 2015, 593902.
https://doi.org/10.1155/2015/593902.

Nandji, S.; Nag, A.; Khatua, S.; Sen, S.; Chakraborty, N.; Naskar, A.; Acharya, K.; Calina, D.; Sharifi-Rad, J. Anticancer activity
and other biomedical properties of p-sitosterol: Bridging phytochemistry and current pharmacological evidence for future
translational approaches. Phyther. Res. 2024, 38, 592-619. https://doi.org/10.1002/ptr.8061.

Rahman, M.; Bishwas, RK.; Muzahid, A.A.; Uddin, F.M.; Saha, K. Phytochemical screening of plant extracts and GC-MS
analysis of the n-hexane extracts of leaves, stems and roots of Garcinia cowa growing in Bangladesh. J. Pharmacogn. Phytochem.
2024, 13, 128-135.

Meechai, I.; Phupong, W.; Chunglok, W.; Meepowpan, P. GC-MS analysis of phytoconstituents in 12 Ma-dan extracts (Garcinia
schomburgkiana). Walailak ]. Sci. Technol. W]ST 2016, 13, 907-912.

Ayanda, O.O.; Ejim, L.D.; Abegunde, O.S.; Olasehinde, D.O.; Ayanda, A.B.; Abegunde, B. Susceptibility of Selected Nosocomial
Pathogens to Garcinia kola and Cola nitida Extracts. SSRN 2025, https://dx.doi.org/10.2139/ssrn.5163418.

Hart, C.; Cock, L.E. An examination of the antimicrobial and anticancer properties of Garcinia cambogia fruit pericarp extracts.
Biol. Eng. Med. Sci. Rep. 2016, 2, 55-63.

Suffness M.; Pezzuto ].M. Assays related to cancer drug discovery. In Methods in Plant Biochemistry: Assays for Bioactivity;
Hostettmann, K., Ed.; Academic Press: London, UK, 1990; pp. 71-133.

Semangoen, T.; Chotigawin, R.; Sangnim, T.; Chailerd, N.; Yodkeeree, S.; Pahasup-Anan, T.; Huanbutta, K. Antimicrobial ef-
ficacy of mangosteen (Garcinia mangostana) Peel extracts in airborne microbial control within livestock farming environments.
Microb. Pathog. 2025, 204, 107618.

Cortez, N.; Villegas, C.; Burgos, V.; Ortiz, L.; Cabrera-Pardo, J.R.; Paz, C. Therapeutic Potential of Chlorogenic Acid in
Chemoresistance and  Chemoprotection in  Cancer Treatment. Int. J. Mol. Sci. 2024, 25, 5189.
https://doi.org/10.3390/ijms25105189.

Zeng, A.; Liang, X,; Zhu, S.; Liu, C.; Wang, S.; Zhang, Q.; Zhao, J.; Song, L. Chlorogenic acid induces apoptosis, inhibits me-
tastasis and improves antitumor immunity in breast cancer via the NF-«kB signaling pathway. Oncol. Rep. 2021, 45, 717-727.
https://doi.org/10.3892/0r.2020.7891.

Alharbi, H.O.A,; Sarwar, T.; Rahmani, A.H. Unveiling the Therapeutic Potential of Gallic Acid: Mechanistic Insights into the
Management of Pathogenesis: A Narrative Review. Int. |. Mol. Sci. 2026, 27, 1536. https://doi.org/10.3390/ijms27031536.

https://doi.org/10.3390/applmicrobiol6110133


https://doi.org/10.3390/applmicrobiol6110133

Appl. Microbiol. 2026, 6, 133 21 of 21

55. Sun, H.; Yin, M.; Hao, D.; Shen, Y. Anti-Cancer Activity of Catechin against A549 Lung Carcinoma Cells by Induction of Cyclin
Kinase Inhibitor p21 and Suppression of Cyclin E1 and P-AKT. Appl. Sci. 2020, 10, 2065. https://doi.org/10.3390/app10062065

56. Gautam, J.; Banskota, S.; Lee, H.; Lee, Y.J.; Jeon, Y.H.; Kim, J.A.; Jeong, B.S. Down-regulation of cathepsin S and matrix metal-
loproteinase-9 via Src, a non-receptor tyrosine kinase, suppresses triple-negative breast cancer growth and metastasis. Exp.
Mol. Med. 2018, 50, 1-14. https://doi.org/10.1038/s12276-018-0135-9.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury

to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/applmicrobiol6110133


https://doi.org/10.3390/applmicrobiol6110133

	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.1.1. Dried Garcinia and Chemicals
	2.1.2. Microorganisms and Cancer Cell Lines

	2.2. Methods
	2.2.1. Preparation of Garcinia Fruit Extract (GFE)
	2.2.2. High-Performance Liquid Chromatography (HPLC)
	2.2.3. Liquid Chromatography–Mass Spectrometry Analysis (LC-ESI-MS/MS)
	2.2.4. Gas Chromatography–Mass Spectrometry Analysis (GC-MS)
	2.2.5. Antimicrobial Activity of GFE
	Determination of Minimum Inhibitory Concentration (MIC) of GFE
	Determination of the Minimum Bactericidal Concentration (MBC) and the Minimum Fungicidal Concentration (MFC) of GFE

	2.2.6. Cytotoxicity Assay of GFE
	2.2.7. Statistical Analysis


	3. Results and Discussions
	3.1. Determination of Polyphenol Compounds in Garcinia Fruit Extracts Using HPLC
	3.2. Analysis of Garcinia Fruit Extract (GFE) Using LC-MS
	3.3. Bioactive Analyses of Garcinia Fruit Extract Using GC-MS
	3.4. Antimicrobial Activity of Garcinia Fruit Extract Against Pathogenic Microorganisms
	3.5. Anticancer Potential of Garcinia Fruit Extract Against Three Cancer Cell Lines: Breast Cancer (MCF-7), Colon Cancer (HCT-116), and Liver Cancer (HepG2)

	4. Conclusions
	References

