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Abstract

Cocoa (Theobroma cacao L.) belongs to the genus Theobroma and the family Malvaceae. This plant is one of the leading plantation commodities in
Indonesia. This review aims to discuss the potential of Theobroma cacao L. as an antibacterial by reviewing its phytochemicals and bioactivity, and to
provide scientific evidence for future research. This review was compiled from the results of literature searches via Google Scholar, ResearchGate,
Science Direct, and Springer-Link search engines using the keywords "Cocoa Phytochemical and Antibacterial Activity”, "Antibacterial activity of
cocoa", and other relevant keywords. The articles obtained were selected based on inclusion and exclusion criteria and then discussed narratively. Based
on several reviewed research results, the cocoa plant contains phytochemicals, including saponins, flavonoids, polyphenols, tannins, alkaloids,
terpenoids, and steroids. These compounds are known to have antibacterial activity by inactivating microbial cell adhesins and enzymes, disrupting the
transport of proteins in the inner layers of cells, cell wall polypeptides, so that cell wall formation is less than perfect, damaging bacterial cell
membranes, and followed by the release of intracellular compounds until cell lysis occurs.
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Introduction

Cocoa (Theobroma cacao L.) is one of the most eco-
nomically valuable cultivated plants among the 22 spe-
cies in the genus Theobroma (family Malvaceae). It orig-
inates from tropical rainforests characterized by high
rainfall, stable temperatures, and relatively high humidi-
ty, which are essential condition for optimal growth. In
Indonesia, cocoa is typically cultivated at altitudes rang-

substantial economic importance. Sulawesi Island is the
country's primary cocoa-producing region, with Central
Sulawesi ranking as the top-producing province, fol-
lowed by Southeast Sulawesi and South Sulawesi (Direc-
torate General of Plantations, 2021). Beyond its agricul-
tural and economic relevance, cocoa has garnered signif-
icant scientific interest due to its rich content of bioactive

ing from 1 to 600 meters above sea level, with ideal tem-
perature conditions between 30°C and 32°C. The botani-
cal classification of Theobroma cacao L. is as follows
(Tjitrosoepomo, 1988):

Kingdom : Plantae

Division : Tracheophyta

Class : Magnoliopsida
Order : Malvales

Family : Malvaceae

Genus : Theobroma

Species : Theobroma cacao L.

Morphologically, the cocoa plant comprises roots,
stems, leaves, flowers, fruits, and seeds, each of which
contributes to cultivation success and the improvement
of crop quality and yield (Martono, 2014). As one of
Indonesia’s leading plantation commodities, cocoa holds
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compounds which have been reported to exhibit antimi-
crobial activity against a wide range of pathogens. Ex-
tensive research has explored the potential applications
of various parts of the cocoa plant, including the seeds,
pods, seed coats, stem bark, and leaves. In light of the
growing prevalence of antibiotic resistance, exploring
cocoa as a natural, safe, and effective antibacterial source
has become increasingly relevant.

Cocoa seeds and their by-products contain high con-
centrations of flavonoid (flavanone), phenolic acids, as
well as methylxanthines such as theobromine and caf-
feine (Peldez et al., 2016; Wardana et al., 2024). These
phytochemicals are associated with a wide range of bio-
logical activities, including antioxidant, anti-
inflammatory, cardioprotective, and immunomodulatory
effects. Importantly, cocoa-derived compounds have
shown antibacterial activity. Several studies have
demonstrated that extracts from cocoa pod husks, stem
bark, or seeds inhibit the growth of bacteria, including
Escherichia coli, Bacillus subtilis, Staphylococcus aure-
us, and Streptococcus mutans (Hasanuddin et al., 2019;
Yahya et al., 2021; Yumas et al., 2022; Rahayu et al.,
2023a). For example, analysis of cocoa pod husk extract
revealed the presence of flavonoids, tannins, saponins,
and triterpenoids, with MIC values of 16 mg/mL for
Porphyromonas gingivalis and 8 mg/mL for S. mutans
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(Rahayu et al., 2023a). Cocoa pod husk extracts, ob-
tained through ultrasonic method with ethanol 70% then
formulated into gel, have also shown growth inhibition
against Staphylococcus aureus (Rahayu et al., 2023b).

However, studies on cocoa’s antibacterial activity
remain fragmented and limited in several aspects. First,
considerable variability in extraction methods, including
solvent choice and technique, strongly affects the yield
and composition of bioactive compounds. Second, many
studies rely on crude extracts without fully characterizing
the compounds responsible for antibacterial effects. Alt-
hough total phenolic content has often been measured,
detailed profiling (e.g., using HPLC-MS) is rarely per-
formed for each plant part. Third, most antibacterial as-
says have been conducted in vitro, with few addressing
bioavailability, stability in biological systems, or poten-
tial applications in therapeutics.

Therefore, a systematic synthesis of the existing liter-
ature is needed to clarify the antibacterial potential of
cocoa and identify critical knowledge gaps. This review
aims to summarize the key bioactive compounds present
in cocoa and their known biological activities, evaluate
and compare findings from antibacterial studies across
various plant parts (seeds, pod husks, seed coats, stem
bark, and leaves), and discuss the proposed mechanisms
underlying the observed antibacterial effects. By inte-
grating and analyzing these findings, this article intends
to provide a valuable reference for future research and
the development of cocoa-based antibacterial agents.

Methods

Data Collection

The data used in this review article were obtained
from scientific journal articles accessed through several
academic search engines, including Google Scholar, Re-
searchGate, ScienceDirect, and SpringerLink. The key-

words used in the search included "Cacao Phytochemical
and Antibacterial Activity,” "Antibacterial Activity of
Cacao Against Acne Bacteria," and other relevant terms.
The retrieved articles and books were screened according
to predefined inclusion and exclusion criteria, particular-
ly focusing on studies published mostly (80%) within the
last ten years to ensure the relevance and timeliness of
the reviewed data. The eligible studies were subsequent-
ly analyzed and synthesized in a narrative format.

Inclusion and Exclusion Criteria

The selected articles were published in either Indone-
sian or English, originating from national or international
peer-reviewed journals, and were available in Open Ac-
cess and full text. Eligible studies focused on the phyto-
chemical content of Theobroma cacao L. and its antibac-
terial activity, particularly those involving in vitro test-
ing. Textbooks providing botanical descriptions of Theo-
broma cacao L. were also included. Articles or textbooks
that focused solely on the geographical distribution of
the plant or discussed other pharmacological properties
unrelated to antibacterial activity were excluded.

Results

Phytochemical and Antibacterial Potential of Cocoa

Plants produce both primary metabolites, which are
essential for cellular metabolism, and secondary metabo-
lites, which serve important ecological functions such as
defense against pests and diseases. The chemical compo-
sition of a plant is often closely associated with its tax-
onomy and nomenclature (Pujoarinto, 2001). Based on
various phytochemical studies conducted on cocoa
plants, the identified chemical compounds are summa-
rized in Table 1. Meanwhile, the antibacterial potential
of cocoa leaf extracts is shown in Table 2.

Table 1. Phytochemical compound of cocoa (Theobroma cacao L.)

Plant Parts Solvent Compounds References
Stem bark Ethanol Alkaloids, Saponins, Phenols, Glycosides, Carbox- Nwokonkwo & Okeke, 2014
ylic acids, Flavonoids, Tannins
Leaf Methanol Flavonoids, Flavanols, Procyanidins, Methylxan- Singh et al., 2015; Syarifah, 2018;
thines, Polyphenols, Triterpenes, Steroids, Saponins, Hartiningsih & Supriyanto, 2023;
Tannins Nayim et al., 2018
Ethanol Flavonoids, Alkaloids, Tannins, Saponins, Steroids, Rani et al., 2022
Glycosides
Seed Methanol Alkaloids, Tannins, Flavonoids, Polyphenols, Sapo- Singh et al., 2015; Nayim et al.,
nins, Steroids, Triterpenes, Anthraquinones 2018
Acetic acid & Theobromine Peléez et al., 2016
Methanol
Pod husk Methanol Alkaloids, Phenols, Flavonoids, Saponins, Tannins, Singh et al., 2015; Rachmawaty et
Triterpenes al., 2017
Ethanol Alkaloids, Flavonoids, Tannins, Saponins, and Rahayu et al., 2023
Triterpenoids
Ethyl acetate Flavonoids, Saponins, Tannins Singh et al., 2015
n-Hexane Terpenoids, Steroids Mustanir et al., 2020
Dichloromethane Steroids (y-sitosterol and Stigmasterol) Febrina et al., 2024
Seed coat Ethanol Alkaloids, Polyphenols, Flavonoids, Tannins, Terpe- Yumas, 2017

noids, Saponins
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Table 2. Antibacterial potential of extracts from the cocoa plant (Theobroma cacao L.)

Plant Parts Bacteria References
Leaf Klebsiella pneumoniae, Shigella dysenteriae,  Singh et al., 2015; Nayim et al., 2018
Staphylococcus aureus, and Enterobacter
aerogenes
Staphylococcus aureus Mandhaki et al., 2021
Cu_tlbact_er_lum acnes and Staphylococcus Putri & Kaliu, 2022
epidermidis
Seed Staphylococcus aureus, Salmonella sp., Singh et al., 2015; Nayim et al., 2018
Pseudomonas aeruginosa, Klebsiella pneu-
moniae, and Escherichia coli
Streptococcus mutans Yumas et al., 2022
Fusobacterium nucleatum Lagha et al., 2021
Stem bark Klebsiella pneumoniae, Shigella dysenteriae,  Singh et al., 2015
Staphylococcus aureus, Salmonella sp., and
Serratia marcescens;
Staphylococcus epidermidis, Pseudomonas Santos et al., 2014
aeruginosa, and Salmonella choleraesuis
Staphylococcus aureus, Salmonella sp., and Hasanuddin et al., 2019
Escherichia coli
Staphylococcus aureus and Escherichia coli Yahya et al., 2021
Phorphyromonas gingivalis and Streptococ- ~ Rahayu et al., 2023(a)
cus mutans
Staphylococcus aureus Indrianingsih et al., 2021
Pod husk Propionibacterium acnes Adha et al., 2021

Staphylococcus aureus

Rahayu et al., 2023(b)

Discussion

Cocoa leaf, pod husk, seed, and stem bark extracts
have potential as an antibacterial agent because it con-
tains phytochemicals such as saponins, flavonoids, tan-
nins, alkaloids, terpenoids, and steroids (Singh et al.,
2015; Syarifah, 2018; Hartiningsih & Supriyanto, 2023;
Rani et al., 2022; Nayim et al., 2018; Rachmawaty et al.,
2017; Rahayu et al., 2023; Nwokonkwo & Okeke, 2014).

Saponins

Saponins are natural compounds typically composed
of a sugar moiety (glycone) and a non-sugar moiety
(aglycone) linked through a glycosidic bond. These
compounds can be classified as either triterpenoid sapo-
nins (C-30) or steroid saponins (C-27). In Theobroma
cacao L., saponin compounds belong to the glycoside
group, specifically anthraquinones (Nwokonkwo &
Okeke, 2014; Nayim et al., 2018.

Saponins damage bacterial cells by degrading the cell
wall, followed by disruption of membrane proteins and
the cytoplasmic membrane, leading to leakage of cellular
contents (Dong et al., 2020). Saponins bind to lipopoly-
saccharides in the bacterial cell wall, thereby increasing
its permeability. This destabilizes the bacterial cell wall
membrane and reduces its surface tension in both Gram-
positive (Hassan, 2008) and Gram-negative bacteria
(Lawal et al., 2014), leading to cell wall lysis.
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Fig. 1. Structure of the glycoside group (anthraquinones) compounds
(Soto-Blanco, 2022)

Flavonoids

The type of flavonoid compound found in the cocoa
plant is procyanidin (Syarifah, 2018). Several studies
have reported that procyanidin exhibits antibacterial ac-
tivity (Bi et al., 2021; Huang et al., 2022; Ares et al.,
2023). Procyanidin belongs to the class of phenolic com-
pounds, which also includes flavonols, phenolic acids,
and anthocyanins. Cocoa seed extract, rich in polyphe-
nols (30.93%) mainly as procyanidins (96.82%, 75%

Berkala PENELITIAN HAYATI | Volume 31 | Number 3 | December | 2025

195



196

Putri et al.

monomers-tetramers), also containing flavan-3-ols, fla-
vonols, phenolic acids, and anthocyanins, shows antibac-
terial activity against Fusobacterium nucleatum (Lagha
etal., 2021).
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Fig. 2. Structure of procyanidin compound (Zhu et al., 2015)

Flavonoids act as bacteriostatic agents due to specific
chemical reactions. The antibacterial mechanism of fla-
vonoids involves inhibiting nucleic acid synthesis, lead-
ing to the suppression of DNA and RNA formation, dis-
turbing the bacterial membrane integrity (Osonga et al.,
2019), and inhibiting energy metabolism. The mecha-
nism by which flavonoids inhibit bacterial cell mem-
brane function involves the formation of complexes with
extracellular and soluble proteins, leading to damage of
the bacterial cell membrane and the leakage of intracellu-
lar compounds (Rijayanti, 2014). Another study reported
that flavonoids can disrupt bacterial iron homeostasis by
converting ferric iron to ferrous form. Excessive intracel-
lular ferrous iron modulated bacterial membrane charge
by interfering with the two-component system
pmrA/pmrB, thereby promoting colistin binding and
subsequent membrane damage (Zhong et al., 2023).

Tannins

Cocoa plants also contain tannin compounds, alt-
hough the specific tannin compounds have not yet been
identified. Tannins exhibit antibacterial activity mecha-
nisms that are associated with the inhibition of extracel-
lular microbial enzymes (proteases, lipases, phospolipas-
es, hyaluronidases, and the DNAses), inactivate microbi-
al cell adhesion by forming a biofilm, and inhibition of
microbial enzyme (Lagha et al., 2021), and interfere with
mineral absorption (tannins as iron chelators) that inhibit
DNA repair enzyme (Chen et al., 2019; Freser et al.,
2024), particularly protein transport across the inner cell
layer (Liu et al., 2020).

H{OH)
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Fig. 3. Structure of tannin compounds (Govindarajan et al., 2016)

Alkaloids

The alkaloid derivatives found in the cocoa plant in-
clude methylxanthines in the leaves (Syarifah, 2018) and
specifically theobromine in the seeds (Peldez et al.,
2016). Alkaloids exhibit antibacterial activity by disrupt-
ing components of the peptidoglycan in bacterial cells,
preventing proper cell wall formation and leading to cell
death. Alkaloid compounds can inhibit the growth of
both Gram-positive and Gram-negative bacteria
(Guefack et al., 2022).

Gram-positive bacteria possess a thick peptidoglycan
layer and lack an outer membrane, making them more
susceptible to alkaloids that can easily penetrate their cell
walls. Gram-negative bacteria have a thin peptidoglycan
layer surrounded by an outer membrane containing lipo-
polysaccharides, which acts as a barrier to many antimi-
crobial agents, including alkaloids. Therefore, the lipo-
philic nature of alkaloids such as theobromine may fa-
cilitate their penetration into Gram-positive bacterial
cells, thereby leading to more pronounced antibacterial
effects. These findings underscore the potential of cocoa
alkaloids as natural antimicrobial agents, particularly
against Gram-positive pathogens. However, their effica-
cy, specifically theobromine (Shimizu et al., 2023)
against bacteria may be limited due to structural barriers,
suggesting the need for further research to enhance their
activity or to develop formulations that can overcome
these challenges (Dewi et al., 2025; Yan et al., 2021).
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Fig. 4. Structure of xanthine and theobromine compounds (Yanti &
Rasmin, 2016)

Terpenoids

Terpenes are simple hydrocarbons, whereas terpe-
noids are a class of terpenes modified with different
functional groups, contributing to the pigment, flavor,
and aroma of plants (Russo & Marcu, 2017; Gold, 2019;
Francisco et al., 2024). The terpenoid compounds found
in cocoa belong to the triterpenoid group (Hartiningsih &
Supriyanto, 2023; Nayim et al., 2018; Rahayu et al.,
2023). Triterpenoid is a subclass of terpenoids that are
derived from six isoprenoid units (30 Carbons) and are
reported to possess antimicrobial activity (Cowan, 1999).
Based on the research, triterpenoid, phytoalexin (Santoso
et al., 2017) is increases in cacao infected by Cerato-
basidium theobromae natural infections and specifically
arjunolic acid is significantly increased in cacao infected
by Verticillium dahlia (Resende et al., 1996). This sug-
gests that at least in cacao, arjunolic acid functions as a
phytoalexin (defence compound) rather than simply a
passive metabolite. But these findings are in response to
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pathogen infections, not necessarily in “normal” healthy
tissue, and the studies did not link arjunolic acid in cacao
to antibacterial or bacterial growth inhibition.

The mechanism of action of terpenoids involves
binding to transmembrane proteins in the outer mem-
brane of the bacterial cell wall, forming strong polymeric
bonds that cause damage and thereby inhibit bacterial
growth or induce cell death. The broad mechanism for
both terpenoids and triterpenoids seems to overlap, as
membrane disruption appears common to both general
terpenoids and triterpenoids. However, because triterpe-
noids are larger and more lipophilic, they might have a
greater ability to interact with lipid membranes (especial-
ly in bacteria) and possibly penetrate deeper into the cell
or interfere with intracellular targets (protein synthesis,
DNA repair) more than smaller terpenoids (Cowan,
1999; lbrahim et al., 2019; Yamaguchi, 2022). Some
research suggest that triterpenoids often show synergy
with conventional antibiotics (e.g., the pentacyclic
triterpenoids + antibiotics paper), indicating perhaps ad-
ditional modes of action (or at least beneficial combina-
tions) (Hamza et al., 2016). The specificity of mode of
action studies for terpenoids or triterpenoids is still
somewhat limited.
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Fig. 5. Structure of the triterpenoid compound group (Kushiro & Ebi-
zuka, 2010)

Steroids

Steroid compounds found in the cocoa plant include
stigmasterol and y-sitosterol (Febrina et al., 2024). Sev-
eral studies have demonstrated that stigmasterol (Ala-
wode et al., 2021; Yusuf et al., 2018) and y-sitosterol
exhibit antibacterial activity (Rios-Chavez et al., 2019).
Steroids act as antibacterial agents by inhibiting bacterial
growth through interactions with lipid membranes and by
altering the sensitivity of bacterial liposomes to steroid
components, leading to leakage (Madduluri et al., 2013).

Fig. 6. Structures of stigmasterol (a) and y-sitosterol (b) compounds
(Dube et al., 2023; Balamurugan et al., 2015)

Conclusion

Extracts of the cocoa plant (Theobroma cacao L.)
have demonstrated potential as natural antibacterial
agents against both Gram-negative and Gram-positive
bacteria, as evidenced by several in vitro studies. The
phytochemical constituents identified in T. cacao, such
as saponins, flavonoids, tannins, alkaloids, terpenoids,
and steroids, are widely recognized for their antibacterial
properties through various mechanisms, including dis-
ruption of bacterial cell membranes, inhibition of meta-
bolic enzymes, and interference with nucleic acid syn-
thesis.

Nevertheless, current research on the antibacterial ac-
tivity of T. cacao remains predominantly qualitative and
descriptive. Most studies have focused on the mere pres-
ence of phytochemical groups rather than comprehensive
quantitative analyses or structural elucidation of the ac-
tive compounds. Consequently, the specific bioactive
molecules responsible for antibacterial activity in most
parts of the cocoa plant have not been clearly identified.
This limitation makes it difficult to establish clear rela-
tionships between phytochemical composition and anti-
bacterial potency.

Comparative findings from different plant parts indi-
cate varying antibacterial potential. Extracts from cocoa
leaves are generally reported to exhibit stronger inhibi-
tion against Gram-positive bacteria, which is often at-
tributed to a higher content of flavonoids and phenolic
compounds. In contrast, extracts from seeds and pods
tend to show moderate activity. These differences may
be influenced by variations in phytochemical distribu-
tion, extraction techniques, solvent polarity, and the bac-
terial strains tested. Therefore, standardization of extrac-
tion and assay methods is necessary to enable more accu-
rate comparisons and reproducibility across studies.

In addition, limited attention has been given to possi-
ble synergistic or antagonistic interactions among phyto-
chemicals in cocoa extracts. Considering that antibacteri-
al efficacy may result from complex interactions rather
than single compounds, further investigation into these
interactions is essential. Another significant research gap
lies in the scarcity of in vivo studies, as most existing
reports rely solely on in vitro assays. Mechanistic studies
at the molecular and cellular levels are also lacking. To
date, few studies have examined how specific phyto-
chemicals from various cocoa plant parts affect bacterial
cell structures or functions. The potential cellular targets
such as the bacterial cell wall, cytoplasmic membrane,
protein synthesis machinery, or genetic material have not
been clearly identified.

Understanding these mechanisms is not only essential
for elucidating the biological role of cocoa-derived com-
pounds but also crucial for guiding the development of
targeted antibacterial agents or natural-based antibiotics.
Knowledge of how these phytochemicals interact with
bacterial cells will enable the design of more effective
and specific antimicrobial formulations, reduce the risk
of bacterial resistance, and enhance the utilization of
cocoa plant derivatives in pharmaceutical or food preser-
vation applications.
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This review synthesizes the available literature and
emphasizes the need for more comprehensive, integra-
tive, and standardized research on the phytochemical
composition and antibacterial activity of all parts of the
cocoa plant. A deeper understanding of the distribution,
concentration, and mechanisms of these bioactive com-
pounds will strengthen the scientific foundation for the
development of cocoa-based antibacterial agents.
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