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Guava leaves were extracted by maceration and infusion (sample-to-solvent ratio 1:5),

Antibacterials, while bioactive compounds in the ethanol extract were characterized using LC-MS/MS.

I[;l:r‘;inmds’ Antibacterial activity against Salmonella, Escherichia coli, and Staphylococcus aureus was
Lea f‘e’x tract, determined using the Kirby—Bauer disk diffusion method, and the preservative effect was
Salmonella. evaluated through total plate count analysis during room-temperature storage. LC-MS/MS
analysis revealed the presence of flavonoids, phenolic acids, coumarins, tannins, and
stilbenoids in the ethanol extract. The strongest antibacterial activity of the ethanol extract
was observed against E. coli at 50% concentration, producing an inhibition zone of 12.5 +
8.8 mm, whereas the aqueous extract showed the highest activity against Salmonella with
an inhibition zone of 11.0 £ 2.2 mm. Incorporating guava leaves during egg boiling delayed
Corresponding Author: detectable microbial growth until the third day of storage, while control eggs exhibited
D d_indrasti@apps.ipb.ac.id microbial growth from day 0. These results demonstrate the potential of guava leaves as a
(Dias Indrasti) natural antibacterial agent to improve microbial stability and shelf life of pindang eggs.

1. INTRODUCTION

Indonesia is a tropical country with high biodiversity, providing a wide range of plant species with potential
applications in the food and healthcare sectors. One of these species is guava (Psidium guajava L.), a member of the
Myrtaceae family that is widely distributed in tropical regions and is relatively easy to cultivate (Cahyaningsih et al.,
2021). Guava leaves are widely used in traditional medicine because they contain active compounds, mostly phenolic
compounds, that exhibit antimicrobial properties, which can also be applied in food products.

Guava leaves contain various bioactive compounds, particularly tannins, saponins, and flavonoids, that exhibit strong
antibacterial activity by disrupting bacterial cell structures and functions (Handarni et al., 2020). These phenolic-rich
extracts have been shown to effectively inhibit pathogenic bacteria, such as Escherichia coli, which is supported by their
high tannin content and demonstrated inhibition zones even at low concentrations (Fraga-Corral ef al., 2021; Khanna et
al., 2025; George, 2024). Their longstanding traditional use for treating gastrointestinal infections, as well as their
approval as functional food products, such as guava leaf tea in Japan, further highlights their antimicrobial potential.

Aside from their medicinal applications, guava leaves are also employed in the processing of pindang eggs. Eggs are
highly nutritious poultry products, containing approximately 13% protein, 12% fat, and essential vitamins and minerals
(Yu et al., 2024). However, this high nutritional content makes eggs susceptible to quality deterioration, spoilage, and
microbial contamination. The loss of moisture and carbon dioxide through approximately 10,000 pores in the eggshell
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facilitates easier microbial penetration, thereby accelerating quality degradation (Wengerska et al., 2023). To maintain
quality and extend self-life, effective preservation methods are required. One proven method is the pindang process,
which involves boiling whole eggs with their shells in a mixture of specific herbs. This method has been found to extend
the shelf life of boiled eggs compared to conventional water boiling (Harlina ef al., 2022; Hejazian et al., 2023). The
pindang approach aligns with natural food preservation principles, where bioactive compounds from herbal ingredients
inhibit microbial growth and slow product deterioration. Among these ingredients, guava leaves (Psidium guajava L.)
have demonstrated significant antibacterial activity. Few studies have examined the relationship between the phenolic
composition of P. guajava leaves and their preservation efficacy in eggs. Moreover, the underlying mechanisms, detailed
bioactive profiles, and optimal application methods in food systems remain poorly understood. Therefore, this study
aims to identify the phenolic compounds profile and antibacterial activity of P. guajava leaves and to evaluate their
potential as natural ingredient for extending the shelf life of pindang eggs.

2. MATERIALS AND METHODS
2.1. Tools and Materials

The materials used were young and mature leaves of Psidium guajava (red-fleshed varieties) obtained from Botani Mart
(Bogor, Indonesia) and microbial strains (E. coli, Salmonella spp., S. aureus) from Microbiology Laboratory,
Department of Food Science and Technology, IPB University. Commercial broiler chicken eggs were purchased from
market in Bogor area. Additional materials included ethanol (p.a., Merck), Mueller Hinton Agar (Oxoid), Plate Count
Agar (Oxoid), Buffered Peptone Water (Oxoid), antimicrobial discs (Himedia), and chloramphenicol (Himedia). The
guava leaves’ phenolic compound were analyzed using the UHPLC Vanquish Tandem Q Exactive Plus Orbitrap MS/MS
system (Thermo Scientific, USA).

2.2. Methods

The study employed a laboratory experimental design with treatments based on guava leaf age (young and mature), and
type of extraction solvents (ethanol and water). The research procedures included leaf simplicia characterization, extract
preparation, identification of phenolic compounds, antibacterial testing of various extract concentrations against E. coli,
Salmonella, and Staphylococcus aureus, and application of the leaf in pindang eggs production. Data analysis was
conducted using a univariate statistical approach with SPSS version 26. Statistical analysis was performed at a
significance level of a = 0.05, and the results were presented as mean + standard deviation (SD).

2.2.1. Plant Material Preparation

Young leaves were defined as leaves positioned at nodes 1 to 4 from the shoot apex, whereas mature leaves were defined
as those located at node 5 and beyond. A total of 1000 g of fresh leaves were washed, chopped, and dried (oven 40 °C,
24 h). The dried leaves were ground and sieved through an 80-mesh sieve. The leaf simplicia was weighed, packed in
airtight container, and stored for further analysis. The moisture and ash content of guava leaf powder were analyzed
based on gravimetry method (AOAC, 2012).

2.2.2. Leaf Extraction

The ethanol guava leaf extract preparation followed Nursanty et al. (2023) with minor modification. A total of 40 g of
guava leaf powder was macerated in 200 mL of 96% ethanol (ratio 1:5) at room temperature for 24 h. The mixture was
then filtered, and the filtrate was concentrated using a rotary evaporator (150 rpm, 40 °C) for 2-3 h.

The aqueous guava leaf extraction was adapted from Pereira et al. (2023) with slight modification. A 40 g of guava
leaf powder was mixed with 200 mL of distilled water and heated at 60 °C for 30 min. The mixture was filtered and the
filtrate was concentrated using a rotary evaporator (150 rpm, 40 °C). The yield and pH of the ethanolic and water leaf
extract were subsequently determined.
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2.2.3. Identification of Phenolic Compound

The phenolic of ethanolic of guava leaf extracts was performed using UHPLC-HRMS, following the method described
by Abu-Lafi ef al. (2022). A total of 5 mg of ethanolic guava leaf extract was dissolved in 1 mL of methanol (MeOH)
and filtered through a 0.2 um nylon membrane filter. The sample was then injected into a UHPLC-HRMS system
(Vanquish Tandem Q Exactive Plus Orbitrap HRMS) equipped with a C18 column (100 x 2.1 mm, 1.5 pm; Thermo
Scientific) at a flow rate of 0.2 mL/min. The mobile phase consisted of water containing 0.1% formic acid (A) and
acetonitrile containing 0.1% formic acid (B), with a gradient program of 0—1 min (5% B), 1-25 min (5-95% B), 25-28
min (95% B), and 28-33 min (5% B). The column temperature was set at 30°C, with an injection volume of 2.0 pL.
Analysis was conducted over a mass range of 100—1500 m/z using negative ionization mode. Compound identification
was carried out using the Compound Discoverer 3.2 database based on chromatographic profiles.

2.2.4. Antibacterial Activity Assay

Test solutions of guava leaf extracts (aqueous and ethanolic) from both young and mature leaves were prepared at a
concentration of 100 mg/mL using sterile distilled water as the solvent and subsequently diluted into several
concentrations. The microbial test suspensions, adjusted to the 0.5 McFarland standard (1 x 10®* CFU/mL), were evenly
spread onto the surface of Mueller-Hinton Agar (MHA) using a sterile cotton swab. Sterile discs pre-soaked in the extract
solutions at various concentrations, along with positive control discs (chloramphenicol) and a negative control (sterile
distilled water), were placed on the surface of the inoculated media. The plates were then incubated at 37 °C for 24
hours. Antibacterial activity was assessed by measuring the diameter (mm) of the clear inhibition zones formed around
the discs.

2.2.5. Application of Guava Leaf in Pindang Eggs Processing

Guava leaves were prepared at 300 g and boiled in 1500 mL of water (1:5). Eggs were initially boiled together with the
leaves for 15 min at < 80 °C until half-cooked, then cracked evenly across the surface. The cracked eggs were then
subjected to a second boiling for 1 h 45 min at 90 °C until the eggs were fully cooked and the shells turned dark brown.
The pindang eggs were drained, cooled to room temperature, and stored for up to 5 days. Microbiological analysis was
conducted daily during storage.

2.2.6. Microbial Quality of Pindang Eggs

The microbial load was determined using the total plate count (TPC) method (BSN, 2008). Egg contents (albumen and
yolk) were homogenized under aseptic conditions, and 10 g of homogenate was mixed with 90 mL of 0.1% Buffered
Peptone Water (BPW) to obtain a 10" dilution. Serial dilutions were prepared up to 104, and 1 mL of each dilution was
plated in duplicate on sterile Petri dishes. Approximately 15-20 mL of molten Plate Count Agar (PCA) was poured into
each plate, mixed by gentle swirling, and allowed to solidify. Plates were incubated at 37°C for 24—48 hours. Colony-
forming units (CFU) were enumerated, and microbial counts were expressed as CFU/g.

3. RESULTS AND DISCUSSION
3.1. Characteristics of Guava Leaves and Leaf Extracts

The guava leaf (Psidium guajava L.) samples used in this study belong to the family Myrtaceae and were taxonomically
identified (BRIN No. B-3845/11.6.2/IR.01.02/9/2025). The moisture content of the guava leaf simplicia complied with
quality standards for herbal materials (moisture content <10%, (Kemenkes RI, 2017)). Excessively high moisture
content in simplicia can compromise its stability by facilitating microbial growth and accelerating the degradation of
bioactive compounds. Conversely, excessively low moisture content may result in the loss of volatile compounds,
including essential oils (Nurhaslina ef a/., 2022). The ash content of the guava leaf simplicia also met the quality standard
established by the Indonesian Ministry of Health, which specifies a maximum permissible level of <6.1% (Kemenkes
RI, 2020). The proximate composition of young and mature guava leaves, including moisture and ash contents, was
presented in Table 1.
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Table 1. Moisture and ash content of young and mature guava leaves

Parameter Young Leaves Mature Leaves
Moisture (%) 8.59 +0.30? 8.06 + 0.43?
Ash (%) 5.64 +0.242 5.40 + 0.36°

Note: Values are expressed as mean + standard deviation (n = 3). Means followed by the same superscript letter within the same row indicate no
significant difference based on an independent t-test (p < 0.05).

Moisture and ash content in young and mature guava leaves did not differ significantly (p > 0.05). Moisture content
was 8.59 £ 0.30% in young leaves and 8.06 + 0.43% in mature leaves, while ash content was 5.64 £+ 0.24% and 5.40 +
0.36%, respectively. These results suggest that leaf maturity did not significantly affect the moisture or ash content of
guava leaves raw materials.

The potential of the raw material to yield bioactive compounds was assessed through extraction using two different
solvents. Extract yield was used to evaluate the efficiency of the extraction process in obtaining bioactive compounds
from the plant material, while pH values reflected the acidity of the extracts, which could influence the stability and
biological activity of the compounds. The results of the extract yield and pH for both ethanol and water extracts were
presented in Table 2.

Table 2. Extract yield and pH of guava leaves

Extract Type Leaf Type Yield (%) pH
Ethanol Young leaves 15.99 £ 0.002 4.30 £ 0.092
Mature leaves 15.51 + 0.00? 4.52 +0.08?
Water Young leaves 8.72 + 0.00° 5.28 + 0.05"
Mature leaves 10.00 + 0.00° 5.33 +0.09°

Note: Values are expressed as mean + standard deviation (n = 3). The same superscript letters indicate no significant difference (p < 0.05) based on
an independent t-test.

The highest extract yield was obtained using ethanol, reaching 15.99 + 0.00 for young leaves and 15.51 + 0.00 for
mature leaves, whereas the lowest yield was observed in the water extract of young leaves (8.72 + 0.00). Ethanol extracts
exhibited lower pH values (4.30—4.52) compared to water extracts (5.28—-5.33). These results indicate that the type of
solvent significantly influenced extract yield and pH, while leaf maturity showed no significant effect within the same
solvent.

The efficiency of solvent extraction is governed by the principle of “like dissolves like,” which states that compounds
tend to dissolve more readily in solvents with similar polarity (Handarni ez a/., 2020). Ethanol, having moderate polarity,
can effectively extract both polar and semi-polar compounds, including phenolics and flavonoids, from both young and
mature guava leaves. This explains the absence of significant differences in ethanol extract yield between leaf maturities.
In contrast, water, as a highly polar solvent, primarily extracts polar compounds, resulting in lower extraction yields
compared to ethanol. Although numerical differences were observed between young and mature leaves in water extracts,
these differences were not statistically significant. These findings are in line with Chen ef a/. (2022), who reported that
leaf maturity may influence the concentration and composition of bioactive compounds depending on the extraction
solvent.

Differences in pH between solvents also reflect variations in the chemical composition of the extracts. Although the
initial pH of both ethanol and water used as extraction solvents was neutral (approximately pH 7), the pH of the resulting
extracts decreased due to the extraction of acidic bioactive compounds, particularly phenolic acids and tannins. Ethanol
extracts showed lower pH values due to their higher content of organic acids and phenolic compounds, whereas water
extracts exhibited higher pH values owing to their more selective solubility of polar constituents (Lee ef al., 2024).
According to Chen ef al. (2022), such pH variations were indicative of differences in the types and concentrations of
dissolved phytochemicals, which may ultimately influence antimicrobial performance. The pH environment further
affects the stability and activity of bioactive compounds. Flavonoids, for instance, undergo structural changes at different
pH levels, which can reduce their antimicrobial effectiveness (Wang et al., 2023; Xiang ef al., 2017). According to Gama
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et al. (2023) reported that antibacterial activity remains detectable under neutral to slightly basic conditions, but its
potency declines as pH increases, suggesting that acidic environments enhance the functional performance of flavonoids
and other phenolic compounds. Overall, ethanol proved to be a more efficient solvent than water for extracting bioactive
compounds from guava leaves. Its ability to produce higher yields and more acidic extracts supports the enhanced
solubility, stability, and potential antimicrobial activity of phenolic constituents, aligning with the observed chemical
and biological characteristics of guava leaf extracts.

3.2. Phenolic Compound of Guava Leaves Extracts

Guava leaf extracts contain several metabolites, including flavonoids, triterpenoids, meroterpenoids, and carotenoids
(Huang et al., 2021). A total of 18 groups of bioactive compounds were identified in the ethanolic extracts of young and
mature guava leaves, including flavonoids, terpenoids, diterpenoids, triterpenoids, phenolic acids, tannins, stilbenoids,
vitamins, carbohydrates, analgesic agents, coumarins, organophosphates, organic acids, carbonate esters, aromatics,
steroids, fatty acids, and unknown compounds (Figure 1). The most abundant group was flavonoids.
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Figure 1. Phenolic compound components in ethanolic extracts of young and mature guava leaves

In addition to the phytochemical identification results, previous studies have reported the presence of several major
bioactive compounds in guava leaves along with their biological activities. This information reinforces the current
observations and highlights the potential biological functions of each detected compound. A summary of selected major
bioactive compounds and their biological activities is presented in Table 3.

Phenolic analysis of ethanol extracts from guava leaves revealed the presence of diverse compounds representing
several major chemical classes, including flavonoids, tannins, stilbenoids, and phenolic acids (Table 4). Flavonoids were
the most abundant group, consisting of quercetin, quercitrin, and isoquercetin. These compounds demonstrate diverse
biological activities, notably antibacterial, antioxidant, anti-inflammatory, and anticancer properties. Tannins, saponins,
and flavonoids serve as the primary contributors to antibacterial activity, each functioning through different mechanisms.
Flavonoids cause cell membrane damage, protein denaturation, and disruption of cellular metabolism (Zhang et al.,
2020). In addition to flavonoids, tannin compounds such as gallic acid and ellagic acid were also detected, both of which
are known for their strong antioxidant and antimicrobial activities. Tannins act by inducing cell membrane contraction,
enzyme inactivation, and bacterial cell wall disruption (Hu ef al., 2025). Other identified compounds, such as astringin
(stilbenoid) and 5-caffeoyl shikimic acid (phenolic acid), also contribute to the extract’s antioxidant capacity. This
chemical diversity indicates that both young and mature guava leaves contain complex secondary metabolites that
support their antimicrobial and antioxidant functions.

Previous studies similarly reported that guava leaves contain the highest total phenolic content (TPC) of 106.50 mg/g
compared to other plant parts such as fruits, seeds, and bark stem (Keddy ef al., 2023; Shabbir ez al., 2020). Phenolic
compounds, particularly polyphenols, are well known for their dual roles as antimicrobial and antioxidant agents (Beya
et al., 2021). This was consistent with the present study, where most of the identified bioactive constituents were
phenolic-derived flavonoids (Table 4). In this study, the high phenolic content (Table 4) in guava leaves was consistent
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with the literature reported by Huynh ez al. (2025), who stated that bioactive compounds were predominantly found in
the roots, stem bark, and especially the leaves. They further noted that the total phenolic content in Psidium guajava
leaves was higher than that in its stem bark.

Table 3. Biological activities of ethanol extracts from young and mature guava leaves

No Compound Name  Formula Biological Activity Category Reference

1 Quercetin Ci1sH1007 Antibacterial, Anticancer, Anti- Flavonoid Bactiar & Fahami
inflammatory, Antiviral (2019)

2 Quercitrin Ca1H20011 Antimicrobial Flavonoid Hamid et al. (2025)

3 Isoquercetin C21H20012 Antimicrobial, Antioxidant Flavonoid Wang et al. (2013)

4 Gallic Acid C7HsOs Antioxidant, Anticancer, Tannin Kenmeni et al. (2024)
Antimicrobial

5 Naringenin C15H1205 Anticancer, Antimicrobial, Flavonoid Duda-Madej et al.
Antidiabetic, Antioxidant (2022)

6 Astringin C20H2209 Antioxidant, Antimicrobial Stilbenoid Metsamuuronen &

Siren (2019)

7 Ellagic Acid C14H6Os Antimicrobial Tannin Aljassim et al. (2022)

8 Luteolin 7-Sulfate  CisH100¢S Antioxidant, Anti-inflammatory, Flavonoid Ren et al. (2024)
Antibacterial

9 Cyanidanol C15H1406 Analgesic, Anti-inflammatory, Flavonoid Barekat et al. (2022)
Antimicrobial, Antioxidant

10 5-Caffeoyl C16H160s Antimicrobial, Antioxidant Phenolic Acid Thongphicai et al.

Shikimic Acid (2023)

Tabel 4. Phenolic compound groups in ethanol extracts of young and mature guava leaves

Type of Phenolic Number of Compounds . Number of Compounds .
Compounds (Young Leaves) 0 AT TE B (Mature Leaves) Vi (AT RS
Flavonoids 25 44.06 28 37.47
Phenolic acids 4 3.10 5 6.21
Stilbenoids 2 0.35 2 0.76
Tannin 2 0.40 3 1.32
Coumarins 4 2.64 3 1.63

Total 37 50.55 41 47.39

The main phenolic compounds detected in guava leaf extracts included gallic acid, catechin, caffeic acid, epicatechin,
rutin, quercetin, kaempferol, and luteolin (Amaral ef al., 2021). Similarly, Ruksiriwanich et a/. (2022) identified eleven
phenolic compounds, such as quercetin, rutin, naringenin, and gallic acid, which demonstrated strong antimicrobial
potential. Dominant phenolic compounds, such as gallic acid, catechin, quercetin, and myricetin, play critical roles in
antimicrobial activity through mechanisms including metabolic inhibition, cytoplasmic membrane disruption, and
interference with protein synthesis and cell division (Mowes ef al., 2025; Pereira et al., 2023). The antimicrobial activity
of guava leaf extracts has been well-documented. Kumar et a/. (2021) demonstrated notable inhibition of S. aureus by
ethanolic extracts (13.6 + 0.01 mm). Similarly, Kaware & Ismail (2021) reported that both aqueous and ethanolic extracts
effectively inhibited S. aureus and Salmonella. These findings indicate that the antimicrobial efficacy of guava leaf
extracts is largely driven by the synergistic actions of their phenolic constituents.

3.3. Antimicrobial Activity of Guava Leaf Extracts

The antimicrobial activity of ethanol and aqueous leaf extracts from young and mature leaves against E. coli, Salmonella,
and S. aureus was summarized in Table 5. The results of this study indicate that both aqueous and ethanolic extracts of
young and mature guava leaves exhibit antibacterial activity against Escherichia coli, Salmonella, and Staphylococcus
aureus at specific concentrations. The highest antibacterial activity of the ethanolic extract was observed against E. coli
at a 50% concentration, producing an inhibition zone of 12.5 + 8.8 mm from the young leaf extract. In contrast, the
aqueous extract exhibited the highest activity against Salmonella at a 50% concentration, with an inhibition zone of 11.0
+ 2.2 mm from the mature leaf extract. These findings suggest that the antibacterial efficacy of guava leaf extracts is
influenced by the type of solvent, extract concentration, and leaf maturity.
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Table 5. Antimicrobial activity of young and mature guava leaf extracts

Leaf Type Extract Extract Concentration : Inhibition Zone (mm)
Type (%) E. coli Salmonella S. aureus
50 125+8.8 - 10.0+£7.0
Young leaves % ) ) )
Positive Control 265+18 18.3+5.6 20.7+£29
Negative Control - - -
Ethanol 50 101412 9.0+0.7 9.2+07
Mature leaves & ) ) 7.845.5
Positive Control 26.9+0.3 18.0+£25 18.3+0.6
Negative Control - - -
50 8.6 6.0 9.3+0.6 8.6 6.0
25 8.1+5.7 9.6 +6.7 9.0+6.3
Young leaves Positive Control 26.6+0.1 17.4+ 45 169+ 1.6
Negative Control - - -
Water 50 - 110422 104404
Mature leaves 25 - - 79+1.2 8.2+0.2
Kontrol positif 28.0+£0.2 16.8+0.5 20.2+0.3

Kontrol negatif - - -

Note: Values are presented as mean + standard deviation (SD) from two independent experiments (n = 2).

The observed antimicrobial activity can be attributed to the presence of bioactive compounds, particularly phenolic
compounds, including flavonoids and tannins. Flavonoids are known to inhibit bacterial growth through multiple
mechanisms, such as disrupting cellular metabolism, inhibiting nucleic acid synthesis, altering membrane permeability,
and suppressing biofilm formation (Pramusita et al., 2023; Mowes et al., 2025). Tannins can interact with bacterial
proteins, especially proline-rich proteins, thereby interfering with protein synthesis and bacterial metabolism (Kaware
& Ismail, 2020). Phenolic compounds also exert their antibacterial effects by damaging cell membranes, inhibiting
virulence factors such as enzymes and toxins, and preventing biofilm formation. Visual representations of the
antibacterial activity of ethanolic extracts against the three test bacteria are shown in 4, while the activity of water
extracts is presented in Figure 5.

Figure 4. Antimicrobial activity of ethanol extracts from young and mature guava leaves (Psidium guajava L.) against three test
bacteria: Escherichia coli, Salmonella., and Staphylococcus aureus. A = Escherichia coli (young leaves); B = Salmonella (young
leaves); C = Staphylococcus aureus (young leaves); D = Escherichia coli (mature leaves); E = Salmonella (mature leaves); F =
Staphylococcus aureus (mature leaves).
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Figure 5. Antimicrobial activity of water extracts from young and mature guava leaves (Psidium guajava L.) against three test
bacteria: Escherichia coli, Salmonella, and Staphylococcus aureus. A = Escherichia coli (young leaves); B = Salmonella (young
leaves); C = Staphylococcus aureus (young leaves); D = Escherichia coli (mature leaves); E = Salmonella (mature leaves); F =
Staphylococcus aureus (mature leaves).

Differences in bacterial susceptibility were observed between Gram-negative and Gram-positive bacteria. Gram-
negative bacteria, such as E. coli and Salmonella s, possess an outer membrane containing lipopolysaccharides (LPS),
which limits the penetration of bioactive compounds and contributes to their relative resistance (Paracini et al., 2022).
In contrast, Gram-positive S. aureus has a single layer of peptidoglycan that was more easily penetrated, making it more
susceptible to plant-derived antibacterial compounds (Nguyen & Bhattacharya, 2022). Interestingly, the present study
demonstrated that guava leaf extracts exhibited higher antibacterial activity against Gram-negative bacteria (E. coli and
Salmonella) compared to the Gram-positive S. aureus. Although Gram-negative bacteria are generally regarded as more
resistant due to the presence of an outer membrane containing lipopolysaccharides (LPS), which restricts the penetration
of many bioactive compounds, specific phytochemicals in guava leaves may interact selectively with Gram-negative
cellular structures. This can be explained based on the literature regarding plant flavonoids. Flavonoids possess multiple
mechanisms to inhibit bacterial growth, not only by disrupting the cell membrane but also by targeting intracellular
components, such as DNA gyrase. In addition, some flavonoids are more effective against Gram-negative bacteria due
to their chemical properties, which facilitate interactions with bacterial cells. The combination of these mechanisms
allows flavonoids to penetrate or interfere with Gram-negative bacteria despite their complex outer membrane, resulting
in higher antibacterial activity against this group of bacteria (Yan et al., 2024).

Leaf maturity further influenced antimicrobial activity due to variations in the content of secondary metabolites.
Young leaves are richer in flavonoids and phenolic acids (Table 4), which contribute to stronger inhibition against E.
coli and S. aureus, whereas mature leaves undergo lignification and metabolite transformations that reduce some
bioactive compounds (Diaz-De-Cerio et al., 2016). However, mature leaves contain higher levels of tannins and
triterpenoids, which may enhance their inhibitory effect against Salmonella spp. (Bhardwaj & Naruka, 2023; Buah et
al., 2023).

Overall, these results demonstrate that guava leaves contain bioactive compounds with significant antibacterial
potential, and their effectiveness depends on the solvent type, extract concentration, and physical characteristics of the
leaves. These findings highlight the promising potential of guava leaf extracts as natural antibacterial agents.
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3.4. Microbial Quality of Pindang Eggs

The antibacterial effectiveness of guava leaves was applied in the production of pindang eggs. This study employed
fresh guava leaves directly during the egg-boiling process. The use of whole leaves was chosen to simulate common
household practices and to enable the natural release of antimicrobial compounds during heating without the need for
an additional extraction step. Young and mature guava leaves were added during the boiling process, and the microbial
quality of the eggs was monitored daily throughout a 5-day storage period at room temperature. The TPC results revealed
differences in bacterial growth among treatments (Table 5). From day 0 to day 2, only the control samples exhibited
bacterial growth, increasing from 1.65 x 10> CFU/g (log 2.22) on day 0 to 1.115 x 10°> CFU/g (log 3.05) on day 2. In
contrast, eggs with intact shells and those treated with either young or mature guava leaves showed no detectable
microbial growth during this early storage period. It was indicating that the physical barrier of the eggshell combined
with from guava leaves effectively inhibited microbial proliferation. Notably, microbial growth in eggs treated with
guava leaves was first detected only on day 3, demonstrating the efficacy of the leaves in delaying spoilage. These
findings are consistent with Dumpala ef al. (2023), who reported that treating fresh pangasius fish with 80% guava leaf
extract extended its shelf life by three days, whereas the control group experienced spoilage on the first day. Similarly,
Eregama et al. (2024) highlighted that boiled eggs stored at room temperature provide a favorable environment for
microbial growth, including Salmonella, emphasizing that post-boiling storage at ambient conditions was not
recommended.

Table 6. Total Plate Count (TPC) of pindang eggs during room temperature storage

Storage Day Sample CFU/g Log CFU/g
Control 1.65 x 102 2.22
0 Control intact shell TSUD <1
Egg + Young leaves TSUD <1
Egg + Mature leaves TSUD <1
Control 4.3 x 102 2.63
1 Control intact shell TSUD <1
Egg + Young leaves TSUD <1
Egg + Mature leaves TSUD <1
Control 1.115 x 103 3.05
2 Control intact shell TSUD <1
Egg + Young leaves TSUD <1
Egg + Mature leaves TSUD <1
Control 3x10° 5.48
3 Control intact shell TSUD <1
Egg + Young leaves 4.1 %108 3.61
Egg + Mature leaves 3.45 x 108 3.54
Control 3x10° 5.48
4 Control intact shell TSUD <1
Egg + Young leaves 3x10° 5.48
Egg + Mature leaves 3 x10° 5.48
Control Egg spoiled
5 Control intact shell TSUD <1
Egg + Young leaves Egg spoiled
Egg + Mature leaves Egg spoiled

Note: TSBC = too small to be counted

The antimicrobial properties of guava leaves were largely attributed to bioactive compounds such as flavonoids,
tannins, and stilbenoids, which exhibit antibacterial, antioxidant, and anti-inflammatory activities (Ugbogu ef al., 2022;
Barekat et al., 2022; Metsamuuronen & Siren, 2019). The lower microbial count in boiled eggs cooked with guava
leaves compared to boiled eggs without guava leaves is likely due to the bioactive compounds present in the guava
leaves. The use of guava leaf extracts has traditionally been applied in folk medicine worldwide because they contain
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the highest levels of phenolic compounds, particularly flavonols, compared to other plants, thereby exhibiting
antimicrobial properties (Diaz-de-Cerio ef al. 2016).

The use of natural antibacterial agents has great potential because they utilize bioactive compounds that offer various
benefits, such as antimicrobial and antioxidant activities, are safe for health, and can help maintain the nutritional value
of food. One of the most common bacteria causing foodborne illness worldwide is Salmonella. The presence of
Salmonella is often used as an indicator in microbiological analyses to assess microbial contamination in stored eggs.
Furthermore, egg production methods, storage, handling, and food processing all have the potential to influence
contamination levels, making natural preservation an important strategy for ensuring the safety and quality of eggs
(FDA, 20009).

The novelty of this study lies in the integration of phenolic compound characterization of guava leaves (Psidium
guajava L.) at different maturity stages using UHPLC-HRMS, evaluation of the antibacterial activity of ethanol and
aqueous extracts, and their application to pindang eggs. This study provides a scientific contribution by expanding the
understanding of the relationship between phenolic compound composition and antibacterial activity, while supporting
the utilization of guava leaves as an alternative natural preservative in food products.

4. CONCLUSIONS

Guava leaves (Psidium guajava L.) used in this study were identified as members of the Myrtaceae family and met
quality standards for both crude material and extracts, with moisture, ash, yield, and pH values within acceptable ranges.
Bioactive compound analysis of ethanol extracts from young and mature leaves revealed a predominance of phenolic
compounds, particularly flavonoids, which are widely recognized for their antibacterial activity. Both water and ethanol
extracts effectively inhibited the growth of Escherichia coli, Salmonella, and Staphylococcus aureus. Application of
guava leaves in pindang egg processing successfully suppressed microbial growth during room-temperature storage,
maintaining the Total Plate Count (TPC) below the maximum limit for edible eggs established by the Indonesian
National Standard (< 1 x 10° cfu/g; SNI 3926:2008). These findings indicate that guava leaves are a promising source
of phenolic compounds with antibacterial properties and have potential as a natural antimicrobial agent to extend shelf
life and enhance food safety of pindang eggs.
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