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Abstract

Abstract

Our study was based on a biological examination of extracts of the leaves of Psidium
guava, a member of the Myceliaceae family, harvested from the Guemar region of Oued
Souf province. The study sample was prepared, and the methanolic extract, essential
oil, and silver nanoparticles (AgNPs) were obtained. The amount of polyphenols was
estimated at (17.889 + 0.167 mg gallic acid equivalent/g) and flavonoids at (0.313 *
0.001 mg quercetin equivalent). Based on the results of evaluating the antioxidant
activity of the extracts using the DPPH and FRAP assays, the results showed that the
IC50 value for the methanolic extract was estimated at (0.984 + 0.023 mg/ml), the 1C50
value for the essential oil was estimated at (3.571 = 0.179 mg/ml), and the IC50 value

for the nanoparticles was estimated at (18.891 + 1.4 mg/ml).

We then conducted an experimental study on a rat model to test the extracts' ability to
treat burns. Polyphenols, alkaloids, and essential oil were extracted from Psidium guava
leaves using appropriate extraction techniques, while silver nanoparticles (AgNPs)
were prepared from the polyphenol extract. A 1cm diameter burn was inflicted on the
dorsal surface of mice. The extracts were then applied at different concentrations
topically to the burn in the rats model, compared with a positive control group (Mebo
ointment was used) and a negative control group (burns were inflicted and left
untreated). The efficacy of the extracts was evaluated over 12 days by measuring the
burn shrinkage rate. The results showed that all Psidium guava leaf extracts
(polyphenols, alkaloids, essential oil, and silver nanoparticles (AgNPs)) exhibited

significant activity in promoting burn healing.

Keywords: Psidium guava, polyphenols, alkaloids, essential oil, AGNPS, burns.



Résumé

Notre étude s'est basée sur I'analyse biologique d'extraits de feuilles de goyave Psidium,
un membre de la famille des Myceliaceae, récoltées dans la région de Guemar, province
d'Oued Souf. L'échantillon d'étude a été préparé et I'extrait méthanolique, I'huile
essentielle et les nanoparticules d'argent (AgNPs) ont été obtenus. La quantité de
polyphénols a été estimée a (17,889 + 0,167 mg équivalent acide gallique/g) et de
flavonoides a (0,313 + 0,001 mg équivalent quercétine). Sur la base des résultats de
I'évaluation de I'activité antioxydante des extraits a l'aide des tests DPPH et FRAP, les
résultats ont montré que la valeur 1C50 pour I'extrait méthanolique a été estimée a
(0,984 £ 0,023 mg/ml), la valeur IC50 pour I'huile essentielle a été estimée a (3,571 £
0,179 mg/ml) et la valeur 1C50 pour les nanoparticules a été estimée a (18,891 + 1,4
mg/ml).

Nous avons ensuite mené une étude expérimentale sur un modele de rat afin de tester
I'efficacité des extraits pour traiter les brilures. Des polyphénols, des alcaloides et de
I'nuile essentielle ont été extraits de feuilles de Psidium goyave a l'aide de techniques
d'extraction appropriées, tandis que des nanoparticules d'argent (AgNPs) ont été
préparées a partir de I'extrait de polyphénols. Une brilure de 1 cm de diameétre a été
infligée sur la face dorsale des souris. Les extraits ont ensuite été appliqués a différentes
concentrations par voie topique sur la brllure chez le modele de rat, en comparaison
avec un groupe témoin positif (pommade Mebo utilisée) et un groupe témoin négatif
(bralures infligées et non traitées). L'efficacité des extraits a été évaluée sur 12 jours en
mesurant le taux de rétraction de la brilure. Les résultats ont montré que tous les extraits
de feuilles de Psidium goyave (polyphénols, alcaloides, huile essentielle et
nanoparticules d'argent(AgNPs)) présentaient une activité significative pour favoriser
la cicatrisation des bralures.

Mots clés : Psidium goyave, polyphénols, alcaloides, huile essentielle, AgNPS,
bralures.
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1. Myrtaceae family

The name of the ecologically significant angiosperm family, the Myrtaceae, comes from the
shrub "Myrtus," which grows in North Africa and South America close to the Mediterranean.
There are roughly 140 genera and The family is an intriguing study group for individuals
interested in the evolution of a big taxonomic group because of its odd distribution between
3800 and 5650 species (Thais 2019; Sisir 2021).

Medicinal and aromatic plants belonging to family Myrtaceae are endowed with valuable
medicinal properties and are highly enriched sources of plants’ bioactive volatiles (Fatema et
al., 2023).

Ornamental plants like Leptospernum (Australian tea tree), Eucalyptus, Verticordia (feather
blossoms), and Callistemon (bottlebrush) are examples of well-known genera in the Myrtaceae.
Eucalyptus is one of the Myrtaceae's economically significant taxa. (timber, essential oils),
Syzygium (cloves, jamun, rose apple), Melaleuca (timber), Psidium (guava), and Pimenta
(allspice, pimento, bay rum) (Sisir et al., 2021). These species contain several phytochemicals
belonging to different chemical classes such as phenolic acids, flavonoids, phloroglucinols,
terpenoids, condensed and non-condensed tannins. Several factors are responsible for the
quantitative and qualitative differences in the chemical composition of Myrtaceae plants
(Fatema et al., 2023).

2. Guava (Psidium guajava L.)

2.1. General

The Myrtaceae family includes the guava (Psidium guajava) tree (Figure 1), a highly special
and traditional plant that is grown for its many nutritional and therapeutic uses. In tropical
regions, guava has been cultivated and wused as a significant fruit.
regions such as South America, Bangladesh, Pakistan, Indonesia, and India (Kumar et al.,
2021).

Guajava Psidium Many indigenous medical systems use linn, mostly to address conditions
relating to the stomach and gastrointestinal tract. Some ethnomedical use include crushing the
leaves and applying the liquids that emerge on cuts, wounds, boils, ulcers, skin, and Rheumatic

areas and soft tissue infected sites (Chaudhari et al., 2020).
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Figure 1: Psidium guajava (Shirur et al.,2013)

2.2. Morphological Characteristics

Guava trees range in height from 2 to 7 meters and are small trees or shrubs with numerous
branches. The tree's thin, smooth bark is copper in color and sheds easily. When the upper
surface is removed, the greenish skin beneath it becomes visible. The trunk reaches a diameter
of 25 cm once reaching full maturity. The tree has quadrangular twigs that are bent downward.
The evergreen, leathery, short-petioled leaves are arranged opposite one another. The leaves
are 7-15 cm long and 3-5 cm broad, with an uneven form that ranges from oval to elliptical.
The foliage are made up of parallel lines, or veins, that radiate outward from the center axis.
Clusters of 2-5 cm in diameter flowers with 4-5 white petals and 250 stamens are carried on
the leaf axils. According to botany, guavas belong to the genus Psidium and family Myrtle.
Depending on the cultivar, the fruit is round, ovoid, or pear shaped, weighing between 50 and
200 g and measuring 5 to 10 cm across. The fruit's exocarp has a thin, pale-yellow surface with
a touch of pink. The fruit's fleshy mesocarp is located just adjacent to the exocarp. The flesh
stretches up to 3-12 mm and is granular, thick, white, yellowish, or dark pink in color. Juicy,
acidic, and flavorful is the mesocarp. The center pulp, or endocarp, is located beyond the
granular meat. The endocarp contains rocky, yellowish seeds and is juicy, with a little deeper
hue. The pulp has 112-535 seeds and measures 6 mm in diameter. The Stone cells and
parenchyma cells are the two types of cell wall tissues found in the berry's pulpy endocarp.
Fruit's distinctively grainy feel is caused by stone cells, which are made of lignified woody
material and are impervious to enzyme digestion. Guava fruit's fast metabolism and high
respiration rate give it a shelf life of roughly three to five days at room temperature (Bazila et
al., 2021).

2.3. Various parts of P. guajava L., chemical constituents, and pharmacological activities.
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Figure2: Various parts of P. guajava L., chemical constituents, and pharmacological
activities (Eziuche et al.,2022).
2.4. GEOGRAPHICAL SOURCE
Although guavas are thought to have originated in Mexico, they are also available in Asian
nations due to their high nutritional content and health advantages. The nations that produce
guavas are China, India, Thailand, Pakistan, and Mexico.
Nigeria, Bangladesh, Brazil, Indonesia, and the Philippines. India, Pakistan, and Brazil are

the world's top producers of guava types (Chaudhari et al.,2020).
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Figure 3: Geographical distribution of Pysidium guava (Eziuche et al.,2022).
Map of worldwide distribution of Psidium guajava ,the blue colour shows the native regions
like Colombia, Mexico, Peru and United States of America, whereas the green colour
represents the introduced countries such as Australia, Bangladesh, Brunei, Cambodia,
Cameroon, China, Costa Rica, Cote d’Ivoire, Cuba, Dominican Republic, Ecuador, Eritrea,
Ethiopia, Fiji, Gabon, Gambia, Greece, Guyana, Haiti, India, Indonesia, Kenya, Laos, Malawi,
Malaysia, Myanmar, Nigeria, Pakistan, Panama, Philippines, Puerto Rico, Samoa, Senegal,
South Africa, Sri Lanka, Tanzania, Thailand, Togo, Uganda, Venezuela, Vietnam, Egypt,
Oman, Saudi Arabia, Palestine, Sudan, Syria and Tunisia (Eziuche et al.,2022).
2.5. The guava tree in Algeria
The French sent the guava tree to the botanical garden of the former agricultural school of
Philippeville (Skikda) in Algeria in 1952. There was only one tree planted, and it is unknown
what kind it is. In 2010, three more trees were successfully planted in the same plot. As an
experiment, the guava tree was brought to central Algeria. Since 1978, a 2-hectare guava
orchard at the level of a former communal agricultural estate (Das) has been established on a
farm in the Fouka region of Tipaza, which is currently
the sole agricultural exploitation specialized in guava production with 350 trees. Some people
believe that this fruit was brought to this area straight from the Middle East, while others
believe that the colonists brought it back from Latin America. Given that certain colonial homes
in Fouka usually had one or two guava trees in their gardens, this last theory is the most likely.
Even the Jardin d'Essais du Hamma in Algiers had it planted (BOUCHOUKH.,2021).

2.6. International name
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The following table shows the common names of the guava plant in some countries of the

world.

Table 01: vernacular names

English
guava
French _
goyavier, goyave
Spanish
guayaba, guayabo, guayaba manzana
German
Echte Guave
Indonesian ) ]
jambu batu, jambu biji
Italian _
guaiava
Afrikaans i
koejawel
Portuguese ) ) o .
Guaiaba, guaiava, goiabeira, goiabeiro,
araga-goiaba, araga-guacu

3. Taxonomy (BOUCHOUKH.,2021)

Domain Biota
Kingdom Plantae
Sub-kingdom Viridaeplantae
Infra-Kingdom Streptophyta
Class Equisetopsida
Clade Tracheophyta
Clade Spermatophyta
Subclass Magnoliidae
Super Order Rosanae
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Order Myrtales
Family Myrtaceae
Subfamily Myrtoideae
Tribe Myrteae
Subtribe Psidiinae
Genus Psidium
Species Psidium guajava

4. Guava Varieties

The common guava is a diploid (2n = 22), but there are natural and artificial triploids (2n
= 33), tetraploids (2n = 44; EIl Salvador species), hexaploids (2n = 66, Costa Rican
species), and aneuploids. Triploids usually produce seedless fruits. Seedlings of
hexaploids var. littorale are extremely uniform in plant and fruit characteristics. Seedling
trees of most cultivated varieties vary in strength and size, fruit production and vyield,
shape, size, quality, season of ripening, and storage capacity. Around 100 different types
of Psidium guajava are grown worldwide. Among the many varieties in this group are
"Mexican Cream™ and "Ruby X." "Hong Kong Pink." Lucknow 49 (Sardar), "Klom Toon,"
"White Indian," "Allahabad Safeda,” "Red Fleshed,” "Chittidar,"” "Nasik," and "Tathem
White", The Supreme and Elizabeth. Certain varieties, such as "Pink Acid,"” "Patillo," and
"Ka Hua Kula," produced highly acidic fruits with rosée or rouge pulp and a high pulp
recovery percentage.Others produce fruits using a mixture of the two previously
mentioned groups, such as Beaumont, Etherridge Selection, Oakey Pink, and Fanretief
(Bouchoukh., 2021).

5. Chemical Composition

5.1 Chemical composition of guava fruit

Table02: Chemical composition of guava fruit (Bazila et al.,2021)

Nutrients Per 100 g
Calories 68 kcal
Protein 2.55¢
Total Lipids 0.95¢g
Carbohydrates 14.23 g
Moisture 88.1¢g

10
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Total dietary Fibre 249
Calorific value 285 kJ
Calcium 18 mg
Iron 0.26 mg
Sodium 2mg
Potassium 417 mg
Zinc 0.23 mg
Selenium 0.6 mcg
Thiamine 0.067 mg
Riboflavin 0.04 mg
Niacin 1.084 mg
Iron 0.6 mg
Vitamin A 624 U
Carotene beta 374 mcg
Vitamin C 228.3 mg
VitaminE alpha-
tocopherol .73 mg
Vitamin K
phylloquinone 26 meg

5.2. Proximate Composition

Guava leaves (GLs) are abundant in micro- and macronutrients that promote health. trients
and bioactive substances. In terms of total phenolic components, they are composed of
82.47% moisture, 3.64% ash, 0.62% fat, 18.53% protein, 12.74% carbs, 103 mg ascorbic
acid, and 1717 mg gallic acid equivalents (GAE) (Kumar et al., 2021).

5.3. Polysaccharides

In nature, polysaccharides are macromolecules that are widely distributed. They consist of
lengthy chains of polymers made up of monosaccharide molecules. These polysaccharides
exhibit a range of biological, pharmacological, and physicochemical characteristics,
including immunomodulatory, anticancer, antidiabetic, anti-inflammatory, and
antioxidant effects. About 9.13% uronic acid and 64.42% total sugar, of which 2.24% are
reducing sugars, are included in these GLPs (Kumar et al., 2021).

5.4. Proteins
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On a dry weight basis, guava leaves contain 9.73% protein. Large macromolecules made
up of amino acids, proteins serve as the building blocks of cells. Proteins are essential for
cell signaling, enzyme regulation, growth and maintenance, and cited as biocatalysts16.8
mg protein per 100 g and 8 mg amino acids per 100 g According to Lowry's and
Niinhydrin's techniques, respectively, uavaleaves are estimated. According to Jassaletal,
because guavaleaves are a high source of proteins, carbs, and dietary fiber, they can be
used as a sustainable and nutritious food source (Kumar et al., 2021).

5.5. Minerals and Vitamins

Minerals like calcium, potassium, sulfur, sodium, iron, boron, magnesium, manganese,
and vitamins C and B are abundant in guava leaves. They are an excellent option for
human nutrition and as animal feed to combat micronutrient deficiencies due to their
greater concentrations of magnesium, sodium, sulphur, manganese, and bingle-
globules. Thomasetal. found that the concentrations of minerals such calcium, phosphorus,
potassium, iron, and magnesium were 1660, 360, 1602, 13.50, and 440 mg per 100 grams
of dry weight (DW), respectively.Vitamins C and B had corresponding concentrations of
103.0 and 14.80 mg per 100 gDW.Eating GLs rich in calcium and phosphorus lowers the
risk of disorders linked to deficiencies, including as osteoporosis, hypophosphatemia, and
hypocalcemia.The concentration of calcium, phosphorus, magnesium, iron, and vitamin B
in GLs was also higher than that of uavafruit, according to the study.While vitamin B is
crucial for enhancing blood circulation, nerve relaxing, and cognitive function stimulation,
the increased vitamin C concentration in GLs may aid in boosting the immune system and
preserving the health of blood vessels (Kumar et al., 2021).

6. Different compounds and their uses in guava plant parts

The guava plant (Psidium guajava) is a traditional medicine with biologically beneficial
qualities in all parts of the plant (Table 2). In the traditional medical system, it is very
significant. Itis a key herbal remedy for diarrhea and dysentery in Ayurveda. It is used to treat
awide range of illnesses in the system of traditional Chinese medicine. It has long been utilized
to enhance human well-being (Naga et al.,2022).

The following table shows each part, its biological properties and uses.

Table 3: Different compounds and their uses in guava plant parts
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Plant part Compound Ethno-medicinal use

Glycosides,carotenoids - ) -
Seed _ Antimicrobial activity
and phenoliccompounds

Strong antibacterial

activity, stomach ache and

Bark Phenolic o
antidiarrheal
activity
Antioxidant, anti-
Phenolic, flavonoids, inflammatory,
gallic acid,catechin, antispasmodic, anticancer,
Leaves ) ) ) o )
epicatechin,rutin, antimicrobial,
naringenin, kaempferol anticonservative, and
neuropathic activity
) _ Improvement of food
Skin Phenolic _
absorption
Ascorbic acid, -
Antioxidant,

Pulp carotenoids (lycopene, - ) )
antihyperglycaemic.

carotene, B-cryptoxanthin)

7. Pharmacological properties of Psidium guajava
% Antioxidant properties

Lipid autoxidation is initiated by a sequence of lipophilic radicals. Within the biological
context, hydrogen peroxide is enzymatically generated by various oxidase enzymes. Hydrogen
peroxide, acting via the hydroxyl free radical, assumes the role of a signaling molecule in the
synthesis and activation of inflammatory mediators.

These signaling molecules have a substantial impact on tissue damage and the development of
various diseases, including diabetes, Guava boasts a substantial matter of essential antioxidants
and exhibits radio-protective properties Additionally, it is enriched with a wide array of
vitamins and minerals. Notably, guava contains phenolic compounds like flavonoids, as well
as vital antioxidants like lycopene and flavonoids. These components contribute to the
elimination of cancerous cells and the prevention of premature skin aging. Within guava leaves,
quercetin is recognized as the most potent antioxidant and is dependable for its spasmolytic

activity. Guava extracts, when subjected to aqueous or organic solvents, display a substantial
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antioxidant reservoir capable of quenching oxidation reactions. The concentration of these
compounds increases proportionally with higher extract concentrations, Furthermore, pink
guava exhibits pronounced antioxidant activity, Guava stands out for its exceptional richness
in antioxidants, which play a pivotal role in reducing the incidence of degenerative ailments
such as cognitive dysfunction, cardiovascular diseases, inflammation, cancer, arteriosclerosis,
and arthritis. The therapeutic potential of guava extracts, owing to their antioxidative
properties, has opened new avenues for combatting diverse complications and diseases. Further
investigations are warranted to elucidate the precise mechanisms underpinning guava’s
antioxidant and other pharmacological activities, Remarkably, the flesh of red guava contains
many distinct carotenoids, with thirteen being specifically identified as guava carotenoids
responsible for its antioxidant activity (Ashwagq et Enas.,2024).

% Antidiabetic properties
Psidium guajava has been reported to lower the blood glucose level. Guava fruit extract has
been shown to significantly restore the loss of body weight and reduces the blood glucose level
in the diabetic condition. In STZ induced diabetic’s guava fruit extract, when administered at
a dose of 125 and 250mg/kg. Fruit extract of guava protects the pancreatic tissues, including
islet beta cells, against lipid per oxidation and thus reduces the loss of insulin-positive beta
cells and insulin secretion. The ethanolic stem bark extract exhibited significant hypoglycaemic
activity in alloxan-induced hyperglycaemic rats at an oral dose of 250mg/kg.
Aqueous leaf extract of guava at 0.01-0.625 mg/ml showed significant inhibition on low
density lipid (LDL) glycation in a dose dependent manner. Various investigations indicated
that leaf extract of guava and its phenolic compounds inhibit the glycation process in an
albumin/glucose model system. The guava leaf extracts also showed strong inhibitory effects
on the production of Amadori products and advanced glycation end products (AGEs) from
albumin in the presence of glucose (Dev et Ramica.,2012).

¢ Hepatoprotective properties
Multiple scientific investigations have provided evidence that guava leaves extract
exhibits antioxidant characteristics, primarily attributable to its elevated phenolic content. This
attribute is instrumental in mitigating or preventing liver damage caused by free radicals,
particularly in diabetic rats induced with alloxan. Consequently, Guava leaves extract offers
dual benefits of antidiabetic and hepatoprotective effects. In a previous study, it was observed
that the administration of P. guajava fruit purée at doses of 200,400 mg/kg to rats led to a
weighty drop in serum levels of AST, ALT, and alkaline phosphatase when compared to

diabetic control groups. These findings suggest that P. guajava fruit purée is safe even at higher
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doses, effectively conquers hyperglycemia, and provides protection to the liver by reducing
lipid peroxidation while enhancing antioxidant status in alloxan-induced diabetic rats. These
results offer scientific support for considering P. guajava fruit purée as a nutraceutical agent
for managing diabetes and hepatotoxicity. Additionally, P. guajava root extracts have exhibited
potent hepatoprotective properties against damages induced by castor oil in rats, suggesting
their potential utility in ethnomedicine, another study has highlighted the hepatoprotective
actions of P. guajava aqueous leaf extracts and ethanolic extract, administered postoperatively
at doses of 250, 500 mg/kg, underscoring their effectiveness in safeguarding liver health
(Ashwag et Enas.,2024).
% Antibacterial properties

The antibacterial activity of GLE has been widely studied, focusing on its effects against Gram-
negative pathogens such as Escherichia coli, Klebsiella pneumoniae Fusobacterium
nucleatum, Porphyromonas gingivalis, Pseudomonas aeruginosa, and Chromobacterium
violaceum and Gram-positive bacteria such as Staphylococcus aureus, Streptococcus mutans,
Streptococcus gordonii, Streptococcus pyogenes, Bacillus cereus, and Bacillus anthraci Key
mechanisms include inhibiting biofilm formation, reducing bacterial adhesion, directly
affecting bacterial cell membranes, inhibiting acid production, and reducing pH. Regardless of
the specific effect on bacterial cell membranes caused by the extract of GLE, Dzotam and
Kuete proved that the methanol extract of GLE has antibacterial properties with mechanisms
that damage bacterial cell membranes, leading to the efflux of ions, proteins, and other
intracellular components, thereby degrading membrane integrity and ultimately leading to
bacterial cell death. These authors revealed that the extract possessed exceptional antibacterial
properties against both Gram-positive and Gram-negative bacteria, including multidrug-
resistant strains. For Gram-positive Staphylococcus aureus, the most potent activity was
observed (MIC: 62.5 ng/mL). On the contrary, MICs were higher for Gram-negative bacteria
such as Escherichia coli (MIC: 125 pg/mL) and Klebsiella pneumoniae (MIC: 250 pg/mL). In
addition, another study showed that the extract also disrupts biofilm formation through
decreasing bacterial adhesion on high-density matrices, preventing extracellular polymeric
substance synthesis, and lowering acid generation. The extract inhibited acid production by
Streptococcus mutans, as these bacteria ferment carbohydrates to produce acid, hence
decreasing pH and damaging enamel. The MIC for S. mutans was documented as 1 mg/mL.
The results highlighted the strong antibacterial and antibiofilm efficacy of GLE, especially
against Gram-positive bacteria and biofilm-related diseases.
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The ethanol extracts of GLE prevented biofilm formation by S. mutans through two key
mechanisms, i.e., decreasing bacterial surface hydrophobicity, which reduces adhesion, and
inhibiting extracellular polysaccharide (EPS) synthesis, as reported by Phaiboon et al. At a
concentration of 1 mg/mL, the ethanol extract prevented 99.34% of biofilm formation after 24
h (p <0.05), but at lower doses (0.25-0.75 mg/mL), inhibition rates varied from 85% to 95%.
Under sucrose-dependent conditions, bacterial attachment decreased to 1.50%, whereas under
sucrose-independent conditions, it decreased to 8.43%, both at the same extract concentration
of 1 mg/mL. Similarly, the mechanism of biofilm inhibition by Psidium guajava extract was
found by Gobémez et al. for periodontal pathogens, such as Streptococcus gordonii,
Fusobacterium nucleatum, and Porphyromonas gingivalis. At a concentration of 1.56 mg/mL,
the extract prevented biofilm formation by 77% relative to the control group (p < 0.05),
demonstrating an effectiveness equivalent to 0.12% of chlorhexidine (positive control).
Furthermore, the extract decreased bacterial adherence to host surfaces by 75% (p < 0.05).
Kenmeni et al. found that methanolic extracts of GLE reduced biofilm development by Bacillus
cereus and Bacillus anthracis. This impact was made easier by the inhibition of EPS production
and the disruption of quorum sensing, a vital mechanism controlling biofilm development.
Psidium guajava also inhibits the quoruvirulent (QS) system, a key bacterial communication
mechanism that regulates virulence factors. Instead of killing bacteria, QS inhibition reduces
their pathogenicity by interacting with pigment synthesis. The extract significantly decreased
QS-regulated pigments: pyocyanin in Pseudomonas aeruginosa by roughly 50% at the lowest
concentration when compared to the water extract, prodigiosin in Serratia marcescens by 60—
70% at the highest concentration, violacein in Chromobacterium violaceum by approximately
50% at medium and high concentrations, and staphyloxanthin in Staphylococcus aureus by 10—
15%. Catechin (50 pug/mL), a recognized QS inhibitor, completely inhibited pigment synthesis
in all examined bacteria except for Streptococcus pyogenes (Hoang et al.,2025).

s Antiviral properties
GLE contains bioactive compounds such as flavonoids, quercetin, and antiviral
agents, which are therefore proposed to inhibit SARS-CoV-2 replication by targeting
RNAdependent RNA polymerase (RdRp). Molecular docking analysis further revealed that
phytochemicals derived from Psidium guajava leaves such as Longifollen and quercetin
exhibited strong binding affinities with the nsP2 cysteine protease of the chikungunya virus,
with minimum binding energies of -8.26 kcal/mol and -6.66 kcal/mol, respectively. GLE
increased Vero cell viability by 60% compared to the virus control group, while synthesized
silver nanoparticles derived from the extract increased cell viability by 40%.
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Clinical studies showed significantly higher recovery rates in the GLE group compared to the
control group: 49% vs. 27% at 2 weeks and 100% vs. 82% at 4 weeks, with p-values of 0.03
and 0.003, respectively. Consequently, the extract suggests its promise as a therapeutic agent
for expediting recovery in viral infections. Furthermore, the extract has anti-HIV-1 action,
targeting many phases of the virus life cycle. It blocks viral entrance by a mechanism similar
to dextran sulfate and reduces HIV-1 protease activity, achieving 74.29% inhibition at a
concentration of 0.085 mg/mL. In cell-associated tests, it showed an effective concentration
(EC50) of 0.085 mg/mL and a selectivity index (SI) of 21.65, but in cell-free assays, the EC50
was 0.054 mg/mL with an Sl of 34.07, demonstrating great effectiveness and low toxicity.
These results emphasize the antiviral properties of GLE, indicating its potential as a treatment
agent for anti-chikungunya and viral diseases (Hoang et al.,2025).

% Anti-inflammatory properties
Germ infections and production of thymus can be stopped by using guava extract in ethyl
acetate It is an anti-viral mediator. It also improves mMRNA expression. Guava modify the work
of heme oxygenase-1 proteins. Because of this reason, it is used as an anti-inflammatory
mediator. Extract of guava have anti-nociceptive properties. It is occurred by the production of
acetic acid. Another key compound phenol is present in guava and it is causative mediator for
the anti-allergic and anti-inflammatory activities. Guava extract doses are effective in liver
damage infection as well as production of serum Ethyl acetate extract of guava leaves have the
potential to decrease antigen levels. It may stop the proclamation of histamine-containing [3-
hexosaminidase in the RBL-2H3 cells. Therefore, the presence of IL-4 mRNA and TNF-alpha
ceases. Antigen inhibits and I1B-a are spoiled in this manner. Important compounds present in
guava are benzophenone and flavonoids. These amalgams are liable for the inhibition of
histamine as well as for the production of nitric acid (Faryal et al., 2022).

¢ Antigenotoxic and Antimutagenic properties
Generation of DNA damage is considered to be an important initial event in carcinogenesis. A
considerable number of assays exist for the detection of different genotoxic effects of
compounds in experimental systems, or for investigations of exposure to genotoxic agents in
environmental or occupational settings.
Treatment with an aqueous whole plant extract of Psidium guajava. afforded protection.
Detailed studies have revealed that pre-treatment with an aqueous guava leaf extract was found
to be effective in inactivating the mutagenecity of direct acting mutagens 4-nitro-o-
phenylenediamine and 2-aminofluorine in the tester strains of Salmonella typhimurium.

Therefore, results showed promising antigenotoxic/antimutagenic activity. Gallocatechin
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isolated from the methanol extract of guava leaf also showed antimutagenic activity against E.
coli (Girish et al., 2011).

% Anti-allergic properties
Thl polarization is one of the mechanisms underlying the therapeutic effects of
herbalmedicine. The action of anti-allergic agents from Psidium guajava on T cell immunity
in mice was investigated. Studies were carried out on methanol and aqueous extracts of Psidium
guajava leaves. These extracts cause potent inhibition of histamine release from mast cells, and
blocked IL- 10-mediated, in vitro induction of T regulatory (Tr) cells from CD4+ splenocytes
of C57BL/6 mice. The extracts also shifted the Th1/Th2 balance to a Thl dominant status by
directly attenuating Tr cell activity. Psidum guajava leaf extracts showed anti-allergic activity
on T cell immunity in mice (Rosa et al., 2008).
8.Toxicology
This toxicologic study was conducted using dry leaves of Psidium guajava L. In this plant
material, acute toxicologic study by the following methods: mean lethal dose LD50 test in
Swiss mice and alternative toxicology (acute toxic classes) in Wistar rats. We also made the
genotoxic of 2 extracts, one of aqueous type, and the other of henaxic type in an in vitro system
of short-term somatic segregation induction assay in the Aspergillus nidulans fungus and an in
vivo assay of the dry drug in mouse bone marrow micronuclei induction test. No deaths were
observed in the toxicological results of the two experimental models in the dose range using
up to 2 g/kg/b.w. Acute toxicity tests in rats and mice have proven the LD50 of guava leaf
extracts to be more than 5 g/kg. In vitro genotoxicity and mutagenicity tests on Psidium
guajava in human peripheral blood lymphocytes found no disturbances in cell division. The
histological results did not suggest any damage attributable to toxicity of the studied plant
material. In the in vitro study with Aspergillus nidulans D-30, results indicated a lack of
genotoxic effect of these extracts, as well as in the mouse bone marrow micronucelus induction
(Rosa et al., 2008).
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1.Secondary metabolites:

Secondary metabolites are low molecular weight natural compounds predominantly
synthesized by living organisms such as plants, fungi, and bacteria (Bills &
Gloer.,2016; Thirumurugan et al.,2018; Zandavar & Babazad.,2023).Unlike
primary metabolites, which include lipids, amino acids, carbohydrates, and nucleic
acids, secondary metabolites are not directly essential for the organism's fundamental
processes of growth, development, or reproduction (Nwokeji et al., 2016; Zandavar
& Babazad., 2023). As early as 1891, A. Kossel distinguished them by noting that
primary metabolites are ubiquitous in dividing cells, whereas secondary metabolites
appear only incidentally and are not of paramount importance for the organism’'s life
(Thirumurugan et al.,2018). Despite this, these compounds exhibit an immense
diversity in their chemical structures and biological functions (Bills & Gloer.,2016;
Zandavar & Babazad., 2023). Their biosynthetic pathways originate from primary
metabolic routes, including the tricarboxylic acid (TCA) cycle, the methylerythritol
phosphate (MEP) pathway, and the mevalonic and shikimic acid pathways (Nwokeji et
al., 2016). Secondary metabolites play crucial ecological roles in the survival of
organisms, such as defense mechanisms against predators or pathogenic
microorganisms (Bills & Gloer., 2016). Due to their varied biological properties,
secondary metabolites represent a rich source of pharmaceutically important
compounds, with many having been developed into life-saving drugs and
agrochemicals (Bills & Gloer., 2016). They are broadly classified into major groups,
including terpenes, phenolic compounds, and nitrogen-containing compounds such as
alkaloids (Nwokeji et al., 2016; Zandavar & Babazad., 2023). These valuable
compounds can be extracted from plant material using various organic solvents and
separation techniques like chromatography (Nwokeji et al., 2016; Dhanarasu., 2012).
2.Phenolic Compounds

Phenolic compounds are classified as a broad and diverse group of secondary
metabolites, which are organic compounds characterized by the presence of one or more
benzene rings directly linked to a hydroxyl group (—-OH) (Zhang et al., 2022). This
fundamental structure forms the basis for their classification into numerous subgroups
based on the number of carbon rings and structural complexities. These include, but are
not limited to: phenolic acids (e.g., gallic acid and caffeic acid), flavonoids (e.g.,

quercetin and anthocyanins), coumarins, stilbenes, lignans, and tannins (Zhang et al.,
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2022; Elshafie et al., 2023). This extensive structural diversity highlights the vastness
and widespread presence of this chemical class in the environment, particularly within
the plant kingdom.

Plants are the primary source of these abundant compounds, where they are mainly
synthesized via two major metabolic pathways: the shikimate pathway and the
phenylpropanoid pathway (Elshafie et al., 2023). These compounds play crucial
physiological and ecological roles in plants; while not essential for basic growth and
development (unlike primary metabolites such as amino acids and sugars), they
effectively contribute to defense mechanisms against both biotic and abiotic stresses.
For instance, they provide protection against pathogenic microorganisms, inhibit weed
growth, act as attractants for pollinators, and impart distinctive colors to plants that aid
in survival (Pagare et al., 2015).

In addition to their abundance in the plant kingdom, phenolic compounds are also
produced as natural products by certain microbial strains, thus expanding the scope of
their biological sources (Bruce., 2022). The growing interest in phenolic compounds
stems from their numerous biological properties, which include potent antioxidant, anti-
inflammatory, and antimicrobial activities, in addition to their anticancer and
neuroimmunological properties (Zhang et al., 2022). These health and functional
benefits are attributed to their ability to neutralize free radicals and modulate cellular
signaling pathways, making them compounds of potential nutritional and
pharmaceutical value, and highlighting their importance in the development of new
natural products for health and agriculture (Elshafie et al., 2023).

2.1.Classification of phenolic compounds

According to carborne, these plant phenolic compounds are mainly classified

(Table 4) into the following groups (Hasanuzzaman & Nahar.,2022).

Table4: Classification of phenolic compounds based on the number of carbons.
(Sambangi.,2022).

Number of C atoms Basic skeleton Class

6 C6 Simple phenols,

benzoquinones
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7 C6-C1 Phenolic acids
8 C6-C2 Acetophenone,phenylacetic
acid
9 C6-C3 Hydroxycinnamic acid,
polypropene, coumarin,
isocoumarin
10 C6-C4 Naphthoquinone
13 C6-C1-C6 Xanthone
14 C6-C2-C6 Stilbene, anthrachinone
15 C6-C3-C6 Flavonoids, isoflavonoids
18 (C6-C3) 2 Lignans, neolignans
30 (C6-C3-C6) 2 Biflavonoids
n (C6-C3)n Lignins
(Cé)n Catecholmelanine
(C6-C3-C6) n Condensed tannins

2.2. Phenolic Acids

Phenolic acids are among the most widespread and diverse classes within plant phenolic
compounds, constituting an essential part of the secondary metabolites produced by
plants (Ghasemzadeh & Ghasemzadeh., 2011; Bolat et al., 2024). These compounds
are characterized by their chemical structure, which confers multiple biological
properties, rendering them of paramount importance for both plants and human health
(Ghasemzadeh & Ghasemzadeh.,2011). On the plant side, phenolic acids play vital
roles as signaling molecules in plant-microbe symbioses, such as arbuscular mycorrhiza
formation, thereby contributing to enhanced plant nutrient uptake (Mandal et al.,
2010). As for human health, phenolic acids, abundantly present in fruits, vegetables,
herbs, and spices, with daily intakes potentially exceeding 100 mg (Russell & Duthie.,

2011), are recognized as potent antioxidants. They act as reducing agents, free radical
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scavengers, and quenchers of singlet oxygen formation (Ghasemzadeh &
Ghasemzadeh., 2011). Furthermore, these compounds exhibit broad biological
activity,  including  potential  anti-cancer  effects (Ghasemzadeh &
Ghasemzadeh.,2011), and play a significant role in gut health. This is because gut
bacteria can transform more complex plant phenolics into simpler phenolic metabolites,
making the colon a rich source of potentially active phenolic acids that positively
impact both local and systemic gut health (Russell & Duthie., 2011).

2.3. Flavonoids

2.3.1. The structure and classification of flavonoids

Flavonoids are a broad and significant class of plant-derived secondary metabolites,
categorized within the larger group of phenolic compounds (Roy et al., 2022; Zhao et
al., 2024). Flavonoids are characterized by a basic chemical structure consisting of 15
carbon atoms arranged in a C6-C3-C6 system, meaning two phenyl rings (A and B) are
connected via a three-carbon bridge (C3), which is often an oxygen-containing
heterocyclic ring (C ring) (Samanta et al., 2011; Roy et al., 2022). This structural
arrangement is known as phenylbenzopyran, and it accounts for the extensive structural
diversity that characterizes this class of compounds (Yao et al., 2004). For a visual
illustration of the basic structure and its main classifications, Figure 4.

Flavonoids are classified into six main types based on the oxidation level of the C ring
and the C3 carbon chain: flavones, flavonols, flavanones, flavanols (catechins),
anthocyanidins, and chalcones (Yao et al., 2004; Roy et al., 2022). Examples of some

common compounds within these types are available in (Table 5).

Flavonoids are primarily synthesized in plants via the phenylpropanoid pathway and
the polyketide acetate pathway, and they are universally distributed throughout the
green plant kingdom, predominantly found in cellular vacuoles (Samanta et al., 2011;
Jimenez-Garcia et al., 2013). In nature, flavonoids exist either in their free form
(aglycones) or, more commonly, as glycosides, where they are linked to various sugars
via glycosidic bonds, a process known as glycosylation that further enhances their

structural and functional diversity (Zhao et al., 2024).

Flavonoids play vital physiological and ecological roles in plants; they are responsible
for a wide range of biological activities such as attracting pollinators by imparting

colors to flowers and fruits, and aiding in seed germination and seedling development
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(Samanta et al., 2011). They also provide protection to plants against biotic stresses

(e.g., pathogens and pests) and abiotic stresses (e.g., UV radiation, drought, and heat),

and act as antimicrobial agents and allelochemicals (Samanta et al., 2011; Jimenez-

Garcia et al., 2013). In addition to their importance to plants, flavonoids have garnered

significant attention in food science and pharmacology due to their health benefits for

humans, which are attributed to their potent antioxidant, anti-inflammatory, anticancer,

antimicrobial, and other therapeutic activities (Yao et al., 2004; Roy et al., 2022).

Flavanols
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Flavonols

Isoflavones

Anthocyanins

T
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Figure 4: The structure and classification of flavonoids (Zhao et al.,2024).

Table 5: Six types of flvonoids and some of their compounds (Zhao et al.,2024).

Species Name Structure Molecular mass
Flavones apigenin C15H1005 270.27
acacetin
C16H1205 284.26
baicalin C21H18011
) 446.36
7,8-dihydroxyflvone C15H1004
luteolin C15H1006
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254.24
286.27
Flavonols quercetin C21H20011  448.38
kaempferol C15H1006
o ) 286.27
myricetin-3-O-B-D-glucoside
_ ) C21H20013
quercetin-3-galactoside 480.38
kaempferol-3-glucose- C21H20012
464.38
rhamnoside
C27H30015
quercetin  3-O-2-(6"-p-trans- 594.27
in)-gl C33H40020
coumarin)-glucose 266,97
rhamnoside
quercetin-3-glucose-

- i C27H30016
rhamnose-glucoside 61052
kaempferol-3-galactoside- C27H30015
rhamnoside 594.52

Isoflavones Mullein C16H1205 284.26
Formononetin C16H1204 268.30
5,6,7,4'-tetrahydroxyflvone C15H1006 285.04
5-methyl-7-hydroxyisoflvone  C16H1203 252.27
soy isoflvones C15H1002 222.27
genistein C15H1005 270.27

Anthocyanins Cyaniding C15H1106 287.27

o C15H1107
Delphinidin 338.70
il ) . C16H1307 B
morning glory pigmen :
9910 PIg C16H1306
paeoniflrin C17H1507 336.72

_ C27H31017

mallow pigment 366.75

25



Chapter 02: Secondary metabolites

delphinidin-3-O-arabinose 627.53
Flavanones naringenin C15H1205 272.27
eriocidin
o C27H32015  596.54
hesperidin
geraniol C28H34015 610.56
C16H1206 300.27
Flavanols catechin C15H1406 290.27

epigallocatechin
C15H1407 306.27

epicatechin
epigallic acid catechin gallate C15H1406 290.27
epicatechin gallate

C22H18011  458.38
epigallocatechin

C22H18010  442.38

C22H18011  458.37

3.Essential Oils:

According to the “Association Francaise de Normalisation” (AFNOR)and to the
European Pharmacopoeia (Ph. Eur.), an essential oil isclearly defined as a manufactured
product from pure, identified rawmaterials of plant origin, obtained by hydrodistillation
and steamdistillation, mechanical processes (e.g., EO from Citrus), or by
“dry”distillationfor some woods.The essential oil is then separated from the aqueous
phase byphysical processes(Tien Do et al.,2014).

3.1. Chemical composition of Essential Oils (EOs):

Essential Oils (EOs) are recognized as complex and volatile mixtures of organic
compounds extracted from a single botanical source, to which the distinctive aromas
and flavors of plants are attributed (Moghaddam & Mehdizadeh., 2017). These oils
are considered plant secondary metabolites (Eslahi et al., 2017), and their chemical
composition forms the basis of their sensory and biological properties (Baser &
Buchbauer., 2010). Figure 5 illustrates the chemical structures of some common EOs
compounds. Terpenes dominate the chemical composition of essential oils, being the

most common and diverse constituents. These terpenes are primarily composed of
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monoterpenes, which are compounds containing 10 carbon atoms, such as limonene
and pinene, in addition to sesquiterpenes, which contain 15 carbon atoms (Baser &
Buchbauer.,2010; Moghaddam & Mehdizadeh.,2017). Alongside terpenes, essential
oils frequently contain phenylpropanoid compounds like eugenol and cinnamaldehyde,
which contribute to the broad spectrum of the oil's aromatic and functional
characteristics (Moghaddam & Mehdizadeh.,2017). The composition can also
include organosulfur compounds, as seen in garlic essential oil (El Youssfi et al., 2024).
The precise chemical composition of an essential oil is influenced by multiple factors,
including the specific plant part used, geographical and climatic conditions, the
extraction method, and the plant's maturity stage (Moghaddam & Mehdizadeh.,
2017).

Terpenes
Monoterpenes Sesquiterpenes
CHg
HoC
3 CHs
. S
a-Pinene Limonene Sabincne P-cymenc v-Terpinene B-Caryophyllene

Terpenoids

Monoterpenoids

H
\34/\/'\ OH O
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MO = OH
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Figure 5: Chemical structures of some EOs compounds (El Youssfi et al.,2024).
4.Alkaloids:

Alkaloids are a broad and prominent class of secondary metabolites of significant
importance, characterized by the presence of at least one nitrogen atom in their
structure, which is typically incorporated within a heterocyclic ring, and they exhibit
alkaline (basic) properties (Matsuura & Fett-Neto.,2015; Jain et al.,2019). Alkaloids
are defined as nitrogen-containing organic compounds primarily synthesized in plants,
but they can also be found in certain microorganisms and marine animals (Hussein &
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El-Anssary.,2018; Shoker.,2020). For a visual representation of the structural
backbone of these compounds, Figure 6.

Figure 6: Alkaloids structure (Shoker.,2020).
Alkaloids are classified into various subgroups based on their biogenetic origin and
specific biosynthetic pathway, or according to their chemical structure, such as indole
alkaloids, quinolizidine alkaloids, pyridine alkaloids, isoquinoline alkaloids, and
terpenoid alkaloids (Matsuura & Fett-Neto.,2015; Jain et al.,2019). These
compounds are synthesized in plants through diverse metabolic pathways and play
crucial physiological and ecological roles. Although not essential for the plant's basic
growth and development, they effectively contribute to defense mechanisms against
herbivores and pathogenic microorganisms, owing to their toxic and deterrent
properties (Matsuura & Fett-Neto.,2015; Pagare et al.,2015).
The historical and ongoing interest in alkaloids stems from their broad pharmacological
and toxicological properties. Since the isolation of the first alkaloid in the 19th century,
many have been utilized as effective drugs for treating a variety of diseases, such as
morphine as an analgesic, quinine as an antimalarial, vincristine and vinblastine as
anticancer agents, and caffeine and nicotine as neuroactive compounds (Matsuura &
Fett-Neto., 2015; Shoker., 2020). Their pharmacological efficacy depends on their
dosage and duration of exposure, encompassing a wide range of effects on the central
nervous system, which underscores their importance as biologically active compounds
in the fields of medicine and pharmacology (Matsuura & Fett-Neto., 2015).
5.Nanotechnology
The scientific community at large has shown interest in the topic of nanotechnology. In
a talk at the California Institute of Technology in December of 1959, Nobel Laureate
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Richard Feynman presented the idea of nanotechnology. "Nanotechnology deals with
the processing of separation, consolidation, and deformation of materials by one atom
or by one molecule”(Falke et al.,2024).

5.1. Silver Nanoparticles:

Silver Nanoparticles (AgNPs) constitute a class of metallic nanomaterials, comprising
silver (Ag) particles with dimensions in the nanoscale range, typically exhibiting a
diameter between 1 and 100 nanometers (Abou EI-Nour et al.,2010; Yu et al.,2013).
These particles possess fundamentally different and enhanced physical, chemical, and
biological properties compared to bulk silver. These distinctions are attributed to
critical factors such as an exceptionally high surface-area-to-volume ratio, their
diminutive nanoscale size, and (quantum confinement effects), which influence
electron behavior and confer unique optical and electrical properties (Abou EI-Nour et
al., 2010).

These distinctive properties, particularly their potent (antimicrobial efficacy),
underscore the increasing importance of AgNPs across a broad spectrum of
applications. They demonstrate activity against a diverse array of microorganisms,
including bacteria, fungi, and even viruses (Falke et al.,2024). Owing to these
capabilities, AgNPs are currently utilized in numerous sectors, including disinfectants,
consumer products, medical devices, and biomaterials (Yu et al.,2013; Falke et
al.,2024). These nanoparticles are synthesized through various methods, with (chemical
reduction) emerging as an effective approach for producing stable AgNPs with precise
shapes and sizes (Desireddy et al.,2013). As their prevalence grows, studying their
environmental impacts and their fate within biological systems becomes of paramount

importance (Yu et al., 2013).

5.2. Advantages of Nanoparticles (Falke et al.,2024):

The following are some notable benefits of nanoparticles:
e Enhanced bioavailability.
e Proportionality of dose.

e Dosage forms smaller.
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Dissolves the active substance more quickly when there is a greater surface area.
Increased absorption and bioavailability are typically correlated with faster
dissolving rates.

Lower dosages of drugs have less toxicity.

Decreased variability between fed and fasting

Characterization of Nanoparticles:

UV-visible spectroscopy.

Fouries transform spectroscopy in the infrared.
Analysis of X-ray diffraction.

Electron microscope for transmission.
Electron microscopy.

Mass spectrometry.

Electron microscopy using transmission.

Microscopy using scanning electron.

30



Bibliographic References




Bibliographic References

1) Abou ElI-Nour. K. M. M., Eftaiha. A., Al-Warthan. A., & Ammar. R. A.
A. 2010. Synthesis and applications of silver nanoparticles. Arabian Journal of
Chemistry. D0i:10.1016/j.arabjc.2010.04.008. P.135.

2) Ankomah Akosua Dufie, Yaw Duah Boakye , Theresah Appiah Agana,
Vivian Etsiapa Boamah, Paul Poku Sampene Ossei, Francis Adu, and
Christian Agyare. 2022. Evaluation of Dermal Toxicity and Wound Healing
Activity of Cnestis ferruginea Vahl ex DC. Advances in Pharmacological and
Pharmaceutical Sciences. Doi.org/10.1155/2022/5268613. P.1-2.

3)Ashok Kumar Mandal, Samrat Paudel, Anisha Pandey, Parasmani
Yadav, Prateek Pathak, Maria Grishina, Mariusz Jaremko, Abdul-
Hamid Emwas, Habibullah Khalilullah and Amita Verma. 2022. Guava
Leaf Essential Oil as a Potent Antioxidant and Anticancer Agent: Validated
through  Experimental and Computational  Study. Antioxidants.
Do0i:10.3390/antiox11112204. Pp.3.6.

4) Ashwaq T. Kareem, and Enas J. Kadhim.2024. Psidium guajava: A
Review on Its Pharmacological and Phytochemical Constituents. Biomedical
& Pharmacology Journal,Vol. 17(2), Pp 1082-1084.

5) Bamola Neelam, Poonam Verma, Chandranandani Negi. 2017. A
Review on Some Traditional Medicinal Plants.DOI: 10.21276, P1550.
Baser, K. H. C., & Buchbauer, G. 2010. Handbook of Essential Oils:
Science, Technology, and Applications. CRC Press. 978-1-4200-6315-8.
P.121.

6) Bazila Naseer,Tabasum Fatima,Tahiya Qadri,Tashooq Ahmad
Bhat.2021.Fruits Grown in Highland Regions of the Himalayas.Springer
Cham,Edition N°:1,India,P259.

7) Benkhaled, A. Boudjelal, E. Napoli, F. Baali, G. Ruberto. 2020.
Phytochemical profile, antioxidant activity and wound healing properties of
Artemisia absinthium essential oil. Journal of Tropical Biomedicinc. Doi:
10.4103/2221-1691.294089.

8) BILLS GERALD. F and GLOER JAMES B. 2016. Biologically Active
Secondary Metabolites from the Fungi. Microbiology Spectrum.
Doi:10.1128/microbiolspec. FUNK-0009-2016. P.1.

63



Bibliographic References

9) Bolat Ecem, Siimeyye Saritas, Hatice Duman, Furkan Eker, Emir

Akdasci, Sercan Karav, and Anna Maria Witkowska. 3 August 2024.
Polyphenols: SecondaryMetabolites with a Biological Impression. Nutrients.
D0i:10.3390/nu16152550. Pp:2-3.

10) Bouafia Abderrhmane, Laouini Salah Eddine, Abdelaal S. A.
Ahmed, Alexander V. Soldatov, Hamed Algarni, Kwok Feng
Chong,Gomaa A. M. Ali. 2021. The Recent Progress on Silver
Nanoparticles: Synthesis and Electronic Applications.
https://doi.org/10.3390/nan011092318.

11) BOUCHOUKH Imane.2021.CONTRIBUTION A L’ETUDE DE
QUELQUES ESPECES FRUITIERES EXOTIQUES ACCLIMATEES DE
LA REGION DE SKIKDA EN ALGERIE these,Pp20-26.

12) Bruce Stella Omokhefe. 2022. Secondary Metabolites from Natural
Products. Secondary Metabolites - Trends and Reviews. DOI:
10.5772/intechopen.102222. P.2.

13) Chaudhari S. R, N. S. Deshmukh. 2020.An Outlook of

Pharmaceutically Important Plant - Psidium Guajava Linn.Bulletin of

Environment, Pharmacology and Life Sciences,2277-1808, P107.

14) Davis Charles. C, Choisy Patrick. 2023.Medicinal plants meet modern
biodiversity science. Journal current biology, doi.org: 10.1016, P1.

15) Desireddy.A., Conn. B. E., Guo .J., Yoon. B., Barnett .R. N., Monahan
.B. M., Kirschbaum .K., Griffith. W. P., Whetten. R. L., Landman. U. &
Bigioni. T. P. 2013. (Ultrastable silver nanoparticles. Nature.
D0i:10.1038/nature12523. P.1.

16) Dev Rishika, Ramica Sharma.2012. AN UPDATE OF
PHARMACOLOGICAL ACTIVITY OF PSIDIUM GUAJAVA IN THE
MANAGEMENT OF VARIOUS DISORDERS. International journal of

pharmaceutical Sciences and research, Vol. 3(10), P 3579.

17) Dhanarasu Sasikumar. 2012. CHROMATOGRAPHY AND ITS
APPLICATIONS. InTech. ISBN 978-953-51-0357-8. P.2.

64


https://www.intechopen.com/books/11331

Bibliographic References

18) Djilani Abdelouaheb, Belgacem Legseir, Rachid Soulimani, Amadou
Dicko, ChaffiqueYounos. 2006. New Extraction Technique for Alkaloids.
Journal of the Brazilian Chemical Society, Vol. 17, No. 3, 518-520, P 519.

19) El Youssfi Chaimae, Said Dadou, El Hassania Loukili, Yahya El
Hammoudani, Hajar Soujaa, Mohamed Rejdali, Hassani Zerrouk
Mohammed, Nadira Mourabit, Saida Aarab. 2024. Biological activities
of essential oils. BIO Web of Conferences. doi:
10.1051/bioconf:202410901031. Pp:2-3.

20) Elshafie Hazem S, Ippolito Camele and Amira A. Mohamed. 2023. A
Comprehensive Review on the Biological, Agricultural and Pharmaceutical
Properties of Secondary Metabolites Based-Plant Origin. Journal of Molecular
Sciences. Doi.org/10.3390/ijms24043266.Pp.1.3.

21) Eslahi Hassan, Nafiseh Fahimi and Ali Reza Sardarian. 2017.
Chemical Composition of Essential Oils: Chemistry, Safety and Applications.
Essential Oils in Food Processing: Chemistry, Safety and Applications. DOI:
10.1002/9781119149392.ch4. P.1.

22) Eziuche Amadike Ugbogu, Okezie Emmanuel, Miracle Ebubechi
Uche, Emmanuel Dike Dike, Benedict Chukwuebuka Okoro, Chibuike
Ibe, Victor Chibueze Ude , Celestine Nwabu Ekweogu , Ositadinma
Chinyer Ugbogu.2022.The ethnobotanical , phytochemistry and

pharmacological activities of psidium , Pp3-4.

23) Falke Priya B, Prashant G. Shelke, Pooja R. Hatwar,
Ravindrakumar L. Bakal and Nitin B. Kohale. 2024. A comprehensive
review on Nanoparticle: Characterization, classification, synthesis method,
silver nanoparticles and its applications. GSC Biological and Pharmaceutical
Sciences. India. Doi: 10.30574/gscbps.2024.28.1.0268. Pp:172-173.

24) Faryal Asif, Muhammad Kashif Igbal Khan, Muhammad Asif,
Tehreem Zahid, Saria. 2022. Nutritional and Therapeutical Properties of
Guava (Psidium Guajava) and its applications: A Review. PLANT SCIENCE
JOURNAL, 2022 11(1): 07-16, Pp11-12.

25) Fatema R. Saber, Paulo E. S. Munekata, Komal Rizwan, Heba A. S.
El-Nashar, Nouran M. Fahmy, Shaza H. Aly, Mohamed EI-Shazly,

65



Bibliographic References

Abdelhakim Bouyahya & Jose M. Lorenzo. 2023.Family Myrtaceae: The
treasure hidden in the complex/diverse composition. Critical Reviews in Food
Science and Nutrition, DOI: 10.1080/10408398.2023.2173720, P1.

26) Ferdaous Ghrab Ben Djemaa, Khaled Bellassoued, Sami Zouari,
Abdelfatten El Feki and Emna Ammar. 2016. Antioxidant and Wound
Healing Activity of Lavandula aspic L. Ointment. Journal of Tissue Viability.
DOI: 10.1016/j.jtv.2016.10.002.

27) Ghasemzadeh Ali and Ghasemzadeh Neda. 2011. Flavonoids and
phenolic acids: Role and biochemical activity in plants and human. Journal of
Medicinal Plants Research. DOI: 10.5897/JMPR11.1404. P.6697.

28) Gia-Buu Tran, Nghia-Thu Tram Le, and Sao-Mai Dam. 2018.
Potential Use of Essential Oil Isolated from Cleistocalyx operculatus Leaves
as a Topical Dermatological Agent for Treatment of Burn Wound.
Dermatology Research and Practice. Doi.org/10.1155/2018/2730169.

29) Girish Kumar Gupta, Jagbir Chahal, Deeksha Arora. 2011. Psidium
guajava Linn: Current Research and Future Prospects. Journal of Pharmacy
Research,4(1),42-46, P 42.

30) Hoang Duy Huynh, Parushi Nargotra, Hui-Min David Wang,
Chwen-Jen Shieh, Yung-Chuan Liu, Chia-Hung Kuo. 2025.Bioactive
Compounds from Guava Leaves (Psidium guajava L.): Characterization,
Biological Activity, Synergistic Effects, and Technological Applications.
Journal molecules, doi: 10.3390, Pp 15-16.

31) Hussein Rehab. A and Amira A. El-Anssary. 2018. Plants Secondary
Metabolites: The Key Drivers of the Pharmacological Actions of Medicinal
Plants. Herbal Medicine. DOI: 10.5772/intechopen.76139. P.2.

32) Irondi Emmanuel Anyachukwu, Samson Olalekan Agboola, Ganiyu
Oboh, Aline Augusti Boligon, Margareth Linde Athayde, Francis O.

Shode. 2016. Guava leaves polyphenolics-rich extract inhibits vital enzymes
implicated in gout and hypertension in vitro. Journal of Intercultural
Ethnopharmacology. DOI: 10.5455/jice.20160321115402. Pp.123.125.126.

66


https://www.intechopen.com/books/6302

Bibliographic References

33) J.Agric. Food Chem.48: 3396-3402,2000.

34) Jain Chitra, Shivani Khatana and Rekha Vijayvergia. 2019.
BIOACTIVITY OF SECONDARY METABOLITES OF VARIOUS
PLANTS: A REVIEW. Journal of Pharmaceutical Sciences and Research.
DOI: 10.13040/1JPSR.0975-8232.10(2).494-04. P.469.

35) Jimenez-Garcia Sandra. N, Moises A. Vazquez-Cruz, Ramon G.
Guevara-Gonzalez, Irineo Torres-Pacheco, Andres Cruz-Hernandez, Ana
A. Feregrino-Perez. 2013. Current Approaches for Enhanced Expression of
Secondary Metabolites as Bioactive Compounds in Plants for Agronomic and
Human Health Purposes — a Review. Polish Journal Food and Nutrition
Sciences. DOI: 10.2478/v10222-012-0072-6. P:67.68.

36) Judith Salas-Oropeza, Manuel Jimenez-Estrada, Armando Perez-
Torres, Andres Eliu Castell-Rodriguez, Rodolfo Becerril-Millan, Marco
Aurelio Rodriguez-Monroy and Maria Margarita Canales-Martinez.
2020. Wound Healing Activity of the Essential Oil of Bursera morelensis, in
Mice. Molecules. Doi:10.3390/molecules25081795.

37) Khantouche Linda, Abderabba Manef . 2018 . Dosage des poly
phénols et étude de I’activité antioxydante et antimicrobienne des différents
extraits des feuilles du Globularia alypum L . Journal of Environmental
Science, Toxicology and Food Technology, 2319-2399, P60.

38) Kumar Manoj,Maharishi Tomar,Ryszard Amarowicz,Vivek
Saurabh,M. Sneha Nair,Chirag Maheshwari,Minnu  Sasi,Uma
Prajapati,Muzaffar Hasan,Surinder Singh,Sushil Changan,Rakesh
Kumar Prajapat,Mukesh K. Berwal,Varsha Satankar. 2021.Guava
(Psidium guajava L.) Leaves: Nutritional Composition, Phytochemical
Profile, and Health-Promoting Bioactivities.journalfoods, 10, 752, Pp2-4.

39) Lailya Noer, Retno Windya Kusumaningtyas, lim Sukarti, Maria
Rosari Devi Kartika Rini. 2015. The Potency of Guava Psidium guajava

(L.) Leaves as a Functional Immunostimulatory Ingredient. Procedia

Chemistry. Doi: 10.1016/j.proche.2015.03.042. Pp:302,303,306.
40) Laouini Salah Eddine, Abderrhmane Bouafia, Abdelaal S. A. Ahmed,
Alexander V. Soldatov, Hamed Algarni, Kwok Feng Chong,Gomaa A.

67



Bibliographic References

M. Ali. 2021. The Recent Progress on Silver Nanoparticles: Synthesis and
Electronic Applications. https://doi.org/10.3390/nan011092318.

41) Lubis. M. F, V. E. Kaban, J. O. Aritonang, D. Satria, A. A. Mulina
and H. Febriani. 2022. ACUTE TOXICITY AND ANTIFUNGAL
ACTIVITY OF THE OINTMENT Murraya koenigii ETHANOL EXTRACT.
Rasayan J. Chem. Doi.org/10.31788/RJC.2022.1516401. Pp:1,3.

42) Mandal Santi M, Dipjyoti Chakraborty & Satyahari Dey. 2010.
Phenolic acids act as signaling molecules in plant-microbe symbioses. Plant
Signaling & Behavior. DOI: 10.4161/psb.5.4.10871. P.359.

43) Matsuura Hélio Nitta and Arthur Germano Fett-Neto. 2015. Plant

Alkaloids: Main Features, Toxicity, and Mechanisms of Action. Plant Toxins.
DOI 10.1007/978-94-007-6728-7_2-1. P.1.

44) Maurette R. V. Fernandes, Luciana M. Kabeya, Claudia R. F. Souza,
Adna P. Massarioli, Severino M. Alencar & Wanderley P. Oliveira. 2018.
Antioxidant Activity of Spray-Dried Extracts of Psidium guajava Leaves.
Food Research. Doi:10.5539/jfr. v7n4pl41. Pp.142-144.

45) Meddour Rachid, Ouahiba Sahar, Fréderic Médail. 2021.Checklist of
the native tree flora of Algeria: diversity, distribution, and conservation.
Journal Plant Ecology and Evolution, 154 (3): 405418, P 406.

46) Mehrnaz Mehrabani, Seyyed Mohsen Seyyedkazemi, Mohammad
Hadi Nematollahi, Elham Jafari, Mitra Mehrabani, Mohammad
Mehdipour, Zahra Sheikhshoaee, and Ali Mandegary. 2016. Accelerated
Burn Wound Closure in Mice with a New Formula Basedon Traditional
Medicine. Iranian Red Crescent Medical Journal, 18(11):e59052,Pp 2-3.

47) Mehta B K, Meenal Chhajlani, B D Shrivastav.2017. Green synthesis
of silver nanoparticles and their characterization by XRD. Journal of Physics:
Conference Series, 836 012050.P 3.

48) Melo Claudia, Nadjet Cornejal, Victor Cruz, Sahar Alsaidi, Gearoff
Cruz Rodriguez, Aned Gomez Ramirez, Victor Sorel, Thierry Bonnaire,
Shimin Zhang, Thomas M. Zydowsky, Christine Priano, José A.
Fernandez Romero and Adolfina Koroch. 2020. Antioxidant Capacity and
Antimicrobial Activity of Commercial Samples of Guava Leaves (Psidium

68


https://doi.org/10.3390/nano11092318

Bibliographic References

guajava). Journal of Medicinally Active Plants. DOI:10.7275/zzfy-zk15.
Pp.2.3.6.7.

49) Moghaddam Mohammad, Mehdizadeh Leila. 2017. Chemistry of
Essential Oils and Factors Influencing Their Constituents. Soft Chemistry and
Food Fermentation. Doi: 10.1016/B978-0-12-811412-4.00013-8. Pp:1,2,11.
50) Mohamed Ali Said, Mohamed Mursal Ibrahim, Erman Beyzi, Ali
Irfan Ilbas. 2024.Biodiversity and Utilization Patterns of Medicinal and
Aromatic Plants in Africa. Journal Dergi park, 2651-5334, P 40.

51) Mohammed Laid Tedjani,Gomaa A. M. Ali, Ahmed Barhoum.2021.
Green Synthesized of Ag/Ag20 Nanoparticles Using Aqueous Leaves
Extracts of Phoenix dactylifera L. and Their Azo Dye Photodegradation.
Revista Romana de Materiale,51(3):342-352.

52) Naga Venkata Sai Lakshmi, Sandeep Kumarvo, Dalal Ashutosh
Sudhir, Patel Shubh Jitendrabhai, Sanampreet Singh and Sanjay Jangir.
2022.A review on nutritional and medicinal properties of guava (Psidium
guajava L.). Annals of Phytomedicine 11(2): 240-244, 2022, P.241

53) NAIMA MOUDIR, NADJI MOULAI-MOSTEFA, YACINE
BOUKENNOUS.2015. SILVER MICRO- AND NANO-PARTICLES OBTAINED
USING DIFFERENT GLYCOLS AS REDUCING AGENTS AND
MEASUREMENT OF THEIR CONDUCTIVITY. Journal Chemical Industry &
Chemical Engineering Quarterly, 22 (2), P 229.

54) Namunana Sandra, Stephen Lutoti, Grace Nyamaizi, Gerald Agaba,
Irene Apun, Charles Ssebunnya, Gladys Mercy Tenywa ,Raphael
Wangalwa, Bruhan Kaggwa, Pakoyo Fadhiru Kamba, David Musoke-
Muweke, Patrick Ogwang Engeu. 2018. Formulation, Development and
Validation of a Wound Healing Herbal Ointment from Extracts of Bidens
pilosa and Aloe barbadensis. J Pharm Pharmacol Res. DOI:
10.26502/fjppr.0008. P.1.

55) Nwokeji Paul Anulika, Enodiana Osamiabe Ignatius, Ezenweani
Sunday Raymond, Osaro-Itota Osasere, Akatah Hilda Abiola. 2016. The
Chemistry Of Natural Product: Plant Secondary Metabolites. Journal of
technology enhancements and emerging engineering research. VOL 4, ISSUE
8 .ISSN 2347-4289. P.1.

69


https://www.sciencedirect.com/book/9780128114124/soft-chemistry-and-food-fermentation
https://www.sciencedirect.com/book/9780128114124/soft-chemistry-and-food-fermentation
https://doi.org/10.1016/B978-0-12-811412-4.00013-8

Bibliographic References

56) Pagare Saurabh, Manila Bhatia, Niraj Tripathi, Sonal Pagare and
Y.K. Bansal. 2015. Secondary Metabolites of Plants and their Role:
Overview. Biotechnology and Pharmacy, Vol. 9 (3) 293-304, ISSN 0973-
8916, P.2.

57) Pressy P. Prakasia, Ashalatha S. Nair. 2016. Evaluation of in vitro
antioxidant potential of the total crude alkaloid extract of glycosmis
pentaphylla (retz.) correa leaves. Journal of Pharmacy and Pharmaceutical
Sciences. ISSN- 0975-1491.

58) Rahul B. Patil, Ashok D. Chougale .2021. Analytical methods for the
identification and characterization of silver nanoparticles: Abrief
review.Journal Materials Today : Proceedings , P4.

59) Rajan D. Senthil, M. Rajkumar, C. T. Kumarappan and K. L. Senthil
Kumar. 2012. Wound healing activity of an herbal ointment containing the
leaf extract of Ziziphus Mauritiana Lam. Journal of Pharmacy and
Pharmacology. DOI: 10.5897/AJPP12.795. Pp:1,3.

60) Richa Bhardwaj, Devyani Naruka and Smita Purohit. 2024.
Determination of antifungal and antioxidant potential of leaf and fruit extracts
of guava (Psidium guajava Linn.). Applied Biological Research. DOI:
10.48165/abr.2024.26.01.26. Pp.226.227.228.229.

61) Rosa Martha Perez Guti errez, Sylvia Mitchellb, Rosario Vargas
Solis.2008. Psidium guajava: A review of its traditional uses, phytochemistry
and pharmacology. Journal of Ethnopharmacology, 117, P7.

62) Roy Arpita, Ariba Khan, Irfan Ahmad , Saad Alghamdi , Bodour S.
Rajab, Ahmad O. Babalghith , Mohammad Y. Alshahrani, Saiful Islam,
and Md. Rabiul Islam. 2022. Flavonoids a Bioactive Compound from
Medicinal Plants and Its Therapeutic Applications. BioMed Research
International. Doi: 10.1155/2022/5445291. P.1.

63) Russell Wendy and Duthie Garry. 2011. Plant secondary metabolites

and gut health: the case for phenolic acids. Proceedings of the Nutrition
Society. D0i:10.1017/S0029665111000152. P.389.

64) S.K. Mitra, T.K.S. Irenaeus,M.R. Gurung ,P.K. Pathak.
2021.Taxonomy and Importance of Myrtaceae. Acta Horticulturae,DOI:
10.17660/ActaHortic.2012.959.2, P23.

70


https://doi.org/10.1155/2022/5445291

Bibliographic References

65) Sagar B. Kedare, R. P. Singh. 2011. Genesis and development of DPPH
method of antioxidant assay.Central Food Technological Research
Institute,48(4):412-422, Pp 1-2.

66) Sahal Anjali, Siddhant Chaudhary, Afzal Hussain, Shubhangi Arora,
Ankita Dobhal, Waseem Ahmad, Vinod Kumar, Sanjay Kumar. 2025. A
comprehensive review on the nutritional composition, bioactive potential,
encapsulation techniques, and food system applications of guava (Psidium
guajava L.) leaves. Grain & Oil Science and Technology. Doi:
10.1016/j.gaost.2024.12.003.

67) Samanta Amalesh, Gouranga Das, Sanjoy Kumar Das. 2011. ROLES
OF FLAVONOIDS IN PLANTS. Int J Pharm Sci Tech. Vol-6, Issue-1,
January-June-2011. ISSN: 0975-0525. P:1,25.

68) Sambangi Pratyusha. 15 March 2022. Phenolic Compounds in the Plant
Development and Defense: An Overview. Plant Stress Physiology -
Perspectives in Agriculture. DOI: 10.5772/intechopen.102873. Pp:2-3.

69) Shabbir Hassan, Tusneem Kausar, Sobia Noreen, Hafeez ur
Rehman, Ashig Hussain, Qingrong Huang, Adil Gani, Shiwei Su and
Asad Nawaz. 2020. In Vivo Screening and Antidiabetic Potential of
Polyphenol Extracts from Guava Pulp, Seeds and Leaves. Animals.
Do0i:10.3390/ani10091714. Pp.3-6.

70) Shirur Dakappa Shruthi, Adhikari Roshan, Sanjay Sharma
Timilsinal and Sajjekhan Sunita. 2013A REVIEW ON THE MEDICINAL
PLANT PSIDIUM GUAJAVA LINN. (MYRTACEAE). Journal of Drug
Delivery & Therapeutics, 3(2),P 164.

71) Shoker Roaa M. H. September 2020. A Review Article: The Importance
of the Major groups of Plants Secondary Metabolism Phenols, Alkaloids, and
Terpenes. ljrash. IRAQ. D0i:10.31033/ijrash.7.5.47. P.356.

72) Thais N. C. Vasconcelos, Gerhard Prenner, and Eve J. Lucas.2019. A
Systematic Overview of the Floral Diversity in Myrteae (Myrtaceae).Journal
BioOne Complete, 44(3),P570.

71


https://www.intechopen.com/books/10795
https://www.intechopen.com/books/10795

Bibliographic References

73) Thirumurugan Durairaj, Alagappan Cholarajan, Suresh S.S. Raja
and Ramasamy Vijayakumar. 2018. An Introductory Chapter: Secondary
Metabolites. Secondary Metabolites - Sources and Applications. DOI:
10.5772/intechopen.79766. P.2.

74) Tien Do Thi Kieu, Francis Hadji-Minaglou, Sylvain Antoniotti,

Xavier Fernandez. 2014. Authenticity of essential oils. Trends in Analytical
Chemistry. India. DOI: 10.1016/j.trac.2014.10.007. P 147.

75) V. V. Zazharskyi, O. M. Zaslavskyi, O. I. Sosnickyi, N. M. Tishkina,
N. M. Zazharska, 1. A. Biben, A. O. Sosnicka, V. V. Brygadyrenko .2024.
Treatment of burns using polyethylene-glycol-based drugs: Dynamics of
regeneration at the biochemical, cytological, histological, and organism levels
of organization. Journal Regulatory Mechanisms in Biosystems, 15(2), Pp
383-384.

76) Wang Lu, Yanan Wu, Jia Xie, Sheng Wu, Zhengiang Wu. 16
February 2018. Characterization, antioxidant and antimicrobial activities of
green synthesized silver nanoparticles from Psidium guajava L. leaf aqueous
extracts. Materials Science & Engineering C. Doi:
10.1016/j.msec.2018.01.003. Pp:1-2-3.

77) Wei Cai Lee, Roziahanim Mahmud, Suthagar Pillai, Shanmugapriya
Perumal, Sabariah Ismail. 2012. Antioxidant Activities of Essential Oil of
Psidium guajava L. Leaves. APCBEE Procedia. Doi:
10.1016/j.apchee.2012.06.016. Pp.87.89.

78) Wojciech Zwierelto, Krzysztof Piorun, Marta Skorka-Majewicz,
Agnieszka Maruszewska, Jacek Antoniewski, lzabela Gutowska.2023.
Burns: Classification, Pathophysiology, and Treatment: A Review.
Internationaljournal of molecular sciences, 24, 3749, P2.

79) Yahaya Tijani Adeniyi, Salawu Oluwakanyinsola Adeola, Good-luck
Jaiyeoba, Madara Adamu Adamu, lkwuka Amarachi Christianah,
Chindo Ben Ahmed. 2012. Wound healing activity of Crinum zeylanicum L.
(Amaryllidaceae). Phytopharmacology. 3(2) 319-325. Pp:1,2.

80) Yao Lihu , Yueming Jiang, Riantong Singanusong, Bruce D'Arcy

,Nivedita Datta, Nola Caffin, Katherine Raymont. 2004. Flavonoids in

Australian Melaleuca, Guioa, Lophostemon, Banksia and Helianthus honeys

72


https://www.intechopen.com/books/6670

Bibliographic References

and their potential for floral authentication. Food Research International.
D0i:10.1016/j.foodres.2003.11.004. P.116.

81) Ye R,, Tian K., Hu H., Li P., Tian X. 2023. Extraction process
optimization of essential oil from Mellissa officinalis L. using a new
ultrasound-microwave hybrid-assisted Clevenger hydrodistillation. Industrial
Crops and Products, 203.

82) Yu. S., Yin. Y., & Liu. J. 2013. Silver nanoparticles in the environment.
Environmental Science: Processes & Impacts. DOI: 10.1039/c2em30595;.

P.78.
83) Zahra .A. A, F. A. Kadir, A. A. Mahmood, A. A. Al hadi, S. M. Suzy,
S. Z. Sabri, I. I. Latifl and K. A. Ketuly. 2011. Acute toxicity study and

wound healing potential of Gynura procumbens leaf extract in rats. Journal of
Medicinal Plants Research. Vol. 5(12), pp. 2551-2558, ISSN 1996-0875.
Pp:1,2.

84) Zandavar Hamed and Babazad Mojtaba Afshari. 29 March 2023.
Secondary Metabolites: Alkaloids and Flavonoids in Medicinal Plants. Herbs
and Spices - New Advances. DOI: 10.5772/intechopen.108030. P.2.

85) Zen-bio,Inc. 2020.FRAP Antioxidant Assay Kit (Cat #AOX-11)
Instruction Manual (ZBM0119.00).

86) Zhang Yuanyuan, Ping Cai, Guanghui Cheng and Yongqgiang Zhang.
2022. A Brief Review of Phenolic Compounds Identified from Plants: Their
Extraction,Analysis, and  Biological  Activity.  Natural  Product
Communications. DOI: 10.1177/1934578X211069721. Pp:1-2.

87) ZHAO. AJ, R. LI, W.Y. GUO, K. LEI, L.S. JI, and P. LI. 2024. Plant
secondary metabolites: flavonoids and their glycosylation modification.
biologia plantarum. China. DOI: 10.32615/bp.2024.002. Pp:40-41.

73


https://www.intechopen.com/books/12143
https://www.intechopen.com/books/12143

