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Abstract

The emergence of antibiotic-resistant bacterial strains, particularly avian pathogenic
Escherichia coli (APEC), represents a major challenge for poultry health and food
safety. This work aims to evaluate the antibacterial activity of hydroalcoholic extracts
obtained from the leaves, stems, and roots of Eriobotrya japonica Lindl.

The theoretical part covers the botanical, phytochemical, and pharmacological aspects
of Eriobotrya japonica Lindl, phenolic compounds, and the characteristics of avian
pathogenic Escherichia coli (APEC), including its pathogenic mechanisms, modes of
transmission, and control strategies.

Our study first involved hydroalcoholic extraction using the Soxhlet method, analysis
of phenolic content using the Folin-Ciocalteu method, and FTIR-ATR characterization.
Secondly, we evaluated the antibacterial activity against several APEC strains using
antibiogram, dilution method, minimum inhibitory concentration (MIC), and minimum
bactericidal concentration (MBC) tests.

The results show analyses revealed a higher concentration of phenolic compounds in
the leaves compared to the other parts of the plant, accompanied by moderate
antibacterial activity against the tested strains (ATCC 25922, and 7 isolates). This
antibacterial activity gradually decreases from leaves to stems and then to roots.

This plant may also have potential for the development of complementary or preventive
treatments in humans, especially in response to the growing emergence of multidrug-
resistant bacteria. However, further studies are needed to confirm its efficacy and

safety for human medical use.

Keywords: Eriobotrya japonica Lindl, Avian pathogenic Esherichia coli (APEC),
antibacterial activities, phenolic compounds, FTIR-ATR.



Résumé

L’émergence de souches bactériennes résistantes aux antibiotiques, notamment
Escherichia coli pathogéne aviaire (APEC), constitue un enjeu majeur pour la santé
avicole et la sécurité sanitaire. Ce travail vise a évaluer I'activité antibactérienne des
extraits hydroalcooliques issus des feuilles, tiges et racines d’Eriobotrya japonica Lindl.
La partie théorigue aborde les aspects botaniques, phytochimiques et
pharmacologiques de la plante Eriobotrya japonica lindl, les composés phénoliques,
ainsi que les caractéristiques d’Escherichia coli aviaire pathogéne (APEC), incluant
ses mécanismes de pathogénicité, ses modes de transmission et les stratégies de
contrble.

Notre étude consiste en premier lieu I'extraction hydroalcoolique par la méthode du
Soxhlet, l'analyse du contenu phénolique par la méthode de Folin-Ciocalteu, la
caractérisation FTIR-ATR. On second, I'évaluation de l'activité antibactérienne contre
plusieurs souches d’APEC par antibiogramme, dilution, CMI et CMB.

les résultats montrent les analyses ont révélé une concentration plus élevée en
composés phénoliques dans les feuilles, comparativement aux autres parties de la
plante , accompagnée d’'une activité antibactérienne modérée contre les souches
testées (ATCC 25922 et 7 isolats). Cette activité antibactérienne diminue
progressivement des feuilles vers les tiges, puis vers les racines.

Cette plante pourrait également présenter un intérét potentiel pour le développement
de traitements complémentaires ou préventifs chez I'humain, notamment face a
'émergence croissante de bactéries multi résistantes. Des études supplémentaires
restent toutefois nécessaires pour confirmer son efficacité et sa sécurité d’utilisation

en médecine humaine.

Mots clés :Eriobotrya japonica Lindl , Escherichia coli pathogéne aviaire (APEC),

Activité antibactérienne , composés phénoliques ,FTIR -ATR .
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General introduction

In recent years, the search for natural bioactive compounds has gained increasing attention,
particularly in the field of pharmacology and microbiology. With the emergence of antibiotic-
resistant bacterial strains, the need for alternative antimicrobial agents has become an urgent
priority in both human and veterinary medicine. Plants, as rich sources of secondary
metabolites, offer a promising reservoir of such compounds, including phenolics, flavonoids,

tannins, and other phytochemicals with known biological activities.

Among medicinal plants, Eriobotrya japonica Lindl (commonly known as the loquat) has
attracted scientific interest due to its wide range of traditional uses and pharmacological
properties. Native to southeastern Asia and cultivated in many parts of the world, Eriobotrya
japonica Lindl has been used in folk medicine to treat respiratory, gastrointestinal, and
inflammatory disorders. Its leaves, stems, and roots are known to contain significant levels of
phenolic compounds, which are largely responsible for its antioxidant and antimicrobial

activities.

Escherichia coli, particularly avian pathogenic strains (APEC), pose a serious threat in poultry
farming, leading to severe economic losses and representing a potential risk to public health
due to zoonotic transmission and antimicrobial resistance. Investigating the antibacterial
potential of natural extracts against such pathogens is therefore of high relevance.

This study aims to evaluate the phenolic content of Eriobotrya japonica Lindl extracts obtained
from different plant parts (leaves, stems, and roots) and to assess their in vitro antibacterial
activity against multiple strains of APEC. Through phytochemical analysis, spectrophotometer

FTIR-ATR spectroscopy, and microbiological assays such as microdilution methods.

This thesis is divided into two main parts: the theoretical part and the practical part. The
theoretical part comprises three chapters. The first chapter focused on the plant Eriobotrya

japonica Lindl, including its botanical description, uses, and other relevant information.

The second chapter discussed phenolic compounds, covering their chemical structure,

classification and biosynthesis.

The third chapter addressed the Avian Pathogenic Escherichia coli (APEC), its structure,

characteristics, and other important features.



General introduction

The practical part included the materials and methods used in this study. Extraction was performed
using the Soxhlet method, analytical techniques such as Spectrophotometer FTIR-ATR spectroscopy
and antibacterial activities assessments, including antibiogram, Minimum Inhibitory Concentration
(MIC), and Minimum Bactericidal Concentration (MBC).

The final sections include the presentation and discussion of the experimental data, concluding

with a general conclusion that reflects on the findings and their potential implications.
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Chapter | Eriobotrya Japonica Lindl

[.1. History

Eriobotrya is a Greek name consisting of “erion” and “botrus” which means
respectively wool and cluster, this genus includes about thirty shrubs or trees.
Persistent, native to Asia for more than 2000 years. In France, it was only around 1831
that we began to consider the loquat as a fruit tree (EL and al, 2015), then their
cultivation was described in various countries such as Algeria, Egypt, Greece, Italy,
Spain, Tunisia and Turkey (En and al., 2016).

[.2. Generality

Eriobotrya japonica Lindl is a fruit-bearing tree from the Rosaceae family (Dhiman
and al., 2021). It is native to southeastern China and has been cultivated in Asia for
centuries for its sweet and juicy fruits. The plant was introduced to Japan over a
thousand years ago, where it became widely grown hence the common name
"Japanese loquat." The species was first formally described by Swedish botanist Carl
Peter Thunberg in the 18th century, who was among the first Europeans to classify

many Asian plants (Bostan and al., 2018).

[.3. Taxonomic
The first taxonomist to officially describe Eriobotrya japonica was the Swedish botanist
Carl Peter Thunberg (1743-1828) (Thunberg , 1784).

Kingdom: Plantae
Phylum: Magnoliophyta
Class: Magnoliopsida
Subclass: Rosidae
Order: Rosales
Family: Rosaceae
Genus: Eriobotrya

Species: Eriobotrya japonica (Thunb.) Lindl (Lindley, 1821).

I.4. Local names

The real Arabic name of the Eriobotrya japonica Lindl is El Bachmalat dozy other names
according to regions (M'chimcha in Algiers, EI-molléce in Béchar and Oran, zaroura
and bou-adima in Tlemcen and Zaarour in Constantine ,denefle ) (En and al., 2016).
Chinese (luju, biba), English (loquat), Japanese (medlar), French (bibassier du Japon,

bibace, néflier du Japon), German (Loquate, japanische mispel),

3



Chapter | Eriobotrya Japonica Lindl

Hindi (lokat), Indonesian (papalaan, okwat), Italian (nespola Giapponese, nispolero),
Portuguese (ameixa do Japao), Spanish (nespereira, nispero de Japon); Trade name
(loquat) (Janick and Paull, 2008).

I.5. Botanical Description
Eriobotrya japonica Lindl is an evergreen shrub or small tree 6- 8 m high; bole usually
rather short, 0.6-1 m long, surmounted by a dense ovoid or globular crown; bark grey

and shallowly fissured, on young branches it is pale brown and hairy (Figl).

Figure 1: ;I'_ree of Eriobotrya japonica Lindl (Morton, 1987).

-The leaves are slightly crowded towards the end of the stem, large, alternating,
subsessile, stiff, leathery, lanceolate in shape, 21-32 cm long, with margins slightly

toothed to strongly toothed ; dark, green, narrowed into a very short petiole (Fig 2).

Figure 2: Leaves of Eriyobotrya japonica Lindl (Morton, 1987).
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-Flowers fragrant, 1.2 cm broad, borne in woolly panicles, 10-20 cm long; calyx
composed of 5 small, imbricate, acute teeth; corolla has 5 oblong, ovate-clawed petals,

white in colour and delicate in texture; stamens 20; pistils 5 (Janick and Paull, 2020)
(Fig 3).

Figure 3: Flowers of Eriobotrya japonica Lindl (Cistus
Nursery 2025).

-Fruit in clusters, generally round, oval or pyrethral, 2.5-8 cm long, pale yellow to
orange, slightly mellow on the surface; skin thick like a peach but slightly harder; flesh
firm and fleshy in some varieties; colour ranging from near white to dark orange; Juicy
and subacid; 4-10 seeds, 1-2 cm long (Janick and Paull 2020) (Fig 4).

Figure 4: Fruit of Eriobotrya japonica Lindl (Morton. (1987).
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-Roots Generally, have a taproot system (Gilman and Dennis, 2022) (Fig5).

Figure 5: root of Eriobotrya japonica Lindl (Greer 2025).

I.6. Reproductive Strategy

Hermaphroditic species, the self-incompatibility of E. japonica is gametophytic.
Cloned trees flower readily within 1-2 years, but worthwhile fruit set takes a few
more years. Honeybees are its pollen vectors. After fertilization, the fruit

develops very rapidly, birds and bats disperse the fruit (Freihat and al., 2008).

I.7. Ecology and biophysical limits

Originally from regions with a subtropical climate, E. japonica requires a mild climate
with rainfall evenly spread throughout the year, without excessive heat, especially
during fruit ripening. The most favourable conditions for productivity and quality are to
be found near the Once established, it is tolerant of drought and of slight frost
(Yukio Nagano and al., 2022) .Temperatures lower than -5°C damage the flowers,
and those lower than -12 ° C are fatal. Biophysically, the species thrives at altitudes
between 700 and 2400 meters, in areas with an average annual rainfall ranging from
650 to 1000 mm. It can grow on a wide variety of soil types from sands to heavy clays
but prefers acidic soils over alkaline ones
(Fernandez-Lopez, and Gil-Sanchez., 2021). Optimal growth occurs in light, deep,
well-drained, and moist alluvial soils, particularly those with a gritty subsoil extending

to a depth of approximately 1.5 meters (Nagao and Matsuo, 2008).
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[.8. Species distribution in the world

The map above shows countries where the species has been planted. It does neither
suggest that the species can be planted in every ecological zone within that country,
nor that the species cannot be planted in other countries than those depicted. Since
some tree species are invasive, you need to follow biosafety procedures that apply to
your planting site (Infante-Rodriguez and al., 2024). Exotic range Native range China,
Japan Albania, Algeria, Argentina, Australia, Brazil, Cambodia, Chile, Colombia,
Cyprus, Ecuador, Egypt, Eritrea, Ethiopia, France, French Guiana, Germany, Greece,
Guatemala, Guyana, Honduras, India, Indonesia, ltaly, Kenya, Laos, Libyan Arab
Jamahiriya, Madagascar, Malaysia, Malta, Mexico, Morocco, Myanmar, Nicaragua,
Panama, Philippines, Portugal, South Africa, Spain, Surinam, Taiwan, Province of
China, Tanzania, Thailand, Trinidad and Tobago, Turkey, Uganda, United Kingdom,
United States of America, Venezuela, Vietnam (Crane and Caldeira., 2019) .

The map above shows countries where the species has been planted. It does neither
suggest that the species can be planted in every ecological zone within that country,
nor that the species cannot be planted in other countries than those depicted. Since
some tree species are invasive, you need to follow biosafety procedures that apply to

your planting site (Fig 6) (Orwa and al., 2009).
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Figure 6: Geographical distribution of Eriobotrya japonica Lindl (Orwa and al., 2009).
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1.9. Utilisations

Eriobotrya japonica Lindl has been included in “The Plant List” and it is the most widely
researched species in its genus. Its dried leaves are widely used in traditional Chinese
herbal medicine to treat coughing caused by pulmonary inflammation, dyspnea due to
asthma and cough, nausea caused by stomach disorders, restlessness, and thirst.
Furthermore, it is used to treat stomach ache, ulcers, chronic bronchitis, cancer, and
diabetes mellitus in Japanese folk medicine (Zhu and Jiang., 2022).

Triterpenes and flavonoids are the most important bioactive compounds responsible
for pharmacological activities, such as anti-inflammatory, and antitumor activities.
Other beneficial physiological effects such as antioxidant, hepatoprotective,
bronchodilatory and expectorant effects and tracheal smooth muscle relaxation.

High doses (2.000 mg/kg) of E. japonica leaf extracts have been used in laboratory
animals, and no side efects or toxicity symptoms have been observed
(Xu zhu and al., 2022).

[.10. Pharmacological activities.

1.10.1. Anti-inflammatory Activities

Extracts from loquat leaves have shown significant anti-inflammatory effects by
inhibiting inflammatory mediators such as nitric oxide, prostaglandins, and cytokines.
This makes it potentially useful for managing chronic inflammatory

conditions..Pharmacological Effects of Eriobotrya japonica Lindl (Kim and al., 2010).

1.10.2. Hepatoprotective Effects

The plant extracts may protect liver cells from damage caused by toxins, oxidative
stress, or drugs, aiding liver health (Algasoumi and al., 2018).

1.10.3. Antioxidant Properties

Eriobotrya japonica Lindl exhibits strong antioxidant activity, mainly due to its leaves,
which are rich in phenolic compounds and flavonoids. These bioactive substances help
neutralize free radicals, protecting cells from oxidative stress. Leaf extracts have shown
significant antioxidant potential in various studies. (Zhang and al., 2016).

[.11. Phytochemical Composition

Eriobotrya japonica Lindl, commonly known as loquat, is a traditional medicinal plant
rich in various bioactive phytochemicals found in its leaves, fruits, and seeds. These
constituents are responsible for its diverse pharmacological properties
(Zhou and al., 2011).


https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/loquat
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/coughing
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/stomach-disorders
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/chronic-bronchitis
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/flavonoid
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/pharmacological-activity
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/antitumor-activity
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/expectorant-agent
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/side-effect
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1.11.1. Flavonoids
The leaves of E. japonica are particularly rich in flavonoids, which are known for their

strong antioxidant and anti-inflammatory properties (He and al., 2015).

1.11.2. Triterpenes and Triterpenoids

These pentacyclic compounds are abundant in the leaves and contribute to various
therapeutic effects (Yuan and Xu, 2012).

1.11.3. Phenolic Acids

Several phenolic acids have been identified in the plant extracts
(Barbi and al., 2022).

l.11.4.Tannins

The plant contains hydrolyzable tannins, such as gallotannins and ellagitannins, which
have antioxidant, antimicrobial, and gastrointestinal protective effects
(Yuan and Xu, 2012).

[.11.5 alkaloids
Alkaloids in Eriobotrya japonica Lindl could have important bioactive roles. Detected in
leaves and seeds, they may enhance the plant's pharmacological profile when

combined with other secondary metabolites (Uddin and Rehman .2012).
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II.1. Generality

Compounds with more or single aromatic rings coupled to a single or more hydroxyl
groups are commonly called phenolic. They are the most common secondary plant
metabolites with over 8000 known structures. They range from the simple phenolic
such as phenolic acids; to the complex compounds like tannins.

The compounds participate in plant defence against ultra violet (UV), pathogens, and
other predators (Kiselev and Dubrovina, 2023). Their presence in all plant organs
makes them a vital ingredient of the human diet. Phenolics are found mainly in fruits,
legumes, vegetables, tea, wine, coffee, and accounts for the organoleptic
characteristics of plant food (Zhang and al., 2024).

Likewise, phenolic compounds are responsible for the bitterness of fruits due to their
interaction with salivary glycoprotein. Phenolics can also added to the colour of many
fruits and vegetables. Among the plants, phenolics are lignans, tannins, phenolics

acids, stilbenes, and flavonoids (Oluwaseun and al., 2021).

[I.2. Phenolic compounds from natural sources

Plants can synthesize several organic compounds called secondary metabolites either
during normal metabolic processes or in regarding to certain environmental conditions
including wounds, temperature, UV-radiation, infection, and others (Kumar
and al., 2024). These metabolites are grouped into different clusters in relative to the
occurrence of phenol rings in their structures, and on the structures that hold the ring in
place. Phenolic compounds occurred as functional derivatives such as methyl esters,
esters and glycoside (Shahidi and Yeo, 2018).

They are seen inform of the conjugate with poly- and monosaccharides which joined
one or more phenolic compounds. They include flavonoids, phenolic acids, simple
phenols, and hydroxycinnamic acid derivatives.

Phenolic compounds are categorized into different classes. They are toxic to micro-
organisms due to the presence of several numbers of hydroxyl groups on the phenols
(Vermerris and al., 2009). Phenol (also known as carbolic acid, phenolic acid, or
benzenol) is an aromatic organic compound with the molecular formula C6H50H It is
a white crystalline solid that is volatile. The molecule consists of a phenyl group
(—-C6H5) bonded to a hydroxy group (-OH) (Goslinski and al., 2021) (Fig 7).
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OH

Figure 7: Structure of phenol. (Smith, 2011).

[1.3. Classification
Phenolic compounds can generally be classified into simple and polyphenolic

compounds (Vermerris and al., 2009) (Fig 8).

11.3.1. Simple phenolic compounds

Phenolic compounds that contain one phenol unit (or a derivative of it) are considered
‘simple”. Fundamentally, they are substituted phenol compounds. Simple phenolic
compounds have C6 general skeleton representation. The general structure is shown
below. The group denoted by “R” (an organic group which could be alkyl, alkenyl,.etc.
(El-Sayed, 2021). or hydroxy, amino ...etc.) which can be in the ortho (o), meta (m),
or para (p) positions of the aromatic ring. These descriptors refer, with respect to
the position of the hydroxyl group constituting phenol which is given position 1, to 1,2-,
1,3, and 1,4-carbon relationship respectively. Below are some simple phenolic

compounds (Vauzour, 2014) (Fig8).

11.3.1.1. Phenolic acids

Phenols that contain a carboxylic acid are termed as phenolic acids. If the carboxylic
acid functional group is directly bonded to the phenol ring, the phenolic compound is
termed as hydroxybenzoic acid. When carboxylic acid functional group and the phenol
ring are separated by two doubly bonded carbons (a C=C bond), phenolic compounds

are termed as hydroxycinnamic acids (Khater, 2011) (Fig8).

11.3.1.1.1. Hydroxybenzoic acids
Hydroxybenzoic acids are benzoic acids substituted with a hydroxyl group.
Alternatively, they can be viewed as phenols that are substituted with a carboxylic acid

functional group that is directly bonded to the phenol ring
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(Gomes da Silva and al., 2023). The hydroxyl group in hydroxybenzoic acids can be
ortho (o) (salicylic acid), meta (m), or para (p). The structures are shown below.
Dihdyroxybenzoic acids are benzoic acids that are substituted with two hydroxyl
groups. The two hydroxyl groups can mainly be in 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, and 3,5
relative positions. Trihdyroxybenzoic acids are benzoic acids that are substituted with
three hydroxyl groups. Examples include 2,4,6-trihydroxybenzoic acid and 3,4,5-
trihydroxybenzoic acid (gallic acid) (Das and al., 2019) (Fig8).

11.3.1.1.2. Hydroxycinnamic acids

When the carboxylic acid functional group is separated from the phenol ring by a C=C
bond, phenolic acids are described as hydroxycinnamic acids. Examples of
hydroxycinnamic acids are 2-, 3-, and 4-hydroxycinnmaic acid shown below. Other
common examples of cinnmaic acids are caffeic acid, ferulic acid, and sinapic acids
shown below (Hassaine, 2020) (Fig8).

11.3.1.2. Coumarins

Hydroxycoumarins are hydroxyl-substituted coumarins. They are examples of phenolic
compounds. The first coumarin was isolated from the tonka bean (Coumarina odorata).
The cyclization of hydroxycinnamic acid leads to the formation of coumarins. They are
widespread, especially among dicotyledons, particularly in the roots and bark (Aitor
and al., 2021) (Fig8).

11.3.2. Polyphenols

Phenolic compounds that contain more than one phenol unit are considered
“polyphenol”. Polyphenolic compounds have C15 general skeleton representation
(Bels¢ak-Cvitanovié and al., 2018) (Fig8).

11.3.2.1. Flavonoids

Flavonoids are polyphenolic compounds with the general structure shown below.
Generally, rings A and C are either mono, di, or trihydroxylated. The O-heterocycle B
is usually a pyrone ring as in Luteolin but could also be a pyrlium ring as in delphinidin.
If ring C is attached to C2 of ring B, the flavonoid is a flavone (as Luteolin), flavonol (as
kaempferol), an anthocyanin (as delphin-din) or a flavanone (as naringenin)
(Zhuang and al.,2023). If the ring C is attached to C3 of ring B, then the flavonoid is
an isoflavone such as daidzein. Chalcones such as chalcone, are a class of flavonoids
in which rings A and C are separated by 3-carbon linear chain rather than a ring. The
bond between C2 and C3 of ring B is commonly double as in flavones, flavonols,
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chalcones and isoflavones. However, the C2-C3 bond could be single as in flavanones
(Ghnimi, 2015) (Fig8).

11.3.2.2. Tannins

Tannins are known to bind to and precipitate proteins and amino acids. They are
subdivided into three types; hydrolyzable, condensed and complex. Hydrolyzable
tannins can be gallotannins or ellagitannins. Gallotannins are polyols that are
substituted with gallic acid units. The galloy! units in gallotannins are linked by depside
(ester) linkages. Commonly the polyol core is a D-glucose that is substituted with gallic
acid units (He and.,al 2022). Tannic acid is an example of gallotannins. Similar to
gallotannins, ellagitannins are hydrolysable 1,2,3,4,6-pentagalloyl-glucose. However,
unlike gallotannins characterized by depside linkages, adjacent galloyl groups in
ellagitannins are linked by C-C bonds. Condensed tannins are polymeric phenolic
compounds that consist of catechin units. When depolymerized, they give
anthocyanidin. Thus condensed tannins are called proanthocyanidins. Complex

tannins are gallotannins or ellagitannins bonded to a catechin unit (Rira, 2019) (Fig8).

PHENOLICS
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y ; ’ o : Pinoresinol Reseveretrol
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Caffeic acid Gallic acid Secoisolariciresinol Piceid
p-Coumaric acid Vannilic acid
Ferulic acid Protocatechic acid [
Sinapic acid Syringic acid PETTITTR i o
Geintisic: acid Hydrolyzable || Condensed Complex
Gallotannins Procyanidin B, Acutissimin
Ellagitannins Proanthocyanidin A,
Punicalin Proanthocyanidin A,
Punicalagin Proanthocyanidin C,

I Flavones | I Flavonols | | Isoflavonols | l Flavanones | I Flavanols I Anthocyanins Chalcones
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Figure 8: Different classes of phenolic compounds (Vermerris and al., 2009).
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[1.4. Biosynthesis

There are two general routes for the biosynthesis of phenolic compounds; shikimic acid
pathway and the acetic acid pathway. (Marchica and al., 2020) In the shikimic acid
pathway, hosphoenolpyruvate and erthrose-4-phosphate react in few steps to provide
3-dehydroquinate. Dehydration with shikimate dehydrogenase gives 3-
dehydroshikimic acid. Reduction with NADPH gives shikimic acid. 3-Dehydroshikimic
acid could lead to gallic acid in several steps. Shikimic acid is then converted into
chorismic acid which undergoes Claisen rearrangement to afford prephenic acid. The
product is then converted in several steps into tyrosine (Shende and al., 2024). The
amino acid serves as a central point and a crucial precursor for the biosynthesis of
various phenolic compounds. Another route toward phenolic compounds, is the
phenylpropanoid pathway. This route is essentially similar to the shikimic acid pathway
until L-phenylalanine stage where the phenylpropanoid pathway takes form. L-
Phenylalanine undergoes deamination catalyzed by phenylalanine ammonia lyase
(PAL) enzyme to give cinnamic acid. Hydroxylation followed by conversion to the
Coenzyme A provides p-coumaroyl Coenzyme A. This molecule serves as a central

point toward various phenolic compounds (Ibrahim and al., 2020) (Fig 9).
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Figure 9: The biosynthesis pathways of phenolic compounds (Zhang and al., 2012).
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[1.5. Utilisations
[1.5.1. Health and Disease

In pharmacology, phenolic compounds are actively studied for their role in modulating
various therapeutic pathways. They act as anti-inflammatory, antimicrobial,
antioxidant, and anticancer agents in numerous experimental models (Zhang
and Zhang, 2023). Several natural or semi-synthetic drugs are now derived from or
inspired by phenolic structures due to their ability to target key enzymes, cellular
receptors, or signaling pathways involved in chronic diseases (Zhou and
Zheng, 2016). Their integration into modern pharmacological strategies reflects their
therapeutic potential, particularly as adjuvants or alternatives to conventional
treatments, especially in response to rising microbial resistance and the side effects of
synthetic drugs (Kumar and Pandey, 2013).

-Antioxidant and Anti-inflammatory

Polyphenols can neutralize free radicals and reduce inflammation, potentially
protecting against oxidative stress and chronic diseases
(Ayse and al., 2019).

-Disease Prevention
Studies suggest a link between polyphenol-rich diets and reduced risk of conditions

like diabetes, heart disease, obesity, and certain type of cancer (BabyKC, 2023).

-Neurodegenerative protection
Some research indicates polyphenols, like those in tannins, may help protect against

neurodegenerative diseases (Luciana and al., 2023).

-Cancer Treatment
Polyphenols, including those in curcumin, may be used as adjuvants in cancer

treatment or have preventative effects (Daria and al., 2024).

[1.5.2. Food Industry

-Food Preservation

Polyphenols can be used as natural food preservatives due to their antimicrobial and
antioxidant properties (Hammad and al., 2022).

-Improving Food Properties
They can be used to enhance the color, aroma, and flavor of food products
(Prangya and Sumeeti, 2022).
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[1.5.3. Industrial Applications
-Pharmaceuticals
Polyphenols are being explored for their potential in pharmaceuticals and drug

development (Wang and al., 2022).

Materials Science
They can be wused in the creation of hydrogels and nanocomplexes
(Fabio and al., 2021).
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l1l.1. Generality

The bacteria pathogenic Escherichia coli was discovered by German pediatrician
Theodor Escherich (1857-1911), who isolated it from babies' feces in 1885. E. coliis a
gram-negative, non-sporulating, rod-shaped, facultative anaerobic, and coliform
bacterium pertaining to the genus Escherichia that commonly inhabits the
environment, foods, and warm-blooded animals' lower gut (Shulman and al., 2007).
The well-characterized Gram-negative bacterium Escherichia coli is present in upper
respiratory and digestive tracts of poultry and mammals (pokharol and al., 2023).
Conversely, a possible risk factor for colibacillosis in poultry is the existence of
pathogenic E. coli in the environment, digestive tract, or respiratory system
(joseph and al., 2023). Avian pathogenic E. coli (APEC) causes colibacillosis in
poultry; this type of bacteria is an extraintestinal pathogen E.coli (ExXPEC)
(newman and al., 2021). These conditions indicate colibacillosis including (cellulitis,
omphalitis, pericarditis, perihepatitis, and salpingitis). The environment and the host’s
stress levels determine disease transmission; organs can still be infected, and
colibacillosis can result from less pathogenic strains with fewer

virulence genes (meguenni and al., 2019).

[11.2. Scientific classification

Domain: Bacteria

Kingdom: Bacteria

Phylum: Proteobacteria

Class: Gamma proteobacteria

Order: Enterobacterales

Family: Enterobacteriaceae

Genus: Escherichia

Species: Escherichia coli (E. coli) (Escherich,1886).

l11.3. Antigenic Structure

APEC is classified into 150-200 serotypes or serogroups based on 3 antigens, somatic
(O) or cell wall antigen, capsular (K) antigen, and flagellar (H) antigen. Seventy five
types of the H or flagellar antigen and 173 types of O or somatic antigens 103 types of

the K or capsular antigens have been recognized (Lui and al.,2019) (Fig10).
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Figure 10: Structure of Avian pathogenic E. coli (Miajlovic and Smith, 2014).

l1l.4. Cultural requirements

APEC cells may grow on a solid or in a liquid growth medium under laboratory
conditions. It may be grown in a basic minimum of media, which includes glucose as a
carbon and energy source, ammonium salts as a nitrogen source, other salts, and trace
elements. As E. coli have simple nutritional requirements it can be easily cultured on a
common medium, such as Nutrient agar, Mac Conkey agar, and EMB agar
(Sesonov and al., 2007). E.coli can grow at temperatures ranging from 10°C to 40°C,
although the optimum temperature for most strains is 37°C (98.6°F), however, some
laboratory strains can proliferate at temperatures as high as 49°C (120.2°F)
(Catipoglu and al., 2023). E. coli can survive at 4.5-9.5 pH but the maximum growth
is observed at 7.0, i.e., neutral pH. Also , the pH requirements vary with the strains of
E. coli (Mathlouthi and al., 2018).

l11.5. Classification of pathogenic Escherichia coli Strains

E. coli strains can be classified as either commensal or pathogenic. The diagram in
(Fig 11) presents the two main categories of pathogenic E. coli: intestinal pathogenic
E.coli (InPEC), which are responsible for infections of the digestive tract, and
extraintestinal pathogenic E. coli (EXPEC), which are involved in systemic or localized
infections outside the intestine. Each category is further divided into several pathotypes
based on their mode of action and site of infection (Kaper and al., 2023) (Fig 11).
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Figure 11: Pathogenic Escherichia coli Strains (Khan and al., 2024).

l11.6. Characteristics

Unlike other E.coli pathogen groups, the characteristics of APECs cannot be identified
by a single group. The following summarizes a few phenotypic and genotypic traits
connected to this class of diseases. Serotyping and biotyping are frequently performed
for isolates found in colibacillosis infections (Khairullah and al., 2024).

The predominant serogroups of E. coli recovered from sick birds are O1, O2, and
0O78.Thus, representative serotype strains offer a focal point for deciphering the
mechanisms of APEC pathogenicity and for creating and assessing potential vaccines.
Given that this dominant serogroup may also be recovered from the feces of birds that
appear to be in good health, the hypothesis that the digestive tract may serve as a
substantial natural reservoir for APEC and that predisposing factors may be necessary
to produce the disease is supported (levy and al., 2020). Many investigations have
revealed similarities between commensal E. coli and APEC, including serogroup,
suggesting that APEC developed from commensal E. coli after gaining pathogenic
qualities (Kazibwe and al., 2020). The various features observed include the outer
membrane protein profile, pathogenicity profile, and multilocus enzyme electrophoresis
within a serotype. To define APEC isolates, tests for motility, hemolysis, lactose
fermentation, complement resistance, serotyping, aerobactin and colicin V synthesis,
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and embryo lethality are occasionally performed, although phenotypes can vary
(Wang and al., 2022).

[1l.7. Epidemiology

APEC epidemiology in poultry is shaped by the interaction of host vulnerability,
environmental factors, and bacterial genetic diversity. Factors such as young age and
stress increase susceptibility, while poor hygiene and overcrowding promote bacterial
transmission (Abdelhamid and al., 2024) .The pathogen’s adaptability is driven by
multiple virulence factors and horizontal gene transfer mechanisms, including plasmids
and bacteriophages, facilitating the spread of virulence and antibiotic resistance genes
(Feng and al., 2023). Continuous monitoring and strong biosecurity measures are
essential to control infection and Ilimit outbreaks in poultry production
(Wibisono and al., 2022).

[11.8. Transmission

APEC is a major cause of colibacillosis in poultry, affecting the poultry industry
worldwide. The most frequently isolated serotypes globally are O1, O2, and O78,
commonly found in Europe, North America, Asia, and Latin America. In Africa, in
addition to these serotypes, strains such as O111 and O45 are also observed, often
associated with high levels of antibiotic resistance.This distribution highlights
significant regional diversity, influenced by Farming practices, Antibiotic usage, and the

level of biosecurity (Nawaz and al., 2024) (Fig12).
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Figure 12: World map illustrating the continents with APEC serotypes
(Nawaz and al., 2024)
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[11.8.1. Housing conditions, ventilation, and stress

The impact of unfavorable environmental conditions has also been documented
despite direct contact being demonstrated to be a significant element in transmission
in APEC (Zhou and al., 2024). The respiratory systems of birds are harmed by
inadequate ventilation, high dust concentrations, or other chemical vapors in chicken
houses (Wang and al., 2023). Scratches or wounds in the injured respiratory tract can
allow APEC to enter, leading to the development of airsacculitis, polyserositis, and
potential septicemia. Excessive ammonia concentrations can weaken the cilia lining
the epithelium, impairing the bird’s ability to filter dust and dangerous pathogens from
its respiratory system (Wang and al., 2022). High ammonia levels are typical because
ventilation is decreased in colder climates to reduce heating expenses. Reduced
ventilation leads to moist air inside the poultry house, which raises the water content in
the droppings and provides a perfect environment for bacteria to release large amounts
of ammonia and break down uric acid (Van Limbergen and al., 2020). This can
damage the bird’s respiratory system and increase the possibility of APEC

transmission.

[11.8.2. Contaminated water, feed, and eggs

Water could play a significant role in APEC’s dissemination to poultry. Pathogenic E.
coli serotypes can be introduced into chicken flocks through contaminated well water,
leading to APEC transmission (Joseph and al., 2023). The spread of APEC can be
assisted by urban chicken farms that use recycled wastewater (Walker and al., 2020).
E. coli bacteria isolated from final effluent released from two wastewater treatment
plants in the Eastern Cape Province, South Africa, were multidrug-resistant. If water is
used for chicken rearing, the final effluent discharge may represent an equally
significant risk (Koutsianos and al., 2021). There is a possibility that contamination of
feed and feed ingredients could result in the emergence of novel disease strains. In
addition, there is evidence that the type of food fed to hens affects their intestinal
microbiota (Artdita and al., 2021). It has been demonstrated that some food
ingredients encourage the growth of specific gastrointestinal bacteria while inhibiting

the growth of other bacteria.

111.8.3. Underlying chicken disease
Colibacillosis frequently coexists with other illnesses, such as Mycoplasma and

respiratory virus infections, making diagnosis and treatment challenging for farmers
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(Pokharol and al., 2023). Conversely, healthy hens have a strong immune system and
are naturally resistant to E. coli, which is present naturally. Livestock can be more
vulnerable to APEC infections if they have immunity abnormalities brought on by acute
infections, specifically infectious bursal disease, adenovirus Newcastle disease,
reovirus, Marek’s disease, and infectious bronchitis. Furthermore, the role of
underlying illnesses and serum antibodies against viruses such as Newcastle disease
and infectious bronchitis virus in the spread of APEC are currently being studied
(Hess and al., 2022).

[11.8.4. Proximity to other animals, poultry farming, and poultry density

The risk factor for the transmission of poultry diseases is the distance between poultry
farms. Reducing the number of chicken farms in a region and the number of chickens
on each farm is one of the most effective ways to prevent colibacillosis
(El-Saadony and al., 2022). If biosecurity regulations are not strictly implemented,
backyard flocks of chickens that usually coexist with wild birds should be separated
from commercial chickens. It was reported that between 2002 and 2003, private flocks
in the United States experienced an outbreak of exotic Newcastle disease, which later
spread to commercial chicken flocks. Backyard flocks can spread zoonoses and other
highly contagious infectious diseases to commercial poultry and are frequently
exposed to avian influenza. The possibility of APEC transmission in poultry is thought
to be increased by interactions between maintained birds and other chicken species,
particularly backyard flocks. However, APEC transmission differs from that of avian

influenza and Newcastle disease viruses (Mace and Knight, 2024).

[11.8.5. Vertical transmission

E. coli oviduct infection is a common cause of mortality in laying hens and broilers and
egg production. Vertical transmission has previously been demonstrated as a means
by which bacteria with AMR genes can spread (Joseph and al., 2023). Vertical
transmission has also been demonstrated in other bacterial species, such as
Salmonella enterica and Enterococcus faecalis. For the 1st time, Giovanardi
documented vertical transmission of APECs from parent to offspring; previously, E. coli
studies only examined outbreaks. Peterson and Bortolaia later reported the
transmission of E. coli resistant to fluoroquinolones, nalidixic acid, and ampicillin from

parent to broiler. Vertical transmission of APEC has been documented by isolating E.
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coli clones from salpingitis-peritonitis lesions in broiler broodstock. The transmission of

E. coli to day-old chicks is linked to increased risk (Christensen and al., 2021) (Fig13).

Horizontal
transmission

1LLAPEC entry via nagal oral \ Mature hen

.\ ‘
Vertical transmission
[ Hatched
LY "1%) Eggs + APEC chick
Dust +‘ammonia + APEC i ‘ : )
2. Colonization, invasion and — . 3
replication in the lung | P i
€.
. N

Floor pens

3.Localized infection

infection "

Heart _
/

Airsacculitis b

S Pericarditis

3y

a4 WI iver
\ Perihepatitis

L. O0rgan/cell
damage

~ Clinical manifestation/Discases

6. Death /disease

Figure 13: A schematic representation of avian pathogenic Escherichia coli infection

in chickens after entering through oral, nasal, or cloacal routes (Nawaz and al., 2024).

[11.9. Diagnosis
[11.9.1. Pathogenicity of one-day-old chicks

The most reliable method for identifying virulence in an E. coli strain is to perform a
pathogenicity test on one day-old chicks (Widodo and al., 2022). The virulence of this
strain was assessed using the APEC subcutaneous inoculation method on one-day-
old embryos or chicks, based on a 50% fatal dose (Nicolas and al., 2023). This
technique can be used to isolate APEC from infected chicks. In addition, the
pathogenicity of APEC strains can be evaluated in 2-4-week-old chicks. This technique
allows the iliness to spread while it is in the field. This approach involves inoculating
the sample into the nasopharynx or trachea following an initial challenge with a different
agent. This is because E. coli is typically caused by secondary infections caused by
mycoplasma, infectious bronchitis virus, Newcastle disease, or environmental factors

(Bhuiyan and al., 2023).The typical clinical manifestations of
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colibacillosis include internal organ contamination, hemorrhage, pericarditis,
perihepatitis, fibrin in the air sacs, and weight loss (Apostolakos and al., 2021). This

model verified that the injected strain was pathogenic.

[11.9.2. Isolation and biochemistry

Most microorganisms require culture media to grow in vitro. Some of these mediums
are used to support the development of microorganisms and distinguish one sample
from another according to its biochemical properties. Furthermore, because they are
used to distinguish closely related organisms, selective culture medium permits the
growth of certain diseases and prevents the growth of other diseases
(Apostolakos and al., 2021).

[11.9.3. Serotype

Within the serogroup, APEC strains are categorized as serotype O: K:H
(Koutsianos and al., 2022). Somatic antigens belong to serogroup O, capsular
antigen to K1, flagella antigens to serogroup H, and antigens type 1 (F1A), P (F11),
and curli fimbriae related to fimbriae (Wibisono and al., 2022). APEC strains include
177 “O” antigens, 100 “K” antigens, and 56 “H” flagellar antigens (Sora and al., 2021).
In contrast, a different study found that APEC has 167 “O,” 74 “K,” 53 “H,” and 17

fimbriae antigens.

[11.9.4. Enzyme-linked immunosorbent assay (ELISA)

ELISA is widely used in veterinary medicine as a diagnostic tool and quality control
measure to detect specific pathogens like E. coli in food products (Bai and al., 2023).
For research, this technique is also employed as an official veterinary diagnostic test
to identify particular antigens or antibodies in production animals (such as those
associated with Avian Influenza, Newcastle disease, Aujeszky’s disease, and classical

swine fever) (Mason and al., 2024).

[11.9.5. Molecular detection

The expansion of molecular biology tools to evaluate the genetic variability of many
strains of bacteria, such as E. coli, occurred due to the discovery that prokaryotic
genomes contain repetitive sequences: Repetitive extragenic palindrome, palindromic
unit sequences, and enterobacterial repetitive intergenic consensus sequences

(Sukrama and al., 2023). The PCR reaction produces an amplified band pattern
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unique to each strain; subsequent use of particular primers that are homologous to this

region (Koutsianos and al., 2022).

[11.10. Control Strategies

The control of APEC infections in poultry relies on antibiotic medication and
vaccination, other than managing the environmental stressors, applying the biosecurity
measures, and vaccinating the chickens against the viral and immunosuppressive
diseases. Probiotics, bacteriophages, and different new alternatives (innate immune
stimulants, virulence and growth inhibitors, and antimicrobial peptides) have been also
evaluated with a goal to develop effective preventative and therapeutic treatments to
control colibacillosis in chickens. Potential checkpoints for controlling APEC infection

in chickens (Christensen and al., 2020).

[11.10.1. Management and Biosecurity Measures

The management of environmental stressors such as ammonia and dust in poultry
houses by maintaining good litter and air quality are some of the key factors in
preventing APEC infections in poultry houses (Ivulic and al., 2023). Proper ventilation
as well as maintaining optimum temperature, humidity, and bird density help mitigate
environmental stress in chickens. Furthermore, the elimination of pre-disposing factors
by vaccinating chickens against MG, IBV, NDV, and IBD reduces the incidence of
APEC infections. Good nutrition and birds with enhanced immune systems are also
likely contributors to reducing the incidence of colibacillosis. Moreover, the vertical
transmission of APEC can be prevented at the breeding level or at the top of the
production pyramid by different intervention measures such as developing breeds with
increased resistance to APEC infections, cleaning and disinfection of hatching eggs,
and minimizing the use of floor eggs (Wang and al., 2024). The horizontal transmission
of APEC can be limited by using all-in-all-out production systems, systematic culling of
weak chicks at first week, and implementing effective sanitation programs. The proper
and efficient biosecurity measures together with feed and water (chlorination)
decontamination and disinfection of poultry houses, feed mills, farm equipment, and
premises are necessary to prevent APEC entry into farms. The biosafety measures
such as preventing access of vectors such as houseflies, wild birds, and rodents are
also necessary to keep APEC out of poultry facilities (Christensen and al., 2020).
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[11.10.2. Antibiotics

Antibiotics are commonly used to control APEC infections in poultry. Many antibiotics
belonging to different classes, such as tetracyclines (tetracycline, oxytetracycline,
chlortetracycline), sulfonamides (sulfadimethoxine, trimethoprim, sulfadiazine,
sulfamethazine, sulfaquinoxaline, ormethoprim), aminoglycosides (apramycin,
gentamicin, neomycin, spectinomycin), penicillins (amoxicillin, ampicillin),
cephalosporins (ceftiofur), quinolones (danofloxacin, sarafloxacin, enrofloxacin),
polymyxins (colistin), chloramphenicols (florfenicol), macrolides (erythromycin), and
lincosamides (lincomycin) have been used in poultry industry worldwide for the control
of APEC infections (Christensen and al., 2020).

[11.10.3. Vaccines

Various vaccine candidates, mostly live-attenuated and recombinant vaccines, have
been investigated to protect chickens against APEC infections. In the past, inactivated
vaccines were tested; however, recent studies have focused mostly evaluating live-
attenuated and recombinant vaccines in chickens (Dai and al., 2023). The varying
degrees of protection, ranging from none to partial to complete, have been achieved
using these vaccines. Among the tested vaccines, multiple vaccines such as outer
membrane vesicles (OMVs), bacterial ghost vaccines, recombinant iss, recombinant
antigen (rAg) vaccine containing ExPEC antigens, Salmonella-delivered vaccines
containing APEC antigens, AaroA, and AtonB/Afur were able to reduce the mortality,
lesions, and bacterial burden as well as stimulate the antibody (immunoglobulins; IgG

and IgA) responses in chickens (Christensen and al., 2020).

[11.10.4. Probiotics

Different probiotics have been tested for their efficacy to prevent APEC infections in
chickens. The efficacy of Lactobacillus plantarum B1 was evaluated against E. coli
(K88) infection by supplementing in the broilers feed (2 x 109 CFU/kg). Broilers fed
with L. plantarum B1 showed significanly decreased cecal E. coli counts and increased
growth performance, villus height to crypt depth ratio, ileal mucosal sIgA concentration,
and cecal lactic acid bacteria counts. Similarly, the efficacy of L. plantarum 15-1 and
fructooligosaccharides (FOS) combination was evaluated against APEC (0O78)
infection by supplementing in the broilers feed (1 x 108 CFU/kg) (Ding and al., 2019).

The decrease in mortality and serum diamine oxidase and increase in IgA and IgG

26



APEC
Chapter Il

concentrations was observed in broilers fed with probiotic and FOS mix. The effects of
Enterococcus faecalis-1 was assessed in broiler chickens challenged with APEC (O78)
by inoculating orally in drinking water for 3 days (1 x 108 CFU) from days 1 to 3 of
growth [210]. E. faecalis-1 supplementation significantly improved the growth
performance and immune response, reduced the mortality, and decreased the visceral
organs invasion by APEC O78. Likewise, the efficacy of multi-strain commercial
probiotic mix (Bacillus subtilis, Clostridium butyricum, and L. plantarum) was tested
against APEC 078 infection by supplementing in the broilers feed. There was
significant decrease in mortality (13.6% to 0%) and APEC counts in liver and spleen
and increase in growth performance and lactobacilli population in broilers fed with the
probiotic mix (Shehata and al., 2019) (Zhao and al., 2018). Another commercial
probiotic mix (B. subtilis, L. acidophilus, Pediococcus acidilactici, Pediococcus
pentosaceus, and Saccharomyces pastorianus) was also tested in combination with
recombinant attenuated Salmonella vaccine (RASV) for protection against APEC
(O78:K80) and Salmonella infection by supplementing in feed in layer chickens
(Christensen and al., 2020).

[11.10.5. Bacteriophages

To date, multiple studies have been conducted to evaluate the preventative and
therapeutic efficacy of phages against APEC infections in chickens (Siddiqui
and al., 2023). The efficacy of phage mixture (SPR02 and DAF6) was evaluated in
APEC (02) challenged chickens by spray and intramuscular administrations. The
phage treatment three days prior to APEC challenge significantly reduced (40% to 3%)
the mortality of chickens. Similarly, phage treatment at 24 h and

48 h post-challenge also reduced the mortality rate (55% to below 20%)
(Wang and al., 2021). The efficacy of phage cocktail (phi F78E Myoviridiae, phi F258E
Siphoviridae, and phi F61E Myoviridae) was tested in experimentally (O78) and
naturally infected flocks refractive to antibiotic treatment by oral or spray administration.
The treatment with phage cocktail reduced mortality by 25% in experimentally infected
chickens and decreased the flocks’ mortality level to below 0.5% in flocks infected
naturally with APEC. Similarly, the efficacy of another phage cocktail (TM1, TM2, TM3,
and TM4) was evaluated in APEC challenged (O78:K80 and O2:K1) chickens by
administering through intramuscular injection. The phage cocktail treatment reduced
the mortality (46.6% to 13.6%), APEC load in lung, and APEC
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lesions in lung, liver, and heart, and increased the body weight of chickens
(Christensen and al., 2020).

[11.10.6. New Alternative Approaches

Apart from antibiotics, vaccines, probiotics, and bacteriophages, different novel
approaches, including but not limited to innate immune stimulants, virulence and
growth inhibitors, and antimicrobial peptides have been studied for their protective

effects against APEC infections in chickens (Helmy and al., 2023).
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Chapter IV Materials and Methods

IV.1. Plant material

The species Eriobotrya japonica Lindl was collected in February 2025, in Ain Nouissy,

Mostaganem (Fig 14).

Figure 14: Geographical location of the plant collection site.
https://commons.wikimedia.org/wiki/File:Mostaganem in_Algeria.svg Consulted
on june 08 2025.

Plant was identified by professor Sekkal.F, biothechnology departement,
Abdelhamid Ibn badis University, Mostaganem.

The aerial part (leaves, stems) and roots were used during our work. These organs
were collected, air dried at room temperature (25°C) during 48h. They were then

ground into very fine particles (Fig15).
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Figure 15: Plant material (A Leaves, B Stems and C Roots ).

IV.2. Extraction
For each plant part leaves, stems, and roots 20 g of dried plant powder were accurately
weighed and placed into a cellulose thimble. The thimble was then inserted into a

Soxhlet extractor, mounted on a 250 mL round-bottom flask
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containing a hydroalcoholic solution of ethanol 96° and distilled water in a 70:30
(v/v) ratio as the solvent. The flask was heated at boiling temperature , and a
condenser was placed at the top of the extractor to condense the solvent vapors,
allowing continuous solvent circulation (Azmir and al., 2013). The extraction was

carried out separately for each plant part, with 8 Soxhlet cycles per extraction.

The hydroalcoholic extracts were then passed through a rotary evaporator 40°C to
remove the ethanol. The resulting concentrates were poured into Petri dishes and dried
in an oven at 45 °C to eliminate any residual water. After drying, the dry extracts

were stored at 4 °C until further use.

IV.3. Determination of the yield

Yield refers to the amount of product obtained from a given quantity of raw material
during an extraction or chemical process. It is usually expressed as a percentage.
The empty Petri dishes were weighed ( W,) , then weighed again after being filled with
the dry extracts (W;).These measurements were used to calculate the extraction yield.
Mass of dry extract = Wy =W,

Where:

W,: weight of the Petri dish (before evaporation)

W;: weight of the Petri dish (after evaporation)

The extraction yield ( Y) can be calculated using the following equation:

Y% = (Mass of dry extract / Mass of plant material) x 100 (Mokgadi, 2008).

IV.4. phenolic compounds content

IV.4.1. Principle

The principle of phenolic compounds content is based on the use of the Folin Ciocalteu
reagent, which is a mixture of phosphotungstic acid (H;W;,0,40) and phosphomolybdic
acid (HzPMo1,0,4). Upon oxidation of phenolic compounds, these acids are reduced
to a blue-colored complex consisting of tungsten and molybdenum oxides, in the
presence of an alkaline solution. The intensity of the resulting blue coloration, which is
proportional to the concentration of phenolic compounds in the sample, shows a
maximum absorbance at 760 nm (Slinkard and Singleton, 1977).
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IV.4.2. Protocol

The initial solution was prepared at 2 mg/mL for each extract. 400 pL of 0.5 N Folin
Ciocalteu reagent were added, and then 400 pL of sodium carbonate solution (NaOH)
at 10% .The mixture was incubated at room temperature in the dark during 90 minutes,
to allow the development of the characteristic blue coloration of the reaction.The
absorbance of each sample was measured at 760 nm using a spectrophotometer. The
total phenolic content was determined by interpolation on a calibration curve
prepared from gallic acid standard solutions (mg/ml), and the results were expressed
in milligrams of gallic acid equivalents per gram of dry matter (mg GAE/g DM)
(Slinkard and Singleton, 1977).

IV.5. FTIR-ATR Spectroscopy (Fourier Transform Infrared — Attenuated
total reflectance)

FTIR-ATR (Jasco FTIR-4700) provides information related to the presence or absence
of specific functional groups, as well as the chemical structure of polymer materials.
Shifts in the frequency of absorption bands and changes in relative band intensities
indicate changes in the chemical structure or changes in the environment around
the sample.

Thus, FTIR-ATR spectroscopy can be used to determine the resultant surface
chemistry especially following induced chemical or physical modifications. (Smith,
2011) .The "ATR" part stands for Attenuated Total Reflectance, a sampling technique
that allows for direct analysis of solid or liquid samples without the need for extensive
preparation (Grzelec, 2024) (Fig16).

Figure 16: FTIR-ATR spectroscopy (Jasco FTIR-4700).
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IV.5.1. Data Acquisition and analysis

The prepared sample is placed in the FTIR spectrometer with proper contact against
the ATR crystal, ensuring correct positioning. Appropriate acquisition parameters are
selected, such as spectral resolution, wavelength range, number of scans, etc. The
measurement is then started by recording the infrared absorption spectra of the sample
(Zhao and al., 2024).

Once the data is collected, a Fourier transform is applied to convert the raw
interferogram into an FTIR spectrum. The FTIR-ATR spectrum is analyzed by
identifying characteristic absorption bands corresponding to molecular vibrations
present in Eriobotrya japonica Lindl. The resulting spectra are compared with spectral
libraries or known reference spectra to identify the chemical components present in

Eriobotrya japonica lindl (Derksen and al., 2023).

IV.6. Bacteriological exam

The antibacterial activity of the extracts was evaluated on Avian Pathogenic E. coli.
The bacterial strains were obtained from the Microbiology Laboratory of Avian
Pathologies Institute of Veterinary Sciences (Tiaret), These strains were isolated from
broiler chickens showing clinical signs of infection, collected from three different
poultry farms.

The isolats bacteria used for our study are mantioned in table 1.

Table 1: List of E. coli Strains Used in the Study.

Strain Strain Type

E. coli ATCC 25922 Reference strain

strain 1 (21-24days) Avian Pathogenic E. coli
strain 2 (4days) Avian Pathogenic E. coli
strain 3 (21-24days) Avian Pathogenic E. coli
strain 4 (4days) Avian Pathogenic E. coli
strain 5 (21-24days) Avian Pathogenic E. coli
strain 6 (4days) Avian Pathogenic E. coli
strain 7 (21-24days) Avian Pathogenic E. coli
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IV.6.1. Culture media preparation
Three culture medium were prepared (according to the manufacter’s
recommendation): two medium for culture (nutrient agar, MACConkey) and Mueler-

Hinton medium for performing the antibiogram.

IV.6.2. Identification of bacteria

The samples were inoculated into Petri diches containing MACConkey agar.This
culture medium has the advantage of growing all enterobacteria, including Escherichia
coli. The various inoculated disches were then incubated at 37°C for 24hours.The
colonies that appeared were observed macroscopically, then one colony was selected
and cultured in tubes containing BHIB (Brain Heart Infusion Broth" or "BHI broth").
These tubes were then incubated at 37°C in an incubator for 24 hours. Each pure

culture was subjected to a gram stain.

IV.6.3. Gram stain’s principle

The principle of Gram staining relies on the ability of the bacterial cell wall to retain the
crystal violet dye after decolorization with a solvent. Gram-positive bacteria retain the
crystal violet stain due to their thick peptidoglycan layer, which prevents the dye from
being washed away. Gram-negative bacteria lose the crystal violet stain and can be
counterstained with safranin, appearing red or pink.

Gram-negative bacteria, having lost the crystal violet, can be stained with safranin, a
pink or red dye.

The observation of stain bacteria under a light microscope using the oil immersion
objective (Gx100).

32



Chapter IV

IV.7. Disk diffusion (Antibiogram).

This method allows to determined the resistance and sensitivity of isolats bacteria and

Materials and Methods

reference strains against antibiotics (Gentamicin, Tetracycline, Co- trimoxazole,

Cefotaxime), a young bacterial colonies suspension are prepared.The turbidity of this

suspension is adjusted to 0.5 McFarland, equivalent at optical density 0.08-1. This

inoculum is spread using a swab onto Petri dishes containing Mueller-Hinton agar.

Then antibiotic impregnated discs table2 were placed on the surface of the pre-

inoculated media. The plates were incubated at 37°C for 24 hours to allow the

antibiotics to diffuse into the medium and to evaluate their inhibitory effect on bacterial
growth (Balouirit and al., 2016 ; CLSI., 2021)(Fig 17,Tab2).

Table 2: Antibiotics Used (Kohanski and al., 2010).

wall synthesis

. Susceptible|Intermediate |Resistant
Antibiotic Class Target
J (S) 0! (R)
Gentamicin | Aminoglycosides InhSIS:tsherc?;eln >15 mm 13-14 mm | <12 mm
. . Inhibits protein
Tetracycline| Tetracyclines synthesis >19 mm 15-18 mm | <14 mm
Co- Sulfonamides + | Inhibits folic
trimoxazole | Trimethoprim | acid synthesis =16 mm 11-15mm | <10 mm
. . Inhibits cell
Cefotaxime | Cephalosporins =223 mm 15-22 mm | <14 mm
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Figure 17: Antibiogram of antibiotics.A: Pouring of Petri dishes with Mueller-

Hinton agar.B: Inoculation of bacterial strains.C: Antibiotic Disc Impregnation.

Selection of these antibiotics due to their broad spectrum of activity and proven
effectiveness against E. coli and other Gram-negative bacteria, as reported in the
National Standardization of Antibiotic Susceptibility Testing guidelines (INSP, 6th
edition, 2011, p.131).

IV.8. The microdilution test
The microdilution test in 96-well microplates, based on the WHO (2002) method,

was used to determine the Minimum Inhibitory Concentrations (MIC) and Minimum
Bactericidal Concentrations (MBC), in order to assess the antibacterial effects of study
extract.

We added 100 pL of Mueller-Hinton Broth (MHB) to all the wells of the microplate.
Then, we introduced 100 pL of the initial solution of the extract into the first well.
After we were realised dilutions at %2 (400, 200, 100, 50, 25, 12.5 ,6.25 mg/ml).
Subsequently, we added 20 pL of the standardized bacterial suspension to each well.
Finally, the microplates were incubated at 37 °C for 24 hours
(Klancnik and al., 2010) (Fig18).
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Figure 18: Microdilution test.

IV.9. Determination of MIC, MBC

The MIC of an extract against bacterial strain presents the lowest concentration
that shows no visible bacterial growth to the naked eye (Balouiri and al., 2016).
The Minimum Bactericidal Concentration (MBC) was determined by subculturing
the contents of all the wells, after the MIC determination, onto Mueller-Hinton agar
and incubating at 37 °C for 24 hours.The lowest concentration of the extract that
did not allow any bacteria to survive corresponded to the MBC.antibacterial activity
extracts was determined by calculating the ratio of the MBC to the MIC. If the ratio
is greater than or equal to 4, the extract is considered bacteriostatic; if it is less

than 4, the extract is considered bactericidal (Balouiri and al., 2016).
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V.1. Determination of extraction Yield

The highest yield was obtained from the leaves (17.15%), followed by the stems
(11.35%) and the roots (9.65%) (Tab3).

Table 3: Extraction Yield of Different Parts of Plant.

Plant Part | Dry Extract Weight () Initial Sample Weight (g) | Yield (%)

Leaves 3.43 20 17.15%
Stems 2.27 20 11.35%
Roots 1.93 20 9.65%

V.2.Phenolic compounds content

According to the calibration, the following equation was obtained:
Y=1,6002x with R?=0,9949 (Fig19).
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Figure 19: Calibration curve of gallic acid.

The results show a significant variation in total polyphenol content across different
organs of E. japonica. The stem presented the highest concentration (1.9
+ 0.7 mg AGE/gDM), the leaves displayed an intermediate polyphenol content (1.5 %
0.4 mg AGE/gDM), and the roots the lowest (1.1 £ 0.8 mg AGE/gDM) (Fig20).
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Figure 20: Total Polyphenol Content (expressed as absorbance) in Different

Organs of Eriobotrya japonica Lindl.

V.3. Analysis (FTIR -ATR) Spectroscopy
V.3.1. Leaves

Spectroscopy (FTIR-ATR) analysis enables the detection of functional groups present
in the compounds extracted from the leaf. This includes polyethers such as
polyethylene oxide and poly(tetramethylene oxide), characterized by ether bonds (-C-
O-C-). Alkanes (R-CH,-R) and aromatic compounds (Ph-CH5;) are also identified, as
well as hydrazines (-NH-NH;), which are nitrogen-containing compounds. Hydroxyl
groups are represented by several types of alcohols: aromatic (Ph-OH), primary (RCH,-
OH), diols (HO-R-OH), and aromatic secondary alcohols (Ph-CHR-OH). Polyureas (-
NH-C=0) are also detected. Among the important secondary metabolites like Flavonoid
(Quercetin 3 rhamnoside), catechol (tannin), and several alkaloids such as a-(4'-
hydroxy-4-biphenylyl)-1-pyrrolidineethanol and 2- pyridinemethanol are present.
Phenolic glycosides and phenols are also found (Fig21, Tab4,5).
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Figure 21: FTIR-ATR Graph of the leaves.

Table 4: Functional Groups of Leaves.

Functional Group

Typical Bond / Structure

Polyethers (Polyethylene oxide)

-C-O-C- (ether linkage)

Alkanes (R-CH,-R) -CH,-
Alkanes (Ph—CHjs) -CHs;

Hydrazines -NH-NH,,

Polyethers (Tetramethylene oxide) -C-O-C-

Alcohols (Ph—OH)

-OH on aromatic ring

Alcohols (R-CH,-0OH)

-OH on primary alcohol

Diols (HO—R-OH)

Two -OH groups
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Functional Group Typical Bond / Structure

Polyureas (Polymethylene urea) -NH-C=0

Alcohols (Ph—CHR-OH)

Aromatic secondary alcohol

Table 5: Chemical structures found in leaves.

Compound Name

Chemical Structure Seconda_lry
metabolite
T Tannins
Catechu (Catechol) B
Quercetin-3-rhamnoside N f - ' T N o ) flavonoid

a-(4'-Hydroxy-4-

biphenylyl)-1- no— D>
pyrrolidineethanol er

Polyphenolic

a-(4'-Hydroxy-4- OH

biphenylyl)-1-
pyrrolidineethanol, CH

hydrochloride 3
2-Pyridinemethanol e O Alkaloid

a-Methyl-3- . OH
pyridinemethanol N CH

HO (@]

o-Hydroxyphenyl 1-thio B-

oy T L
D-glucopyranoside Skl oH
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Compound Name Chemical Structure Secondary
metabolite
2,6_ HOCHS SO
Bis(hydroxymethyl)phenol \erl/ Phenol
v.3.2. Stem

FTIR-ATR analysis enabled the identification of several functional groups present in
the compounds extracted from the stem. Polyethers, such as polyethylene oxide,
poly(tetramethylene oxide), and polyethylene glycol, are polymers characterized by
ether bonds (-C-O-C-). Amine salts, represented by NH;*, were also identified.
Alkanes are saturated hydrocarbons; in this case, both linear alkanes (R-CH,-R) and
aromatic alkanes such as (Ph-CHs) were observed. Alcohols are compounds
containing a hydroxyl group (-OH). Identified types include primary alcohols (R-CH-
OH), aromatic secondary alcohols (Ph-CHR-OH), as well as phenols (Ph-OH) (Fig22,
Tab 6).
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Figure 22: FTIR-ATR Graph of the stems.
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Table 6: Functional Groups of stem.

Classe Group secondary metabolites classified
Polyethylene oxide
Poly (tetramethylene oxide)
Polyethers —
Polymeres Polyethylene glycol (crystalline)
Polyethylene glycol
(amorphous)
Amine salts NH*
R-CH,-R
Alkanes .
Linear alkanes
Ph-CHs; Aromatic alkanes
R-CH,-OH Primary alcohols
Alcohols Ph-CHR-OH Aromatic secondary alcohols
Ph-OH Phenols
Phenol -OH Phenolic compound Lignin
v.3.3. Roots

FTIR-ATR analysis enabled the detection of various characteristic functional groups
present in the root extract. Among these, aromatic secondary alcohols of the type (Ph-
CHR-OH) are classified as polyphenols. Carboxylic acids (RCOO), particularly those
with phenolic characteristics, were also identified. Additionally, nitro compounds (O-
NO,, N-NO,, C-NO,), which may originate from either natural or synthetic sources,
were detected. Nitrogen-containing compounds such as hydrazones (CH=N-NH,) and
azines (RCH=N-N=CHR) were present as well. The analysis also revealed the
presence of amidines (N=CH-N) were identified among the detected functional groups
(Fig23, Tab 7).
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Figure 23: FTIR-ATR Graph of the roots.

Table 7: Functional Groups of roots.

secondary metabolites

Classification Group classified
Alcohols Ph-CHR-OH Aromatic alcohols
Terpenoids coumpounds -OH -COOH -O- Saponin
Terpenoids coumpounds -OH -COOH -O- Triterpen
Phenolic compounds OH Cumarin

Nitro Compounds O-NO,

Nitro Compounds N-NO,

Carboxylic Acids RCOO phenolic acids

Nitro Compounds C-NO,

Azines RCH=N-N=CHR
Hydrazones CH=N-NH,
Amidines N=CH-N
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V.4.ldentification of Bacteria

V.4.1. Macroscopic observation

On MacConkey agar, we observed that Escherichia coli formed pink to red colonies.

V.4.2.Microscopic observation

After Gram staining, we observed under the microscope that Escherichia coli appeared
as small Gram-negative bacilli, rod-shaped, straight or slightly curved. The cells
were arranged singly, in pairs, or occasionally in short chains, and were non-spore-

forming (Fig24).

Figure 24: Microscopic observation of APEC (G x100, gram stain).

V.5. Disk diffusion (Antibiogram)

The results measuring the diameter of these zones According to the document entitled
"Standardisation of Antibiotic Susceptibility Testing at the National Level (Human and
Veterinary Medicine)," (6th Edition, WHO, 2011).

the sensitivity tests show that all APEC strains studied exhibit high sensitivity to

cefotaxime, with inhibition zone diameters ranging from ( 25 to 29 mm ).

Strains 2, 4, 6 and atcc were sensitive (18-19 mm), while others (1, 3, 5 and 7)
were intermediate to gentamicin (13-14 mm). all strains were resistant to
tetracycline, with low inhibition zones (10-14 mm), and to co-trimoxazole ( 3-9 mm
), In contrast, reference strain was intermediate to tetracycine with inhibition zone

16 mm also to co-trimoxazole with 11 mm. (Tab8, Fig25).
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Table 8: Inhibition Zone Diameters (mm) of Antibiotics Against E. coli Strains.

_ o Cefotaxime Gentamicin Tetracycline | Co-trimoxazole
Strain/Antibiotic
(mm) (mm) (mm) (mm)

ATCC (Reference
Strain)

Strainl (APEC) 25 13 ‘iﬁ
Strain2 (APEC) 28 19 ‘--
Strain3 (APEC) 25 13 ‘--
Strain4 (APEC) 28 18 ‘--
Strain5 (APEC) 26 14 ‘--

29 19 16 11

Strain6 (APEC) 29 19
Strain7 (PEC) 26 14
Sensitive

Intermediate

- Resistant

Figure 25: Inhibition zones of antibiotics in strain 4.
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V.6. Antibacterial activity of E. Japonica by microdilution

We observed a gradual appearance of bacterial growth disturbances when moving
from high to low concentrations, with the strongest effects observed in the leaf extract,
followed by the stem and root extracts. Notable differences were also observed

between the tested strains in terms of their sensitivity to the extracts (Fig26).

400mg/ml 200mg/ml 100mg/ml 50mg/ml 25mg/ml 12,5mg/ml

Figure 26: Minimum inhibitory concentration of leaves in reference strain.
V.6.1.MIC and MBC of leaves

MIC and MBC values tend to be lower with MIC (100 mg/mL) and MBC (200 mg/ml) in
ATCC and 2, 3, 6 strains , while 1, 4, 5, and 7 exhibit higher MIC values ( 200 mg/ml)
and MBC (400mg/ml) (Fig27).

leaves
450
T
“‘D-.J 350
é 300
O 250
o
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Figures 27: MIC and MBC values of leaves
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V.6.1.1.MBC/MIC ratio leaves.

we have a MBC/MIC ratio < 4, indicating a bactericidal effect of the leaf extract on the
APEC strains studied (Tab9).

Table 9: MBC/MIC ratio of leaves .

Strains MIC MBC MBC/MIC Effect
ATCC, 2, 3,6 100 200 2<4 bactericidal
1,4,5,7 200 400 2<4 bactericidal

V.6.2.MIC and MBC of stem.

MIC values were notably higher (400 mg/mL) for strains 1, 4, 5 and 7, which also
showed no detectable MBC. In contrast, ATCC, 2, 3 and 6 strains showed lower MIC
values (200 mg/mL), while the MBC was 400 mg/mL.

Stem
. 450
&= 400
——
g 350
~— 300
@)
oM 250
= 200
®]
= 150
© 100
% 50
0
2 3 4 5 6 7 atcc
Strain 1 strain strain strain strain strain strain Reference
strain
mCMI = CMB

Figure 28 : MIC and MBC values of stems.

V.6.2.1.MBC/MIC ratio stems
the CMB/CMI ratio is less than 4 for ATCC, 2, 3 and 6 strains, so the stems have a
bactericidal effect against these strains. For strains 1, 4, 5 and 7, only the MIC could

be determined. In the absence of a measurable MBC, the effect of the extract can not
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be qualified with certainty, suggesting an inhibitory activity with no apparent

bactericidal effect at these concentrations (Tab10)

Table 10: MBC/MIC ratio of stems

Strains MIC MBC MBC/MIC Effect
ATCC, 2, 3,6 200 400 2<4 Bactericidal
1,4,5,7 400 / / /

V.6.3.MIC and MBC of roots

MIC values were 400 mg/ml for ATCC 2, 3 and 6 strains, with no MBC, while strains 1,
4, 5 and 7 showed neither MIC nor MBC, so all strains have no MBC.

As no MBC values were obtained for any of the strains, the MBC/MIC ratio could not
be determined (Fig29).
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Figure 29 : MIC and MBC values of roots.
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V.7. Discussion

The extraction yield of leaves (17%) was similar to the result reported by Zhang and al,
(2015) (18.2%), who used 70% ethanol in a hydro-alcoholic maceration method to
extract bioactive compounds from E. japonica leaves, while our results of stem (11.35
%) and root (9.65%) less than in leaves. Karam and al, (2023) confirm that leaves
contain a higher yield. These findings support the use of leaves for optimal extraction

and improved biological activity.

The observed concentrations of polyphenol content in the different organs (leaves,
stems and roots) were expressed differently, this is probably due to variations in the
physiological roles and environmental exposure of each organ. The higher
concentration of polyphenol plant stems compared to leaves can be influenced by
several factors. The stems provide support for the plant, connecting the roots to the
leaves, flowers, and fruits, ensuring transport of water and nutrients (Taiz
and al., 2015). This essential function exposes them to various mechanical and abiotic
stresses, such as physical strain, pathogen attacks, and climatic variations (Gong,
2021). To defend against these aggressions, the stems accumulate a higher
concentration of polyphenols, notably lignins and tannins, that acting as antioxidants
during transport, reinforce the rigidity of the cell walls, limit the penetration of
pathogens, and act as repellents to herbivores.,, as shown by
(Mokdad-Bzeouich and al., 2015). The leaves, exposed to UV radiation and reactive
oxygen species (ROS), produce antioxidants, which explains their moderate
polyphenol content like alkaloids and phenols, consistent with the findings of
(Pawlowska and al., 2023) and (Xu and al., 2021). Although roots are less exposed
to oxidative stress, they still contain specific phenolics such as triterpens and saponins
involved in rhizospheric interactions, highlighting their ecological importance (Xu
and al., 2021).

The FTIR-ATR analysis of the different parts of Eriobotrya japonica Lindl revealed
several functional groups, reflecting the chemical richness of this plant. The leaves may
contain flavonoids, which are known to protect plants from UV radiation (Jitendra and
al., 2024). The presence of these compounds was also confirmed through (HPLC NMR
and MS) analyses in a previous study of Xu and al. (2023), which validated the

importance of Eriobotrya japonica Lindl leaves

48



Chapter V Results and Discussion

as a natural source of bioactive compounds with antidiabetic potential. and We found
tannins known for their role in serve as chemical defense (Barbehenn and
Constabel, 2011) ,Through (HPLC) analysis, Izabela Nawrot-Hadzik and al.(2017)
identified a wide range of antioxidant compounds in the leaves of E. japonica, including
tannins, in our work we founded the Phenols are known to protect the plant from
oxidative stress, UV radiation (Ahmad and Bajguz , 2024) , The presence of phenolic
compounds was confirmed by Seon and Soon.(2021) through HPLC DAD, being among
the major constituents identified for their antioxidant potential. And also are noted
alkaloids act as natural toxins to inhibe insects and parasites (Zaynab and
Shari, 2024).

In our study, ATR-FTIR analysis detected the presence of phenolic compounds such us
lignin in the stem in agreement with Zhang and al. (2016) the methods of qRT-PCR and
histochemical data Identified lignin accumulation in E. japonica stems, This compound
plays a key structural and protective role and is also involved in facilitating water
transport, as noted by Kankaanpaa and al. (2023). In this research, we founded the roots
of Eriobotrya japonica contain a variety of secondary metabolites, including various
bioactive compounds. Among these, terpenoids such as saponins which influence seed
development (Kaure and al., 2024), and triterpenes known for their role in protecting
plants from pathogens (Wang and al., 2024), were observed. Zhou and al. (2021), using
UHPLC-QTOF-MS analysis, also identified a rich diversity of terpenoids in the roots. In
addition, phenolic compounds such as coumarins which offer protection against insects,
bacteria, and fungi (Wu and Zhang, 2022) were noted. We also identified the presence
of other bioactive molecules, including carboxylic acids, which contribute to plant

defense mechanisms against pathogens (Singh and Jha, 2016).

The biochemical results suggest the presence of active compounds that may confer
antimicrobial activity.

Macroscopic appearance of pink to red colonies on MacConkey agar is a typical
characteristic of lactose-fermenting bacteria, particularly E.coli. The fermentation of

lactose leads to the production of acidic byproducts, which lower the pH of the medium.
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This triggers the color change of the neutral red pH indicator included in the agar,

resulting in the characteristic pink/red coloration (Feng and al., 2022).

The Gram staining results are consistent with the typical morphology of apec, which
appears as small, Gram-negative, non-spore-forming rods (Madigan and al., 2021).
Their pink color after staining is due to a thin peptidoglycan layer and the presence of
an outer membrane rich in lipopolysaccharides, a hallmark of Gram-negative bacteria
(Madigan and al., 2023). The arrangement in singles or short chains reflects non-
aggregative, facultative anaerobic behavior (Yamamoto and al., 2022). These
features are characteristic of the Enterobacteriaceae family and are essential for

differentiating E. coli from other Gram-negative bacilli (Todar, 2021).

The results of antibiogram showed that all the strains tested were sensitive to
cefotaxime, indicating that this B-lactamine remains effective against apec, this leads
to lysis of the bacterial cell, a rapid bactericidal effect, especially in Gram-negative
bacteria such as E. coli (Dubley and al., 1982). Unlike antibiotics such as tetracycline
or co-trimoxazole, which are frequently used in poultry production (Johnson
and al., 2017), cefotaxime is rarely used in animals (often reserved for human use)
(FDA, 2012), study Antimicrobial resistance in clinical E. coli isolates from poultry...
China Highlights low frequency of resistance to 3¢ generation cephalosporins

(ceftriaxone, cefotaxime).

On the oder hand strains ATCC, 2, 4 and 6 (4 days old) were sensitive to gentamicin
due to recent microbiological age, low antibiotic exposure, absence of resistance
mechanisms (Oakley and al., 2014), while 1, 3, 5 and 7 were intermediate probably
due to physiological changes (slower metabolism due to environmental stress, biofilm
which is a natural barrier that reduces antibiotic penetration) and progressive genetic
modifications (expression of efflux pumps which expel the antibiotic from the cell,
inactivating enzymes) These adaptations enable strains to reduce antibiotic efficacy
without reaching a full level of resistance (Li and Nikaido, 2015), Mah and O'Toole
(2001) explain that more mature biofilms have a slower metabolism and increased

physical barriers, reducing the penetration of antibiotics such as gentamicin.

All APEC strains are resistant to tetracycline and co-trimoxazole, probably due to their
frequent use on poultry farms and the acquisition of plasmid resistance genes,

(Van and al., 2008) confirm that avian E. coli are highly resistant to tetracycline (87%)
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and co-trimoxazole (72%), (Nguyen and Nguyen, 2016) highlighted tetA, tetB, sull,

sul2, dfrA1 genes, responsible for resistance to tetracycline and co-trimoxazole.

The reference strain Escherichia coli ATCC 25922 has not developed antibiotic
resistance mechanisms, as it is a standardized, “clean,” and well characterized strain
used as a quality control in laboratories (CLSI, 2023). The overuse and misuse of
antibiotics in poultry production can contribute to the selection of antibiotic resistant
bacteria and the spread of resistance genes. , the specific virulence factors and
antibiotic resistance genes present in APEC strains can vary, thereby influencing their

sensitivity to different antibiotics (Kovacs and al., 2024).

The prolonged and excessive use of antibiotics, particularly in poultry farming, is
leading to the emergence of resistant bacterial strains, significantly reducing the
effectiveness of conventional treatments in both animals and humans. This situation
raises a major public health concern, as some strains of avian pathogenic Escherichia
coli (APEC) can be transmitted to humans through the consumption of contaminated
poultry meat. In this context, the use of plant extracts with antibacterial activity, such
as those of Eriobotrya japonica, represents a promising natural alternative. This
positioning reinforces the interest of these extracts as an alternative solution in the
event of human infection by resistant zoonotic pathogens from the food chain (Abdou
and al., 2011).

The results obtained show that E. japonica extracts exhibit variable antibacterial activity
depending on the organ used for the extract (leaves, stems, roots), their different
concentrations and the age of broiler chickens were used for the isolation of apec.
Dual inhibitory and bactericidal action of leaves, may be related to their richness on
bioactive compounds. younger strains 2, 6 and ATCC generally showing greater
sensitivity to the extract while older strains (1, 5 and 7 of 21) days exhibited reduced
responsiveness.The stem extract showed both inhibitory and bactericidal activity
against most strains aged 4 days old (2, 6 and ATCC), On the other hand, it exerted
essentially inhibitory activity, with no notable bactericidal effect against strains aged 21
days old (1, 5 and 7). The root extract exhibited showed only an inhibitory effect for
most strains aged 4 days old ( 2, 6, and ATCC), and no effect for strains aged 21 day
old. the lower richness in antibacterial compounds probably related with their roles of
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support and transport of nutrients (He and al., 2023). Abdou and al.(2011)demonstrate
that the ethanolic extract of eriobotrya japonica leaves better inhibits the growth of
ESBL-E. coli and K. pneumoniae strains, and stems extract is less effective.
antibacterial activity correlates with plant extracts concentrations.

The higher sensitivity of 4 day old strains may be due to the immature immune system
and underdeveloped gut microbiota of young chicks, making them more vulnerable to
antibacterial agents. Limited exposure to antibiotics and environmental stressors
further reduces resistance. In contrast, older birds often carry more resistant bacteria

due to prior exposure to selective pressures.

The ATCC reference strain is a well characterized laboratory strain that has not been
exposed to environmental or antibiotic selection pressures, unlike field strains. As a
result, it tends to maintain high sensitivity to antibacterial agents. This explains why it
responded similarly to the 4 day old strains, Hjerde and al., (2017) demonstrate that
‘wild-type” or unexposed laboratory strains maintain greater sensitivity (less

resistance) than induced clinical strains or strains isolated in hospitals.

despite strains (2, 4 and 6) derived from chicks aged just 4 days, strain 4 in particular
showed similar behavior to strains (1, 5 and 7), all derived from 21 day old birds. This
suggests that the age of the animal is not the only factor determining sensitivity to
extracts. In contrast, strain 3 although isolated from a 21 day old bird, showed a high

level of sensitivity comparable to that of younger strains.

These observations can be attributed to farming conditions such as feeding, hygiene,
population density, ventilation and antibiotic exposure strongly influence microbial

composition and bacterial resistance (De Vos and al., 2023).
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Conclusion

The growing emergence of multidrug-resistant bacteria represents a major challenge
to both animal and human health. In this context, the exploration of natural sources
with antimicrobial potential particularly medicinal plants has emerged as a promising
alternative to conventional therapies. This study was conducted with that objective in
mind: to evaluate the antibacterial potential of hydroalcoholic extracts from different
parts (leaves, stems, roots) of Eriobotrya japonica Lindl. against several strains of
Avian Pathogenic Escherichia coli (APEC), a bacterium that causes significant
economic losses in the poultry industry and poses a serious zoonotic threat to public
health.

The results revealed a moderate antibacterial activity, most notably in leaf extracts,
which were found to be particularly rich in phenolic compounds. This antibacterial
efficacy gradually decreased from leaves to stems and finally to roots, a trend
consistent with the phytochemical analyses (total phenolic content and FTIR-ATR
spectra) that confirmed a higher concentration of bioactive compounds in the leaves.
The experimental data showed that the leaves yielded the highest extraction
percentage (17%), followed by stems (11.35%) and roots (9.65%). The phenolic
content was also significantly higher in the leaf extracts, as confirmed by spectroscopic
analysis. Antibacterial tests using the disk diffusion method, MIC, and MBC evaluations
demonstrated that leaf extracts had the strongest antibacterial effect, indicated by the
largest inhibition zones and the lowest MIC and MBC values across all tested APEC
strains, including both reference and field isolates. This activity consistently decreased

in stem and root extracts, correlating with their lower phenolic content.

Although E. japonica cannot currently replace antibiotics in treating APEC infections,
it shows promising potential as a complementary agent in the fight against antibiotic-
resistant bacteria. The interest in this plant lies in its abundance of secondary
metabolites such as flavonoids, tannins, and phenolic acids known for their
antimicrobial, antioxidant, and anti-inflammatory properties. These compounds may
act through multiple mechanisms, including inhibition of bacterial virulence, disruption
of biofilm formation, and interference with essential metabolic enzymes. As such,
incorporating E. japonica extracts alongside existing treatments could reduce the
bacterial burden in infected poultry and mitigate the selection pressure that drives

resistance development.
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However, it is important to recognize the limitations of this study. The findings are
preliminary and based solely on in vitro experiments. Furthermore, the absence of
toxicological assessments, compound isolation, or in vivo validation precludes any
immediate application in veterinary or human medicine. Therefore, further research is
essential, particularly studies aimed at identifying the specific active constituents,

confirming their safety, and elucidating their mechanisms of action.

This work also contributes to broader public health strategies focused on food safety
and sustainable antimicrobial use. By potentially lowering the bacterial load in poultry,
E. japonica could help reduce the risk of transmitting resistant strains to humans via
the food chain. This aligns with the “One Health” approach, which emphasizes the
interconnectedness of human, animal, and environmental health in managing

infectious disease risks.

In conclusion, while Eriobotrya japonica lindl cannot yet be considered a therapeutic
solution for APEC infections in poultry, its potential as a natural adjunct or preventive
agent in antimicrobial stewardship programs is worthy of further exploration. This
thesis thus opens the door to future multidisciplinary investigations spanning
phytopharmacology, microbiology, toxicology, and clinical research toward the
development of safe, effective, and environmentally responsible therapeutic

alternatives.
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Annex1: Composition of medias

Composition of Nutrient Agar (in g/L)

Peptone ... 5g
Meat extract..........coovvvveviiiiiiiiiiiiiiiiiiann, 01g
Yeastextract.........oooeeeeeiiiiiiiii 02
Sodium chloride .........ccccooeeeeiiiiiiiiieee 05¢g
AGAr. .o 15¢g
PH=74

Composition of Mueller-Hinton Agar (in g/L)

Beef infusion............c.cc.e.. 300cm3

Casein peptone (acid hydrolysate of casein)............cc.ccoce.....
Corn starCh.. ..., 1.5g

AGar. o 17 g

PH=74

Composition of Mueller-Hinton Broth (g/L)

Beef infusion.................... 1 Litre
Casein peptone (acid hydrolysate of casein).......................
Starch.. ..o, 5¢g

pH=7,4



References List



A

Abdelhamid, M.K., Hess, C., Bilic, I., Glosmann, M., Rehman, H.U., Liebhart,
D., Hess, M. and Paudel, S. (2024). A comprehensive study of colisepticaemia
progression in layer chickens applying novel tools elucidates pathogenesis and
transmission of Escherichia coli into eggs. Sci. Rep., 14(1): 8111.

Aitor, C., Maria Jo&o, M., Eugenio, U., and Lourdes, S. (2021). Trending Topics
on Coumarin and Its Derivatives in 2020. Molecules, 26, 501.2-15.

AOAC Official Method 2017.13. Total Phenolic Content in Extracts—Folin and
Ciocalteu Colorimetric Method. AOAC Official Methods of Analysis, Online
Edition. Association of Official Analytical Chemists, Washington, DC, USA.
Azmir, J., Zaidul, I. S. M., Rahman, M. M., Sharif, K. M., Mohamed, A., Sahena,
F., ... & Omar, A. K. M. (2013). Techniques for extraction of bioactive
compounds from plant materials: A review. Journal of Food Engineering, 117(4),
426-436.

Ayse, D., & colleagues. (2019). Antioxidant and Anti-inflammatory Effects of
Polyphenols: A Review. Journal of Nutritional Biochemistry, 65, 1-14.
Algasoumi, S. I., Abdel-Kader, M. S., & Khaleel, M. A. (2018). Hepatoprotective
effect of Eriobotrya japonica leaves extract and its fractions against carbon
tetrachloride-induced hepatotoxicity in rats. Evidence-Based Complementary
and Alternative Medicine, 2018, Article ID 3432796.

Ahmad, P., Ahanger, M. A., Egamberdieva, D., & Bajguz, A. (2024). Phenolic
compounds and their role in plant growth and stress tolerance. Plant Physiology
and Biochemistry, 205, 107007.

Ahmad, P., Hasanuzzaman, M., & Nahar, K. (2020). Polyethylene glycol-
mediated amelioration of cadmium toxicity in plants: Physiological and

biochemical mechanisms. Environmental Pollution, 265, 114885.
B

Balouiri, M., Sadiki, M., & Ibnsouda, S. K. (2016). Methods for in vitro evaluating
antimicrobial activity: A review. Journal of Pharmaceutical Analysis, 6(2), 71-79.



Barbi, R. C., et al. (2022).Eriobotrya japonica seed as a new source of starch:
Assessment of phenolic compounds, antioxidant activity, thermal, rheological
and morphological properties.LWT - Food Science and Technology, 154,
112748.

Bai, Y., Wang, X., Zhang, Y., Li, H., & Liu, J. (2023). Development of a sandwich
enzyme-linked immunosorbent assay based on double-nanobody combined
with immunomagnetic bead separation (IMS-ELISA) for rapid detection of
enteropathogenic Escherichia coli in food. Food Chemistry, 421, 136012.

Baby KC, et al. (2023). Role of Polyphenol-Rich Diets in the Prevention of
Metabolic and Cardiovascular Diseases: A Review. Nutrients, 15(2), 245.
BelS¢ak-Cvitanovi¢, A., Durgo, K., Hudek, A., Bacun-Druzina, V., & Komes, D.
(2018). Overview of polyphenols and their properties. In Polyphenols:
Properties, Recovery, and Applications (pp. 3-44). Woodhead Publishing.

Bostan, S. Z., et al. (2018). “The Loquat (Eriobotrya japonica): An Overview.”
Acta Horticulturae.

Barbehenn, R. V., & Constabel, C. P. (2011). Tannins in plant-herbivore
interactions. Phytochemistry, 72(13), 1551-1565.

C

Christensen, H., Bachmeier, J., & Bisgaard, M. (2020). New strategies to
prevent and control avian pathogenic Escherichia coli (APEC). Avian Pathol., 1-
30.

Clinical and Laboratory Standards Institute (CLSI). (2021). Performance
Standards for Antimicrobial Susceptibility Testing (31st ed.). CLSI Supplement
M100.

Clinical and Laboratory Standards Institute (CLSI). (2024). Performance
Standards for Antimicrobial Susceptibility Testing (34th ed.). CLSI Supplement
M100. Wayne, PA: CLSI.

Crane, J. H., & Caldeira, M. L. (2019). Loquat Growing in the Florida Home
Landscape. University of Florida IFAS Extension.

D



Das, A.B., Goud, V.V., & Das, C. (2019). Phenolic Compounds as Functional
Ingredients in Beverages. In Value-Added Ingredients and Enrichments of
Beverages, 285-323.

Dai, P., et al. (2023). "Recombinant Salmonella gallinarum Vaccine Candidate
Expressing Avian Pathogenic Escherichia coli Type | Fimbriae Provides
Protection against APEC O78 and O161 Serogroups and S. gallinarum
Infection." Vaccines, 11(12), 1778.

Daria P, et al. (2024). Curcumin and Other Polyphenols as Adjuvants in Cancer
Therapy: Molecular Mechanisms and Clinical Trials. Cancer Letters, 517, 23-
35.

Domanska-Blicharz, K., Opolska, J., Lisowska, A., & Szczotka-Bochniarz, A.
(2023). Bacterial and viral rodentborne infections on poultry farms: An attempt
at a systematic review. J. Vet. Res., 67(1): 1-10.

Dhiman, A., Suhag, R., Thakur, D., Gupta, V., & Prabhakar, P. K. (2021).
Current status of loquat (Eriobotrya japonica Lindl.): Bioactive functions,
preservation approaches, and processed products. Food Reviews International,
38(S1), 286-316.

Ding, S., Wang, Y., Yan, W., Li, A, Jiang, H., & Fang, J. (2019). "Effects of
Lactobacillus plantarum 15-1 and fructooligosaccharides on the response of
broilers to pathogenic Escherichia coli O78 challenge." PLOS ONE, 14(6),
e0212079.

Derksen, G. C. H., Blommaert, L., Bastiaens, L., Hasserbetci, C., Fremouw, R.,
van Groenigen, J., & Timmermans, K. R. (2023). ATR-FTIR spectroscopy
combined with multivariate analysis as a rapid tool to infer biochemical
composition of Ulva laetevirens (Chlorophyta). Frontiers in Marine Science, 10,
Article 1154461.

El-Saadony, M.T., Salem, H.M., El-Tahan, A.M., Abd EI-Mageed, T.A., Soliman,
S.M., Khafaga, A.F., Swelum, A.A., Ahmed, A.E., Alshammari, F.A., & Abd EI-
Hack, M.E. (2022). The control of poultry salmonellosis using organic agents:
An updated overview. Poult. Sci., 101(4): 101716.



En, C., Amel, A, & Salim, K. (2016). Analyse physico-chimique et
morphologique de cing variétés.

El-Sayed, M. (2021). Phenolic Compounds: Classification, Chemistry, and
Updated Techniques of Analysis and Synthesis. IntechOpen.

Escherich, T. (1886). Die Darmbakterien des Sauglings und ihre Beziehungen
zur Physiologie der Verdauung. Stuttgart: Ferdinand Enke.

F

Finch, R. G., Greenwood, D., Norrby, S. R., & Whitley, R. J. (2003). Antibiotic
and Chemotherapy: Anti-Infective Agents and Their Use in Therapy (8th ed.).
Churchill Livingstone.

Fabio L, et al. (2021). Polyphenols in Drug Development and Advanced
Materials: Hydrogels and Nanocomplexes. Advanced Drug Delivery Reviews,
171, 270-292.

Flora of China Editorial Committee. (2016). Eriobotrya japonica. In Flora of
China (Vol. 15, pp. xxx-xxx). Science Press & Missouri Botanical Garden Press.
Freihat, N. M., Al-Ghzawi, A. A. M., Zaitoun, S., & Alqudah, A. (2008). Fruit set
and quality of loquats (Eriobotrya japonica) as affected by pollinations under
sub-humid Mediterranean conditions. Scientia Horticulturae, 117(1), 58-62.
Fernandez-Lépez, J., & Gil-Sanchez, M. (2021). Ecophysiological adaptations
of loquat (Eriobotrya japonica) to environmental stresses. Scientia Horticulturae,
276, 109756.

G

Ghnimi, W. (2015). Photochemical study of extracts from two Euphorbiaceae
species: Ricinus communis. Evaluation of their anti-acetylcholinesterase
activity. (Doctoral dissertation, University of Lorraine, France).

Grzelec, M. (2024). Application of attenuated total reflectance—Fourier
transform infrared spectroscopy—(ATR-FTIR) and principal component analysis
(PCA) in identification of copying pencils on different paper substrates. Heritage
Science, 12, Article 269.



Goslinski, M., Nowak, D., & Szwengiel, A. (2021). Multidimensional
Comparative Analysis of Bioactive Phenolic Compounds of Honeys of Various
Origin. Antioxidants, 10, 530-544.

Greenwood, D., Slack, R., Peutherer, J., & Barer, M. (2012). Medical
Microbiology (18th ed.). Churchill Livingstone/Elsevier.

Garden Plants Online. (n.d.). Eriobotrya japonica (Loquat Tree) — Quarter
Standard. Retrieved May 26, 2025.

Gilman, E. F., & Watson, D. G. (2018, décembre). Eriobotrya japonica: Loquat
(Fact Sheet ST-235). Environmental Horticulture Department, UF/IFAS
Extension.

Greer, Tasha. "Plant Roots 101: Going Back to Our Roots in the Garden."
MorningChores, n.d., Accessed 26 May 2025.

Gupta, R., Sharma, S., & Sharma, M. (2010). Antioxidant properties of medicinal
plants: A review. International Journal of Pharmaceutical Sciences and
Research, 1(9), 123-130.

Gomes da Silva, A. P., Sganzerla, W. G., John, O. D., & Marchiosi, R. (2023). A
comprehensive review of the classification, sources, biosynthesis, and
biological properties of hydroxybenzoic and hydroxycinnamic acids.
Phytochemistry Reviews, 24, 1061-1090.

H

Hassaine, A. (2020). Phenolic compounds. [pdf] P22.

Hammad S, et al. (2022). Natural Polyphenols as Food Preservatives:
Antimicrobial and Antioxidant Roles. Food Chemistry, 368, 130774.

Hess, C., Troxler, S., Jandreski-Cvetkovic, D., Zloch, A., & Hess, M. (2022).
Escherichia coli isolated from organic laying hens reveal a high level of
antimicrobial resistance despite no antimicrobial treatments. Antibiotics, 11(4):
467.

He, Y., et al. (2022). "Recognition of Gallotannins and the Physiological
Activities: From Chemical View." Frontiers in Nutrition, 9:888892.

Helmy, Y. A., Kathayat, D., Closs, G., Galgozy, K., Fuchs, J. R., & Rajashekara,

G. (2023). Efficacy of quorum sensing and growth inhibitors alone and in



combination against avian pathogenic Escherichia coli infection in chickens.
Poultry Science, 102(4), 102543.

He, J., et al. (2015). Chemical composition and antioxidant activity of extracts
from loquat leaves. Food Chemistry, 176, 356-362.

Hou, X., Lee, L. Y. C., & Xia, K. (2019). Role of amines in hormone biosynthesis
and regulation in plants. Plant Physiology, 181(2), 449-460.

He, X., Fang, J., Chen, X., Zhao, Z., Li, Y., & Feng, J. (2015). Chemical
constituents and pharmacological activities of Eriobotrya japonica. Journal of
Chinese Pharmaceutical Sciences, 24(12), 825-835.

Ibrahim, M.A., George, R.F., Abou-Sri, S.M., & El-Moghazy, S.M. (2020).
Synthesis of new phenolic compounds and biological evaluation as
antiproliferative agents. J. Chem. Res., 44:181-192.

levy, S., Islam, M.S., Sobur, M.A., Talukder, M., Rahman, M.B., Khan, M.F.R.,
& Rahman, M.T. (2020). Molecular detection of avian pathogenic Escherichia
coli (APEC) for the first time in layer farms in Bangladesh and their antibiotic
resistance patterns. Microorganisms, 8(7): 1021.

Ivulic, M., et al. (2023). "Exploring the complexities of poultry respiratory
microbiota: colonization, composition, and impact on health." Frontiers in
Microbiology, 14:11075365.

Infante-Rodriguez, D. A., et al. (2024). Phytochemical composition of Eriobotrya
japonica (Rosaceae). Revista Mexicana de Ciencias Agricolas, 15(4), 1231-
1245.

Janick, J., & Paull, R. E. (2020). The Encyclopedia of Fruit & Nuts (2nd ed.).
CABI.

Jeong, J., Lee, J.Y., Kang, M.S., Lee, H.J., Kang, S.I., Lee, O.M., Kwon, Y .K,,
& Kim, J.H. (2021). Comparative characteristics and zoonotic potential of avian
pathogenic Escherichia coli (APEC) isolates from chicken and duck in South
Korea. Microorganisms, 9(5): 946.



Joseph, R.A., Singh, P., & Saini, A. (2023). Potential of wastewater reuse in
poultry farming and associated public health risks. Environmental Pollution, 322,
121184.

K

Khater, F. (2011). Identification and functional validation of new genes
potentially involved in the biosynthesis of phenolic compounds. (Doctoral
dissertation, France).

Kaper, J.B., Nataro, J.P., & Mobley, H.L.T. (2023).Pathogenic Escherichia coli.
Nature Reviews Microbiology, 21(1), 17-32.

Katipoglu-Yazan, T., Dev, S., Desmond-Le Quéméner, E., & Bouchez, T.
(2023). Data on the influence of temperature on the growth of Escherichia coli
in a minimal medium containing glucose as the sole carbon source for the joint
computation of growth yields and rates at each temperature from 27 to 45°C.
Data in Brief, 48, 109037.

Khairullah, A. R., et al. (2024). "Avian pathogenic Escherichia coli:
Epidemiology, virulence and pathogenesis, diagnosis, pathophysiology,
transmission, vaccination, and control." Veterinary World, 17(12), 2747-2762.
Kiselev, K. V., & Dubrovina, A. S. (2023). Polyphenols in Plants: Structure,
Biosynthesis, Abiotic Stress Regulation, and Practical Applications.
International Journal of Molecular Sciences, 24(18), 13874.

Kim, S. Y., et al. (2010). Anti-inflammatory effects of Eriobotrya japonica leaf
extracts. Phytotherapy Research, 24(1), 88-92.

Koutsianos, D., Athanasiou, L.V., Mossialos, D., Franzo, G., Cecchinato, M., &
Koutoulis, K.C. (2022). Investigation of serotype prevalence of Escherichia coli
strains isolated from layer poultry in Greece and interactions with other.
Kupina, S., Fields, C., Roman, M. C., & Brunelle, S. L. (2018). Determination of
Total Phenolic Content Using the Folin-C Assay: Single-Laboratory Validation,
First Action 2017.13. Journal of AOAC INTERNATIONAL, 101(5), 1466-1472.
Kumar, A., Singh, A., & Sharma, R. (2024). A comprehensive review of
transcription factor-mediated regulation of plant secondary metabolites under

environmental stress conditions. Plant Biotechnology Reports, 18(1), 45-62.



Kumar, S., & Pandey, A. K. (2013). Chemistry and biological activities of
flavonoids: An overview. The Scientific World Journal, 2013, 162750.

Kumar, S., & Yadav, S. K. (2017). "Role of azine compounds in plant growth and
defense." Plant Growth Regulation, 81(2), 207-215.

Khan, A. I., Alhadlag, M. A., Aljurayyad, O. |., Almansour, A., Almansour, S. A.,
Al-seghayer, M. S., ... & Kabir, M. S. (2024). The diversity of Escherichia coli
pathotypes and vaccination strategies. Microorganisms, 11(2), 344.

Kazibwe, R., Okello, E., & Ssimbwa, D. (2020). Genomic comparison of APEC
and commensal E. coli strains in poultry. Frontiers in Veterinary Science, 7,
591325.

Lattanzio, V. (2013). Phenolic compounds: Introduction. In F. A. Tomas-
Barberan & M. I. Gil-lzquierdo (Eds.), Natural Products: Phytochemistry, Botany
and Metabolism of Alkaloids, Phenolics and Terpenes (pp. 1543-1580).
Springer.

Lacroix, M., & Yaganza, E. S. (2022). Plant-based antimicrobial agents:
Applications in food safety. International Journal of Food Microbiology, 362,
109466.

Lan, R., Xiong, Y., Zhang, Z., Wang, W., & Li, Z. (2018). Molecular
characterization of avian pathogenic Escherichia coli from diseased chickens in
China. Poultry Science, 97(3), 877-884.

Lahlali, R., & Belabess, Z. (2021). Phenolic compounds and their role in plant
resistance to biotic stress. Plants, 10(9), 1865.

Leber, A. L. (Ed.). (2016). Clinical Microbiology Procedures Handbook (4e éd.).
American Society for Microbiology Press.

Livermore DM. (2004). The need for new antibiotics. Clinical Microbiology and
Infection, 10 Suppl 4:1-9.

Liu, X., Kang, M., Song, Y., Zhang, X., & Zhang, L. (2022). Increasing taxa
sampling provides new insights on the phylogenetic relationship between
Eriobotrya and Rhaphiolepis. Frontiers in Genetics, 13, 831206.



Luciana R, et al. (2023). Polyphenols in Tannins and Their Potential
Neuroprotective Effects Against Alzheimer’s and Parkinson’s Disease. Frontiers
in Neuroscience, 17, 1012345.

Liu, B., Zheng, D., Jin, Q., Chen, L., & Yang, J. (2019).Structure and genetics of
Escherichia coli O antigens. FEMS Microbiology Reviews, 44(6), 655-683.

Li, Y., Zhang, J., Ma, H., & Zhang, L. (2023). Phenolic metabolites as therapeutic
in inflammation and neoplasms. Life Sciences, 320, 121490. Li, T., Liu, B.,
Chen, J., & Zhang, Y. (2021). Plant alcohols in defense signaling and stress
response. Frontiers in Plant Science, 12, 621276.

Lindley, J. (1821). Observations on the natural group of plants called Pomaceae,
with characters of genera and species. Transactions of the Linnean Society of
London, 13, 101-112.

M

Mace, J.L., & Knight, A. (2024). From the backyard to our beds: The spectrum
of care, attitudes, relationship types, and welfare in non-commercial chicken
care. Animals, 14(2): 288.

Mathlouthi, A., Pennacchietti, E., & De Biase, D. (2018). Effect of Temperature,
pH and Plasmids on In Vitro Biofilm Formation in Escherichia coli. Acta Naturae,
10(4), 129-132.

Marchica, A., Cotrozzi, L., Detti, R., Lorenzini, G., Pellegrini, E., Petersen, M., &
Nali, C. (2020). The biosynthesis of phenolic compounds is an integrated
defence mechanism to prevent ozone injury in Salvia officinalis. Antioxidants,
9:1274-1290.

Mokgadi, P. M. (2008). Extraction of plant material. In Phytochemical studies of
selected medicinal plants (pp. 1-30). University of Pretoria.

Mokdad-Bzeouich, I., Mustapha, N., Sassi, A., & Ghedira, K. (2015). Anti-
inflammatory and antioxidant activities of Eriobotrya japonica leaves extracts
and their phenolic composition. Journal of Ethnopharmacology, 176, 1-9.
Miajlovic, H., & Smith, S. G. (2014). Bacterial self-defence: how Escherichia coli
evades host innate immune responses. Pathogens and Disease, 70(3), 257—
266.

Morton, J. F. (1987). Loquat. In Fruits of Warm Climates (pp. 103-108). Miami,

FL: Julia F. Morton.Available online



N
Newman, D.M., Barbieri, N.L., de Oliveira, A.L., Willis, D., Nolan, L.K., & Logue,

C.M. (2021). Characterizing avian pathogenic Escherichia coli (APEC) from
colibacillosis cases, 2018. PeerJ, 9(1): e11025.

Nicolas, M., Faurie, A., Girault, M., Lavillatte, S., Menanteau, P., Chaumeil, T.,
Riou, M., Velge, P., & Schouler, C. (2023). In ovo administration of a phage
cocktail partially prevents colibacillosis in chicks. Poult. Sci., 102(11): 102967.
Nak-Won Seong, Seo, H.-S., Kim, J.-H., Kim, Y.-J., Kim, E., Lee, J.-Y., Ko, J.-
W., & Kim, J.-C. (2018, novembre). Ursolic acid inhibits proliferation and induces
apoptosis in human glioblastoma cell lines U251 by suppressing TGF- 1/miR-
21/PDCD4 pathway. Basic & Clinical Pharmacology & Toxicology.

Nagao, M., & Matsuo, K. (2008). Loquat: Botany and Horticulture. In
Encyclopedia of Fruit and Nuts (pp. 514-520). CABI Publishing.

Nawaz, S., Wang, Z., Zhang, Y., Jia, Y., Jiang, W., Chen, Z., Yin, H., Huang, C.,
& Han, X. (2024). Avian pathogenic Escherichia coli (APEC): Current insights

and future challenges. Microbial Pathogenesis
O

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R., & Anthony, S. (2009).
Agroforestree  Database: a tree reference and selection guide version 4.0.

P

Paterson DL. (2006). Resistance in  gram-negative  bacteria:
Enterobacteriaceae. The American Journal of Medicine, 119(6 Suppl 1):S20-
28.

Pawlowska, A. M., de Leonardis, A. M., Minervini, F., Debattista, F., Di Venere,
D., & Difonzo, G. (2023). Antioxidant and antiproliferative activities of phenolic
extracts of Eriobotrya japonica (Thunb.) Lindl. fruits and leaves. Plants, 12(18),
3221.

Pokharel, P., Dhakal, S., & Dozois, C.M. (2023). The diversity of Escherichia coli
pathotypes and vaccination strategies against this versatile bacterial pathogen.
Microorganisms, 11(2): 344.



Prangya S. & Sumeeti M. (2022). Impact of Polyphenols on Food Color, Aroma
and Flavor Enhancement. Food Science and Technology International, 28(7),
545-556.

Pimenta, L. P., & Silva, E. G. (2021). "Nitro compounds in plant defense."
Phytochemistry Reviews, 20, 1143-1156.

R

Rira, R. (2019). Hydrolysable and condensed tannins: a potential approach to
reducing enteric methane production by ruminants in tropical environments.

(Doctoral dissertation).

S

Schorr, D. (2015). Characterization and modification of industrial lignins.
(Doctoral dissertation, Université Laval, Canada).

Shahidi, F., & Yeo, J. (2018). Phenolic Compounds: Chemistry and
Functionality. In F. Shahidi (Ed.), Phenolic Compounds in Food and Natural
Health Products (pp. 1-20). CRC Press.

Smith, J.G. (2011). Organic Chemistry. 3rd ed. New York: McGraw-Hill; 1285 p.
Smith, B. C. (2011). Fundamentals of Fourier Transform Infrared Spectroscopy
(2nd ed.). CRC Press.

Sezonov, G., Joseleau-Petit, D., & D'Ari, R. (2007). Escherichia coli physiology
in Luria-Bertani broth. Journal of Bacteriology, 189(23), 8746-8749.

Shehata, A. A., Kihnert, M., Haufe, S., & Kriger, M. (2019). Effect of
Enterococcus faecalis 1, isolated from healthy chickens, on the performance
and immune response of broilers challenged with avian pathogenic Escherichia
coli. Probiotics and Antimicrobial Proteins, 11(1), 74-82.

Shende, V. V., Bauman, K. D., & Moore, B. S. (2024). The shikimate pathway:
gateway to metabolic diversity. Nature Product Reports, 41(3), 604-648.
Sukrama, I. D. M., Pinatih, K. J. P., Hendrayana, M. A., Rasyid, B., & Wedari,
N. L. P. H. (2022). Escherichia coli Clonal Variability Based on Genetic Diversity
Pattern with Enterobacterial Repetitive Intergenic Consensus-Polymerase
Chain Reaction Methods for Traveler's Diarrhea Cases in Bali. Open Access

Macedonian Journal of Medical Sciences, 10(A), 8990.



Shah, A. N., Wu, M., Wang, Y., & Nie, W. (2024). Polyethylene glycol enhances
drought tolerance in plants through osmotic adjustment and membrane stability.
Environmental and Experimental Botany, 211, 105413.

Singh, V. P., & Jha, A. B. (2016). "Role of organic acids in plant defense and
metabolism." Plant Science, 243, 47-53.

Shahidi, F., & Yeo, J. D. (2016). "Bioactivities of Polyphenols from Plants." Food
& Function, 7(6), 2284-2299.

T

Thunberg, C. P. (1784). Flora Japonica: sistens plantas insularum Japonicarum.

Lipsiae: In Bibliopolio I. G. Mulleriano.
U

Urban Jungle UK. (n.d.). Eriobotrya japonica (Japanese Loquat). Urban Jungle
Plant Nursery. Retrieved May 26, 2025.
uddin, G., Rauf, A., & Rehman, T. (2012) Phytochemical screening of
Eriobotrya japonica leaves. Middle-East Journal of Scientific Research, 11(4), 496—
499

Vv

Van Limbergen, T., Sarrazin, S., Chantziaras, |., Dewulf, J., Ducatelle, R.,
Kyriazakis, I., McMullin, P., Méndez, J., Niemi, J.K., Papasolomontos, S.,
Szeleszczuk, P., Van Erum, J., & Maes, D. (2020). Risk factors for poor health
and performance in European broiler production systems. BMC Vet. Res., 16(1):
287.

Vauzour, D. (2014). Polyphenols and neuroprotection: Where do we stand
today? Cahiers de Nutrition et de Diététique, 49(4), 181-187.

Vermerris, W., & Nicholson, R. (2009). Phenolic Compounds Biochemistry.
Springer; p. 2-10.

Verma, N., & Shukla, S. (2015). Impact of various factors responsible for
fluctuation in plant secondary metabolites. Journal of Applied Research on
Medicinal and Aromatic Plants, 2(4), 105-113



w

Wang, H., Li, J., & Sun, Q. (2012). Comparative study of bioactive compounds
in different parts of Eriobotrya japonica. Phytochemistry Letters, 5(2), 189-193.
Wang, Z., Zheng, X., Guo, G., Hu, Z., Miao, J., Dong, Y., Xu, Z., Zhou, Q., Wei,
X., Han, X., Liu, Y., & Zhang, W. (2022). O145 may be emerging as a
predominant serogroup of avian pathogenic Escherichia coli (APEC) in China.
Vet. Microbiol., 266(1): 109358.

Wang, H., etal. (2021). Avian Pathogenic Escherichia coli (APEC): An Overview
of Virulence and Pathogenesis Factors, Zoonotic Potential, and Control
Strategies. Pathogens, 10(4), 467.

Wang, H., et al. (2024). "Avian Pathogenic Escherichia coli (APEC): An
Overview of Virulence and Pathogenesis Factors, Zoonotic Potential, and
Control Strategies." Pathogens, 10(4), 467.

Widodo, A., Effendi, M.H., & Khairullah, A.R. (2020). Extended-spectrum beta-
lactamase (ESBL)-producing Escherichia coli from livestock. Sys. Rev. Pharm.,
11(7): 382-392.

Wang, J., Zhang, X., & Li, M. (2018). Ethnopharmacological uses and
phytochemical constituents of Eriobotrya japonica: A comprehensive review.
Journal of Ethnopharmacology, 220, 100-110.

Wibisono, A., Smith, J., & Lee, R. (2022). Epidemiology and virulence factors of
Avian Pathogenic Escherichia coli in poultry farming. Journal of Veterinary
Science, 34(2), 123-135.

Wang, Y., & Chen, J. (2018). "Amidines and their role in enzyme regulation in
plants." Phytochemistry, 154, 150-157.

X

Xu, Q., Chen, L., Ruan, X,, Chen, D., Zhu, H., Chen, H., Zhang, Y., Qiu, Q., Shu,
Q., & Zhao, Y. (2021). A draft genome, resequencing, and metabolomes reveal
the genetic background and molecular basis of the nutritional and medicinal
properties of loquat (Eriobotrya japonica). Horticulture Research, 8, Article 42.



Y

Yukio Nagano, Hiroaki Tashiro, Sayoko Nishi, Naofumi Hiehata, Atsushi J.
Nagano, & Shinji Fukuda. (2022). Genetic diversity of loquat (Eriobotrya
japonica) revealed using RAD-Seq SNP markers. Scientific Reports, 12, Article
10200.

Yuan, Q., & Xu, Q. (2012). Eriobotrya japonica leaf extract and its main bioactive
components: Pharmacological actions and mechanisms. Current Drug Targets,
13(10), 1377-1387..

Z

Zhang, Y., Liu, X., & Zhao, W. (2015). Phenolic content and antioxidant activity
of Eriobotrya japonica leaf extract obtained with different solvents. Journal of
Medicinal Plants Research, 9(3), 56-63.

Zhang, Z.Z., Li, X.X., Chu, Y.N., Zhang, M.X., Wen, Y.Q., Duan, C.Q., et al.
(2012). Three types of ultraviolet irradiation differentially promote expression of
shikimate pathway genes and production of anthocyanins in grape berries. Plant
Physiol. Biochem., 57:74-83.

Zieniuk, B., Wolozynowska, M., Bialecka-Floria, E., & Fabiszewska, A. (2020).
Synthesis of industrially useful phenolic compounds esters by means of
biocatalysts obtained with waste fish oil utilization. Sustainability, 12:5804-
5832.

Zhou, Z., Sharif, A., Inglesi-Lotz, R., & Bashir, M.F. (2024). Analysing the
interplay between energy transition, resource consumption, deforestation, and
environmental factors on agricultural productivity: Insights from APEC countries.
J. Clean. Prod., 446(1): 141408.

Zhuang, W.-B., Li, Y.-H., Shu, X.-C., Pu, Y.-T., Wang, X.-J., Wang, T., & Wang,
Z.(2023). The Classification, Molecular Structure and Biological Biosynthesis of
Flavonoids, and Their Roles in Biotic and Abiotic Stresses. Molecules, 28(8),
3599.

Zhang, Y., Li, Y., Zhang, H., & Zhang, Z. (2022). Traditional uses,
phytochemistry, pharmacology, and toxicity of Eriobotrya japonica leaves: A
summary. Frontiers in Pharmacology, 13, 831206.



Zhang, Y., Wang, Y., & Li, X. (2024). An updated review of composition, health
benefits, and applications of phenolic compounds in Ficus carica L. eFood, 5(1),
e154.

Zhu, X., Wang, L., Zhao, T., & Jiang, Q. (2022). Journal of Ethnopharmacology.
Zhao, P. Y., Jung, J. H., & Kim, |. H. (2018). Effect of a multi-strain probiotic
(Bacillus subtilis, Clostridium butyricum, and Lactobacillus plantarum) on growth
performance, nutrient digestibility, and meat quality in broilers challenged with
Escherichia coli. Probiotics and Antimicrobial Proteins, 10(3), 542-549.

Zhao, Y., et al. (2024). Application of ATR-FTIR spectroscopy combined with
multivariate statistical analysis for lung cancer diagnosis. Science Progress,
107(2), Article 2472630325000111.

Zhang, L., et al. (2016). Antioxidant and antidiabetic effects of loquat (Eriobotrya
japonica) leaf extracts in animal models. Journal of Ethnopharmacology, 190,
70-77.

Zhou, C., et al. (2011). Phytochemical constituents of Eriobotrya japonica and
their biological activities. Journal of Medicinal Plants Research, 5(12), 2346-
2353.

Zhou, Y., Zheng, J., Li, Y., Xu, D. P, Li, S., & Li, H. B. (2016). Natural
Polyphenols and Their Synthetic Analogs as Emerging Anticancer Agents:
Structure-Activity Relationship and Mechanisms. Current Medicinal Chemistry,
23(5), 485-507.

Zaynab, M., Fatima, M., Abbas, S., & Sharif, Y. (2024). Alkaloids: biosynthesis,
biological activities and ecological significance in plants. Scientific Reports, 14,
3367.

Zahran, M. A., & Mahrous, E. (2020). "Hydrazones as antimicrobial agents in
plants." Journal of Agricultural and Food Chemistry, 68(9), 2608-2618.



dpadd! dglolypdges ! dyiliotl & ygiae]!
alall Eamdly JLall ealazll 35055

-l ol o demd! de dasls
Blezell 9 dapdall agle 48

dpalall Al uslgdy alAUINL ol §yd qupmas
Sl 5l

| ool gl U
SaldedFadB X P FIES | PSR [P — éj\n@@j,@y (5) Ut
o BeRoromn 2 DDA )l By0lallg N B3 AN ... 1)y Anbogdl canyetll A3l ol
<~\M - JJ O
............ V)il s / Bually aglall ‘-.,L;us Joeall

('ywj‘jaJa_:@J C{{é VRN €L I e (ij <{L;. e

10lgiay siule 3,80 jlasly CalSllg
........ Bt BPEC, Sodis it ad, Essabolnpon. opasicn il .
Lasa Y1 Aalilly Aualall SLEMSI julasy Tumally Apalall yolall slelyay a3 T (8 da 700!
- olel 5gSll il § il ormll S (e Aas Al Adg5ull Jamily el jlans] G Bugllal

L2024 oGl AN.. syl

L“;\a.l‘ 9‘-444!

o

Lpmdlias Apalall 38 yull (o liglly Lalarll uelgdll simy gl 2016 2y 28 § #,501 933 o, &l3elt Shall Gle *



draadd) Aol )8 g0gudl dyiliadl & ygiazedl
olall Eamdly JLalf welaslf 513

-l uaoly o dresd! we dasls
Blazell 9 dagdall agle 48

dpalall Zali delgds AL pols §yd qupmas
Sl 3Ly

obiof el
203 E AN AN palzll !l o3, U\%J%Mfﬁsuﬁﬂ (8) Ul
oM DM eyl Byalially NMAST BTS2 108) 2ubos)l Cayaall 23l Jalol!
QAR Zus B e
ey, B [ Sy Aagdall pole 346 o Sl
1Olgia Awle 8,S e jlmily alslly
A REC T of Eccobating. gpomicadidd...
e sSY1 Aalily Lualadl CLEMSYI sy Bumeilly Lualall sulall slelyes afdll T 3y oo
el Sl dmdl § enll gsamll IS e dmiadl Adspull Jansly ol sl § Husllall

5 24 [l A\ el

L_é‘*l‘ ;—L;a.nl

e

Aemitag Agalall 38yl o 35400 Aalazll wslydll sums Il 2016 Aubiga 28 § #5541 933 o3, Uil hal G=ke *



