
People's Democratic

Ministry of Higher Education

KASDI MERBAH UNIVERSITY

Faculty of Natural and Life Sciences

Department

Submitted
for the Degree of 'Doctorat Es

 

 

Board of Examiners: 

 

President Prof. OULD EL HADJ
Examiner Prof. OULD EL HADJ
Examiner Prof. BOUAL
Examiner Prof. BOULENOUAR
Examiner Prof. KEMASSI  
Supervisor Prof. CHERITI

Bioguided phytochemical study of extracts from some Saharan plants and 
their effect on Fusarium oxysporum 

Etude phytochimique bioguidée des extraits de quelques plantes 
sahariennes  et leur effet sur les cellulases

 

People's Democratic Republic of Algeria  

Ministry of Higher Education and Scientific Research

KASDI MERBAH UNIVERSITY 

Faculty of Natural and Life Sciences 

Department of Biological Sciences 

 
Registration number:

/......../…....../…...../…....../

THESIS 

Submitted to the Department of Biological Sciences  
for the Degree of 'Doctorat Es-Sciences' in Biochemistry

THEME 

 

 
 
 
 
 
 

Presented by BELHI Zeyneb 
Thesis defended on: 15-06-2021 

 

Academic year: 2020/2021 

OULD EL HADJ-KHELIL Aminata KMU

OULD EL HADJ  Mohamed Didi KMU

BOUAL    Zakaria KMU

BOULENOUAR  Noureddine NBUC

KEMASSI  Abdellah Univ-

CHERITI Abdelkrim TMU

Bioguided phytochemical study of extracts from some Saharan plants and 
Fusarium oxysporum f. sp. albedinis cellulase enzymes 

 
Etude phytochimique bioguidée des extraits de quelques plantes 

sahariennes  et leur effet sur les cellulases du Fusarium oxysporum 
albedinis 

and Scientific Research 

Registration number: 

/......../…....../…...../…....../ 

 
Sciences' in Biochemistry 

KMU- Ouargla 

KMU- Ouargla 

KMU- Ouargla 

NBUC- El Bayadh 

- Ghardaia 

U- Bechar 

Bioguided phytochemical study of extracts from some Saharan plants and 
cellulase enzymes  

Etude phytochimique bioguidée des extraits de quelques plantes 
usarium oxysporum f. sp. 



 

 

 

 

 

 

 

 

 

I discovered how science is truly a universal language, one that forges new connections 

among individuals and opens the mind to ideas that go far beyond the classroom. 

Ahmed Hassan Zewail  

(1946– 2016) 

Noble Prize for Chemistry (1999) 

 

 

 

 

 

 

 

 

  



 

 

ACKNOWLEDGEMENTS 

This work was carried out at the Phytochemistry and Organic Synthesis Laboratory (POSL) 

at the University of Bechar, under the supervision of Professor Abdelkrim CHERITI. 

I would like to thank him warmly for welcoming me to his laboratory and for its invaluable 

advices, continuous support, and patience during my Ph. D. study. Its immense knowledge 

and plentiful experience have encouraged me all over my academic research. 

I am deeply grateful to all members of the jury for agreeing to read the manuscript and to 

participate in the defense of this work. I would like to express my gratitude to Prof.  

Aminata OULD EL HADJ-KHELIL for having accepted to be president of the jury 

during the defense of this work. I would also like to thank Prof.  Mohamed Didi OULD 

EL HADJ for agreeing to be part of my jury, despite all of his responsibilities and his 

many occupations. I owe special thanks to Prof. Noureddine BOULENOUAR for 

agreeing to be part of the jury, for his valuable suggestions for this study, and for 

proofreading to improve our publications. I wish to express my gratitude to Prof.  Zakaria 

BOUAL and Prof. Abdallah KEMASSI for serving as my committee members even at 

hardship. 

I am thankful to Prof. Abderazzak MAROUF for plant materials and identifications; 

Prof. Ismail OZDEMIR and Prof. Nevin GÜRBÜZ for NMR and LC-MS measurements. 

I am also grateful to Dr. Lineda DAHANE ROUISSAT for antimicrobial tests. 

I extend my sincere thanks to all members of the POSL and administrative staff for their 

encouragement and moral support during all the years of study. I particularly name Zohra 

BOUZIANI.   

My thanks are likewise due to my previous chemistry teachers and all my colleagues in the 

Department of Biology. I am especially grateful to Khadidja FYAD, Kheyra 

MAHMOUDI, Zahira ROCHAM, Dr. Nadia BOUNOUA, for help, support, and 

friendship.   

I would like to extend my special thanks to my mother, my brother, my husband, relatives, 

and friends. I could not have carried out this work without their support and love.  

This work was supported by DGRST (Algeria). I am thankful to MESRS and DGRST 

(Algeria) for the financial support given through this project. 



 

 

 

TABLE OF CONTENTS 

Abstract ....................................................................................................................................I 

II ...................................................................................................................................... الملخص  

Résumé.................................................................................................................................. III  

LIST OF FIGURES .............................................................................................................. IV  

LIST OF TABLES ................................................................................................................ VI  

ABBREVIATIONS ............................................................................................................ VII 

General introduction ............................................................................................................ 1 

CHAPTER I: Phytochemistry and biological activities of studied plants ....................... 5 

1. Introduction ..................................................................................................................... 5  

2. Acacia raddiana .............................................................................................................. 5 

2.1. General description and biological activities ........................................................... 5 

2.2. Phytochemistry of Acacia raddiana ........................................................................ 6 

3. Anabasis aretioides ......................................................................................................... 7 

3.1. General description and biological activities ........................................................... 7 

3.2. Phytochemistry of Anabasis aretioides .................................................................... 8 

4. Asteriscus graveolens ................................................................................................... 10 

4.1. General description and biological activities ......................................................... 10 

4.2. Phytochemistry of Asteriscus graveolens .............................................................. 11 

5. Calotropis procera ........................................................................................................ 14 

 



 

 

5.1. General description and biological activities ......................................................... 14 

5.2. Phytochemistry of Calotropis procera................................................................... 15 

6. Citrullus colocynthis ..................................................................................................... 17 

6.1. General description and biological activities ......................................................... 17 

6.2. Phytochemistry of Citrullus colocynthis ................................................................ 18 

7. Launaea arborescens .................................................................................................... 19 

7.1. General description and biological activities ......................................................... 19 

7.2. Phytochemistry of Launaea arborescens ............................................................... 20 

8. Limoniastrum feei ......................................................................................................... 24 

8.1. General description and biological activities ......................................................... 24 

8.2. Phytochemistry of Limoniastrum feei .................................................................... 25 

9. Nerium oleander ........................................................................................................... 27 

9.1. General description and biological activities ......................................................... 27 

9.2. Phytochemistry of Nerium oleander ...................................................................... 28 

10. Pergularia tomentosa ................................................................................................ 31 

10.1. General description and biological activities ..................................................... 31 

10.2. Phytochemistry of Pergularia tomentosa ........................................................... 32 

11. Conclusion ................................................................................................................. 34 

CHAPTER II:  The Use of Natural Products against Fusarium oxysporum ................. 36 

1. Introduction ................................................................................................................... 36  

2. General information on the genus Fusarium ................................................................ 37 

3. Microscopic morphology of Fusarium oxysporum ...................................................... 37 



 

 

4. Methods of identification .............................................................................................. 39 

5. Formae speciales of Fusarium oxysporum ................................................................... 39 

6. Production of cellulolytic enzymes by Fusarium oxysporum ...................................... 43 

7. Antifungal products against   F. oxysporum f.  sp.  from natural sources .................... 44 

8. Natural products as antifungal agents for inhibiting F. oxysporum .............................. 46 

9. Techniques for antifungal activity evaluation .............................................................. 50 

10. Assessment of efficacy of natural compounds as antifungal agents against F. 

oxysporum ............................................................................................................................. 54 

11. Action mechanisms of natural products against F. oxysporum ................................. 56 

12. Conclusion ................................................................................................................. 56 

CHAPTER III: Materials and Methods ........................................................................... 60 

1. Presentation of the study area ....................................................................................... 60 

2. Plant materials............................................................................................................... 61  

3. Extraction and bioguided fractionation......................................................................... 62 

4. Determination of the Total Phenolic Contents (TPC) .................................................. 62 

5. Determination of the Total Flavonoid Contents (TFC) ................................................ 63 

6. Thin-layer chromatography (TLC) ............................................................................... 63 

7. Phytochemical screening on TLC plate ........................................................................ 63 

7.1. Test for flavonoids ................................................................................................. 63  

7.2. Test for coumarins.................................................................................................. 63  

7.3. Test for tannins ....................................................................................................... 64 

7.4. Test for alkaloids .................................................................................................... 64  



 

 

7.5. Test for saponins .................................................................................................... 64  

8. Antifungal screening by direct bioautography .............................................................. 64 

8.1. Fungal strain ........................................................................................................... 64 

8.2. Preparation of spore suspension ............................................................................. 65 

8.3. Developing the chromatogram ............................................................................... 65 

8.4. Fungal growth on TLC ........................................................................................... 65 

8.5. Visualization of microbial growth ......................................................................... 65 

9. Enzyme inhibitory activity against cellulases by contact bioautography ..................... 66 

9.1. Cellulases production by Fusarium oxysporum f. sp. albedinis ............................ 66 

9.2. Preparation of medium with the substrate for the enzymatic activity .................... 66 

9.3. TLC analysis and chromatogram diffusion ............................................................ 66 

9.4. Detection of enzyme inhibition activity ................................................................. 67 

10. Preliminary evaluation of the antifungal activity ...................................................... 67 

11. Characterization of isolated compounds .................................................................... 68 

CHAPTER IV: Results and Discussion ............................................................................ 70 

I. Results ........................................................................................................................... 70 

1.1. Thin-layer chromatography (TLC) ............................................................................ 70 

1.2. Phytochemical screening of the plant extracts ........................................................... 71 

1.3. Antifungal activity of the plant extracts .................................................................... 78 

1.3.1. Direct bioautography .......................................................................................... 78 

1.3.2. The cellulases inhibition by contact bioautography ........................................... 82 

1.4. Phytochemical study of the bioactive extracts/fractions ............................................ 84 



 

 

1.4.1. Extraction and bioguided fractionation .............................................................. 84 

1.4.2. Total phenolic contents....................................................................................... 84 

1.4.3. Total flavonoid contents ..................................................................................... 85 

1.5. Bioautographic method (Crude extracts) ................................................................... 87 

1.6. Characterization of bioactive compounds by NMR and LC-MS .............................. 87 

II. Discussion ..................................................................................................................... 88  

III. Conclusion ................................................................................................................. 93 

General conclusion .............................................................................................................. 95  

References ............................................................................................................................ 98  

Appendices ......................................................................................................................... 124 

PUBLICATIONS AND COMMUNICATIONS RELATED TO THE THESIS ............... 131 

  



 

I 

Bioguided phytochemical study of extracts from some Saharan plants and their effect 

on Fusarium oxysporum f. sp. albedinis cellulase enzymes  

Abstract  

   Fusarium oxysporum f. sp. albedinis (Foa) is a soil-borne fungus causing the most 

serious disease of date palm (Phoenix dactylifera L.) called   “Bayoudh’. In this study, the 

objective was to search for substances with an antifungal effect on Foa, as well as the 

enzymatic activity on its cellulases (the cell wall degradation enzymes of the host plant). 

For this, nine plants from the Algerian Sahara (South-West of Algeria) were chosen to 

evaluate their extracts, namely:  Acacia raddiana, Anabasis aretioides, Asteriscus 

graveolens, Calotropis procera, Citrullus colocynthis, Launeae arborescens, Limoniastrum 

feei, Nerium oleander, and Pergularia tomentosa. The aerial parts of each plant were used 

to evaluate their extracts and fractions.  

Antifungal activity evaluation was realized by direct bioautography. The cellulases 

inhibition test was realized by contact bioautography. Also, a phytochemical screening has 

been done for these extracts on TLC plates. Phytochemical screening was intended to know 

which metabolite is responsible for the antifungal activity through correlation with 

antifungal and anti-cellulases effects.   

The phytochemical study revealed the presence of saponins, flavonoids, tannins, 

coumarins, and alkaloids in these extracts. The different extracts showed high variability in 

their phenolic and flavonoids contents as well as antifungal capacity, as in the case of ethyl 

acetate extracts. Detection of inhibition zones was revealed with ethanolic Gram’s iodine. 

Inhibition zones were determined as dark brown spots. The results of enzymatic activity -by 

contact bioautography technique- showed that some extracts of L. feei, L. arborescens, and 

A. graveolens present a significant effect on cellulases of Foa with a zone inhibition 

diameter higher than 2 mm.  Two bioactive compounds were identified, namely: methyl 

gallate and syringic acid from the ethyl acetate fractions of the aerial parts of L. 

arborescens and A. graveolens using NMR (1H and 13C) spectrophotometry and LC-MS.  

Keywords: Medicinal plants, phytochemical study, Phoenix dactylifera L., Fusarium 

oxysporum f. sp. albedinis, cellulases, Bioautography.  



 

II 

 السيليولازعلى إنزيمات  تأثيرهادراسة كيميائية  نباتية موجهة بيولوجياً لمستخلصات  بعض النباتات الصحراوية  و 

Fusarium oxysporum f. sp. albedinis  

 الملخص

(Foa) Fusarium oxysporum f. sp. albedinis   هو فطر ينتقل عن طريق التربة ويسبب أخطر أمراض نخيل

في هذه الدراسة ، كان الهدف هو البحث عن المواد ذات ". البيوض"ويسمى  (.Phoenix dactylifera L) التمر

إنزيمات تحلل جدار الخلية للنبات (، بالإضافة إلى النشاط الإنزيمي على سليولازها  Foaالتأثير المضاد للفطريات على 

 مستخلصاتها،لتقييم ) جنوب غرب الجزائر(جزائرية تم اختيار تسعة نباتات من الصحراء ال الغرض،لهذا ). المضيف

 ,Acacia raddiana, Anabasis aretioides, Asteriscus graveolens, Calotropis procera: وهي

Citrullus colocynthis, Launeae arborescens, Limoniastrum feei, Nerium oleander, 

  .كل نبتة لتقييم مستخلصاتها منء الهوائية تم استخدام الأجزا.     Pergularia tomentosaو

تم . ةالمباشر  )بيواوتوغرافيا(تم تقييم النشاط المضاد للفطريات عن طريق ، الكروماتوغرافيا الحيوية الذاتية  

تم  أيضًا،. ةالتلامسي  )بيواوتوغرافيا( عن طريق الكروماتوغرافيا الحيوية الذاتية السيليولازأنزيمات إجراء اختبار تثبيط 

 كان الهدف من الفحص الكيميائي النباتي هو معرفة . TLCصفائح إجراء فحص كيميائي نباتي لهذه المستخلصات على 

 عن النشاط المضاد للفطريات من خلال الارتباط مع التأثير المضاد للفطريات ومضادات ةالمسؤول الأيضية المركبات 

 .السيليولاز أنزيمات

الكومارين والقلويدات ,العفص ,الفلافونويد ,كشفت الدراسة الكيميائية النباتية عن وجود مركبات الصابونين  

فونويدات بالإضافة إلى الفلاأظهرت المستخلصات المختلفة تباينًا كبيرًا في محتوياتها من الفينول و. في هذه المستخلصات

 تم الكشف عن مناطق التثبيط باستخدام. تخلصات أسيتات الإيثيلقدرتها المضادة للفطريات ، كما هو الحال في مس

عن طريق تقنية  -أظهرت نتائج النشاط الإنزيمي . تم تحديد مناطق التثبيط على أنها بقع بنية داكنة. محلول يودي

 قوي لها تأثير A. graveolens و L. arborescens و L. feei أن بعض مستخلصات - ةبيواوتوغرافيا التلامسيال

: تم تحديد مركبين نشطين بيولوجيين هما. مم 2أعلى من  وذلك عند منطقة التثبيط بقطر .Foaالسيليولاز أنزيماتعلى 

 .Aو  L. arborescensمن أجزاء أسيتات الإيثيل للأجزاء الهوائية من  حمض السيرنجيكميثيل غالات و 

graveolens  1(باستخدام مطياف الرنين المغناطيسي النوويH  13وC ( و.LC-MS 

 Fusarium oxysporum f. sp. albedinis      ،   نباتات طبية ، دراسة كيميائية نباتية :الكلمات المفتاحية

  Phoenix dactylifera L.  ،بيواوتوغرافيا (الكروماتوغرافيا الحيوية الذاتية،  السيليولاز أنزيمات( . 



 

III 

Etude phytochimique bioguidée des extraits de quelques plantes sahariennes  et leur 

effet sur les cellulases du Fusarium oxysporum f. sp. albedinis 

Résumé  

 Fusarium oxysporum f. sp. albedinis (Foa) est un champignon du sol responsable de 

la maladie la plus grave du palmier dattier (Phoenix dactylifera L.) appelée «Bayoudh». 

Dans cette étude, l'objectif était de chercher des substances ayant un effet antifongique sur 

Foa, ainsi que l'activité enzymatique sur ses cellulases (les enzymes de dégradation de la 

paroi cellulaire de la plante hôte). Pour cela, neuf plantes du Sahara Algérien (Sud-Ouest de 

l'Algérie) ont été choisies pour évaluer leurs extraits, à savoir : Acacia raddiana, Anabasis 

aretioides, Asteriscus graveolens, Calotropis procera, Citrullus colocynthis, Launeae 

arborescens, Limoniastrum feei, Nerium oleander, et Pergularia tomentosa. Les parties 

aériennes de chaque plante ont été utilisées pour évaluer leurs extraits et fractions. 

 L'évaluation de l'activité antifongique a été réalisée par bioautographie directe. Le 

test d'inhibition des cellulases a été réalisé par bioautographie de contacte. En outre, un 

criblage phytochimique a été effectué pour les extraits sur des plaques CCM. Le criblage 

phytochimique visait à savoir quel métabolite est responsable de l'activité antifongique par 

corrélation avec l'effet antifongique et anti-cellulases. 

 L'étude phytochimique a révélé la présence des saponosides, flavonoïdes, tanins, 

coumarines et des alcaloïdes dans les extraits. Les différents extraits ont montré une grande 

variabilité dans leurs teneurs phénoliques et flavonoïdes ainsi qu'une capacité antifongique, 

comme dans le cas des extraits d'acétate d'éthyle. La détection des zones d'inhibition a été 

révélée avec la coloration iodine de Gram. Les zones d'inhibition ont été déterminées 

comme des taches brun foncé. Les résultats de l'activité enzymatique -par technique de 

bioautographie de contacte- ont montré que certains extraits de L. feei, L. arborescens et A. 

graveolens présentent un effet significatif sur les cellulases de Foa avec un diamètre de zone 

d'inhibition supérieur à 2 mm. Deux composés bioactifs ont été identifiés, à savoir : le 

gallate de méthyle et l'acide syringique à partir fractions d'acétate d'éthyle des parties 

aériennes de L. arborescens et A. graveolens par spectrophotométrie RMN (1H et 13C) et 

LC-MS.  

Mots clés: Plantes médicinales, étude phytochimique, Phoenix dactylifera L., Fusarium 

oxysporum f. sp. albedinis, cellulases, bioautographie.    
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General Introduction 



General introduction 

1 

General introduction  

Historically, humans have always drawn from nature for food, clothing, and health 

care. On earth, four out of five people use plants to ward off their ailments; four out of five 

women, especially in emerging countries, do not have any other kind of medicine for their 

children. In Africa, Asia, and Latin America, many countries are using traditional medicine 

to meet some of their needs at the primary health care level. In Africa, up to 80% of the 

population uses traditional medicine for treatment (Chaabi, 2008). The use of medicinal 

plants from the traditional tropical pharmacopeia nowadays offers enriching research 

avenues (Sofowora, 2010). 

 In Southern Algeria, the development of date palm cultivation and the preservation 

of the already existing phoenicicultural heritage is a major concern of the farmers of these 

oases (Benabdelkader et al., 2011).  In the desert areas, dates have represented a 

providential fruit, one of the pillars of the economy of the oases, providing a large part of 

the food. Date palms (Phœnix dactylifera L.) are of ecological and socio-economic 

importance for the Saharan populations. Besides, they provide a suitable microclimate for 

other crops (fruit, cereals, etc.) and they also protect them against the wind. For this, palm 

trees represent food and ecological security measure ( El Hadrami et al., 1998). However, 

its culture is threatened by several pests and diseases such as Fusarium wilt caused by 

Fusarium oxysporum f. sp. albedinis (Ait Kettout et al., 2010).  

Many species of Fusarium are serious plant pathogens, causing symptoms such as 

necrotic lesions, putrefaction….etc. Fusarium oxysporum f. sp. albedinis (Foa) is the 

causative agent of Bayoudh, the disease that affects the date palm. According to previous 

studies since its first sighting over a century ago (before 1870), Bayoudh has killed 

millions of date palms in Algeria and Morocco (Ait Kettout et al., 2010). It is known that 

the onset of the disease is the result of several factors called "pathogenicity factors". These 

factors are mainly enzymes and toxins. The most important enzymes from the point of 

view of Foa pathogenicity are the CWDEs (Cell Wall Degrading Enzymes). Among these 

enzymes, cellulases which hydrolyze cellulose  (El Modafar et al., 2000).  
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This present work consists of studying the enzymatic inhibition of cellulose 

degradation. This study targeted the cellulases of Fusarium oxysporum f. sp. albedinis, 

enzymes that break down the cell walls of the host plant (Phœnix dactylifera L.). For this 

purpose, nine plants from the Bechar region (Southwest of Algeria) from various families 

were chosen: five medicinal plants: Acacia raddiana, Asteriscus graveolens (Forsk.), 

Limoniastrum feei, Anabasis aretioides Moq . and Coss., Launeae arborescens (Batt.) 

Murb .; and four poisonous plants: Citrullus colocynthis (L.) Schrad, Calotropis procera 

Ait., Nerium oleander, Pergularia tomentosa. The aerial parts of each plant were used to 

evaluate their extracts. The cellulase activity test was performed by contact bioautography, 

as well as the bioguided phytochemical study of bioactive extracts. Finally, the isolation 

and structural identification of the pure secondary metabolites of the bioactive extracts was 

performed. 

This thesis is divided into four parts; 

- The first chapter presents a bibliographical summary of the studied medicinal plants, their 

general description, their biological activities as well as their phytochemical data which are 

based on the methods of extraction, separation, and identification of natural products. 

- The second chapter is reserved for a review of the natural products used to fight against 

Fusarium oxysporum f. sp. albedinis. This part presents the analysis of the main results of 

the antifungal activity against F. oxysporum of agents such as biofungicides (mainly from 

plants and microorganisms) or natural products derived from these organisms which have 

been carried out by studies during the last years. 

- The third chapter presents materials and methods used in this study, hence describes the 

methods of preparation of extracts from the different plants studied, then the bioguided 

fractionation, as well as the study of phytochemical extracts. In another part, it explains the 

methods and techniques for evaluating antifungal activity against Fusarium oxysporum f. 

sp. albedinis. Besides, the experimental evaluation of parameters related to the cellulase 

activity of Foa was done. Finally, the isolation and structural identification of pure 

secondary metabolites from bioactive extracts, using spectroscopic techniques was carried 

out.  
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- The fourth chapter is devoted to the results obtained with discussions in two parts, the 

chemical part brings together the results of extraction yield and chemical composition of 

the extracts and the second part presents the results of the evaluation of the cellulase 

activity of Fusarium oxysporum f. sp. albedinis extracts. 

And finally, a general conclusion to restore the main results obtained the limits of our 

work, and some perspectives required to complete and improve this work. 
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CHAPTER I: Phytochemistry and biological activities of studied plants 

1. Introduction 

Natural products such as plant extracts are a source of endless opportunities for the 

discovery of new drugs due to the wide chemical diversity present in plants (Cos et al., 

2006). Medicinal plants have been a valuable source of therapeutic agents, and still many 

of today's drugs are plant-derived natural products or their derivatives (Atanasov et al., 

2015). Phenolic compounds are an important class of secondary metabolites of plants 

possessing various pharmacological activities (Tsimogiannis et al., 2019). These 

compounds have a significant role in human health with their pharmacological activities, 

such as anti-inflammatory, anti-allergic, antimicrobial, antiviral, anti-cancer, 

cardioprotective, and vasodilatory activities (Senhaji et al., 2020).  

In previous work of POSL laboratory, the existence of certain parameters and factors 

that can influence the growth of Foa has been shown (Boulenouar et al., 2009; Boulenouar 

et al., 2011; Boulenouar et al., 2014; Boulenouar et al., 2012; Ghazi et al., 2020).  In this 

context, cellulases can be targets of some factors and/or substances. So, in order to deepen 

our research in this niche, we propose in this research to perform an evaluation of 

parameters related to the cellulase activity of Foa and to study effects of secondary 

metabolites from some Saharan plants (Acacia raddiana, Anabasis aretioides, Asteriscus 

graveolens, Calotropis procera, Citrullus colocynthis, Launeae arborescens, 

Limoniastrum feei, Nerium oleander, and Pergularia tomentosa) on cellulases. 

2. Acacia raddiana  

2.1. General description and biological activities 

Acacia tortilis (Forssk.) Hayne ssp. raddiana (Fabaceae) is present in the North and 

South of the Algerian Sahara. The height of this tree varies between 2 and 10 m and it 

favors sandy-gravelly substrates (Benhouhou, 2005).  

In Algerian Sahara,  Acacia raddiana tree (Figure I.1) provides food and shelter for many 

desert animals and is a major source of livestock feed and firewood for the native people 

(Talhi et al., 2010).  Also, Acacia is one of the plants that have been frequently used as 
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medicine to treat fever, diarrhea, leukorrhoea, hemoptysis, and throat infections (Embaby 

et al., 2016).  

 

Figure I. 1: Acacia raddiana in its natural habitat (Belhi Z., 2017). 

2.2. Phytochemistry of Acacia raddiana 

New hydrolysable tannin was isolated from the leaves of A. raddiana, together with 

three known galloylglucoses and six known flavonol glycosides. The known compounds 

are  1-O-galloyl-β-glucopyranose, 1,6-di-O-galloyl-β-glucopyranose, 1,3,6-tri- O-galloyl-

β-glucopyranose,  quercetin  3-O-gentiobioside, quercetin  3-O-glucosylgalactoside, 

quercetin  3-O-glucoside, isorhamnetin  3-O-rutinoside 1,  quercetin  3-O-rutinoside 2,   

and quercetin  3-O-galactoside 3 (Figure I.2 ) (El-Mousallamy et al., 1991). 

 

Figure I. 2: Chemical structures of compounds isolated from Acacia raddiana 

(El-Mousallamy et al., 1991) 
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In a previous study, They reported the phytochemical screening of the bark’s Acacia 

and the presence of important quantities of polyphenolic compounds (Flavonoids, Tannin) 

and other natural substances such as tritepenoids saponin, cellulose, hemicellulose, and 

lignin (Belhadjadji et al., 2010). 

Several hydrolyzable tannins have been reported from A. raddiana Savi, including 1,3-

di-O-galloyl-4,6-(-)-hexahydroxydiphenoyl-β-glucopyranose,1-O-galloyl-β-

glucosylpyranose 4, 1,6-di-O-galloyl-β-D-glucosylpyranose 5, and 1,3,6-tri-O-galloyl-β-

glucosylpyranose 6 (Figure I.3) (Subhan et al., 2018). 

 

Figure I. 3: Compounds reported in Acacia raddiana  (Subhan et al., 2018). 

3. Anabasis aretioides  

3.1. General description and biological activities 

Anabasis aretioides (Coss & Moq.) or Fredolia aretioides, locally called ‘‘Sellaa” or 

‘‘degaa”, belonging to the Chenopodiaceae family, is an endemic plant of Morocco and 

Algeria. This cylindrical shrub is found on the rocky and stony plateau ( reg and Hamada) 

(Benhouhou, 2005) (Figure I.4). It’s common in the North-Western Sahara from the 
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Tafilalet, Tinghir in Morocco to Beni-Abbes in Algeria across Beni-Ounif, Ain Sefra, and 

Bechar (El-Haci et al., 2013).  Since ancient times; this plant has been used to manage 

various diseases ( Farid et al., 2018). The leaves of the plant are used as antirheumatismal 

and diuretic agents and as an antidote against poison (Fakchich et al., 2014). The 

antimicrobial activity of A. aretioides has been studied (Amari et al., 2015; Bouchal et al., 

2019; Boulenouar et al., 2012; Senhaji et al., 2020). A. aretioides aqueous extract 

exhibited an antihyperglycemic activity ( Farid et al., 2018). Also, the antioxidant activity 

of this herb has been reported (Bentabet et al., 2014; El-Haci et al., 2013; Rached et al., 

2010; Senhaji et al., 2020). 

 

Figure I. 4: Anabasis aretioides in its natural habitat (Belhi Z., 2017). 

3.2. Phytochemistry of Anabasis aretioides 

Despite the importance of this plant on the pharmacological side, there are not many 

studies on its chemical composition. Very little research on the contents of polyphenols 

and flavonoids of A. aretioides has been reported in the literature. However, there are a few 

studies to report. 

According to UV, IR, and NMR spectral analysis, POSL team (Belboukhari et al., 

2013) separated and identified four natural compounds were from this plant. Three 

flavonoids 1, 2, 3, and one steroid 4. Namely, (1):  5,3’,4’,- trihydroxy,8-butyl,3-[3’’’,4’’’-

dimethyl 2’’’-ene pentanoique-1yl] [2’’-methyl [ 5’’,6’’ :6,7]] tetra hydro pyrano flavone. 

(2):  5,7,4’-trihydroxy,3",3",4"–trimethyl- O-3’tetra hydro pyrano[2’,3’:3",4" ]-C-2"-cyclo 

hexane [2’,2":2,3 ] flavones. (3): 5, 3’. 4’trihydroxy 8-[ 1-tetrahydrogeranyl]3-O-[β-D-

glucoside-6 -O-acetyl] -O-7-[2’’,3’’-tetra methyl[5’’,6’’:6,7] tetrahydropyrano flavone.  

(4): Spirotano 4,6-diene-3-one,14 -Decyl ester.  
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El-Haci et al. (El-Haci et al., 2013) found that the ethanolic extract of the aerial part of 

A. aretioides presented a high level of phenolic and flavonoid contents (231.85 ± 20.59 mg 

GAE/g and 132.8 ± 24.58 mg CEQ/g).  

The phytochemical study realized by Bentabet et al.  (Bentabet et al., 2014; Nesrine et al., 

2014) allowed them to highlight the existence of alkaloids, flavonoids, tannins, reducing 

compounds, and saponins in the aqueous extract of roots of A. aretioides. 

Another study, by Berrani et al., revealed the presence of polyphenols, tannins, alkaloids, 

reducing compounds,  and trace amounts of the proteins, carotenoids, coumarins, and 

cardiac glycosides but in the methanolic extracts (Berrani, Benassaoui, et al., 2018). 

Thereafter chemical analysis, effectuated by the same authors, revealed 25 phenolic 

compounds (Berrani et al., 2018).  

Recently, Farid et al. (Farid et al., 2018) revealed the presence of 12 polyphenolic 

compounds in the aqueous extract of the aerial part of A. aretioides. In this study, the 

structures of these molecules were illustrated, namely: Esculetin-6-O-glucoside 7, 

Esculetin 8, Esculetin-7-O-glucoside 9, Neochlorogenicacid 10, 3,4-Dihydroxybenzoicacid 

11, Chlorogenic acid 12, Luteolin-7-O-glucuronide 13, Cryptochlorogenic acid 14, 

Apigenin-7-O-glucuronide 15, 3,5-Dicaffeoylquinic acid 16, Luteolin 17, Hispidulin 18 

(Figure I.5). 

Lately, quantitative analysis showed that ethyl acetate extracts of the aerial part of A. 

aretioides presented a high level of total phenol contents 46.79 ± 0.75 µg GAE/mg E 

(Senhaji et al., 2020). 
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Figure I. 5: Structures of the polyphenolic compounds identified by HPLC–DAD–ESI–MS 

from aqueous extracts of Anabasis aretioides (Farid et al., 2018). 

4. Asteriscus graveolens 

4.1. General description and biological activities 

Asteriscus graveolens is an endemic medicinal plant,  is a species belonging to the 

Asteraceae family,  mainly distributed in the Southwest of Algeria and the Southeast of 

Morocco (Quezel et al., 1963). Asteriscus graveolens (Forsk) Less. [Syn. Bubonium 
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graveolens, Buphthalmum graveolens (Forsk.), Nauplius graveolens, and Bubonium 

odorum (Schoub.)] (Cheriti et al., 2007) is an herbaceous aromatic plant, growing in 

Saharan regions (Figure I.6), it is locally known as ‘tafss’  used in Saharan folk medicine 

for treating fever, cephalic pains, gastrointestinal tract complaints, stomachic,  bronchitis, 

and an anti-inflammatory (Cheriti et al., 2007; Znini et al., 2011). 

 

Figure I. 6: Asteriscus graveolens in its natural habitat (Belhi Z.., 2017). 

Asteriscus graveolens extracts exhibited antifungal activity (Boulenouar et al., 2014; 

Boulenouar et al., 2012), antibacterial activity (ALrawashdeh et al., 2019; Ramdane et al., 

2017), antioxidant, and Antileishmanial activities (Ramdane et al., 2017), and cytotoxic 

activity (Triana et al., 2016). This plant is also reported to have antimicrobial and 

hypoglycemic activities (Akssira et al., 2006). 

The essential oil of this species exhibits various biological activities such as antioxidant, 

antimicrobial (Chaib et al., 2017; Melekmi et al., 2006), anti-cancer (Aouissi et al., 2018), 

and antifungal activities (Znini et al., 2011),  which could be a potential natural source of 

preservative and antifungal compound used in food, cosmetics and pharmaceuticals (Alilou 

et al., 2014). 

4.2. Phytochemistry of Asteriscus graveolens 

Many studies have focused mainly on the essential oil of this plant, (include) (Aouissi 

et al., 2018; Chaib et al., 2017; Cheriti et al., 2007; Cristofari et al., 2012; Melekmi et al., 

2006; Said et al., 2017; Znini et al., 2011) 

The phytochemical screening effectuated by the POSL team (Djelaila, 2007; Saad, 

2006), of the leaves and flowers of A. graveolens, revealed the presence of alkaloids, 
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flavonoids, catechetical tannins, terpenes, coumarins, and cyanogenetic compounds. The 

characterization of molecules by UV spectrophotometry revealed the presence of caffeic 

acid, nevadensine, luteolin, and artemetin in the leaves of Asteriscus graveolens subsp. 

odorus (Alilou et al., 2014). The presence of polyphenolics,  flavonoids, and tannins in  all  

fractions was attested (Ramdane et al., 2017).   

In 1991, Ahmed et al. isolated 11 flavonoids from the aerial parts of A. graveolens:  

namely,  the previously unreported tamarixtin  3-O- β-D-robinobioside;  the 3- O -β-D-

glucosides, 3- O -β- D-galactosides,  and 7- O -β- D-glucosides of both kaempferol and 

quercetin;  the  7- O -β-D-glucoside of luteolin,  and the three free aglycones, quercetin, 

quercetin 3,4’-dimethyl ether, and quercetagetin 3,6,3’-trimethyl ether. 

A new sesquiterpene lactone named Naupliolide 19 was isolated by Akssira et al. from A. 

graveolens.  Besides five known compounds, 6,7,9,10-tetradehydroasteriscanolide 20 and 

asteriscunolides A–D (21a–d) (Figure I.7). 

 

Figure I. 7: Structure of compounds isolated from Asteriscus graveolens subsp. Odorus 

(Akssira et al., 2006) 

The phytochemical investigation of an ethanol extract of the aerial parts of A. 

graveolens subsp. stenophyllus afforded four new humulenoid sesquiterpenes, namely, 

6β,7β-epoxyasteriscunolide A 22, 2α,3α-epoxyasteriscunolide C 23, 6β-

hydroxyasteriscunolide A 24, and 6β-ethoxyasteriscunolide A 25, and also a new 

asteriscanoid sesquiterpene, asteriscanolidenol 26, along with the known sesquiterpenoids 

asteriscunolide A 27, asteriscunolide C 28, 8-oxo-6,7,9,10-tetrahydrohumulen-1,12-olide 
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29, asteriscanolide 30, and 8-oxo-α-humula-6E,9Z-dien-12-oic acid 31, as well as vanillin, 

stigmasterol, and tricin. Also, 1α,4β,6β-trihydroxyeudesmane 32, and teuclatriol 33 

(Figure I.8). (Triana et al., 2016) 

 

Figure I. 8: Structures of sesquiterpenoids identified from the aerial parts of 

Asteriscus graveolens subsp. Stenophyllus  (Triana et al., 2016). 

Achoub et al. (2019) isolated three new sesquiterpenes from A. graveolens aerial parts 

(Figure I.9), among other known compounds. 

Compound 34 was identified as 7, 12-dihydroxy-6, 7-dihydro-5, (6) E-

dehydronerolidol. Compound 35 was identified as 9 β-hydroxy-11β, 13-

dihydroparthenolide-9-O-β-D-glucopyranoside. Compound 36 was identified as 9α-

hydroxy-11β, 13-dihydroparthenolide-9-O-β-D-glucopyranoside. The structures of known 

compounds were elucidated as 9α-hydroxyparthenolide, 9β-hydroxyparthenolide, quercetin 

7-O-methylester (rhamnetin), borneol 2-O-β-D-glucopyranoside, spinacetin 3-O-β-D-

glucopyranoside, roseoside, spinacetin 3-O-rutinoside, 5-O-feruloylquinic acid (Achoub et 

al., 2019). 
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Figure I. 9: Chemical structures of sesquiterpenes isolated from Asteriscus graveolens 

aerial parts (Achoub et al., 2019). 

The major compound named myricetin 3’-O-rhamnoside 37 was isolated for the first 

time from the leaves of A. graveolens (Figure I.10). Which has an antioxidant potential 

(Messaoudi et al., 2018).  

 

Figure I. 10: Structure of myricetin 3’-O-rhamnoside isolated from Asteriscus graveolens 

(Messaoudi et al., 2018).  

5. Calotropis procera  

5.1. General description and biological activities 

Calotropis procera (Ait.), a wild-growing plant of the family Asclepiadaceae (Khairnar 

et al., 2012). The shrub C. procera is found mainly in tropical regions and to a lesser 

extent in sub-tropical areas. The plant is well-known for its great capacity of producing 

latex which exudates from damaged leaves (Cleverson et al., 2007) (Figure I.11). 
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Figure I. 11: Calotropis procera in its natural habitat (Belhi Z., 2017). 

Different parts of the plant have been reported to have many biological activities such 

as antimicrobial (Shobowale et al., 2013), antioxidant (Tsala et al., 2015), cytotoxic (de 

Lima et al., 2011),  anticancer (Shaker et al., 2010), anti-fertility, an antidote for snakebite, 

anti-scabietic. Its flowers possess digestive and tonic properties (Meena et al., 2010). 

Calotropis extracts functions were also used to treat skin infections, and inflammation  

(Rasik et al., 1999). 

This plant is anthelmintic, the ashes act as an expectorant. In African and Asian 

countries, the latex of C. procera is used as an arrow poison molluscicide, a fungicide, an 

anti-syphilitic, an anti-inflammatory, a purgative, and as anti-lepersy (Kazeem et al., 

2016). 

5.2. Phytochemistry of Calotropis procera 

Phytochemical studies on Calotropis procera have afforded several types of 

compounds such as cardenolide, triterpinoids, alkaloids, resins, anthocyanins, and 

proteolytic enzymes in latex, flavonoids, tannins, sterol, saponins, and cardiac glycosides    

(Hassan et al., 2015).  

The leaves contain mainly the α-amyrin 38, ß-sitosterol 39,  α-amyrin acetate 40, 

calotropin 41, calotropagenin 42, and urosolic acid 43 (Figure I.12) (Meena et al., 2010). 

The phytochemical screening shows that flavonoids, reducing sugars and steroids are 

present in both the ethanolic and aqueous extracts of Calotropis procera leaves while 

tannins were detected in acetone and aqueous extracts. However, saponin was present in 

the aqueous extract only (Kazeem et al., 2016). 
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Figure I. 12: Chemical structures of compounds isolated from Calotropis procera leaves 

(Meena et al., 2010). 

The flower contains the flavonoids, queretin- 3- ratinoside, sterol, calactin, calotoxin, 

calotropagenin 42, calotropin 41, polysaccharides with D-arabinose, glucose, glucosamine, 

and L-rhamnose (Meena et al., 2010). Flowers also contain enzymes 3-proteinase terpenes, 

multiflorenol, and cyclisadol (Hassan et al., 2015). Pentacyclic triterpenes, phytosterols, 

and triterpenoids saponins have been isolated from the roots of C. procera. Chemical 

investigations of the seeds indicate the occurrence of coroglaucigenin, frugoside, and 

corotoxigenin (L. M. Hassan et al., 2015). 

In addition, the latex contains caoutchouc, calotropin 41, calotoxin 44 0.15%, calactin 

45 0.15%,  uscharin 46 0.45%, voruscharin 47 (Figure I.13),   trypsin, uzarigenin, 

syriogenin, and proceroside (Meena et al., 2010). C. procera has been studied because its 

latex is rich in peptidases (Cleverson et al., 2020). 
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Figure I. 13: Chemical structures of compounds isolated from Calotropis procera latex. 

6. Citrullus colocynthis  

6.1. General description and biological activities 

Citrullus colocynthis (L.) Schrad belongs to the Cucurbitaceae family. The plant is 

widely available in the Sahara and Arabian deserts, Sudan, and the Southern parts of Asia 

(Al-Ghaithi et al., 2004) (Figure I.14). The plant has been reported to have a wide range of 

traditional medicinal uses including in diabetes, leprosy, common cold, cough, asthma, 

bronchitis, jaundice, joint pain, cancer, toothache, wounds, mastitis, and gastrointestinal 

disorders such as indigestion, constipation, dysentery, gastroenteritis, colic pain and 

different microbial infections (Hussain et al., 2014). C. colocynthis fruits are usually 

recognized for their wide range of medicinal uses as well as pharmaceutical and 

nutraceutical potential (Marzouk et al., 2010).  
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Figure I. 14: Citrullus colocynthis in its natural habitat (Belhi Z., 2017). 

6.2. Phytochemistry of Citrullus colocynthis 

The POSL researchers since 2009 (Belhi, 2012; Boulenouar et al., 2009; Boulenouar et 

al., 2014; Ghazi et al., 2020) contributed to the study of the composition of Citrullus 

colocynthis. 

Many bioactive compounds of C. colocynthis fruit have been recorded in the literature. 

They are assembled as glycosides, flavonoids, alkaloids, carbohydrates, fatty acids, and 

essential oils. However, there are only a few reports on the isolation and identification of 

individual chemical constituents. Cucurbitacins (Cucurbitacin E 48, Cucurbitacin I 49, 

Cucurbitacin L 50, and Cucurbitacin J 51) have been reported as the main components of 

C. colocynthis fruits (Figure I.15) (Hussain et al., 2014). 

 

Figure I. 15: Structure of some compounds isolated from Citrullus colocynthis 

(Hussain et al., 2014).  



Chap I: Phytochemistry and biological activities of studied plants 

19 

Ghazi et al. (2020) isolated and identified six compounds (Figure I.16). as 2-O-β-

D-glucopyranosylcucurbitacin E 52; Isosaponarin 53; Isovitexin 54;  Isoorientin 3’-O-

methyl ether 55, 2-(Nonan-8-one)-(1H)-4-quinolone 56; 2-(Nonan-8-one)-4-methoxy-

quinoline 57. 

 

Figure I. 16: Compounds isolated from Citrullus colocynthis fruits peels 

(Ghazi et al.,  2020). 

7. Launaea arborescens  

7.1. General description and biological activities 

Launeae arborescens (local name “Oum Lbina”) is a herbaceous plant belonging to the 

Asteraceae family, which is widely distributed in the West Algerian Sahara ( Belboukhari 

et al., 2006) (Figure I.17). This plant is commonly used in popular medicine as an 

antidiarrheal and antispasmodic, to relieve fever, and as a vermifuge in children. The latex 
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is applied locally to cure sore throats and in the treatment of furuncles. The powdered root 

mixed with Artemisia herba-alba is taken for diabetes (Cheriti et al., 2012). Despite the 

biological interest in this plant commonly used in the Saharan popular medicine against 

diarrhea and abdominal spasms, very few chemical studies on L. arborescens have been so 

far reported.  

 

Figure I. 17: Launeae arborescens in its natural habitat (Belhi Z., 2017). 

7.2. Phytochemistry of Launaea arborescens 

Researchers from POSL were the first initiators on the phytochemical study of the 

Algerian sample of Launaea arborescens (Belboukhari et al., 2006). The methanolic 

extract of aerial parts of this species  provided four compounds: two flavonoids, 3- acetyl-

5-methoxy7,3’,4’-trihydroxyflavan-3-ol-8-O-glycoside 58, 5,7,4’-trihydroxy-3’-

methoxyflavone (chrysoeriol) 59, one lignan, 4,4’-dihydroxy-3,3’-dimethoxy7,9’:7,9’-

diepoxylignan 60, and a diterpene, methyl-15,16-epoxy-12-oxo-8(17), 13(16), 14ent-

labdatrien-19-oate 61  (Figure I.18). 
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Figure I. 18: Compounds isolated from Launaea arborescens (POSL, 2006). 

In their chemical investigation on the liposoluble extracts of both roots and aerial parts 

of Algerian specimens of L. arborescens, Bitam et al. obtained 27 pure metabolites ( 

sesquiterpenes and triterpenes, five of which were novel compounds:  3β-hydroxy-11α-

ethoxy-olean-12-ene 62, 9α-hydroxy-11β,13-dihydro-3-epi-zaluzanin C 63, 9α-hydroxy-

4α,15-dihydro-zaluzanin C 64), 3β,14-dihydroxycostunolide-3-O-β-glycopyranoside 65, 

and 3β,14-dihydroxycostunolide-3-O-β-glucopyranosyl-14-O-p-hydroxyphenylacetate 66 

(Figure I.19) (Bitam et al., 2008). 

 

Figure I. 19: Terpenoids isolated from the Algerian plant Launaea arborescens 

(Bitam et al., 2008) 
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Two flavanone glycosides were isolated from the aerial part of Launeae 

arborescens (Asteraceae), naringin 67, and hesperetin 7-rutinoside (Hesperidin) 68 

(Figure I.20) (Belboukhari et al., 2010). In this study, they were interested in the chiral 

separation of hesperidin and naringin by HPLC methods.  

  

Figure I. 20: Structures of naringin and hesperidin from the aerial part of Launeae 

arborescens (Belboukhari et al., 2010). 

In continuation of the work on this plant, the POSL team isolated and identified 08 

flavonoids from the butanolic fraction of the aerial part of Launeae arborescens. The 

isolated compounds were identified as 7-O-[α-rhamnopyranosyl 4', 5, 6-Trihydroxy 

flavone 69, 4’,5’-Di-Methoxy 7-(5’’-Me Hexan)1-oyl flavanone 70, 3”-isopropyl pyrano 

[1”:7,4”:6]3’,4’,5’,5-Tetrahydroxy flavanone 71, 5, 4’, 5’-Tri-Hydroxy 7-(3’’-Me butan) -

yl flavanone 72, 5, 7-Dihydroxy-2', 4’, 5’–trimethoxy-isoflavanone 73, 5, 6, 7,4’-

tetrahydroxy flavonol 74, 7-O-[α-rhamnopyranosyl-(1->6)-β-glucopyranosyl]- 4',5,7-tri-

hydroxy-flavanone 75, 7-O-[α-rhamnopyranosyl-(1->6)-β-glucopyranosyl] 3',5-Dihydroxy 

4’-Methoxy flavanone 76 (Figure I.21) (Sekkoum et al., 2014). 
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Figure I. 21: Structures of flavonoids isolated from the aerial part of Launaea arborescens 

(Sekkoum et al., 2014) 

 

Seven compounds have been chemically characterized and identified by Belboukhari et 

al. (2016)   from the aerial parts of Launaea arborescens using spectroscopic methods. The 

identified compounds are: 77: ursane-12-ene-3,6,16,21-tetraol-3-O-β-glucopyranoside , 

78: β—sitostérol, 79:olean-12-ene-3b,16b-diol, 80:7-O-(α-ramnopyranosyl-(1-6)-β-

glycopyranosyl)- 6-Geranyl-5,2’,4’-trihydroxyflavanone , 81: 5,7,4’ trihydroxy-3-(3 ,6-

dimethyl-2,5-heptadienyl)  flavones, 82: 2’’,3’’,6,8 –Tetrahydroxy-3’,4’,5’,5tetramethoxy-

10,4- cyclolignan and 83: 3,4-Di-O-galloylglucopyranoside (Figure I.22) ( Belboukhari et 

al., 2016).  
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Figure I. 22: Structure of compound 1-7 isolated from Launaea arborescens (Belboukhari 

et al., 2016). 

8. Limoniastrum feei  

8.1. General description and biological activities 

Limoniastrum feei is a species belonging to the Plumbaginaceae family, a perennial 

shrub with densely ramified stems at the base, rather small, not exceeding 40 cm. This 

hardy shrub thrives particularly on the stony grounds of the djebels. Its occurrence on 

gravelly sandy wadi beds is less frequent.  It can survive years of severe drought when the 

rainfall is less than 50 mm (Benhouhou, 2005) (Figure I.23 ). It is a Saharan medicinal 

plant, used in Saharan ethnopharmacopeae to treat gastric tract, hepatic disorder, and 

cough (Rahmani et al., 2012). The other uses of L. feei are as an antibacterial, for the 

treatment of bronchitis and stomach infection (Belboukhari et al., 2007). Due to the 
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notable medicinal value of Limoniastrum feei, it was considered of interest to carry out 

phytochemical and antimicrobial investigations of this species (Belboukhari et al., 2005). 

 

Figure I. 23: Limoniastrum feei in its natural habitat 

(Belhi Z., 2017). 

Some studies made at the Phytochemistry and Organic Synthesis Laboratory (POSL, 

Bechar University, Algeria) have demonstrated that this plant contains secondary 

metabolites with biological activities (Belboukhari et al., 2005; Belboukhari et al., 2007; 

Belboukhari et al., 2009). 

A previous investigation revealed that methanol extract from L. feei leaves contained 

potential antifungal activity against Candida albicans and antibacterial effects against E. 

coli (Belboukhari et al., 2009).  L. feei extracts exhibited antifungal activity against F. 

oxysporum f. sp. albedinis (Boulenouar et al., 2012), antioxidant (Chaabi et al., 2008), and 

anti-inflammatory (Rahmani et al., 2016). Also, antioxidant and antiradical-scavenging 

activities were evaluated (Keffous et al., 2016).  

8.2. Phytochemistry of Limoniastrum feei 

Cheriti’s team since 2007 contributed to the study of the characterization of flavonoids 

extracted from the stems of L. feei (Cheriti, 2019). They identified four flavonoids: 6, 3’, 

4’-Tri-methoxy 3, 5, 5’-trihydroxy flavonol 84, 3-(6”-malonyl 2”-ramnosyl glucosil) 6, 

3’,4’-tri-methoxy 5, 5’-dihydroxy flavonol 85, Tetraacetate 7-dihydroxy-4'-Methoxy 8-O-

β-glucopyranoside isoflavone 86, Tetraacetate 7, 4’-diMethoxy 8-O-β-glucopyranoside 

isoflavone 87 (Figure I.24).  
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Figure I. 24: Flavonoids from the stems of Limoniastrum feei (84-87) 

(Belboukhari et al., 2007). 

In another study, two molecules of the saponins family were extracted and identified 

by Belboukhari and Cheriti (2009) (Figure I.25) from the stems of L. feei, namely: 

 2α ,3 β ,23-Trihydroxy-30-acetylolean-12-ene 88(C32H52O5) and 1-O-[ α -L-

Rhamnopyranosyl-(1)-6-O-acetylβ -D-galactopyranosyl]-1 β ,3 β ,22 ξ -26-

tetrahydroxyfurost-5(6)-ene-26-Oβ -D-glucopyranosid  89(C50H82O19). 

 

Figure I. 25: Saponins from the stems of Limoniastrum feei (88 and 89) 

(Belboukhari et al., 2009). 
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A previous study carried out by Rahmani et al. (2013, 2014) ( Rahmani et al., 2014) 

reported the presence of eleven polyphenol compounds and glucoside flavonoids (Figure 

I.26)  in the extract of the aerial part of L. feei. From the results obtained by El-Haci et al. 

(2017), polar organic extracts: methanol, ethanol, and acetone of L. feei presented 

considerable levels of phenols and flavonoids. These levels ranged from 127.07 to 262.11 

mg GAE/g and 84 to 157.88 mg CEQ/g, respectively (El Haci et al., 2017). 

 

Figure I. 26: Glucoside flavonoids from Limoniastrum feei 

( Rahmani et al., 2013) 

9. Nerium oleander 

9.1. General description and biological activities 

Nerium oleander L.  is a perennial shrub that can form clumps 2-4 m. tall with erect 

stems and branches, a poisonous tree, or shrub that belongs to the Apocynaceae family 

(Benhouhou, 2005) (Figure I.27 ).  This plant is well known for its toxicity (Bandara et 

al., 2010; Rubini et al., 2019). This species is widely cultivated as an ornamental shrub 

throughout the tropical and subtropical parts of the world (Dhinesh et al., 2018).   
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Figure I. 27: Nerium oleander L. in its natural habitat 

(Belhi Z., 2017). 

Despite its toxicity, the flowers and leaves of N. oleander are commonly used in folk 

medicine as an abortifacient, as well as therapeutic agents for heart failure, leprosy, 

malaria, ringworm infections, indigestion, and venereal diseases (Gnanathasan, 2015). N. 

oleander L. extracts have potent anti-cancer, antimicrobial, nematicide, pesticide, 

analgesic, antioxidant activity due to the presence of several phytoconstituents (Mouhcine 

et al., 2019). N. oleander extracts exhibited antifungal activity (Boulenouar et al., 2009), 

anti-inflammatory (Kumar et al., 2010), and antitumoral activities (Namian et al., 2013), 

anti-HIV activity ( Singh et al., 2013). 

9.2. Phytochemistry of Nerium oleander 

Several studies have shown that N. oleander is rich in secondary metabolites. The 

phytochemical analysis, effectuated by Bhuvaneshwari et al. (Bhuvaneshwari et al., 2007), 

showed the presence of alkaloids, terpenoids, cardiac glycosides, saponins, tannins, and 

carbohydrates in all the solvents. 

Santhi et al. (Santhi, 2011) screened the ethanolic extract of N. oleander leaves and found 

it to contain carbohydrates, proteins, amino acids, alkaloids, and cardiac glycosides. 

Flavonoids and terpenoids were absent. Fifty-eight bioactive phytochemical compounds 

were identified in the solvent-free extract of  N. oleander L. root using GC-MS (Hase et 

al., 2017).  
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Figure I. 28: Structures of some compounds identified from the methanolic extract of 

Nerium oleander L. leaves (Siddiqui et al., 2012). 

Siddiqui et al. (Siddiqui et al., 2012) reinvestigated the methanol extract of the leaves 

and isolated a new pentacyclic triterpene, oleanderocioic acid 92, two new flavonoidal 

glycosides, quercetin-5-O-[α-L-rhamnopyranosyl-(1 → 6)-β-D-glucopyranoside] 93 and 

kaempferol-5-O-[α-L-rhamnopyranosyl-(1 → 6)-β-D-glucopyranoside] 94, and a new 

cardenolide, oleandigoside 95, together with 11 known compounds, adynerigenin, adynerin 

96, odoroside A 97, odoroside B 98, oleandrin 99 (Figure I.28), 27-p-(E)-

coumaroyloxyursolic acid, β-neriursate, ursolic acid, stigmasterol, β-sitosterol, and 

neristigmol. 
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All parts of N. oleander contain very toxic cardiac glycosides, including oleandrin 

100, digitoxigenin 101, neriine102, folinerin 103, and rosagenin (Figure I.29)  (Anadón et 

al., 2018).  

 

  

Figure I. 29: Structures of some cardiac glycosides present in Nerium oleander L. 

(Anadón et al., 2018)  

In a recent study, six new cardenolides, including three 14-hydroxylated cardenolides 

and three 14-carbonylated cardenolides were isolated from the dried aerial parts of N. 

oleander in addition to twenty-seven known compounds.  Their structures were elucidated 

based on extensive spectroscopic evidence and single-crystal X-ray diffraction analysis. 

The new identified cardenolides are: 8-hydroxy-oleandrigenin-3-O-β-D-diginoside 104, 5α-

oleaside A 105, 14-carbonyl-neriaside 106, 3β-O-(β-D-diginosyl)-14β-hydroxy-5β,14β-

card-8,16,20(22)-trienolide 107, 21-hydroxy-neriaside 108, 16-hydroxy-oleaside A  109 

(Figure I.30) (Cao et al., 2018). 
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Figure I. 30: Structures of cardenolides identified from ethanolic extracts of the dried aerial 

parts of Nerium oleander (Cao et al., 2018). 

10. Pergularia tomentosa  

10.1. General description and biological activities 

Pergularia tomentosa L. (Apocynaceae) is climbing to semi-erect perennial herb 

(Benhouhou, 2005) (Figure I.31). P. tomentosa has been exploited in traditional medicine 

as a laxative, tumors, warts, depilatory, abortifacient, skin diseases, and anthelmintic 

agents. Moreover, antioxidant (Lahmar et al., 2017), antidiabetic (Hamza et al., 2019),  

antifungal (Boulenouar et al., 2009), antibacterial,  insecticidal and cytotoxic activities of 

this species are documented (Alghanem et al., 2017). 
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Figure I. 31: Pergularia tomentosa in its natural habitat (Belhi Z., 2017). 

10.2. Phytochemistry of Pergularia tomentosa 

A wide range of chemical compounds including cardenolides, cardenolide glycoside, 

and taraxasterol-type triterpenes, etc. have been isolated from this plant. 

Hassan et al. studied the nutritive value, phytochemical constituents, and antifungal 

activity of leaf, root, and stem of P. tomentosa L. extracts. Phytochemicals detected in the 

leaf and stem extracts were alkaloids, cardiac glycosides, cyanogenic glycosides, 

saponin, flavonoids, tannins, and anthraquinones. The roots contain trace amounts of these 

compounds. Mineral element composition of the plant showed a higher amount of 

phosphorous and potassium in the root and stem and sodium, magnesium, and calcium in 

the leaf extracts ( Hassan et al., 2007). 

Twenty-Five compounds were isolated and identified from various parts of the P. 

tomentosa. The structure of these compounds has been presented in Figure I.32 and I.33. 

The main class secondary metabolites were isolated from this species include cardenolides, 

cardenolide glycoside, and taraxasterol-type triterpènes (Al-Mekhlafi et al., 2017). 
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Figure I. 32: Cardiac glycosides from Pergularia tomentosa plant 

 (Al-Mekhlafi et al., 2017). 

 

 

Figure I. 33: Triterpenes from Pergularia tomentosa plant (Al-Mekhlafi et al., 2017). 
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11. Conclusion  

 
In this chapter, we have described the existing traditional uses of the studied plants 

(Acacia raddiana, Anabasis aretioides, Asteriscus graveolens, Calotropis procera, 

Citrullus colocynthis, Launeae arborescens, Limoniastrum feei, Nerium oleander, and 

Pergularia tomentosa) and summarized recent research into phytochemistry and biological 

studies.  

The literature shows that these plants have a wide range of medicinal uses and have 

been well studied for their antidiabetic, anticancer, antioxidant, antimicrobial, and anti-

inflammatory activities, etc. 

Several traditional uses of these plants have been validated by phytochemical and 

modern biological studies; however, some of these studies were only tested in vitro. Thus 

the effectiveness of plant extracts and isolated compounds needs to be further investigated 

for their efficacy and safety using in vivo assays. 
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CHAPTER II:  The Use of Natural Products against Fusarium oxysporum 

1.  Introduction 

 Plant pathogens such as fungi, bacteria, nematodes, and viruses cause various 

diseases in plants that may damage them. Plant diseases cause at least 10% of the losses of 

agricultural products (Davari et al., 2017). More importantly, fungi are the main pathogen 

that harms the plants. Fungal diseases cause a considerable loss of crop yields in 

agricultural industries worldwide (Mahlo et al., 2016). Fungi are a health concern for 

humans and animals.  They are also associated with food spoilage, causing odor, rancidity, 

flavor changes, and loss of nutrients ( Al-Asmari et al., 2017).  

 Fusarium spp.  and  Aspergillus spp. are considered important phytopathogens world-

wide.  However, their adverse effects through mycotoxin production highlight their 

importance in food safety (Davari et al., 2017). Fungi such as Fusarium spp., growing on 

plants, can produce mycotoxins that can seriously harm consumers (Mahlo et al., 2016).    

 Fusarium species can survive in plant debris or soils through resistant structures such as 

chlamydospores for a long time or in the form of spores or mycelium in infected or dead 

tissues. The plant rhizosphere is an important ecological environment in the soil for plant-

microbe interactions. These interactions with plants could be beneficial, neutral, or 

detrimental, resulting in plant diseases ( Zhao et al., 2018).    

 Currently, it is common the integral use of all kinds of control methods, a practice that 

is known as integrated pest management. All methods have advantages and disadvantages, 

but the choice of a specific one for a particular crop depends on the state of the disease 

(Prieto et al., 2013).  In the development of the agro-food chain, the utilization of synthetic 

fungicides to protect post-harvested fruits, grains and vegetables has caused an increase in 

environmental and human health concerns. However, in consideration of this and of 

antifungal resistance, novel alternatives, such as physical treatments, natural extracts, and 

biocontrol microbes are used instead to control post-harvest diseases (Confortin et al., 

2019).  

 There is a growing interest in the research of the possible use of natural products, such 

as plant extracts, which may be less damaging for fungal pathogens control.    
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 The antifungal activity of plant extracts is well documented and it is postulated to be the 

effect of their major compounds or a synergistic effect of various compounds forming a 

mixture (Bartmańska et al., 2018). Over 50% of all modern clinical drugs have their 

origins in natural products, which play an important role in drug-development programs in 

the pharmaceutical industry ( Singh et al., 2017). 

 Studies focusing on finding new antifungal agents are urgently required, as there is a 

limited therapeutic arsenal available for Fusarium spp. infections. Alternatives include 

natural products, especially as they are inexpensive and have low toxicity (Galletti et al., 

2017). An alternative solution to synthetic fungicides is the use of natural products for the 

management of fungal diseases in plants. 

Through this chapter, we present and analyze the main results of antifungal activity against 

F. oxysporum formae speciales of candidates as biofungicides (principally from plants and 

microorganisms) or natural products derived from these organisms that have been carried 

out by studies during the last years (2017-2020). 

2. General information on the genus Fusarium 

 Fusarium is a large genus of filamentous fungi that are widely distributed in soil, plants, 

and other organic substrates (Yoshida et al., 1989). The food borne Fusarium species are 

characterized by fast growing colonies with a velvety floccose aerial mycelium.  In 

general, Fusarium species prefer humid conditions, i.e. water activity higher than 0.86, and 

grow well at temperatures of around 0–37°C, however, no Fusarium species is 

thermophilic (Ulf Thrane, 1999). The genus Fusarium is one of the most important 

mycotoxigenic fungal genera in food and feed (U. Thrane, 2014). 

Colony pigmentation varies from pale, rose, and burgundy to bluish violet depending on 

species and growth conditions. Conidia often are produced in sporodochia, which will 

appear as slimy dots in the culture (Ulf Thrane, 1999). 

3. Microscopic morphology of Fusarium oxysporum 

 Fusarium oxysporum is well-known as a plant pathogen causing severe damage in many 

crops, both in the field and during postharvest storage. Strains of F. oxysporum can grow 

under very low oxygen tensions and often have been detected as recontaminants in 
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ultrahigh-temperature processed fruit juices. Some strains are known to produce the 

fumonisin mycotoxins (U. Thrane, 2014).  

 The members of this species produce both macro-and microconidia. The macroconidia 

are typically 25-35 µ long 3-5 µ wide, dorsi-ventrally curved, sickle- shaped 3-5 septated, 

with thin walls and tapering toward the ends which are quite pointed (in fact the term 

oxysporum roughly translates to pointed spores). The widest part of the spore tends to be 

about a third of the distance from the apex to the base. The basal cell possesses a marked 

foot or sometimes an appendage (Smith, 2007).  

 Figure II.1 contains drawings of some typical F. oxysporum spores made over the years 

from isolates grown on typical laboratory media. They, by no means, describe the whole 

range of spores that may be seen of various isolates on different media and conditions but 

are merely examples to accompany the foregoing discussion (Smith, 2007).  

 

Figure II. 1: Fusarium oxysporum forms from PDA cultures. (Approx. 250X). 

(Smith, 2007) 

 F. oxysporum also produces microconidia abundantly, which tend to be 5-12 * 3-5 µ in 

size, oval to ellipsoidal, occurring singly or in aggregates as false heads held together by 

moisture, which dries out to become a powdery substance dispersed in the mycelium. F. 

oxysporum is light in color or takes on tints of the stroma coloring, commonly of purple-

red, blueish-grey, or yellowish-tan. The stroma is plectochymatic and may erupt with blue-

black or brown sclerotia. Besides masses of sporodochial macroconidia, pionnotes can be 

seen macroscopically as small yellow to orange upraised mats borne on the tops of 

sclerotia in a culture (Smith, 2007). 
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4. Methods of identification 

For identification of Fusarium species, the purified SNA or CLA cultures should be 

inoculated on a fresh SNA dish for morphological observations, on potato dextrose agar 

(PDA), to determine colony diameter after 4 days at 25 ⁰C and cultural appearance. The 

use of metabolite profiles may provide a useful supplemental character, and a cultural 

extract is easily prepared by extraction of 6 mm plugs from 7- to 14-day-old cultures 

grown on PDA and yeast extract sucrose agar at 25 ⁰C (Figure II.2). The extracts can be 

analyzed by state-of-the-art chromatography, mostly liquid chromatography, for which the 

detection of individual compounds can be combined with confirmatory identification of the 

compounds. This can be done to some extent by (UV-diode array detection) or preferably 

by mass spectroscopy (U. Thrane, 2014).  

 

Figure II. 2: Culture of Fusarium oxysporum f. sp. albedinis on PDA medium. 

(Belhi Z., 2017) 

5. Formae speciales of Fusarium oxysporum  

 Fusarium wilt pathogens are hosted specific and, denoting this, the term forma specialis 

followed by another name designating the host, is added to the binomial Fusarium 

oxysporum. Thus, the pathogen wilting garden pea is called Fusarium oxysporum forma 

specialis pisi (F. oxysporum f. sp. pisi), that of tomato is F. oxysporum f. sp. lycopersici, 

etc. This same type of nomenclature is used in host-specific forms among many plant 

pathogenic fungal species (Smith, 2007).  

 F. oxysporum has received considerable attention from plant pathologists for more than 

a century owing to its broad host range and the economic losses it causes. The narrow host 

specificity of pathogenic strains has led to the concept of formae speciales, each forma 
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specialis grouping strains with the same host range (Edel-Hermann et al., 2019). As shown 

in Table II.1, different formae speciales of F. oxysporum were studied in recent years 

(2017-2020)

 Some Fusarium strains may also produce diseases in animals and humans, especially in 

immunocompromised patients. Besides, the fungi from this taxonomic group stand out 

because of their complex secondary metabolism. Many of the produced metabolites are 

mycotoxins, with harmful consequences for humans or animals when they contaminate 

plant-derived products (Rodríguez-Ortiz et al., 2012). Diseases caused by F. oxysporum 

are widespread in the world. They are harmful to many vegetables (tomato, cucurbit ...) 

and ornamental (carnation) plants, as well as for field crops such as cotton, banana 

(Panama disease), and date palm (Bayoud disease) ( El Hadrami et al., 1998). 

Fusarium species are typically found in plants prior to harvest attacking cereals and often 

forming mycotoxins in the kernels. F. oxysporum causes primarily vascular wilts on many 

crops, whereas numerous species, especially F. solani, cause root and stem rots and rots of 

seeds that are accompanied by the production of mycotoxins (Agrios, 2005). 

 F. to their host range (Armstrong et al., 1981). More than 150 formae speciales (f. sp.) 

have been reported. These formae speciales are part of the F. oxysporum complex, show 

narrow host adaptation, and exploit a broad range of niches. Many F. oxysporum isolates 

are non-pathogenic soil saprophytes and some have even been oxysporum isolates are 

highly host-specific and have been grouped into formae speciales according exploited as 

biocontrol agents (Armitage et al., 2018). 

 Forty-one percent (41.00 %) of analyzed studies (Table II.1) did not indicate the special 

form of F. oxysporum, 19.18 % had focused on F. oxysporum f. sp. lycopersici. This may 

be due to its propagation and because it is one of the most damaging soil-borne diseases of 

tomatoes. Nirmaladevi et al. (2016) (Nirmaladevi et al., 2016) reported that F. oxysporum 

f. sp. lycopersici is the most serious soil-borne disease and becoming more common in 

greenhouse and field tomato production. 
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Table II. 1: Formae speciales of F. oxysporum analyzed in this chapter. 

Forma specialis Host species Percentage References 

F. oxysporum f. sp. lentis Lens culinaris 1.37 % (Davari et al., 2017) 

F. oxysporum 
NS 41 % 

(Adnan et al., 2018; Agarwal et al., 2017; Ahmad et al., 2017; A. K. Al-

Asmari et al., 2017; F. Al-Asmari et al., 2017; Bartmańska et al., 2018; 

Carvalho et al., 2018; X. Chen et al., 2019; Confortin et al., 2019; Galletti 

et al., 2017; Kälvö et al., 2018; Kamel et al., 2020; Mahlo et al., 2016; 

Ramos et al., 2018; Sarwar, Brader, et al., 2018; Sarwar, Hassan, et al., 

2018; Schalchli et al., 2017; Silva et al., 2017; M. K. Singh et al., 2017; 

Srivastava et al., 2019; Tao et al., 2020; Tarhriz et al., 2020; Wu et al., 

2019; X. Wu et al., 2018; Z. Wu et al., 2018; Xiong et al., 2017; Yoo et 

al., 2020; Yuan et al., 2017; Zandvakili et al., 2017; Y.-K. Zheng et al., 

2017) 

F. oxysporum f. sp. canariensis Phoenix canariensis 1.37 % (Bentrad et al., 2017) 

F. oxysporum f. sp. albedinis Phoenix dactylifera 4.11% (Belhi et al., 2020; Bentrad et al., 2017; Ghazi et al., 2020) 

F. oxysporum f. sp. phaseoli Phaseolus vulgaris 1.37 % (Bentrad et al., 2017) 

F. oxysporum f. sp. lycopersici 

Solanum lycopersicum 

(or Lycopersicon   

esculentum Mill.) 

19.18 % 

(Bentrad et al., 2017; Bouayad Alam et al., 2017; Hsu et al., 2017; Kalleli 

et al., 2020; Lahmar et al., 2017; Li et al., 2017; López-Seijas et al., 2020; 

Medina-Romero et al., 2017; Mohamed et al., 2017; Montenegro et al., 

2018; Yoo et al., 2020; Yu et al., 2017; Zehra et al., 2017; Zhu et al., 

2018) 

F. oxysporum f. sp. melonis Cucumis melo 2.74 % (Bentrad et al., 2017; Hsu et al., 2017) 

F. oxysporum f. sp. cubense Musa acuminata 1.37 % (Hsu et al., 2017) 

NS: not specified. 
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Table II.1 (continued):  Formae speciales of F. oxysporum analyzed in this chapter. 

Forma specialis Host species Percentage References 

F. oxysporum f. sp. cucumerinum Cucumis sativus 8,22 % 
(Gao et al., 2017; Han et al., 2019; Huang et al., 2017; Limbadri et al., 

2018; Wang et al., 2017; J. Zhang et al., 2018) 

F. oxysporum f. sp. fragariae Fragaria  ananassa 2.74 % (Kim et al., 2019; Park et al., 2017) 

F. oxysporum f. sp. momordicae Momordica charantia 1.37 % (Limbadri et al., 2018) 

F. oxysporum f. sp. iridacearum Iris germanica 1.37 % (Mihalache et al., 2018) 

F. oxysporum f. sp. glycines Zea mays 2.74 % (Patiño et al., 2018; Xego et al., 2017) 

F. oxysporum f. sp. tulipae Tulipa  gesneriana L. 1.37 % (Roşca-Casian et al., 2017) 

F. oxysporum f. sp. pisi Pisum sativum L. 1.37 % (Sen et al., 2017) 

F. oxysporum f. sp. niveum Citrullus lanatus 11 % 

( Chen et al., 2018; Sun et al., 2017; Tan, Li, et al., 2017; Tan, Zhang, et 

al., 2017; Tan et al., 2018; J. Zhang et al., 2018; M. Zhang et al., 2018; 

G. Zheng et al., 2018) 

F. oxysporum Panax notoginseng. 4.11% (X. Chen et al., 2019; Xu et al., 2019; Zhao et al., 2018) 

F. oxysporum f. sp. fabae Vicia faba L. 1.37 % (Q. Zhao et al., 2018) 

F. oxysporum f. sp. capsici Capsicum annuum 1.37 % (Bashir et al., 2018) 

F. oxysporum Olea europaea 1.37 % (Bouzoumita et al., 2020) 

F. oxysporum Solanum tuberosum L.  1.37 % (Lastochkina et al., 2020) 

F. oxysporum f. sp. cepae Allium cepa 1.37 % (Akhtar et al., 2020) 
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Sun et al. (2017) described that F. oxysporum f. sp. niveum is difficult to eliminate 

from the soil.  This is due to the fact that F. oxysporum f. sp. niveum can survive for 

several years in soil as chlamydospores and many hosts are symptomless.  

The low percentage for some formae speciales does not reflect their less importance but 

this is due to some reasons. Among them, the geographic limit of diseases such as F. 

oxysporum f. sp. albedinis. 

6. Production of cellulolytic enzymes by Fusarium oxysporum 

The pathogenic strains are known to secrete cellulolytic enzymes which make it 

possible for the fungal cells to penetrate into the host plant cells by decomposing the cell 

walls and causing pathogenesis in the host plant (Yoshida et al., 1989). Several fungal 

genera are associated with mycotoxin contamination of raw and processed foods; these 

include Aspergillus, Penicillium, Byssochlamys, Alternaria, and Fusarium.  

Mycotoxin production depends both on fungal characteristics and environmental 

factors. Fusarium oxysporum was described as a good producer of cellulase (Panagiotou et 

al., 2003). 

More than 50% of Fusarium species are toxigenic and produce harmful secondary 

metabolites (SM), such as the pigments fusarubins and bikaverin, as well as the 

mycotoxins, fumonisins, fusarins, and fusaric acid. In the progression of the infection, 

Fusarium species damage host plants through the intrusion of hyphae into the host vascular 

system, secretion of hydrolytic enzymes, and mycotoxins (Sun et al., 2017). 

Fusarium species could infect plants through the root, and then colonize the root 

system and lower stem, and finally result in the disease. Toxins and enzymes generated by 

fungi in the process of invading plants could interfere with the metabolism of the host plant 

( Zhao et al., 2018).  

F. oxysporum acquires the exceptional ability of bioconverting cellulose directly to 

ethanol through the consecutive steps of hydrolysis of cellulose and fermentation of the 

resulting oligosaccharides (Christakopoulos et al., 1995). 

The mechanism of cellulose decomposition by microbial cells has not been clarified 

precisely because of the participation of several distinct enzymes. It is postulated that 



Chap II: The Use of Natural Products against Fusarium oxysporum 

  44 

cellulose is decomposed through the synergistic actions of enzymes such as endo-p-l,4-

glucanase, exo-p-I,4-glucanase, and p-glucosidase (Yoshida et al., 1989).  

7. Antifungal products against   F. oxysporum f.  sp.  from natural sources 

 There are different sources : plants, animals, and microorganisms ( including bacteria, 

fungi, and viruses) or natural products derived from these organisms, which are used to 

suppress pest populations and pathogens (Sun et al., 2017).  

The following table presents the sources of natural products evaluated against different F. 

oxysporum formae speciales (Table II.2). 

 Medicinal plants are widely used for therapy; the screening of medicinal plants is also 

another alternative that may produce chemical fungicides that are relatively non-toxic and 

cost-effective (Mahlo et al., 2016). Many analyzed studies (41.00 %) had used plants as a 

source of antifungal agents against F. oxysporum f. sp.  

 Fungi are also an important source of secondary metabolites and novel bioactive 

compounds for different biological applications (Adnan et al., 2018). In recent years, fungi 

inhabiting insect organs have been recognized as abundant sources of biologically active 

natural products with novel structures ( Wu et al., 2018).  Among analyzed studies, 23.30 

% had used fungi to fight against F. oxysporum. 

 Many studies (23.30 %) have shown that bacteria and their metabolites can play a vital 

role in the biocontrol of plant fusarioses. Active compounds produced by microorganisms 

(bacteria and fungi) are used to control plant pathogens may be due to their diversity, 

flexibility in operation, and more ecofriendly than chemical agents.  

 Al-Asmari et al. (2017) have used venoms of animal origin (Scorpion venom). This 

venom showed significant activity in a dose-dependent manner from 5–20 mg/mL, against 

Escherichia coli, Acinetobacter baumannii, Klebsiella pneumoniae, Pseudomonas 

aeruginosa, Staphylococcus aureus, Enterococcus faecalis, Candida albicans, 

and Candida glabrata, unfortunately, no significant activity was observed against F. 

oxysporum.  Recently, Ortiz et al. (2015) reported the anticancer potential of toxins and 

venoms of animal origin. Other studies have reported that the venom of scorpion exhibits 

strong antimicrobial activities (Alajmi et al., 2019). 
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Table II. 2: Sources of antifungal agents against F. oxysporum.  

Antifungal source Percentage (%) References 

Plant 41 % 

(Akhtar et al., 2020; F. Al-Asmari et al., 2017; Bartmańska 

et al., 2018; Belhi et al., 2020; Bentrad et al., 2017; Bouayad 

Alam et al., 2017; Confortin et al., 2019; Davari et al., 2017; 

Ghazi et al., 2020; Kalleli et al., 2020; Lahmar et al., 2017; 

Mahlo et al., 2016; Mohamed et al., 2017; Montenegro et al., 

2018; Park et al., 2017; Ramos et al., 2018; Roşca-Casian et 

al., 2017; Silva et al., 2017; M. K. Singh et al., 2017; Sun et 

al., 2017; Tao et al., 2020; Wang et al., 2017; Wu et al., 

2019; Xego et al., 2017; Xiong et al., 2017; Zandvakili et al., 

2017; M. Zhang et al., 2018; Q. Zhao et al., 2018; Y.-M. 

Zhao et al., 2018; G. Zheng et al., 2018) 

Animal 1.37 % (A. K. Al-Asmari et al., 2017) 

Bacteria 23.30 % 

(Agarwal et al., 2017; Ahmad et al., 2017; Bouzoumita et al., 

2020; X. Chen et al., 2019; Gao et al., 2017; Han et al., 

2019; Hsu et al., 2017; Kim et al., 2019; Lastochkina et al., 

2020; López-Seijas et al., 2020; Mihalache et al., 2018; 

Sarwar, Brader, et al., 2018; Sarwar, Hassan, et al., 2018; 

Tarhriz et al., 2020; Xu et al., 2019; Yoo et al., 2020; Yu et 

al., 2017) 

Fungi 23.30 % 

(Adnan et al., 2018; Carvalho et al., 2018; Kälvö et al., 

2018; Kamel et al., 2020; Li et al., 2017; Limbadri et al., 

2018; Medina-Romero et al., 2017; Patiño et al., 2018; 

Schalchli et al., 2017; Sen et al., 2017; X. Wu et al., 2018; Z. 

Wu et al., 2018; Xiong et al., 2017; Yuan et al., 2017; Zehra 

et al., 2017; Zheng et al., 2017; Zhu et al., 2018) 

Other 13.7 % 

(Bashir et al., 2018; Y. Chen et al., 2018; Galletti et al., 

2017; Huang et al., 2017; Montenegro et al., 2018; 

Srivastava et al., 2019; Tan, Li, et al., 2017; Tan, Zhang, et 

al., 2017; Tan et al., 2018; J. Zhang et al., 2018) 

 On the other hand, 13.7 % of analyzed studies had tested the antifungal activity against 

F. oxysporum by using different sources, as synthesis products ( Chen et al., 2018; 
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Montenegro et al., 2018; Srivastava et al., 2019; Tan, Zhang, et al., 2017; Tan et al., 2018; 

Zhang et al., 2018)   or Bio-organic fertilizer (Huang et al., 2017).  

 On contact with the soil, some bacteria and fungi produce antifungal metabolites, 

which can suppress soil-borne plant pathogens, including Fusarium (Bending, 2017). 

In open fields, it is usually not economically feasible to apply the biological control agents 

(BCAs:  natural products, and beneficial microorganisms) evenly at the dose needed for 

efficacy. Whatever the modes of action of the BCA, the success of biological control 

depends on the activity of the BCA at the root level, in the rhizosphere. Moreover, this 

capacity is plant-specific, and therefore a given BCA might be effective in controlling a 

given pathogen in one crop but not in another (Alabouvette et al., 2009).  

The success of natural products application needs an adequate understanding of the action 

modes of the antifungal agent and its interactions with the plant, the pathogen, and the rest 

of the microbiota. 

8. Natural products as antifungal agents for inhibiting F. oxysporum 

 This part presents an analysis of the main results of antifungal activity from crude 

extracts, essential oils, pure compounds, and fractions (Table II.3). 

The antifungal activity was observed in crude extracts, pure compounds, and fractions of 

variable polarity, and essential oils but with different percentages.   

Table II. 3: Natural products with antifungal activity against F. oxysporum. 

 Among analyzed studies, only 19.18 % had used the crude extract for antifungal tests.  

Pure compounds were the most used among all-natural products (49.30 %). Some studies 

((Chen et al., 2019; Davari et al., 2017; Gao et al., 2017; Ghazi et al., 2020; Han et al., 

2019; Kälvö et al., 2018; Kim et al., 2019; Li et al., 2017; Limbadri et al., 2018; 

Montenegro et al., 2018; Sarwar, Hassan, et al., 2018; Sun et al., 2017; Wang et al., 2017; 

Crude extract Essential oil Pure compound Fraction 

Number 
Percentage 

(%) 
Number 

Percentage 

(%) 
Number 

Percentage 

(%) 
Number 

Percentage 

(%) 

14 19.18 % 04 5.48 % 36 49.30 % 01 1.37 % 
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G. Zheng et al., 2018; Zhu et al., 2018) ) have identified the individual compounds 

responsible for the activity (Table II.4,  Figure II.3 and Figure II.4 ). 

Table II. 4: Some chemical constituents isolated from natural sources with antifungal 

activity against F. oxysporum. 

Source species (plant, 
microorganism, 

animal,… 
Isolated Compounds References 

Phlebiopsis gigantean O-orsellinaldehyde 
(Kälvö et al., 

2018) 

Streptomyces strain 

Strepphenazine A1 

(X. Chen et al., 
2019) 

Strepphenazine B2 

Strepphenazine C3 

Citrullus colocynthis 

(C1): 2-O-β-D-Glucopyranosylcucurbitacin E; 

(Ghazi et al., 
2020) 

(C2): 2-(Nonan-8-one)-(1H)-4-quinolone; 

(C3): 2(Nonan-8-one) 4-methoxy-quinoline, 

(C4): Isosaponarin; 

(C5): Isovitexin; 

(C6): Isoorientin 3’-O-methyl ether. 

Aspergillus clavatus 

4,4’-dimethoxy-5,5’-dimethyl-7,7’-oxydicoumarin (1), 

(Li et al., 2017) 

7( γ, γ-dimethylallyloxy)-5-methoxy-4-methylcoumarin (2), 

Kotanin (3) 

orlandin (4) 

(S)-5-hydroxy-2,6-dimethyl-4H-furo[3,4-g]benzopyran-
4,8(6H)-dione (5), 

24-hydroxylergosta-4,6,8(14),22-tetraen-3-one (6) 

Drimys winteri 
Polygodial (1) (Montenegro et 

al., 2018) Drimenol (2) 

Fusarium sp. 
Fusarihexin A (Zhu et al., 

2018) Fusarihexin B 
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Table II.4 (continued):  Some chemical constituents isolated from natural sources with 

antifungal activity against F. oxysporum. 

 Despite the benefits of essential oils for the control of F. oxysporum f. sp., their use as 

antifungal products was limited (5.48 %) (Bouayad et al., 2017; Davari et al., 2017; Kalleli 

et al., 2020; Park et al., 2017). This may be due to its high cost-benefit ratio (low 

extraction yields) and difficulties related to applications against phytopathogens.  

 In some cases, the antifungal activity can be combined with insecticide, anti-

inflammatory, antimicrobial, and antibacterial activities through synergistic or antagonistic 

interactions (Confortin et al., 2019; Lastochkina et al., 2020). Usually, pure compounds do 

not have fungi toxic activity by themselves but can have synergistic effects on the 

antifungal activity of other extracts (Mihalache et al., 2018). These results demonstrate that 

no type of extract, fraction, or pure compound is responsible for the antifungal activity, but 

that they sometimes act synergistically and that it is, therefore, possible to use the whole 

extract at the same time, instead of pure compounds, which will cost less. The effects of all 

extracts and/ or compounds are complex, mainly including synergistic and antagonistic 

effects. 

 In recent years, the concept of synergy (or antagonism) in natural product mixtures has 

gained attention, and the importance of multi-target combination therapies has come to the 

forefront (Caesar et al., 2019).  

Source species (plant, 
microorganism, animal,… 

Isolated Compounds References 

Bacillus subtilis Mycosubtilin, Plipastatin and Surfactin 

(Gao et al., 2017; 
Mihalache et al., 2018; 
Sarwar, Hassan, et al., 

2018) 

Bacillus amyloliquefaciens Peptide P852 (Han et al., 2019) 

Streptomyces griseus S4-7 Lantipeptides (Kim et al., 2019) 

Aspergillus fumigatus Fumigatoside E (Limbadri et al., 2018) 

Cuminum cyminum L. Cuminic acid 
(Sun et al., 2017; 

Wang et al., 2017) 

Ageratina adenophora 2,5,7-tri-substituted benzofuran (1) (G. Zheng et al., 2018) 
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 When working with natural product mixtures, constituents responsible for antifungal 

activity are often not known.  The antifungal effect of crude extracts is considered as an 

initiatory step to pass through more advanced researches to detect and isolate the effective 

compound(s). 

 Natural products demonstrate advantageous traits compared to synthetic compounds 

such as their low danger for the environment and human health and their biodegradability. 

In addition, it can have specific activities following the existence of chiral centers in most 

natural products. These products are considered non-aggressive from the standpoint of 

health and are not dangerous for farmers.  

 Despite the advantages that have natural products for control of F. oxysporum, their 

action mechanisms are not clear. There are other disadvantages such as The high cost for 

isolation and identification of these bioactive natural products, their sensitivity, and 

instability in the case of certain products with fragile bonds such as lactone, spiro, 

peroxide, glycosides, azirine ring.   

 Finally, on an industrial scale, the demand for natural products can put natural 

resources under intensive exploitation, which has harmful effects on the environment.  

 

Figure II. 3: Chemical structures of some important natural products with antifungal 

activity against F. oxysporum. 
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Figure II. 4: Chemical structures of some important natural products with antifungal 

activity against F. oxysporum (continuation). 

2-O-β-D-Glucopyranosylcucurbitacin E 52 isolated from Citrullus colocynthis (Ghazi et al., 2020); 

Fusarihexin A 111 and Fusarihexin B 112 isolated from Fusarium sp (Zhu et al., 2018); Cuminic 

acid 114 isolated from Cuminum cyminum L. (Sun et al., 2017; Wang et al., 2017); Surfactin 113 

isolated from Bacillus subtilis (Gao et al., 2017; Mihalache et al., 2018; Sarwar, Hassan, et al., 

2018); Plipastatin 110 isolated from Bacillus subtilis  (Gao et al., 2017; Mihalache et al., 2018); 

Mycosubtilin 115 isolated from Bacillus subtilis (Mihalache et al., 2018).

9. Techniques for antifungal activity evaluation 

 The main antifungal assays employed to evaluate the fungicide potential of different 

substances are presented in Table II.5. 
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Table II. 5: Techniques used for antifungal tests. 

Technique used for antifungal 

test 

Percentage 

(%) 
References 

Dilution methods: 

microdilution, broth dilution, 

agar dilution method. 

53.4 % 

(Agarwal et al., 2017; Akhtar et al., 2020; Bartmańska et al., 2018; Bentrad et al., 2017; Carvalho et al., 

2018; X. Chen et al., 2019; Davari et al., 2017; Galletti et al., 2017; Gao et al., 2017; Han et al., 2019; Hsu 

et al., 2017; Kalleli et al., 2020; Kälvö et al., 2018; Lahmar et al., 2017; Li et al., 2017; Limbadri et al., 

2018; Mahlo et al., 2016; Medina-Romero et al., 2017; Mihalache et al., 2018; Montenegro et al., 2018; 

Patiño et al., 2018; Roşca-Casian et al., 2017; Sen et al., 2017; Silva et al., 2017; Sun et al., 2017; Tan, Li, 

et al., 2017; Tan et al., 2018; Wang et al., 2017; Wu et al., 2019; X. Wu et al., 2018; Z. Wu et al., 2018; 

Xego et al., 2017; Xiong et al., 2017; Xu et al., 2019; Yuan et al., 2017; J. Zhang et al., 2018; M. Zhang et 

al., 2018; Y.-M. Zhao et al., 2018; Zhu et al., 2018) 

Antagonism test (or Dual 

culture assay). 
17.81 % 

(Adnan et al., 2018; Agarwal et al., 2017; Ahmad et al., 2017; Bouzoumita et al., 2020; Kamel et al., 

2020; Kim et al., 2019; López-Seijas et al., 2020; Sarwar, Brader, et al., 2018; Sarwar, Hassan, et al., 

2018; Yoo et al., 2020; Yu et al., 2017; Zehra et al., 2017; Y.-K. Zheng et al., 2017) 

Diffusion methods: Agar disk-

diffusion method, Agar 

diffusion method, Agar well 

bioassay, Poisoned food 

technique. 

 

13.70 % 

 

(Bashir et al., 2018; Belhi et al., 2020; Confortin et al., 2019; Park et al., 2017; Schalchli et al., 2017; M. 

K. Singh et al., 2017; Srivastava et al., 2019; Tarhriz et al., 2020; Zandvakili et al., 2017; G. Zheng et al., 

2018) 

Gas-phase method. 1.37 % (Medina-Romero et al., 2017) 
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Table II. 5 (continued):  Techniques used for antifungal tests. 

Technique used for antifungal 

test 

Percentage 

(%) 
References 

Mycelium Growth Rate 

(MGR). 
4.11 % (Ghazi et al., 2020; Mihalache et al., 2018; Tao et al., 2020) 

Inhibition of Spores 

Germination (ISG). 
5.48% (Mihalache et al., 2018; Yu et al., 2017; Zandvakili et al., 2017; Y.-M. Zhao et al., 2018) 

ELISA-like microtiter plates. 1.37 % (Ramos et al., 2018) 

Radial growth assay. 9.6 % 
(Bouayad Alam et al., 2017; Y. Chen et al., 2018; Mohamed et al., 2017; Tan, Li, et al., 2017; Tan, Zhang, 

et al., 2017; Tan et al., 2018; Wang et al., 2017) 

In vivo effect. 6.85 % 
(Bouzoumita et al., 2020; Lastochkina et al., 2020; López-Seijas et al., 2020; Medina-Romero et al., 2017; 

Q. Zhao et al., 2018) 

Other 4.11 % (A. K. Al-Asmari et al., 2017; F. Al-Asmari et al., 2017; Huang et al., 2017) 
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 Different techniques were used for the antifungal test. Dilution methods were the most 

used (53.4 %), these methods are the most appropriate ones for the determination of MIC 

values since they offer the possibility to estimate the concentration of the tested 

antimicrobial agent in the agar (agar dilution) or broth medium (macrodilution or 

microdilution). Either the broth or agar dilution method may be used to quantitatively 

measure the in vitro antimicrobial activity against bacteria and fungi (Balouiri et al., 2016). 

  Antagonism tests (17.81 %), as biological methods, become an option that reduces the 

risks to health and the ecosystem. These methods are defined as the use of living 

organisms to eliminate or control others. The biological control methods most commonly 

used involve the use of antagonistic organisms, particularly fungi and bacteria. 

Biological control approaches based on the usage of normal microbial populations and 

their secondary metabolites are a promising and safe alternate to chemical fungicides used 

for pathogen control and might be successfully used in conjunction with chemicals 

(Sarwar, Hassan, et al., 2018).  

 Further, convergent percentages were observed for diffusion methods and radial 

growth assay, 13.70 %, 9.60 % respectively. Diffusion methods (Agar disk-diffusion 

method, Agar diffusion method, Agar well bioassay, Poisoned food technique) are 

common and used in the microbiology research laboratories to screen extracts, fractions, or 

pure substances for their antimicrobial potency or to investigate the antagonism between 

microorganisms. Because of the slow fungal growth in culture media, radial growth assays 

become difficult. Such slow growth rates turn the storage very difficult, and the fungus 

culture is often impregnated with contaminants. Radial growth rate determination and 

diffusion methods may have their merits, but also their limitations concerning result 

comparability. 

 Most of the studies on the biological activity of antifungal compounds are based on in 

vitro models since the existing in vivo models are extremely time-consuming, labor-

intensive, and expensive (Van Dijck et al., 2018). In vivo tests are more relevant than these 

in vitro but in our analyzed studies only 05 studies (Bouzoumita et al., 2020; Lastochkina 

et al., 2020; López-Seijas et al., 2020; Medina-Romero et al., 2017; Q. Zhao et al., 2018) 

used in vivo tests. Because these types of tests are expensive, low efficacy, difficult to 
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control, and difficult to interpret. Balouiri et al. (2016) proposed that the best way is to find 

a good correlation between the in vitro data and the in vivo evolution.  

 Other techniques were used but for a small rate: Gas-phase method (Medina-Romero et 

al., 2017), Mycelium Growth Rate(Ghazi et al., 2020; Mihalache et al., 2018), ELISA-like 

microtiter plates (Ramos et al., 2018).  

10. Assessment of efficacy of natural compounds as antifungal agents against F. 

oxysporum 

 Natural products tested in these studies showed different antifungal efficacies against 

F. oxysporum formae speciales. Antifungal testing of fungi generally suffers from the 

incomparability of results. Therefore, it is not easy to classify and compare the analyzed 

results: because of the differences in the source, concentration, technique used, and 

efficacy.  In order to bypass this problem, efficacy levels (low, medium, high, and very 

high) were used instead of comparing incomparable values. The results of these analyses 

are shown in Table II.6. 

Table II. 6: Evaluation of the antifungal efficacy of different sources. 

No 

efficacy 

Low 

efficacy 

Medium 

efficacy 

High 

efficacy 

Very high 

Efficacy 

5.50 % 9.60 % 20.50 % 26. 00 % 38.36 % 

 Efficacy of essential oils has been reported in several studies against F. oxysporum 

formae speciales. Park et al. (2017) evaluated four essential oils namely:  Cinnamn oil, 

Fennel oil, Origanum oil, and Thyme oil with concentrations of 0.5 µl/disc against F. 

oxysporum f. sp. fragariae through agar disc diffusion method. Origanum oil and Thyme 

oil expressed maximum inhibition (100 %) of fungus at 0.5 µl/disc and reduction in 

mycelia growth followed by Cinnamn oil and Fennel Oil with 89.40 and 84.40 %, 

respectively. This study showed significant results as compared to other essential oils 

fungicides, reported by Bouayad et al. (2017), Davari et al. (2017), and Kalleli et al. 

(2020).  The efficacy of essential oils and major components varied with their 

concentration and the techniques used.  
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 Cuminic acid (p-isopropyl benzoic acid), isolated from the seed of Cuminum cyminum 

L., was reported to possess good inhibition towards several plant pathogens. That was 

proved by Sun et al. (2017) and Wang et al. (2017) against F. oxysporum. In the study of 

Sun et al. (2017), results showed that the growth of F. oxysporum f. sp. niveum was 

strongly inhibited by cuminic acid in a concentration-dependent manner, with an EC50 

value of 22.53µg/mL. 

 In the analyzed studies, some F. oxysporum was resistant (no efficacy) this is the case 

of crude plant extracts tested by Mahlo et al. (2016); some compounds isolated by   

Mihalache et al. (2018) from Bacillus subtilis; a Protein isolated by Patiño et al.  (2018) 

from F. graminearum, and some alcohols isolated by Medina-Romero et al. (2017) from 

plants (Nodulis porium sp. and Hypoxylon anthochroum ). 

Most studies that used fungi as an antifungal source have shown effective results against F. 

oxysporum, using the growth inhibition technique (Carvalho et al., 2018; Sen et al., 2017; 

Wu et al., 2019; X. Wu et al., 2018; Yuan et al., 2017).  The study realized by Kalvo et al. 

(2018) (Kälvö et al., 2018) also presents an effective effect (100 %) but by using inhibition 

of conidial germination.   

 In the study realized by Zhu et al. (2018), protein extracts (fusarihexin A and B) from a 

Fusarium strain had a Gas-phase antifungal activity (100%). In contrast, the study 

conducted by Patiño et al. (2018) using another Fusarium strain had given negative results.  

Sarwar et al. (2018) observed that some compounds isolated from Bacillus species, as 

surfactin, were the most effective fungicides to inhibit the growth of F. oxysporum. 

Correspondingly, the results of contemporary studies are in line with Agarwal et al. 

(2017), Ahmad et al. (2017), Gao et al. (2017), and Han et al. (2019). Bacterial peptides 

are known to show antimicrobial activity against antibiotic-resistant bacteria due to their 

selectivity (Mani Chandrika et al., 2020). Mihalache et al. (2018) evaluated lipopeptides 

from Bacillus species against F. oxysporum and found that Plipastatin, Peptide P852, and 

Mycosubtilin are the most effective fungicides against Fusarium wilt.  

The chemical structures of some important natural products with antifungal activity against 

F. oxysporum are given in Figure II.3 and Figure II.4.  
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11. Action mechanisms of natural products against F. oxysporum 

 According to most studies cited in this chapter, natural products were tested for their 

ability to inhibit the growth of F. oxysporum.  This inhibition was visualized through 

different evaluation mechanisms (mycelial growth, colony growth, hyphal measurement, 

and radial growth) to determine the in vitro antifungal activity. 

 The comprehension of inhibition evaluation may explain the mechanism of action. 

However, the action mechanisms of natural products are not always clear. It has been 

reported that natural products can act through the following effects:  Inhibition of conidial 

germination (Hsu et al., 2017; Kälvö et al., 2018; Park et al., 2017; Zandvakili et al., 

2017), hyphal morphology (Medina-Romero et al., 2017; Sun et al., 2017; M. Zhang et al., 

2018), inhibition of spore germination (Mihalache et al., 2018; Wang et al., 2017; Xiong et 

al., 2017; Yu et al., 2017; Zandvakili et al., 2017; Zhao et al., 2018), cellular leakage 

effects (Montenegro et al., 2018), cellulases inhibition (Belhi et al., 2020), the effect on 

respiration (Medina-Romero et al., 2017), Cell Membrane Permeability (Han et al., 2019; 

Medina-Romero et al., 2017; Ramos et al., 2018; Silva et al., 2017; Sun et al., 2017; M. 

Zhang et al., 2018), enzymatic inhibition (Mohamed et al., 2017),  oxidative stress (Silva 

et al., 2017), and mycotoxin production ( Zhao et al., 2018). 

 The mechanisms of action of these organisms are not perfectly clear; however, taking 

into account experimental evidence, some authors suggest that the mechanism is related to 

vital systems in these fungi (mycelial growth inhibition, enzyme inhibition …). On the 

other hand, the mechanism in the host plant is generally through stimulation of their 

defense-related enzymes or metabolites. 

  If the mechanisms of action are varied, the commercial products based on natural 

substances will be possible to avert the evolution of resistance in F. oxysporum. Thus, 

modes of action studies are needed to reveal target(s) and understand the mechanism. 

12. Conclusion  

 In the last few years, new or updated control methods have emerged to offer plant 

growers alternatives to chemicals to manage plant diseases. In this chapter, we have 
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focused on natural sources that have antifungal properties against F. oxysporum f. sp., and 

thus could be a new source of molecules to be used in chemistry, agronomy, or medicine. 

 According to our analysis, approximately 50 plants species belonging to different plant 

families and about 36 compounds have promissory antifungal activity. These substances 

should be postulated as interesting agents for the control of F. oxysporum f. sp.  

Many reports of antifungal activity of natural products contrast with the low number of 

publications with the action mechanisms of antifungal activity. Therefore, the challenge is 

not only finding potential species for pest control but determining the biochemical 

mechanisms that these products target. Understanding these mechanisms is important to 

improve products with higher selectivity. 

 This work shows that plant extracts could be a good alternative in improvement of 

potent plant based fungicides, which can be used in organic farming for the management of 

F. oxysporum formae speciales.  

As concluded from this analysis: 

1) Pathogenic F. oxysporum f. sp. are harmful to many vegetables, and ornamental plants, 

as well as for field crops, only a few publications cooperation with biocontrol of these 

species have been listed in comparison to other host plants of Fusarium. But the limitation 

of chemical use for environmental and human health concerns has motivated the study of 

these alternatives. 

2) Their antimicrobial properties for other uses have been well known for decades, 

medicinal plants for the control of pathogenic fungi have been greatly studied. 

Nevertheless, studies indicate a good potential of these mixtures. In addition, they prove 

interesting features such as their low danger to the environment and human health and their 

biodegradability.  

3) Among the microorganisms evaluated (bacteria and fungi), a majority has proved 

efficient in reducing the disease. However, only a few of them are commercialized. Thus, 

these microorganisms represent good candidates that should be exploited.  

4)  Many methods and parameters are available to evaluate the antifungal effect 

competencies of microorganisms and plant extracts. However, in vivo tests under 
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controlled conditions are certainly the best technique. Even in vivo tests are more 

convenient, in vitro tests should first be performed to obtain reliable screening results.  

5)  In this context, research and development should play a key role in the evolution of 

these products to specify and optimize the parameters of production and use.  

Finally, the important number of researches realized on the use of natural products 

against Fusarium oxysporum reflects the big influence of this fungus on human and animal 

resources and the opportunities present in natural products from different sources to solve 

this problem. Among all positive sides of natural products use against Fusarium 

oxysporum phytopathogens, many obstacles are present to pass from research to in 

vivo application and commercialization.  The application of treatment against soil-borne 

fungi is difficult and needs more advanced researches on selectivity and technological 

approaches for in-soil treatment.  
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CHAPTER III: Materials and Methods  

1. Presentation of the study area 

The wilaya of Bechar is located in the Southwest of Algeria (at a distance of 950 km 

from the capital Algiers), on an area of 161,000 km² before the new administrative 

divisions in 2019 (Figure III. 1). Bechar is a typical Saharan city with an arid climate. It is 

subject to a hot desert climate, with high daytime temperatures and very little rainfall. The 

locals rely on agricultural production, thanks to an expansive area of irrigated land, where 

primarily dates are grown. 

Its relief is made up of five types: 

-Mountains: Such as Djebel Antar (1.953 m) and Djebel Grouz (1.835 m). 

-The wadis: four main wadis crisscross the wilay: Wadi Bechar, Wadi Zouzfana , Wadi 

Guire, and wadi Saoura. 

-The valleys: the main ones are those of Zouzfana, Abadla, and Saoura. 

-The hamadas: the Guire and Saoura hamadas. 

-The ergs: these are dune massifs. We distinguish the great Western Erg, Erg Erraoui, Erg 

El-Atchane, and Erg Iguidi. (Ozenda, 1991)  

 

Figure III. 1: Localization of study area on the map of Algeria 

  00 Wilaya of BECHAR  

Available at: https://www.nationsonline.org/oneworld/map/algeria_map.htm 
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2. Plant materials 

The aerial parts of studied plants were collected in March 2017 from Bechar (road of 

Lahmer, Bechar, Algeria). The collected plants were identified by Prof. Abderrazak 

Marouf (Botanist at Salhi Ahmed University, Naama, Algeria), and voucher specimens 

were conserved at the herbarium of the Phytochemistry and Organic Synthesis Laboratory 

of Bechar University (Table III.1). The aerial parts were air-dried at room temperature in a 

shady place and then ground in the blender.  

Table III. 1: Plant materials used in this study 

Plants Family Vernacular names Code  

Acacia raddiana Fabaceae Talh CA00/37 

Anabasis aretioides Chenopodiaceae Dega’a CA00/42 

Asteriscus graveolens Asteraceae Tafs CA00/14 

Calotropis procera Asclepiadaceae Kranka CA04/02 

Citrullus colocynthis Cucurbitaceae Handhal or Hdaj CA99/41 

Launeae arborescens Asteraceae Oum Lbina CA00/25 

Limoniastrum feei Plumbaginaceae M’leffet Lkhadem CA99/14 

Nerium oleander Apocynaceae Dafla CA99/26 

Pergularia tomentosa Asclepiadaceae Kalga or Aneb Dib CA00/44 

These medicinal plants have previously been investigated by our research group (POSL 

team) for their antibacterial and antifungal properties. They were chosen for initial testing 

based on a systematic review conducted on promising bioactive plants which highlighted 

the above species (Belhi et al., 2020; Boulenouar et al., 2009; Boulenouar et al., 2012; 

Ghazi et al., 2020).  
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3. Extraction and bioguided fractionation 

The dried aerial part plants extracted with 80% ethanol for 18 h using Soxhlet 

apparatus and then evaporated to dryness by a rotary evaporator (Büchi Rotavapor R-210) 

at 55 ◦C under reduced pressure. This extract was suspended in distilled water and 

portioned sequentially with hexane, dichloromethane, ethyl acetate, and n-Butanol. The 

organic phase was evaporated to dryness under reduced pressure. 

TLC was carried out on silica gel 60 F254 plates (Merck, Germany). Column 

chromatography was performed over silica gel 60 (Merck, particle size 290-320 mesh). 

The analysis of extracts was achieved by the TLC method using ethyl acetate - 

petroleum ether (EtOAc-PE) gradient (100:0 – 0:100) and then using a gradient elution of 

heptane- ethyl acetate (Hep-EtOAc) (100:0–0:100). Compounds were visualized under UV 

light (254 and 366 nm). Rf values of evaluated spots were recorded. 

The ethyl acetate fractions were chromatographed over silica gel open Column 

chromatography (30 g) using a mobile phase: (ethyl acetate: heptane) with the report in the 

following volume: (75: 25). The recovered fractions were analyzed again by TLC, 

fractions with identical spots and Rf values were pooled together for the antifungal 

evaluation using the antimicrobial assays described below. 

Among all extracts and fractions, ethyl acetate fractions exhibited great enzyme 

inhibition on cellulases of Foa and has been further characterized by chemical methods 

(TPC, TFC, NMR, and LC-MS analysis). 

4. Determination of the Total Phenolic Contents (TPC) 

The total phenolic content (TPC) of the extracts was determined by the Folin–

Ciocalteu method using a modified procedure of (Slinkard et al., 1977) and   (Sengul et al., 

2009). Gallic acid was used as the standard phenolic compound. The calibration was 

plotted by mixing aliquots of 1000; 500; 250; 125; 62.5 and 31.25   ppm of gallic acid 

solutions with 5 ml of Folin Ciocalteu reagent and 5 ml of crude extract. After 3 min, a 

solution of sodium carbonate 10 % Na2CO3 was added and the mixture was allowed to 

stand for 1 h with intermittent shaking. The color was developed and absorbance was 

measured at 760 nm in a Shimadzu UV 1800 Spectrophotometer after 30 min using 

Gallic acid as a standard. The total phenolic content (TPC) was calculated from the 
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calibration curve, and the results were expressed as µg of gallic acid equivalent per mg dry 

weight (µg GA/mg). 

5. Determination of the Total Flavonoid Contents (TFC) 

The aluminum chloride colorimetric method was used for the determination of the total 

flavonoid content of the samples; quercetin was used to make the standard calibration 

curve (Chandra et al., 2014).  10 mg sample (the organic extract of each plant studied)   is 

weighed and added into 5 ml of methanol. Stock quercetin solution was prepared by 

dissolving 5 mg quercetin in 1 ml methanol, then the standard solutions of quercetin were 

prepared by serial dilutions using methanol. An amount of 0.5 ml diluted standard 

quercetin solutions or samples were separately mixed with 0.5 ml of 2 % aluminum 

chloride solution (AlCl3). After mixing, the mixture was incubated for 40 min at room 

temperature followed by the measurement of absorbance at 415 nm wavelength against the 

blank. All the determinations were carried out in triplicate. The outcome data were 

expressed as µg quercetin equivalents per mg extract. (µg QE/mg) 

6.Thin-layer chromatography (TLC) 

The extracts of each solvent were subjected to TLC. The used solvent system was ethyl 

acetate: heptane (75:25). Spots were detected on TLC under UV light. 

7. Phytochemical screening on TLC plate 

The extracts obtained were then subjected to phytochemical analysis to detect the 

chemical constituents present in each extract. The screening was done according to 

Pascual, et al. (Pascual et al., 2002). 

7.1.Test for flavonoids 
The TLC plates containing the extracts are sprayed with an ethanolic solution with 5% 

aluminum chloride (AlCl3). The appearance of the greenish-yellow color, with the 

revelation by UV 365 ηm, indicates the presence of flavonoids. 

7.2.Test for coumarins 
The TLC separation plates are sprayed, immediately, with the ethanolic solution of 

KOH. The appearance of red color, in the visible, indicates the presence of anthraquinones, 
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or the yellow color, with the revelation by UV 365 ηm, which indicates the presence of 

anthrones or furanocoumarins. 

7.3.Test for tannins 
The TLC plates containing the extracts are sprayed with a methanolic solution (80%) 

of ferric chloride 1 % (FeCl3). The appearance of black-blue color indicates the presence of 

gallic tannins, or greenish-brown indicates the presence of catechin tannins. 

7.4.Test for alkaloids 
Formaldehyde solution (10 ml) with 100 ml of sulfuric acid (H2SO4) was prepared. The 

TLC separation plates are sprayed immediately. The color change of the spots indicates the 

presence of alkaloids or aromatic hydrocarbons. 

7.5.Test for saponins 
Froth test for saponins (foam) was used. 2 g of the sample was weighed into 

Erlenmeyer flask in which 100 ml of sterile distilled water was added and boiled for 

15 min. The mixture was filtered and 2.5 ml of the filtrate was added to 10 ml of sterile 

distilled water in a test tube. The test tube was shaken vigorously for about 30 seconds. It 

was then allowed to stand for half an hour. The height of the foam was measured in each 

tube. The formation of a 1 cm layer of foam indicates the presence of saponins. 

8. Antifungal screening by direct bioautography 

In order to screen for and identify compounds with the antifungal activity present in the 

plant extracts, direct bioautography was used as described by Boulenouar et al. (2011). 

This method is based on the direct immersion and growing of a fungal spore suspension on 

a developed TLC chromatogram. 

 

8.1.Fungal strain 
The phytopathogenic filamentous fungus (Foa) used in this work was obtained from 

The Technical Institute for Saharian Agronomy (TISA), Adrar, Algeria. The strain was 

identified and a voucher specimen was stored at Phytochemistry and Organic Synthesis 

Laboratory under N° POSL/2011/01. 

 

 



Chap III: Materials and Methods 

  65 

8.2.Preparation of spore suspension 
Spore suspensions of plant pathogens (Foa) were obtained by transferring 7 days old 

culture of Foa on potatoes dextrose agar medium PDA (consisting of 4 g potatoes extract, 

20 g glucose, 15 g agar, distilled water up to 1 liter) to synthetic nutrient-poor agar SNA 

(consisting of 1 g KH2PO4, 1 g KNO3, 0.5 g MgSO4-7H2O, 0.5 KCl, 0.2 g glucose, 0.2 g 

saccharose, 15 g agar, distilled water up to 1 liter) to induce spores formation. Ten days old 

culture of Foa on SNA was surface flooded with 10 ml of sterilized water to dislodge 

fungal spores, then, filtrated to eliminate mycelia fragments. The concentration of Foa 

spores was adjusted to approximately 107 spores/ ml by dilution and counting.   

8.3.Developing the chromatogram 
80 µg/µl of each extract was applied to the TLC plate of silica gel 60 F254 (7 × 1.5 cm). 

After developing the chromatogram using the suitable eluent for efficient separation and 

location of the UV absorbing spot, chromatograms were then dried at room temperature 

under a stream of air overnight to remove the remaining solvent. 

8.4.Fungal growth on TLC 
The chromatograms were then moved directly into Petri dishes containing 20 ml of 

spores for 10 seconds, where the concentration is 2×107 spores/ml. Bioautograms were 

examined for fungal growth at regular intervals until TLC plates were completely covered 

with a lawn of mycelial growth. Then, they are added to other sterile Petri dishes, under 

humid conditions, containing cotton wet with distilled water to provide moisture. These are 

incubated for 4 days at 21°C. Control plates spotted with the corresponding organic solvent 

were run in parallel (Rana et al., 1996). 

8.5.Visualization of microbial growth 
For the visualization of microbial growth, tetrazolium salts are frequently used. The 

bioautograms were sprayed with a 2 mg /ml solution of p-iodonitrotetrazolium violet (INT) 

and reincubated overnight at 21°C (Mahlo et al., 2016). Clear white zones against a purple 

background on the TLC plate indicate antimicrobial activity of the sample (Saxena et al., 

1995). Rf zones on the plates were compared to that of reference plates to find the Rf of the 

active compound. 
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9. Enzyme inhibitory activity against cellulases by contact bioautography 

The use of TLC support to screen for potential plant-derived enzyme inhibitors is a 

rapid method that is relatively free of disturbances due to the solvent (Pascual et al., 2002). 

In contact bioautography, antimicrobial compounds diffuse from the chromatogram to the 

inoculated agar plate. The test by contact bioautography used in this study was described 

by Choma and Jesionek (Choma et al., 2015) with slight modifications.  

9.1.Cellulases production by Fusarium oxysporum f. sp. albedinis 
Fusarium oxysporum f. sp. albedinis was cultivated on a liquid medium, containing (g 

per liter of distilled water): 2.5g  cellulose, 2g NaNo3; 1g   KH2PO4; 1g MgSO4.7H2O; 0.5 

KCl; 0.005 ZnSO4.7H2O;  0.001 CuSO4; 5H2O;   0.001 MnCl2, and was incubated at 21°C 

for 96 h under moderate agitation. For the inoculation of the cultures, a suspension of 

spores (4.3×105 spores/ml) was used in sterile distilled water added to 2 ml of Tween 80. 

The filtrate containing cellulases was put in tubes (5 mL in each tube). The tubes were 

conserved at −18°C until use. 

9.2.Preparation of medium with the substrate for the enzymatic activity  
Cellulolytic activity of the plant extracts and fractions was determined on a solid 

medium containing cellulose, which was used as a substrate. In this assay, the test has 

been realized on cellulose agar medium (2% cellulose, 1.5% agar). Ten milliliters of the 

medium have been poured into each Petri dish and left to solidify. 

9.3. TLC analysis and chromatogram diffusion     
 Plant extracts were applied to a TLC plate of silica gel 60 F254 (5×6 cm). After drying, 

the chromatogram was developed using a mobile phase. This phase was a mixture of ethyl 

acetate: heptane (75:25, v/v). After the solvent reached the top of the plate, the 

chromatogram was dried and visualized under visible and UV light. 

 Each chromatogram (after evaporation of the eluent) was put face down on the 

cellulose agar plate for 2 hours to promote diffusion. The filtrate containing cellulases 

previously prepared was poured on the cellulose agar plates after removal of the 

chromatogram and incubated at 21°C for 2 hours.  
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9.4.Detection of enzyme inhibition activity 
The detection of inhibition zones was done using Gram’s iodine. Gram’s iodine was 

used as described by Kasana et al. (2008). Plates were flooded with Gram’s iodine (3% KI 

and 2% I2 in 70 % ethanol) for 5 minutes then washed with distilled water. Gram’s iodine 

formed a dark brown color with cellulose but not with hydrolyzed cellulose, giving a 

distinct, clear, and prominent zone in 3 to 5 minutes (Kasana et al., 2008). The inhibition 

zones were visible as dark brown zones. The evaluation of cellulases activity inhibition 

was expressed as the diameter of inhibition zones (mm) and the Rf values to reflect the 

inhibitors. The control tests passed all protocols without extracts or filtrate (the filtrate has 

been replaced by the culture medium). The tests were realized in triplicate (the standard 

errors were less than 10%). 

10. Preliminary evaluation of the antifungal activity 

Preliminary analysis of the antifungal activity was performed using the agar‐disc 

diffusion bioassay (Boulenouar et al., 2009) and the agar‐well diffusion bioassay (Magaldi 

et al., 2004) for the evaluation of ethyl acetate fractions. Briefly, Spore suspension of the 

fungal test microorganism was prepared by transferring 7 days old culture of Foa on 

potatoes dextrose agar medium PDA to synthetic nutrient-poor agar SNA to induce spores 

formation. 

For the disc diffusion bioassay, sterile discs (6 mm in diameter) of Whatman filter 

paper No.10 were impregnated with (20, 50, 80, and 100 μl) of each extract. The solvent 

was left to evaporate at room temperature, and the discs were placed on the surface of the 

plates previously seeded. Paper discs impregnated with ethyl acetate were used as controls. 

For the well-diffusion bioassay, wells were made in the agar using an inverted sterile 

Pasteur pipette (6 mm in diameter), and (20, 50, 80, and 100 μl) of ethyl acetate extracts 

were deposited in the wells. Ethyl acetate was used as a control (all manipulations were 

done in sterile conditions). Plates were incubated at 21°C for 5 days.  

Antimicrobial activity was detected by the presence of a growth inhibition zone 

surrounding the disc or well. The diameter of this zone was measured and recorded. The 

tests were realized in triplicate (the standard errors were less than 10%). 
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11. Characterization of isolated compounds 

The extracted and purified bioactive compounds from  Asteriscus graveolens and 

Launaea arborescens were characterized by nuclear magnetic resonance (NMR) 

techniques: Routine 1H NMR and 13C NMR spectra were recorded on a Bruker Model 

Avance AMX spectrometer (1H 400 MHz and 13C 100 MHz respectively) in deuterated 

chloroform (CDCl3) with tetramethylsilane (TMS) as an internal reference. The NMR 

studies were carried out in high-quality 5 mm NMR tubes. Chemical shifts δ and coupling 

contents J are reported in ppm and Hz, respectively. 1H NMR spectra are referenced to 

residual protiated solvents   (δ = 7.26 ppm for CDCl3), 
13C NMR chemical shifts are 

reported relative to deuterated solvents (δ = 77.16 ppm for CDCl3). Mass spectrometry 

detection was conducted using a Shimadzu LC-MS 8040 model triple quadrupole mass 

spectrometer equipped with an ESI source operating in both positive and negative 

ionization modes. Data were acquired by Lab Solutions software (Appendix A). Ethyl 

acetate fractions of Asteriscus graveolens and Launaea arborescens were analyzed by the 

LCMS-8040 system (Shimadzu, Kyoto, Japan). The mobile phase consisted of 100% 

methanol (solvent A) and acetonitrile (solvent B) (1:1 v/v). The mobile phase flow rate 

was 0.3 mL/min. The column temperature was fixed at 40°C. Plant compounds were 

detected by a full scan mode ranged m/z 100 - 1000 amu.  

The LC-MS mass spectrometer, 13C NMR, and 1H NMR analyzes were carried out in 

the laboratory of  "Catalysis Research and Application Center" of the University of İnönü, 

Malatya. Turkey. 
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CHAPTER IV: Results and Discussion  

I. Results 

1.1.Thin-layer chromatography (TLC) 

Thin-layer chromatography was used as a preliminary method for compositional 

analysis of the crude extracts. Table 1 groups obtained Rf values. According to the 

chromatograms obtained by TLC, all the parts of the plants contain several chemical 

compounds (several spots). 

Table IV. 1: Rf values of TLC in different extracts 

Eluent 
Extraction 

Solvent 
Rf 

Et
O

A
c:

 H
ep

 

75
:2

5  

EtOH 0.00 0.57 0.85 0.90 0.95 - 

Hex 0.00 0.35 0.90 - - - 

DCM 0.00 0.54 0.81 0.90 0.93 - 

EtOAc 0.00 0.35 0.57 0.85 0.90 0.95 

n-But 0.00 0.57 - - - - 

EtOH: ethanol; Hex: hexane; DCM: dichloromethane; EtOAc:  ethyl acetate; n-But:  butanol; Hep: heptane; 

Rf: rapport frontal.  

TLC analysis (EtOAc: Hep, 75:25) revealed four constituents in the ethanol extract 

(yield 1.22%, Rf 0.57, 0.85, 0.90, 0.95), and two constituents in the hexane extract (yield 

11.88%, Rf 0.35, 0.90), and four constituents in the methylene chloride (DCM) extract 

(yield 1.58%, Rf 0.54, 0.81, 0.90, 0.93), five constituents in the ethyl acetate extract (yield 

2.83%, Rf 0.35, 0.57, 0.85, 0.90, 0.95), and one constituent in the butanol extract (yield 

1.12%, Rf 0.57) 

The TLC analyses indicated that the extracts of L. feei were composed of a mixture of 

secondary metabolites. Rahmani et al. (2014) reportedly obtained the Rf values of L. 
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feei extract by ethyl acetate in the comparable range of 0.36–0.77, eluted with another 

solvent system, not as that used in the present study. 

1.2.Phytochemical screening of the plant extracts 

The characterization reactions revealed several chemical groups in the different 

extracts. The use of solvents with varying polarity in the extraction procedure is 

determined for the successful isolation of compounds with different ranges of polarity. 

In the present study, phytochemical screening for all extracts of L. feei aerial part 

showed a significant indication of the presence of metabolites. Saponins, flavonoids, 

tannins, coumarins, and alkaloids, were found to be present in the majority of the plant 

extracts (Table IV.2). 

The phytochemical screening of aerial parts of L. feei on flavonoids, tannins, and 

coumarins, shows the presence of flavonoids in ethyl acetate, hexane, and methanol extract 

and total absence in dichloromethane, but the tannins derivative are present in all parts. It 

is also observed that the extracts of ethyl acetate are the richest in tannins and coumarins 

by contribution to other extracts e.g., methanolic and hexane extracts. 
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Table IV. 2: Phytochemical screening of various extracts. 

Plants Extraction Solvent 
Constituents 

Flavonoids Rf Tannins Rf Coumarins Rf 

A. raddiana 

 

EtOH + 0.00 - - - - 

Hex + 0.00 + 
0.00 

0.85 
+ 0.95 

DCM - - + 0.95 - - 

EtOAc + 0.00 + 0.00 - - 

n-But - - - - + 0.98 

A. aretioides 

 

EtOH + 
0.00 

0.96 
- - + 0.00 

Hex + 0.95 - - - - 

DCM - - + 0.95 - - 

EtOAc + 0.00 + 0.00 + 0.95 

n-But + 0.57 - - + 0.96 

EtOH:   ethanol; Hex: hexane; DCM: dichloromethane; EtOAc: ethyl acetate; n-But:  butanol; Rf: rapport frontal; +: positive; -: negative. 
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Table IV. 2 (continued): Phytochemical screening of various extracts. 

 

Plants Extraction Solvent 
Constituents 

Flavonoids Rf Tannins Rf Coumarins Rf 

A. graveolens 

 

EtOH + 0.00 - - + 0.00 

Hex - - - - + 0.94 

DCM + 0.00 - - + 0.00 

EtOAc + 
0.24 

0.88 
+ 0.64 + 0.00 

n-But - - - - + 0.95 

C. procera 

 

EtOH + 0.00 - - + 0.00 

Hex - - - - + 0.00 

DCM - - - - - - 

EtOAc - - - - + 0.35 

n-But - - - - - - 

EtOH:   ethanol; Hex: hexane; DCM: dichloromethane; EtOAc: ethyl acetate; n-But:  butanol; Rf: rapport frontal; +: positive; -: negative. 
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Table IV. 2 (continued): Phytochemical screening of various extracts. 

Plants Extraction Solvent 
Constituents 

Flavonoids Rf Tannins Rf Coumarins Rf 

C. colocynthis 

 

EtOH + 0.00 + 0.00 + 0.00 

Hex + 0.00 - - + 0.95 

DCM + 
0.00 

0.62 
- - - - 

EtOAc + 0.62 + 0.86 - - 

n-But + 0.00 - - - - 

L. arborescens 

 

EtOH + 0.96 - - + 0.00 

Hex - - - - - - 

DCM - - - - + 0.00 

EtOAc + 
0.30 

0.96 
+ 0.00 + 0.00 

n-But - - - - - - 

EtOH:   ethanol; Hex: hexane; DCM: dichloromethane; EtOAc: ethyl acetate; n-But:  butanol; Rf: rapport frontal; +: positive; -: negative. 
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Table IV. 2 (continued): Phytochemical screening of various extracts. 

Plants Extraction Solvent 
Constituents 

Flavonoids Rf Tannins Rf Coumarins Rf 

L. feei 

 

EtOH + 

0.00 

035 

0.90 

- - - - 

Hex + 0.95 - - - - 

DCM - - + 0.95 - - 

EtOAc + 
0.00 

0.35 
+ 

0.00 

0.85 

0.95 

+ 0.95 

n-But - - - - - - 

N. oleander 

EtOH - - + 0.00 + 0.00 

Hex - - - - - - 

DCM - - - - - - 

EtOAc + 00 + 0.00 + 0.86 

n-But - - - - - - 
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Table IV. 2 (continued): Phytochemical screening of various extracts. 

 

Plants Extraction Solvent 
Constituents 

Flavonoids Rf Tannins Rf Coumarins Rf 

P. tomentosa 

EtOH + 00 + 0.00 + 0.00 

Hex - - - - - - 

DCM - - - - - - 

EtOAc + 00 + 0.00 - - 

n-But - - - - - - 

EtOH:   ethanol; Hex: hexane; DCM: dichloromethane; EtOAc: ethyl acetate; n-But:  butanol; Rf: rapport frontal; +: positive; -: negative 
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The revelation of the alkaloids on the TLC plate is provided in Table IV.3. 

Table IV. 3: Characterization of alkaloids on the TLC plate 

Extraction 

Solvent 
Spots number Rf Color 

EtOH 6 

00 Brown 

0.35 Brown 

0.57 Green 

0.85 Brick red 

0.90 Light Green 

0.95 Green 

Hex 5 

00 Light Yellow 

0.57 Light Brown 

0.85 Green 

0.90 Brown 

0.95 Green 

DCM 6 

00 Brown 

0.35 Brown 

0.57 Green 

0.85 Brick red 

0.90 Light Green 

0.95 Green 

EtOAc 6 

00 Brown 

0.35 Light Purple 

0.57 Purple 

0.85 Light Brown 

0.90 Brown 

0.95 Green 

n-But 3 

00 Brown 

0.35 Yellow 

0.90 Green 

EtOH: ethanol; Hex: hexane; DCM: dichloromethane; EtOAc:  ethyl acetate; n-But:  butanol;  

Rf: rapport frontal. 
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According to Table 3, we observe: Colors change in most parts of the spots; we can say 

that these are alkaloids or aromatic hydrocarbons. The different colors are shown in all the 

extracts (MeOH, DCM, Hex, and EtOAc). 

1.3. Antifungal activity of the plant extracts 

1.3.1. Direct bioautography 

Frequently, TLC-Direct Bioautography is used as a bio-guiding method to destine to 

substances with biological activity that can be further analyzed by spectroscopic methods 

to obtain information on their structure (Choma et al., 2015). 

The richness of natural substances reported by Cheriti et al. (2007) can explain the 

antifungal activity in certain extracts of A. graveolens (Table IV.4). 

Table IV. 4: Direct bioautography results of the extracts of Asteriscus graveolens 

Specie Eluent Extraction Solvent 
Antifungal 

effect 

Asteriscus 

graveolens 

E
tO

A
c:

 H
ep

 

75
:2

5 

EtOH ++ 

Hex - 

DCM ++ 

EtOAc ++ 

n-But + 

Hep: heptane; EtOH: ethanol; Hex: hexane; DCM: dichloromethane; EtOAc:  ethyl acetate;  

n-But:  butanol. 

 

In identifying terpenoids of Launeae arborescens, Bitam et al. (2008) demonstrated the 

existence of antifungal and antibacterial activity against certain microorganisms. Probably, 

for this reason, most extracts of Citrullus colocynthis gave a positive effect (Table IV.5). 
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Table IV. 5: Direct bioautography results of the extracts of Launeae arborescens 

Specie Eluent Extraction Solvent 
Antifungal 

effect 

Launeae 

arborescens 
E

tO
A

c:
 H

ep
 

75
:2

5 

EtOH 
++ 

Hex 
- 

DCM 
++ 

EtOAc 
++ 

n-But 
+ 

Hep: heptane; EtOH: ethanol; Hex: hexane; DCM: dichloromethane; EtOAc:  ethyl acetate; n-But:  butanol. 

Strong growth inhibition against Fusarium oxysporum f. sp. albedinis has been shown 

by the ethyl acetate extract that was assayed using direct bioautography on the TLC plate 

(Table IV.6). 

Table IV. 6: Direct bioautography results of the extracts of Limoniastrum feei  

Specie Eluent Extraction Solvent 
Antifungal 

effect 

Limoniastrum 

feei  

E
tO

A
c:

 H
ep

 

75
:2

5 

EtOH ++ 

Hex - 

DCM - 

EtOAc +++ 

n-But + 

Hep: heptane; EtOH: ethanol; Hex: hexane; DCM: dichloromethane; EtOAc:  ethyl acetate; n-But:  butanol. 
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Several studies showed that L. feei contains various secondary metabolites with 

pharmacological properties. Cheriti et al. (2005) showed that the methanolic extracts of L. 

feei leaves are active against certain bacteria and fungi. 

Citrullus colocynthis is one of the most studied species in the Cucurbitaceae family. 

Most of the studies have shown that this species is rich in phenolic compounds, and several 

natural substances (Ghazi et al., 2020). Probably, for this reason, four extracts of Citrullus 

colocynthis gave a positive effect (Table IV.7).  

Table IV. 7: Direct bioautography results of the extracts of Citrullus colocynthis 

Specie Eluent Extraction Solvent 
Antifungal 

effect 

Citrullus 

colocynthis 

E
tO

A
c:

 H
ep

 

75
:2

5 

EtOH 
++ 

Hex 
- 

DCM 
+ 

EtOAc 
++ 

n-But 
+ 

Hep: heptane; EtOH: ethanol; Hex: hexane; DCM: dichloromethane; EtOAc:  ethyl acetate;  

n-But:  butanol. 
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Table IV. 8: Direct bioautography results of the extracts of Acacia raddiana, Anabasis aretioides, Calotropis procera, Nerium oleander, 

and Pergularia tomentosa 

Eluent Solvent 

Antifungal effect 

Acacia raddiana Anabasis aretioides Calotropis procera Nerium oleander Pergularia tomentosa 

E
tO

A
c:

 H
ep

 

75
:2

5 

EtOH 
- - - - - 

Hex 
- - - - - 

DCM 
- - - - - 

EtOAc 
- - - - - 

n-But 
- - - - - 

Hep: heptane; EtOH: ethanol; Hex: hexane; DCM: dichloromethane; EtOAc:  ethyl acetate; n-But:  butanol. 
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1.3.2. The cellulases inhibition by contact bioautography 

The results of the cellulases inhibition are presented in Table IV.9. Various parameters 

are to be taken into account for good comprehension and evaluation of these results. For 

the tests carried out by TLC, the evaluation of effects is made by comparison between 

extracts. 

Table IV. 9: Effect of plant ethyl acetate fractions extracts on Fusarium oxysporum f. sp. 

albedinis cellulases using contact bioautography. 

Eluent Plants 
Number 

of IZ 

Inhibition zone 

Rf Ø (mm) Rf Ø (mm) 

Et
O

A
c:

 H
ep

 

75
:2

5  
 

A. raddiana 0 - - - - 

A. aretioides 1 0.54 1.20 - - 

A. graveolens 2 0.24 2.70 0.88 2.00 

C. procera 1 0.33 1.00 - - 

C. colocynthis 2 0.62 1.30 0.86 2.00 

L. arborescens 2 0.30 2.40 0.96 2.40 

L. feei 2 0.00 2.70 0.35 2.00 

N. oleander 2 0.00 1.00 0.86 2.00 

P. tomentosa 0 - - - - 

IZ: Inhibition zone; EtOAc: Ethyl acetate; Hep: Heptane;   Ø: diameter in mm; Rf: rapport frontal. 

All extracts using various solvents were evaluated for their enzymatic activity against 

cellulases. The results indicated that the ethyl acetate extract showed the greatest 

antifungal activity, obtaining inhibition zones of 2.00 ± 0.1 mm, 2.4 ± 0.1 mm, and 

2.7 ± 0.1 mm against F. oxysporum f. sp. albedinis cellulases.  

The inhibition zones reflect either the intensity of cellulosic activity or the 

concentration of the tested compound. 

The fractions obtained with hexane, dichloromethane, and n-Butanol did not show any 

enzyme inhibition activity on cellulases (Table IV.10).  
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Table IV. 10: Effect of plant ethyl acetate fractions extracts on Fusarium oxysporum f. sp. 

albedinis cellulases using contact bioautography. 

Solvent Plants 
Number of 

IZ 

Inhibition zone 

Rf Ø (mm) Rf Ø (mm) 
H

ex
 

A. raddiana 0 - - - - 

A. aretioides 0 - - - - 

A. graveolens 0 - - - - 

C. procera 0 - - - - 

C. colocynthis 0 - - - - 

L. arborescens 0 - - - - 

L. feei 0 - - - - 

N. oleander 0 - - - - 

P. tomentosa 0 - - - - 

D
C

M
 

A. raddiana 0 - - - - 

A. aretioides 0 - - - - 

A. graveolens 0 - - - - 

C. procera 0 - - - - 

C. colocynthis 0 - - - - 

L. arborescens 0 - - - - 

L. feei 0 - - - - 

N. oleander 0 - - - - 

P. tomentosa 0 - - - - 

n
-B

ut
an

ol
 

A. raddiana 0 - - - - 

A. aretioides 0 - - - - 

A. graveolens 0 - - - - 

C. procera 0 - - - - 

C. colocynthis 0 - - - - 

L. arborescens 0 - - - - 

L. feei 0 - - - - 

N. oleander 0 - - - - 

P. tomentosa 0 - - - - 
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1.4.Phytochemical study of the bioactive extracts/fractions        

1.4.1. Extraction and bioguided fractionation 

The analysis of extracts is achieved by the TLC method using EtOAc-PE gradient 

(100:0 – 0:100), and then using a gradient elution of Hep- EtOAc (100:0–0:100) to afford 

6 spots for L. arborescens and 08 spots for A. graveolens. 

1.4.2. Total phenolic contents 

Phytochemical screening of the crude extracts and ethyl acetate fractions of studied 

plants was conducted, and both the extracts showed the presence of phenolics. The total 

phenolic contents were determined using the Folin Ciocalteu method in terms of the Gallic 

acid equivalent (GAE) in µg GA/mg of the extract. The total phenolic content was 

calculated with the help of the graph shown in Figure IV.2, and the standard curve 

equation was y = 0.00146x + 0.02028, where R2 = 0.99913. The total phenolic contents 

(Gallic acid equivalents, µg GA/mg) in the samples were calculated to be 821,699 and 

174,291 µg GA/mg in L. arborescens; 1144,879 and 366,052 µg GA/mg in A. graveolens, 

respectively (Table IV.10). 

 

Figure IV. 2: Standard curve of gallic acid. 

Figure IV.2 shows the total phenolic content in the samples of aerial parts of L. 

arborescens and A. graveolens spontaneous grown in the South-Oust of Algeria.  The 

Standard Curve

Conc. (mg/l)
31,250 200,000 400,000 600,000 800,000 1000,000

A
b

s.

1,617

1,500

1,000

0,500

-0,092

y = 0,00146 x + 0,02028
Correlation Coeff icient r2 = 0,99913
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highest phenolic content was found in the crude extract of A. graveolens (1144, 879 µg 

GA/mg) in comparison with the crude extract of L. arborescens (821,699 µg GA/mg). 

The high amount of phenolic compounds from A. graveolens was reported by Ramdane 

et al.(2017). On the other side, the phytochemical investigation revealed that L. 

arborescens is rich in phenolic compounds (Bitam et al., 2008).  

The variance in total phenolic content could be due to the chemical composition of 

extract but also to the extreme conditions of growth and arid ecosystem. 

1.4.3. Total flavonoid contents 

The concentration of total flavonoid contents in the test samples was calculated from 

the calibration plot (Y=0.00535 – 0.00381; R2=0.99917) and expressed as µg quercetin 

equivalents per mg of dry extract. (µg QE/mg). 

The total flavonoid contents in different extracts are shown in Figure IV.3 The highest 

amount of flavonoid content was found in L. arborescens extracts (46,418 µg QE/mg) 

compared to the extracts of A. graveolens (13,824   µg QE/mg) (Table IV.11).

 

Figure IV. 3: The total flavonoids content in the samples of aerial parts of Launaea 

arborescens and Asteriscus graveolens. 

Many studies on the phytochemical composition of A. graveolens and L. 

arborescens showed that this plant produced phenolic compounds including flavonoids: 

Standard Curve

Conc. (mg/l)
0,500 50,000 100,000 150,000 200,000 250,000

A
b

s.

1,473

1,000

0,500

0,000

-0,135

y = 0,00535 x - 0,00381
Correlation Coefficient r2 = 0,99917
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Ahmed et al. (1991) have identified kaempferol  3-O-β-glucoside, kaempferol 3-O-β-

galactoside, kaempferol 7-O-β-galactoside, quercetin  7-O-β-glucoside, luteolin 7-O-β-

glucoside, and quercetin as major compounds in A. graveolens in Egypt. 

Eight compounds were isolated and identified in the butanol fraction of L. arborescens 

aerial part, namely: 7-O-[α-rhamnopyranosyl 4',5,6-Trihydroxy flavone,  4’,5’-Di-Methoxy 

7-(5’’-Me Hexan)1-oyl flavanone,  3”-isopropyl pyrano [1”:7,4”:6] 3’,4’,5’,5-

Tetrahydroxy flavanone, 5,4’,5’-Tri-Hydroxy 7-(3’’-Me butan) -yl flavanone, 5,7-

Dihydroxy-2',4',5' –trimethoxy-isoflavanone 5,5,6,7,4'-tetrahydroxy flavonol, 7-O[α-

rhamnopyranosyl-(1->6)-β-glucopyranosyl]- 4',5,7-tri-hydroxy-flavanone 7,7-O-

[αrhamnopyranosyl-(1->6)-β-glucopyranosyl] 3',5-Dihydroxy 4’-Methoxy flavanone  

(Sekkoum et al., 2014).  

Table IV. 11: Total phenolic and flavonoids contents of crude extracts and ethyl acetate 

fractions of L. arborescens and A. graveolens. 

Sample Code TPC (mg GAE/g 

Dry extract wt) 

TFC (mg QE/g dry 

extract wt) 

L. arborescens 

Crude extract 
821,699 46,418 

L. arborescens 

EtOAc fraction 
174,291 17,788 

A graveolens 

Crude extract 
1144,879 13,824 

A graveolens 

EtOAc fraction 
366,052 5,573 

TPC: total phenol content; TFC: total flavonoid content; GAE: gallic acid equivalents; QE: 

quercetin equivalents; wt: weight; EtOH: ethanol; EtOAc: ethyl acetate. (Aryal et al., 2019). 

 

The total phenolic content of the ethyl acetate fractions, calculated from the calibration 

curve (R2 = 0.99913), was 174,291 µg GA/mg in L. arborescens and 366,052 µg GA/mg in 

A. graveolens and the total flavonoid content (R2 = 0, 99917) was 17,788 µg QE/mg in L. 

arborescens and 5,573    µg QE/mg in A. graveolens (Table IV.12).  
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Recent study on the phytochemical composition of   A.  graveolens (Ramdane et al., 

2017) showed that ethyl acetate is the most suitable solvent for the extraction of bioactive 

compounds from this plant. 

1.5. Bioautographic method (Crude extracts) 

The antifungal activity against the phytopathogenic strain (Fusarium oxysporum f. sp. 

albedinis) was evaluated by direct bioautography in a TLC bioassay.  

Table IV. 12: Antifungal activity of plant crude extracts using direct bioautography 

Samples (crude extract) Antifungal activity  Rf 

A.  graveolens + 
0.24 

0.88 

L. arborescens + 
0.30 

0.96 

 

The bioautography was performed only for the ethanolic crude extracts using ethyl 

acetate/pentane 7.5:2.5 to develop silica gel TLC plates. Clear inhibition zones at an Rf of  

0. 24 and 0.88   for A.  graveolens and 0.30 and  0.96 for L. arborescens ethanolic extracts 

were observed against Fusarium oxysporum f. sp. albedinis, showing that the substances 

responsible for the antifungal activity are strongly polar. 

1.6.Characterization of bioactive compounds by NMR and LC-MS 

LC-MS analyses showed that plant extracts were decomposed to previously known. 

The structures of compounds were elucidated by NMR techniques, mass spectroscopy. The 

compounds isolated from the ethyl acetate fractions of the species Asteriscus graveolens 

and Launaea arborescens display a powerful antifungal effect. 

The known compounds were identified as methyl gallate and syringic acid based on 

comparing their spectral and physical data with the literature (Figure IV.4). Evidently, 

the m/z value of 185 and 198 corresponded to their molecular weight of 184.15 and 

198.17 g/mol respectively, thus validating the output of the mass spectrometer (Appendix 

A).  
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Figure IV.  4: Compounds isolated and identified in aerial parts of Launaea arborescens 

and Asteriscus graveolens. 

Identification of molecules by NMR (1H and 13C) spectrophotometry and LC-MS 

showed the presence of methyl gallate 116 and syringic acid 117 in aerial parts of L. 

arborescens and A. graveolens (Appendix B).  

NMR spectra of methyl gallate (C8H8O5): 
1H NMR (400 MHz, CDCl3) δ (ppm):  3.95 (s, 

3H, CH3), 6.91 (s, 2H, C6H2), 8.73 (s, 3H, OH). 13C NMR (100 MHz, CDCl3) δ (ppm): 

52.08 (CH3O), 110.8, 123.82, 137.57 and 146.65 (C6H2), 166.51 (CO). The molecular 

mass of isolated methyl gallate was determined as 185 using LC-MS analysis. Results 

obtained with 1H-NMR; 13C-NMR and LC-mass spectroscopy were identical to published 

data (Kamatham et al., 2015). 

NMR spectra of syringic acid (C8H8O5): 
1H NMR (400 MHz, CDCl3) δ (ppm):  3.82 (s, 

6H, CH3), 7.07 (s, 2H, C6H2). 
13C NMR (100 MHz, CDCl3) δ (ppm): 56.78 (CH3O), 

106.09, 121.39, 141.78 and 149.19 (C6H2), 167.49 (CO). The molecular mass of isolated 

syringic acid was determined as 198 using LC-MS analysis.  

Note: The 1H NMR spectra are referred to the residual protiated solvents (δ = 7.26 ppm for 

CDCl3), the chemical shifts by 13C NMR are reported relative to the deuterated solvents (δ 

= 77.16  ppm for CDCl3). 

II. Discussion 

Bioautography is notably significant to avoid the time-consuming isolation of inactive 

compounds (Dewanjee et al., 2015). TLC bioautographic methods combine 
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chromatographic separation and in situ activity determination facilitating the localization 

and target-directed isolation of active constituents in a mixture (Suleiman et al., 2010).  

The bioautography technique is inexpensive, so beneficial for screening large numbers 

of samples (particularly crude extracts). Although results are not completely quantitative, 

they can give information about how many and which substances in a mixture showed 

antifungal activity (Balouiri et al., 2016).   

Plants were selected for inclusion in this study because their ability to inhibit the 

respective enzymes and biological activities have already been established in studies 

published by others (see chapter I) and in previous studies carried out by our research 

group(Boulenouar et al., 2009; Boulenouar et al., 2012; Ghazi et al., 2020).  

Phytochemical analysis was intended to know which metabolite is responsible for the 

antifungal activity. According to the TLC profiling, we can suppose that inhibition is 

caused by flavonoids present in ethyl acetate extracts of aerial parts of A.  graveolens 

(Rf:0.24, 0.88 ), L. arborescens (Rf:0.30,  0.96 ), and L. feei (Rf: 0.35, 00).  

The number of active compounds in the plant extracts was determined using the 

bioautography method, those compounds were separated with CC had similar Rf values of 

0.24, 0.88 in A.  graveolens, and  0.30,  0.96 in L. arborescens ethyl acetate fractions. 

Apart from the advantages of rapidly detecting active compounds in mixtures and high 

sensitivity, the depicted bioautography also points to a potential disadvantage of this 

diffusion assay. Its applicability is limited to microorganisms that easily grow on TLC 

plates   (Prieto et al., 2013) 

In this study, the evaluation of L. feei extracts on the causal agent of Bayoud 

“Fusarium oxysporum f. sp. albedinis” (Foa), was realized using new principles added to 

contact bioautography. Some studies made at the Phytochemistry and Organic Synthesis 

Laboratory (POSL, Bechar University, Algeria) have demonstrated that this plant contains 

secondary metabolites with biological activities ( Belboukhari et al., 2005; Belboukhari et 

al., 2007; Belboukhari et al., 2009).  
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The extracts of A. graveolens, L. arborescens, and L. feei are revealed active on 

cellulases with the appearance of the dark zones. The ethyl acetate extract of the aerial part 

of L. feei showed a remarkable result with an inhibition zones diameter greater than 2 mm. 

Indeed, the hexane, dichloromethane, and n-Butanol extracts showed no antifungal activity 

on Foa. 

In this study, the tests were carried out using crude extracts; then a positive result is the 

component of two parameters: the intrinsic activity of the active products and their relative 

quantity in the extract. Among the 8 tests carried out, only one extract presented a good 

effect on the cellulases of Foa (Ø ≥ 2.00 ± 0.1 mm). These results prove the resistance of 

Foa against the extracts of L. feei. Boulenouar et al. (2012) determined this resistance 

against several treatments  (Boulenouar et al., 2012). 

A previous study by Rahmani et al. (2014) reported the presence of eleven polyphenol 

compounds in the extract of the aerial part of L. feei. In another study, two molecules of 

the saponins family were extracted and identified by Belboukhari and Cheriti 

(Figure IV.5), from the stems of L. feei ( Belboukhari et al., 2009), namely: 

2α,3 β,23-Trihydroxy-30-acetylolean-12-ene 88(C32H52O5) and 1-O-[α -L-

Rhamnopyranosyl-(1)-6-O-acetylβ -D-galactopyranosyl]-1 β,3 β,22 ξ − 26-

tetrahydroxyfurost-5(6)-ene-26-Oβ -D-glucopyranosid 89 (C50H82O19). 

Figure IV.  5: Saponins from the stems of Limoniastrum. feei. 

El Hassni et al. (2007) revealed that the strategies of the fight against Foa are very 

limited that proves its high resistance (El Hassni et al., 2007). Several studies showed that 
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the studied plant contains several secondary metabolites very significant with 

pharmacological properties ( Belboukhari et al., 2005; Belboukhari et al., 2009; 

Boulenouar et al., 2014). Belboukhari and Cheriti (2009) showed by spectroscopic 

analyses the presence of the saponins in the leaves and the stems of L. feei. This plant is 

rich in phenolic compounds. The antimicrobial activity of L. feei extract was studied by 

Belboukhari and Cheriti (2005); the methanolic extracts of L. feei leaves were revealed 

active against certain bacteria and two yeasts. By comparing these findings with the 

obtained results, the methanolic extracts of the aerial part gave a remarkable result (Ø ≥ 

2.00 ± 0.1 mm) and confirm the presence of antimicrobial compounds in L. feei. 

The analytical investigations reveal that the ethyl acetate extract of the aerial part of L. 

feei showed the highest phenolic compounds. In addition, the presence of flavonoids in L. 

feei  ( Belboukhari et al., 2007; Rahmani et al., 2014) may be responsible for the 

antifungal activity. 

Belboukhari and Cheriti (2005) revealed no effect of ethyl acetate extract from leaves 

and twigs of L. feei on two fungi: Candida albicans and Saccharomyces cerevisiae. The 

difference with our results is possibly due to the difference between species biology (Foa, 

C. albicans, and S. cerevisiae) and/or to the difference between plant parts used for 

extraction. 

The effect of the extracts used in this study was shown by Boulenouar et al. (2014) but 

by the disc diffusion technique. The results of the effect against Foa showed that these 

extracts have a detectable effect at least in two tests (Boulenouar et al., 2014). Confirming 

the presence of antifungal substances despite the difference between the techniques used. 

The significant effect of the various parts of the plant can be related to the difference in the 

components present in the various parts. This difference can depend on the chemical nature 

of the substances or the mechanism of action. There are substances with antifungal activity 

against Foa but not on its cellulases, this reflects the complexity of the pathogenicity 

mechanism. On the other hand, substances inhibiting cellulases play a crucial role in 

antifungal activity against Foa because of the importance of these enzymes in invading 

date palm through roots. 
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By comparing the results obtained using contact bioautography on the cellulases of Foa 

and the other results using other techniques. Inhibition of cellulase activity is not always 

related to the inhibition of growth. Foa produces several toxins; these mycotoxins play a 

very significant role in the pathogenicity of this fungus. Therefore the different researches 

carried out previously against Foa reveals active substances that influence one or more of 

these mycotoxins by the modification of their metabolism or their effects (Boulenouar et 

al., 2009; El Hadrami et al., 2005). 

Belboukhari and Cheriti (2007) contributed to the study of the characterization of 

flavonoids extracted from the stems of L. feei; they identified four flavonoids. We can 

suppose that one or more of these four flavonoids have antifungal activity against Foa and 

its cellulases. 

From the results obtained by El Haci et al. (2017), polar organic extracts: methanol, 

ethanol, and acetone of L. feei presented considerable levels of phenols and flavonoids. 

These levels ranged from 127.07 to 262.11 mg GAE/g and 84 to 157.88 mg CEQ/g, 

respectively (El Haci et al., 2017). 

The flavonoids are a group of substances, which are responsible for the inhibition of 

many enzymes. The phytochemical screening showed a variety of phytoconstituents with 

the prevalence of phenolic compounds (El Haci et al., 2017). Various studies were carried 

out on the structure-activity relationship of different polyphenols in a glance with their 

antifungal activity, but despite their great number, this relationship is not clear (Munari, 

2006). 

The absence of an effect for an extract tested on a given biological target always does 

not exclude the presence of active substances (case of synergy). In certain cases also, the 

concentration of these substances can be very weak so that we can detect their activity on 

TLC plates. 

Recently, the fungicidal activities of plant extracts have been extensively reported 

(Balouiri et al., 2016). However, little research has been performed on the fungicidal 

activity of L. feei extracts on the pathogen F. oxysporum, which poses the greatest threat to 
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date palm by causing Fusarium wilt. The potential medicinal uses of L. feei are supported 

by the presence of the above-mentioned phenolics and flavonoids activities. 

Plants synthesize a wide range of metabolites for their survival, growth, development, 

and protection from a broad spectrum of bacterial, fungal, and viral pathogens. In this 

study, we isolated methyl gallate (MG) and syringic acid (SA) as major metabolites with 

antifungal activity from the aerial parts of L. arborescens and A. graveolens.  

The LC-MS chromatogram data of EtOAc extract revealed a group of peaks that were 

fractionated from one to seven by open silica column chromatography. Among all the 

fractions, only 5 and 6 fractions significantly inhibited the enzyme activity (Foa 

cellulases). Only 5 and 6 chromatographed fractions that inhibited the Foa cellulases were 

further subjected to active compound isolation. The active compounds of fractions 5 and 6 

were purified and were identified as MG and SA using NMR and LC-MS analysis. MG 

and SA are natural constituents isolated from different plants (Abou-Zaid et al., 2009; 

Kamatham et al., 2015).  In vitro studies on the antifungal activity of SA were done by 

Chong et al. using concentrations ranging from 50 to 110 mL μg−1, those typically 

recorded in oil palm roots. SA was found to be antifungal against G. boninense ( Chong et 

al., 2012; Chong et al., 2009). 

Phenylpropanoid metabolism produces an enormous array of secondary metabolites. 

The biosynthesis of GA and its derivative MG takes place via phenylpropanoid 

metabolism (Vogt, 2010).  

III. Conclusion 

Extracts obtained from studied plants presented antifungal activities against Foa and its 

cellulases. Regarding the antifungal activity by bioautography techniques, the extracts 

from A. graveolens, L. arborescens, and L. feei provided the best inhibitions, which 

indicate these extracts are useful agents to control agricultural diseases caused by this 

phytopathogenic fungi. In addition, we isolated methyl gallate and syringic acid as major 

metabolites with antifungal activity from the aerial parts of L. arborescens and A. 

graveolens. 

Therefore, our study will help in the discovery of novel eco-friendly antifungal agents 

used in the agriculture field. 
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 General conclusion 

Natural substances have always been interested by scientists for their potential as 

therapeutic agents, the originality of their structures, but also their ecological role in nature. 

The use of plants for medicinal purposes is a therapeutic alternative for populations in the 

treatment, because of the high cost of drugs, and because experience has shown therapeutic 

efficacy. The vegetation of the Southwestern region of Algeria (Saoura) is a good example 

of the study of plant diversity. The Saoura is one of the richest in Algeria is characterized 

by a set of endemic taxa and has many plants used in traditional medicine. Among them, 

nine plants were the subject of this study: Acacia raddiana, Anabasis aretioides, Asteriscus 

graveolens, Calotropis procera, Citrullus colocynthis, Launeae arborescens, 

Limoniastrum feei, Nerium oleander, and Pergularia tomentosa. Our choice for these 

species is justified by the endemism of a few and their richness in secondary metabolites 

with various biological activities. 

The date palm (Phoenix dactylifera L.) is a "tree" of great ecological and socio-

economic importance in oases in desert regions. This plant is exposed to fungal 

contamination, mainly, by a vascular disease called Bayoudh and caused by Fusarium 

oxysporum f. sp. albedinis (Fao). 

This study is part of the research work of the Phytochemistry and Organic Synthesis 

Laboratory (POSL) team, University of Bechar. The objective was to search for substances 

with an inhibitory effect on enzymatic activity. This current work targeted the host plant 

cell wall degradation enzyme (Phoenix dactylifera L.), specifically the cellulases of 

Fusarium oxysporum f. sp. albedinis (Foa). 

A simple experimental protocol was therefore developed. The tests for cellulases 

activity were performed by the technique of contact bioautography. The main advantage of 

bioautography is that it provides information about the antimicrobial activities of 

substances separated from a mixture. 

The richness in natural substances was observed in the extracts of the plants studied, 

but it should be noted that the activity of these crude extracts depends on the intrinsic 

activity of the active products and their relative amount in the extract. 
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The study of the cellulases activity of Foa showed that certain extracts of selected 

Saharan plants show a strong effect on the cellulases of Fusarium oxysporum f. sp. 

albedinis. The results indicated that the ethyl acetate extract showed the greatest antifungal 

activity, obtaining inhibition zones of 2.00 ± 0.1 mm, 2.4 ± 0.1 mm, and 2.7 ± 0.1 mm 

against F. oxysporum f. sp. albedinis cellulases. The fractions obtained with hexane, 

dichloromethane, and n-Butanol showed no antifungal activity against strains tested.  

The results of the experimental studies made it possible to better understand the 

inhibitory capacity and the phytochemical profile of the plants tested. The antifungal 

activity was undertaken to evaluate the inhibition of Foa cellulases and therefore, to predict 

the therapeutic potential of these plants for use as a source of bioactive substances against 

Foa. 

This work made it possible, on the one hand, to scientifically validate the medicinal 

and/or toxic plants selected, and on the other hand, to determine the active natural 

substances from extracts of these plants, the isolation of the active principle (s) responsible 

for the activity. Based on the results obtained in this study, it is possible to consider plants 

with significant inhibitory activity as potential sources of natural antifungal agents that can 

be used for therapeutic purposes. 

To get a more precise idea of their mode of action, this work should be continued with 

split extracts. It would therefore be judicious to continue this work by the biological 

evaluation in vivo against Bayoudh with the isolated active compounds.  
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Appendices  

Appendix A: LC-MS analysis ion mass spectra  
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Positive ionization q3 scan (detail) 

 

 

2-Ag-c 

Positive ionization q3 scan 
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Negative ionization q3 scan 

 

 

Positive ionization q3 scan (detail) 

. 
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1-La-c 

Positive ionization q3 scan 

 

 

Negative ionization q3 scan 
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Positive ionization q3 scan (detail) 
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Appendix B: NMR specters of methyl gallate 

 

Figure B1: Isolated methyl gallate 1H NMR (δppm): 6.91 (S, 2H), 3.95(S, 3H). 

 

Figure B2. Isolated methyl gallate 13C NMR (δppm): 166.51(C7 =O) 146.65(C3, C5), 

137.57(C4), 123.35 (C1) 110.12 (C2, C6) 52.08 (C8). 
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Appendix C: NMR specters of syringic acid 

 

Figure C1: Isolated syringic acid 1H NMR (δppm): 7.07 (S, 2H), 3.82(S, 6H). 

 

Figure C2. Isolated syringic acid 13C NMR (δppm): 167.49(C7 =O) 149.19(C3, C5), 

141.78(C4), 121.39 (C1) 106.09(C2, C6) 56.78 (Ca et Cb). 
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 Abstract: Currently, numerous researchers have focused their attention on the use of 
natural products from plants and microorganisms, or compounds derived from these 
organisms to protect crops from various diseases, thus reducing the negative effects on 
human health and environmental safety. 

Fungal diseases cause a considerable loss of crop yields in agricultural industries 
worldwide. Fusarium oxysporum comprises a multitude of formae speciales that cause 
vascular wilt diseases of economically important crops. 

This review presents an overview of researches realized on natural products tested 
against Fusarium oxysporum formae speciales phytopathogens for the period (2017-
2020). 

This review aims to collect major research works of the antifungal compounds against 
these fungi and up-dates information on their developments and approaches that have 
been rapidly taking place in recent years so that further novel researches can be 
envisaged.   

This review discussed these studies by analyzing different sources for antifusariosis 
treatment, evaluation of testing methods, and information on their advantages and 
limitations and to determine those with real efficacy. Despite the important number of 
natural products with remarkable in vitro efficiency, the limiting point is their in 
vivo application for soil microorganisms (in this case: Fusarium oxysporum). Therefore, 
more advanced researches are needed to solve this problem. 
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