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Abstract 

This study sought to investigate the phenolic and flavonoid content, antioxidant properties, 

antibacterial efficacy and antibiofilm activity of propolis extracts sourced from Algeria against 

Enterococcus faecalis, a prominent oral pathogen. Further investigations deleved into assessing 

their potential inhibitory effects quorum-sensing using Chromobacterium violaceum 026 and 

Chromobacterium violaceum 12472. Moreover, the toxicity of the propolis extracts was evaluated on 

brine shrimp larvae. 

Phenolic and flavonoid amounts in propolis extracts ranged from 752.82 ±13.25 to 303.41 ± 1.01 µg 

GAE/mg extract and from 271.46 ± 11.49 to 28.47 ± 0 µg QE/mg extract, respectively.  

HPLC-DAD analysis revealed that one of the major phenolic acids present in all extracts was caffeic 

acid, while Chrysin was one of the most abundant flavones identified only in Chekfa-El milia and 

Kaous samples, Hesperetin was a flavone found exclusively in Kissir ouana, Taxanna, Kherrata and 

Tamalous samples, while naringenin was highly abundant in Tamalous sample. Cynarin was a new 

compound identified for the first time in Algerian propolis. 

The results of antioxidant activity showed that propolis extracts possess good scavenging and 

reducing abilities. In addition, antibacterial and antibiofilm results indicated that propolis extracts 

have an effective antibacterial and antibiofilm effect against E. faecalis. 

Taxanna extract had the greatest ability to inhibit quorum sensing in CV026, with an inhibition 

diameter of 13 mm. Propolis extracts effectively suppressed violacein secretion on CV12472 at MIC 

with a value of 100 %, while only Bouteldja and Taxanna samples showed high inhibition potency 

(100 %) at both MIC and sub-MIC concentrations. A toxicity study on brine shrimp larvae suggests 

that propolis extracts have moderate toxicity. 

These findings propose that propolis could be used in dentistry as a new source of drugs to inhibit and 

eliminate E. faecalis and its virulence factors from the oral cavity, particularly from the dental root 

canal. 

Keywords: Propolis, HPLC-DAD, Antioxidant, Enterococcus faecalis, Antibiofilm, Quorum-sensing 

inhibition 
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Résumé 
Le but de cette recherche était d'étudier la teneur en composés phénoliques, la teneur en flavonoïdes, 

les propriétés antioxydantes, l'activité antibactérienne et anti-biofilm des extraits de propolis collectés 

dans différentes régions d'Algérie contre Enterococcus faecalis, responsable de maladies bucco-

dentaires, et de révéler sa capacité à inhiber le quorum sensing chez Chromobacterium violaceum 026 

et Chromobacterium violaceum 12472.  En outre, la toxicité des extraits de propolis a été évaluée sur 

des larves de crevette Artemia salina. 

Les teneurs en composés phénoliques et en flavonoïdes des extraits de propolis variaient 

respectivement de ± 13.25 à 303.41 ± 1.01 µg GAE/mg d'extrait et de 271.46 ± 11.49 à 28.47 ± 0 µg 

QE/mg d'extrait 

L'analyse HPLC-DAD a révélé que l'un des principaux acides phénoliques dans tous les extraits était 

l'acide caféique, tandis que la chrysine, l'une des flavones les plus abondantes, n'a été identifiée que 

dans Chekfa-El milia et Kaous samples, l'hespérétine est une flavone trouvée exclusivement dans 

Kissir ouana, Taxanna., Kherrata et Tamalous samples, tandis que la naringénine était présente en 

grande abondance dans Tamalous sample; la cynarine est un nouveau composé identifié pour la 

première fois dans les extraits de propolis algérienne. 

Des expériences antioxydants ont montré que les extraits de propolis ont une grande capacité à piéger 

et à réduire différentes radicaux et ions. En outre, des études antibactériennes et d'antibiofilm ont 

révélé que les extraits de propolis ont un effet antibactérien et antibiofilm efficace contre E. faecalis.  

Taxanna  sample  ayant  la  plus  grande  capacité  à  inhiber  le  quorum  sensing  chez  CV026, avec un 

diamètre d'inhibition de 13 mm. 

Les extraits de propolis ont effectivement inhibé la production de violacéine chez CV12472 à la CMI 

avec  une  valeur  de  100  %,  tandis  que  seuls  Bouteldja  et  Taxanna  samples  ont  montré  une  forte  

capacité d'inhibition (100 %) à la fois à la CMI et à la concentration inférieure à la CMI. Les études de 

toxicité sur les larves de crevette Artemia Salina indiquent que les extraits de propolis ont des 

propriétés toxiques modérées. 

Ces résultats suggèrent que la propolis pourrait être utilisée en dentisterie comme nouvelle source de 

médicaments pour inhiber et éliminer E. faecalis et ses facteurs de virulence de la cavité buccale, en 

particulier du canal radiculaire. 

Mots-clés : Propolis, HPLC-DAD, Antioxydant, E. faecalis, Antibiofilm, Anti-quorum-sensing 
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:الملخص  
الفعالیة المضادة للبكتیریا  كسدة،للأ ةمضادال خصائصال والفلافونوید، الفینولي المحتوىدراسة  إلى ھذا البحث یھدف

 Enterococcusضد  الجزائر من مناطق مختلفة منالتي تم جمعھا غشیة الحیویة لمستخلصات العكبر للأ المضادةو

faecalis عندعلى تعطیل استشعار النصاب  اإضافة إلى الكشف على قدرتھ; مراض الفملأ المسببة 

Chromobacterium violaceum 026 و Chromobacterium violaceum 12472 .تقییم تم  ذلك، على علاوة

  Artemia salina.سمیة مستخلصات العكبر على یرقات الروبیان 

 1.01 ± 303.41إلى 13.25± 752.82  نم البروبولیس مستخلصات في یةوالفلافونوید یةالفینول المحتویات تراوحت

میكروغرام مكافئ 11.49 ± 271.46   إلى  0 ± 28.47 ومن, ملغ من المستخلص/میكروغرام مكافئ الغالیك

   ملغ من المستخلص على التوالي/الكرستین

الأحماض الفینولیة  أھماحد  أنرافیا السائلة ذات المردود العالي غتواكشف تحلیل الكروماتوغرافي باستخدام كروم

 flavonesوھو أحد أكثر  Chrysinفي حین تم التعرف على مركب , الموجودة في جمیع المستخلصات ھو حمض الكافیك

 منطقة كیسیرھو مركب تم الكشف عنھ  فقط في مستخلصات  hesperetin، قاوس و الشقفة بالمیلیةعینات فقط في  وفرة 

 cynarin. تمالوس بوفرة كبیرة في naringenin، بینما یوجد  )سكسكدة(تمالوسو  خراطةو  )جیجل(تاكسانة و  العوانة

  . الجزائریة العكبرفي مستخلصات  لأول مرة الكشف عنھھو مركب جدید تم 

. لى الكسح الجدري وإرجاع الایوناتلدیھا قدرة كبیرة ع العكبرأظھرت التجارب المضادة للأكسدة أن مستخلصات 

أن مستخلصات البروبولیس لھا تأثیر   الاغشیة الحیویة راسات المضادة للبكتیریا ومضاداتبالإضافة إلى ذلك، كشفت الد

  .E. faecalis لعزلات  للبیوفلمفعال مضاد للبكتیریا ومضاد 

أدت مستخلصات . ملم 13تثبیط یبلغ   منطقة ، بقطرCV026 لدىقدرة على تثبیط استشعار النصاب  تاكسانة ت عینةاظھر

و  بوتلجة عینات  ٪، بینما أظھر100 بقیمة  MICعند  CV12472 لدىبشكل فعال إلى تثبیط إنتاج الفیولاسین  العكبر

 على أجریت التي السمیة دراسة تشیر .MICوأقل من تركیزات  MICكل من   دفقط عن) ٪ 100(قدرة تثبیط قویة  تاكسانة

  .معتدلة سمیة قدرة لھا العكبرإلى أن مستخلصات  Artemia Salinaعلى یرقات الروبیان 

      تشیر نتائج ھدا البحت أنھ یمكن استخدام البروبولیس في طب الأسنان كمصدر جدید للأدویة لتثبیط وإزالة 

E.faecalis   وعواملھا الممرضة من تجویف الفم، وخاصة من قناة جذرالاسنان.  

ستشعار الا ,بیوفلملل النشاط المضاد,Enterococcus faecalis  ,الأكسدةمضادات  , ,HPLC العكبر :الكلمات المفتاحیة

    .لنصاب دالمضا
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Introduction 

The human mouth is home to over 700 species of bacteria, thriving in its various 

anatomical habitats such as teeth, gums, and tongue. This microbial diversity ranks 

second only to the intestines. Although these microbes generally coexist peacefully 

with their host, disruptions in their living conditions can lead to aggressive behavior, 

infections, and pathogen spread. Key to maintaining harmony, the oral microbiota 

achieves balance through homeostasis. However, factors like poor oral hygiene, 

dietary choices, and health conditions can disrupt this balance, allowing harmful 

microorganisms to dominate and induce oral diseases ( Persoon et al., 2017; Gao et 

al., 2018; Deo et al., 2019; Sterzenbach et al., 2020). 

Oral biofilm is particularly significant in the development of conditions like 

periodontitis and dental caries. Predominantly, tooth infections stem from the oral 

cavity's natural flora, with a mix of aerobic and anaerobic bacteria responsible for 

these polymicrobial diseases. Enterococcus faecalis, notable for its prevalence in 

various oral infections, exemplifies the challenges in treating these conditions due to 

its resistance capabilities, including biofilm formation and evasion of immune 

defenses ( Stuart et al., 2006; Klein, 2011; Kouidhi et al., 2011; Suliman Al-Badah 

et al., 2015; Kanwar et al., 2017; Grenier et al., 2020).  

During the infection process,  the  activation  of  phagocytes  surface  receptor  results  

in  a  phagocytosis  stimulation,  a  synthesis  of  ROS (reactive oxygen species),  an  

activation   of   humoral   and   cellular   responses   in   addition   to   a   production   of   

inflammatory  mediators.  As  result,  the  normal  redox  of  cells  is  disturbed  by  

the  accumulation  of  ROS  which  causes  oxidative  stress (Hernández-Ríos et al., 

2017).  

Addressing these challenges, research has turned towards natural antimicrobial 

solutions, including apitherapy. This ancient method utilizes bee products like 

propolis, known for its broad medicinal properties, including antimicrobial and anti-

inflammatory effects. Propolis, a resinous mixture produced by bees, has gained 

attention for its potential in treating resistant bacterial infections, including those 

caused by Enterococcus faecalis. Its effectiveness is attributed to its rich polyphenolic 

content, highlighting the importance of exploring natural remedies in combating oral 

pathogens and enhancing oral health ( Castaldo et al., 2002; Parolia et al., 2010; 
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Gupta et al., 2014; Piccinelli et al., 2011; Campoccia et al., 2021; Zulhendri et al., 

2021; Boulechfar et al., 2022) 

The proposed thesis aims to explore the potential of propolis in treating resistant oral 

infections, focusing on its antimicrobial and antibiofilm activities. The research plan 

includes various methodologies, from the extraction and characterization of propolis 

components  to  evaluating  their  therapeutic  effectiveness  against  resistant  bacterial  

strains, underscoring the promise of natural substances in addressing oral health 

challenges. 
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1 Natural product and apitherapy 

Since ancient times, natural products have been considered as a significant source of 

therapeutic agents. It has been estimated that 25–30% of medications are derived from 

plants, animals and microorganisms (Soltani, 2017). According to the OMS, 

traditional medicine is getting a lot of attention around the world "In China, 

traditional medicine accounts for about 40 % of all health care services; in Chile and 

Colombia, 71 % and 40 % of the populations, respectively use traditional medicine; in 

India, 65 % of rural residents use Ayurveda and herbal medicine as primary health 

care services. In developed countries, traditional and complementary medicine is 

gaining popularity. For example, the percentage of the population that has used it at 

least once is 48 % in Australia, 31 % in Belgium, 70 % in Canada, 49 % in France and 

42 % in the United States" (OMS, 2013). 

Apitherapy is a type of  traditional medicine that uses propolis, royal jelly, pollen, 

venom and honey to prevent and treat various diseases (Gupta et al., 2014); Its usage 

in medicine dates back over 6,000 years to ancient Egypt; bee products were also 

utilized medicinally by the Greeks and Romans (Kareem, 2022). 

Many manuscripts describe the therapeutic properties of bee products against dental 

diseases, oral ulcers, cardiovascular diseases, Alzheimer's disease, diabetes, cancer, as 

well as their anti-inflammatory, antihypertensive, anti-estrogenic, anti-

hypercholesterolemic and antioxidant properties (Ahuja et al., 2011; Andreea et al., 

2020).  

Propolis  is  the  most  interesting  product  of  the  hive,  known  for  centuries  for  its  

biological and pharmacological properties, including antibacterial, antiseptic, anti-

inflammatory and anesthetic properties (Almuhayawi, 2020).  

2 Propolis  

Propolis is a resinous substance that bees (Apis mellifera L.) harvest and prepare from 

resins, waxes, and gums found on the buds and bark of various botanical species 

(figure  1,  2) (Marco et al., 2017).  The  term  "Propolis" is derived from the Greek 

words "Pro" which means forward and "Polis" which is the city or the entrance to the 

hive (figure 3, 4) (Kasiotis et al., 2017). 
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Figure 1.  Plant Gums (http://www.differencebetween.net/science/difference-

between-gum-and-mucilage/) 
 

 

                        

                     

 

 

 

 

 

 

Figure 2. Resin of a bud (https://coloradorealsoap.com/blog/2017/3/29/natural-pain-

relief-healing-with-cottonwood-buds)  

 

The bees transport this resinous substance to the hive (figure 3, 4), where they modify 

it before depositing it in the hive by adding some of their own secretions and then use 

it to seal and protect the hive (Fokt et al., 2010). Propolis is used by bees to defend 

themselves against insects and microorganisms. It is used as a cement to seal cracks 

or open spaces in the hive, to sterilize the queen bee site and to mummify invading 

insects or against weather threats like wind and rain ( Ramos et  al., 2007 ;Wagh, 

2013) (figure 5). 

 

 

 

http://www.differencebetween.net/science/difference-between-gum-and-mucilage/
http://www.differencebetween.net/science/difference-between-gum-and-mucilage/
https://coloradorealsoap.com/blog/2017/3/29/natural-pain-relief-healing-with-cottonwood-buds
https://coloradorealsoap.com/blog/2017/3/29/natural-pain-relief-healing-with-cottonwood-buds
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Figure 3. The mastication of the hive 
)propolis/-https://bestbees.com/2023/05/26/bee(  

-des-https://www.compagnieAspect of propolis ( Figure 4.   
complet)-guide-sens.fr/propolis/  

Figure 5. mummifies intruders 
https://www.honeyrunfarm.com/honeyrunfarm/2020/8/1/propolis-and-more) 
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3 Origin of propolis 

Propolis is obtained from different sources: 

w Botanical origin in which worker bees collect resins from tree buds, plant 

exudates, or resins found in the stem, branches, or leaves of different plants, 

and triturate them with their mandibles before mixing them with other salivary 

substances to make propolis (Dezmirean et al., 2021).  

w Incidental materials introduced during propolis production (pollen, nectar or 

honey) (Mǎrghitaş et al., 2013). 

The different types of propolis, as well as their geographical and botanical origins, are 

presented in Table (1). 

Table 1. Types of propolis and their geographical and botanical origins (Cardinault 

et al., 2012) 

 

        Type of propolis Geographical origin Botanical origin 
Poplar amber to brown 

 

 

Brazilian Green 

 

 

Birch 

 

Red propolis 

 

Red propolis 

 

Mediterranean 

 

 

Pacific 

 

Europe, North America, non-tropical 

regions 

Asia, New Zealand 

Tropical zone of Brazil 

 

 

North of Russia 

 

Cuba, Brazil, Mexico 

 

Cuba, Venezuela 

 

Sicily, Greece, Malta, Crete 

Turkey 

 

Pacific zone (Taiwan, 

Okinawa, Indonesia) 

Populus spp.  and especially                         

P. nigra L. 

 

Baccharis spp.  especially 

B. dracunculifolia DC 

 

Betula verrucosa 

 

Dalbergia ecastophyllum 

 

Clusia rosea 

 

Family of Cupressacea 

 

 

Macaranga tanarius 
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4 The characteristics of propolis 

The different characteristics of propolis such as odor, color, constitution are really varied 

depending on: 

w Botanical source (Bankova, 2005). 

w geographical region (Chan et al., 2013). 

w Climate, season and environmental conditions (Barlak et al., 2011). 

5 Propolis collected 

The harvest of propolis is an operation carried out by the worker bees and the beekeeper: 

5.1 By worker bees foraging  

 The worker bees in the hive play several important roles, they collect various resins 

found on  some parts  of  plants  and  mix  them by  their  own secretion  (wax,  saliva)  to  

make propolis, the bees used it to protect their hive and their colonies against 

aggressors from sealing cracks and holes, mummify the dead intruder animals to 

avoid their decomposition inside the hive and also against moisture and drafts 

unfavorable to the hive (Wagh, 2013). Propolis is harvested by bees during the spring 

season and in the fall at the end of the honey flow when the harvesting temperature is 

above 20 °C (figure 6) (Melin, 2011).  

The yield of harvested propolis depends on the race; it is the Caucasian bees that 

produce an abundant quantity of propolis than the other races and according to the 

type of flora within the other races and also according to the location and 

geographical conditions (Forest area) of the hive (Philippe, 1994). 
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Figure 6. Bees bridging the gaps of the hive using propolis 

(https://www.apistory.fr/PAGES/lapropolis.html, https://thebeestore.com.au/blogs/bee-

blog/what-is-propolis-its-uses-and-how-to-collect-it) 

5.2 By beekeeper	
  Propolis is harvested by beekeepers using two main methods: 

w The scraping of the frames and the different parts of the hive (Bruneau, 

2000). 

w By  placing  grids  (plastic,  metal)  on  top  of  the  frame  where  the  bees  fill  the  

holes in the grid with propolis (Cuvillier, 2015). 

w The  grids  are  then  put  in  the  freezer  for  a  while,  after  this  time  the  propolis  

becomes crumbly and detaches easily from the grids, then the raw propolis is 

recovered by the beekeepers (figure 7, 8) (Philippe, 1994). 

 
 

 

 

 

 

 

 

                  Figure 7. Recovery of propolis by scraping the frames of the hive   
                   (https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=5190) 

  

  

 

https://www.apistory.fr/PAGES/lapropolis.html
https://thebeestore.com.au/blogs/bee-blog/what-is-propolis-its-uses-and-how-to-collect-it
https://thebeestore.com.au/blogs/bee-blog/what-is-propolis-its-uses-and-how-to-collect-it
https://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=5190
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Figure 8. Propolis harvesting from a grid 
(https://www.etsy.com/fr/listing/1518726727/propolis-brute-en-vrac) 

 

6 Factors influencing the harvest of propolis 

The harvest of propolis will be determined by a number of factors, including 

(Mountford-McAuley et al., 2021): 

w Vegetable sources. 

w Environmental conditions such as plant diversity, climate and seasonality 

w Hive structure; wooden hives give a very high production compared to 

polystyrene, wooden and plastic hives; hives with spaced top bars 

w Honey bee races: Honey bees (A. mellifera) have adapted to the ecological 

conditions within different countries, resulting in races of local ecotypes such 

as Caucasian bees (A. mellifera caucasica),  Carniolan  bees  (A. mellifera 

carnica), Italian bees (A. mellifera ligustica), Anatolian bees (A. mellifera 

anatoliaca), German black bees (A. mellifera mellifera) and Africanised honey 

bees (A. mellifera scutellata and its hybrids). 

7 Physicochemical characteristics of propolis 

The consistency of propolis varies depending on temperature. It is soft, pliable and 

very sticky at high temperatures; on the other hand, when it is cooled, especially when 

it is frozen or almost frozen, it becomes hard and brittle (Martinotti et al., 2015). 

Propolis will become liquid at 60 °C to 70 °C, but the melting point of some samples 

https://www.etsy.com/fr/listing/1518726727/propolis-brute-en-vrac
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may be as high at 100 °C (Wagh, 2013). The color of propolis varies considerably, 

from dark brown to yellow, through green or red (Chasset et al., 2016). 

Propolis smells different depending on its botanical origin and aromatic resins, but it 

has  a  pleasant  and  sweet  aroma  that  is  mixed  with  honey,  wax,  and  other  products  

(cinnamon, vanilla ...); Its flavor often pungent and sometimes bitter (Benaskeur et 

al., 2004). 

Various solvents including water, methanol, ethanol, chloroform, dichloromethane, 

ether and acetone were used to remove inert material and extract the desired propolis 

compounds (Wagh, 2013). 

8 Chemical composition of propolis 

Chemical profiling of propolis is accomplished using a variety of techniques, 

including HPLC-DAD, LC-MS, LC-MS-MS, GC-MS; because of the relatively polar 

nature of propolis constituents (in general, they have several OH groups in their 

molecules), and the introduction of soft ionization techniques compatible with liquid 

chromatography in the 1990s, HPLC-DAD and HPLC-MS became the preferred 

methods for analyzing propolis constituents (Sforcin et al., 2011). Between 2000 and 

2012, 241 compounds were identified in propolis for the first time through a 

systematic database search, and they belong to chemical classes as diverse as 

flavonoids, phenylpropanoids, terpenenes, stilbenes, lignans, coumarins, and their 

prenylated derivatives, demonstrating a pattern consistent with around 300 previously 

reported compounds (Huang et al., 2014).  

Propolis usually contains resins (50%), composed of flavonoids and phenolic acids, 

waxes (up to 30%), essential oils (10%), pollen (5%) and various organic compounds 

(5%) such as Fe,  Zn, vitamins (B1, B2, B3 and B6),  benzoic acid,  ketones,  lactones,  

steroids and sugar, as shown in figure (9) (Vladimirov et al., 1966; Hossain et al., 

2022). The proportion of these compounds varies depending on the type of bee, the 

climatic zone, the local trees and plants and even the time of day it is harvested 

(Ahuja et al., 2011).  
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Figure 9. Chemical composition of propolis (%) 

The composition of propolis is directly related to the origin of the resin collected by 

the bees from different botanical species such as populous (Populus spp.), beech 

(Fagus sylvatica), horsechestnut (Aesculus hippocastanum), birch (Betula alba), alder 

(Alnus glutinosa),  various conifer trees, Eucalyptus species and Baccharis, Populus 

trichocarpa, Populus tremuloides, Dalbergia ecastophyllum (L) Taub. and Symphonia 

globulifera L.f. figure (10) (Christov et al., 2006; Saeed et al., 2016 ; Freitas et al., 

2022).  
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Figure 10. Substances and the plants that produce them in relation with propolis 

composition (Bankova, 2005) 

8.1 Phenolic compounds  

Propolis is the richest sources of phenolic molecules, mainly flavonoids, phenolic 

acids and their esters (Asem et al., 2020). Flavonoids, phenolic acids, tannins, lignans 

and coumarins are a class of metabolites derived from plant secondary pathways that 

are naturally found in fruits, vegetables, cereals, roots, and leaves, among other plant 

products. They are secondary metabolites produced by the shikimic acid and 

phenylpropanoid pathways (Luna-Guevara et al., 2018).  

The resinous fraction of propolis contains a high concentration of phenolic 

compounds (flavonoids and phenolic acid derivatives), which are major active 

constituents  of  propolis  resinous  fraction,  which  is  still  widely  used  as  a  natural  

remedy for its antibacterial, antifungal and anticancer properties; many studies 

reported that propolis contains phenolic and flavonoid compounds such as chrysin, 

pinocembrin, galangin, pinobanksin, caffeic acid phenethyl ester, gallic acid,  

caffeic acid, p-coumaric acid, ferulic acid, chlorogenic acid, quercetin, apigenin, 

kaempferol (table 2) ( Castaldo et al., 2002; Medana et al., 2008; Cho et al., 2020; 

Boulechfar et al., 2022). 

Populus spp. of 
section 

Aigeiros, most 
often P. nigra L.,

Flavones

flavanones

cinnamic acids 
and their 

esters

Clusia spp.

Polyprenylated 
benzophenones

Betula verrucosa 
Ehrh.

Flavones

flavonols 

Baccharis 
spp., predominantl

y
B. dracunculifolia 

DC.

Prenylated p-
coumaric acids

diterpenic 
acids
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Table 2. The principal phenolic acids and flavonoids components in propolis  

Groups of 
components 

Subgroups  Constituents References 

 
 

Phenolic acids 

 
Hydroxybenzoic acids 

Gallic acid, benzoic acid, 
vanillic acid 

(Pellati et al., 2013) 

 
Hydroxycinnamic acid 

Caffeic  acid, ferulic acid, 
p-coumaric acid, cinnamic 

acid  

( Christov et al., 2006; 
Barbarić et al., 2011) 

 

 
 

 
Flavonoids 

 

Flavones 

Chrysin, tectochrysin, 
apigenin, rutin, luteolin 

(Barbarić et al., 2011; 
Vică et al., 2022; 

Zullkiflee et al., 2022) 
 

Flavonols 
Galangin, Kaempferol, 

quercetin  
(Borrelli et al., 2002; 
Coneac et al., 2008) 

 
Flavanones 

Naringenin, hesperidin, 
pinocembrin 

( Quiroga et al., 2006;) 
Laaroussi et al., 2020  

8.2 Essential oils 

Essential oils derived from propolis residues could be a natural source of different 

bioactive components such as alpha-pinene, beta-pinene, camphene, hexanal, p-

cymene, myrcene, acetophenone, sesquiterpenes-caryophyllene, (E)-nerolidol and 

selina-3,7, diene, which responsible for its antioxidant, anti-Alzheimer, antibacterial and 

antifungal properties ( Melliou et al., 2007; Albuquerque et al., 2008; Ikeda et al., 

2021; Boulechfar, 2023). 

9 Therapeutic properties of propolis 

Propolis is known for its biological characteristics, which are due to its flavonoid, 

phenolic and other aromatic compounds. these properties have promising future 

applications in medicine and dentistry figure (11) (Shruthi et al., 2012).  

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/naringenin
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       Figure 11. The main therapeutic properties associated with propolis (Zulhendri et al., 2021) 

9.1 Antibacterial, antibiofilm and antiquorum-sensing Effects 

Propolis is a natural antibiotic that has been recognized as a powerful antibacterial 

agent in dental medicine. Their activity has been demonstrated particularly against 

Gram-positive cariogenic bacteria involved in the process of dental diseases, 

including Streptococcus mutans, Streptococcus sobrinus, Lactobacillus acidophilus, 

Prevotella intermedia, Lactobacillus salivarius subsp. Salivarius (Akca et al., 2016). 

It  was  found  to  be  very  effective  against  periodontitis bacteria (Peptostreptococcus 

anaerobius, Porphyromonas gingivalis and Prevotella intermedia); and effective 

activity against bacteria that cause endodontic infection Enterococcus faecalis 

(Awawdeh et al., 2009).  
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Propolis has a broad-spectrum inhibitory effect against a wide range of Gram-positive 

and Gram-negative bacteria such as S. mutans, Salmonella typhi, Pseudomonas 

aeruginosa, Shigella sonnei, Staphylococcus aureus, Staphylococcus epidermidis                  

( Ugur et al., 2004; Graikou et al., 2016).  

The bactericidal effects of propolis appear to be due to multiple mechanisms, 

manifested by alteration of bacterial membrane and cell wall structures, destroy DNA-

dependant RNA polymerase, stop and inhibit bacterial cell growth, division and 

protein production (Parolia et al., 2021; Vadillo-Rodríguez et al., 2021).  

Propolis acts on bacteria through its secondary metabolites, including p-coumaric 

acid, apigenin, quercetin, caffeic acid phenethyl ester, galangin, pinocembrin and 

caffeic acid (Kosalec et al., 2003; Salomão et al., 2008; Veloz et al., 2019). 

Propolis can be used as an alternative therapeutic agent to combat multidrug-resistant 

bacteria in both forms planktonic and biofilm such as Klebsiella pneumoniae and 

Pseudomonas aeruginosa (Santos et al., 2020).  

Propolis reduces biofilm formation in a variety of microorganisms, including clinical 

Staphylococcus aureus strains, methicillin-resistant S. aureus, Streptococcus mutans, 

Candida glabrata, Pseudomonas aeruginosa, which acts on biofilm by causing 

damage to the extracellular polymer matrix (Veloz et al., 2015; Bryan et al., 2016; 

Doganli, 2016; Marco et al., 2017; Daikh et al., 2020; Fernández-Calderón et al., 

2021).  

Propolis contains tt-farnesol, apegenin, pinocembrin, caffeic and ferulic acids, all of 

which have mechanisms for inhibiting bacterial biofilm growth and development                   

(Wahjuningrum et al., 2014; Veloz et al., 2019). 

Propolis has the ability to inhibit virulence mechanisms in bacteria such as the 

quorum-sensing, making  it  an  effective  way  to  combat  infections  and  biofilm  

formation ( Bulman et al., 2011; Alıç et al., 2020; Sorucu et al., 2021).  There are 

several compounds in propolis that inhibit quorum-sensing responses such as  

isoprenyl caffeate, pinocembrin (Gemiarto et al., 2015; Savka et al., 2015). 

 

 

https://link.springer.com/article/10.1007/s10482-015-0503-6
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9.2 Antifungal activity 

Propolis possesses antifungal and antibiofilm properties that have been observed and 

demonstrated against three fungi responsible for onychomycoses, including Fusarium 

solani, Fusarium oxysporumand, Fusarium subglutinans (Galletti et al., 2017). 

Propolis extracts are considered a promising agent for the treatment of 

onychomycosis due to their activity against planktonic cells and the biofilm formed 

by Trichophyton spp (Veiga et al., 2018). Propolis could be used in the future as an 

alternative product for the treatment of infectious diseases caused by Candida 

albicans, Candida glabrata and Candida tropicalis (Siqueira et al., 2015). 

9.3 Anti-inflammatory properties 

Propolis acts as an anti-inflammatory agent, reducing IL-1ß production by inhibiting 

the inflammasome, inhibition of prostaglandin synthesis, inhibition of the 

proinflammatory cytokines TNF-α, IL-6, IL-8 and increase in the anti-inflammatory 

cytokines TGF-β and IL-10  ( MacHado et al., 2012; Hori et al., 2013;  Boufadi et 

al., 2021). Polyphenols play a very important role in immune system regulation 

through gene expression, regulation of immune cell, synthesis proinflammatory 

cytokines (Yahfoufi et al., 2018).  

9.4 Antioxidant activity 

Oxidation is a necessary process of cellular metabolism involving the production of 

oxygen, whose uncontrolled metabolic production leads to the formation of free 

radicals (superoxide O2•-, hydroxyl HO•, alkoxyl RO• et peroxyl RO2•) which can 

damage lipids, DNA, carbohydrates and proteins and lead to the development and 

progression of various pathologies (Codoñer-Franch et al., 2011; Rashid et al., 

2013; Sarr et al., 2015).  

Oxidative stress causes the emergence and progression of severe diseases; to address 

this issue, several research teams are focusing on the search of new antioxidants to 

combat oxidative stress and related pathologies (Oliveira et al., 2015; Surai, 2015).  

Propolis is a natural product distinguished by its ability to scavenge and reduce 

radicals, which is directly linked to its abundance of polyphenols such as Kaempferol, 

caffeic acid phenethyl ester, and quercetin, Artepillin C, and galangin (Kumazawa et 

al., 2004; Ahn et al., 2009; Narimane et al., 2017). 
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The process by which polyphenols exert their antioxidant action is as follows (Kurek-

Górecka et al., 2014):   

w Inhibits the production of radicals by inhibiting the activity of enzymes 

involved in their creation 

w Chelating ions of metals used to generate free radicals 

w Scavenging reactive forms of oxygen (ROS), thus interrupting the cascade of 

reactions leading to the peroxidation of lipids  

w  Synergistic effect with other compounds having an antioxidant effect 

9.5 Antiviral Activity 

Propolis has a significant antiviral activity on the influenza virus and the COVID-19, 

a herpetic infection caused by the type 2 herpes simplex virus ( Shimizu et al., 2008; 

Nolkemper et al., 2010; Refaat et al., 2021). 

9.6 Antiparasitic activity 

Numerous  research  works  have  shown  the  effect  of  propolis  on  the  trypanosoma  

protozoa (Trypanosoma brucei)  and Schistosoma mansoni  infection (Alanazi et al., 

2021; Silva et al., 2021). 

10  Other propolis properties 

Propolis is a bioactive substance with the following properties: 

w Anti-tumor agents that influence cancer cell proliferation and apoptosis via the 

bioactive substance caffeic acid phenethyl ester (CAPE) (Wu et al., 2011). 

w Propolis has the ability to combat Helicobacter pylori the agent responsible of 

gastric inflammation, peptic ulcer, gastric cancer, and lymphomas of mucosa 

associated lymphoid tissues (Shapla et al., 2018). 

w effective in the treatment of gynecological problems and neurodegenerative 

diseases (Imhof et al., 2005; Hussein et al., 2017). 

 

 

 

 

 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/schistosoma-mansoni


First part                             Chapter 1                                         Propolis	
 

18 
 

11 The interest of propolis in oral health  

Numerous scientific studies have demonstrated the benefits of propolis for oral health, 

including its ability to combat the bacteria that causes tooth decay, Streptococcus 

mutans (Ophori et al., 2010; Zulhendri et al., 2021). The flavones and flavonols 

found in propolis inhibit polysaccharide synthesis by inhibiting the activity of 

virulence factors involved in the pathogenesis of tooth decay glucosyltransferases 

(Koo et al., 2002).  

Propolis is also considered an alternative product that can be used to disinfect the 

dental canal during endodontic therapy, it has potent effect on periodontopathogenic 

bacteria including Tannerella forsythensis, Porphyromonas gingivalis, Prevotella 

intermedia and Treponema denticola, as well as a powerful effect on candidiasis and 

aphthous stomatitis (Samet et al., 2007; Madhubala et al., 2011; Sayyadi et al., 

2020; Lisbona-González et al., 2021).  



 

 

 

 

 

 

 

Chapter 2: Oral diseases 
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1 Oral cavity ecosystem 

Oral  cavity  is  a  complex  ecosystem  composed  of  teeth,  gingival  sillon,  hard,  soft  

palate, amygdales and among others, which colonized by different types of 

microorganisms that estimated by over 600 prevalent taxa, with distinct subsets 

predominating at different habitats figure (12) (Samaranayake et al., 2017; 

Dewhirst et al., 2010). A variety of factors, including temperature, pH, redox 

potential, nutrient, water, anatomy, salivary flow affect the growth of microorganisms 

and maintain the balance between bacterial communities; So environmental 

characteristics determine which microbes occupy a site, and the metabolic activities of 

these microbial populations modify these characteristics (Marcotte et al., 1998; 

Takahashi, 2005).  

 

 

  

 

 

 

 

 

 

Figure 12. Oral Ecosystem (Ptasiewicz et al., 2022) 
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2 Teeth 

Teeth are hard and calcified organs found in the oral cavity that are attached to the 

upper jaw (maxilla) and lower jaw (mandible) and perform the following functions 

(Ahmed, 2010; Morris et al., 2021): 

w cutting and crushing of food during chewing 

w participate in articulated language 

w participate in the development and protection of the tissues that fix them inside 

the dental alveoli 

Teeth are classified in four groups according to their shape: incisors, canines, small 

molars, large molars (Tafti et al., 2021) figure (13) 

 

Figure 13. Different tooth classes (https://www.santepourtous.nc/les- 

thematiques/mes-dents-ma-sante/generalites/anatomie-de-la-bouche/171-les-dents) 

Tooth is anatomically represented by two parts the crown and the root, each tooth is 

composed of four calcified tissues, it includes enamel, dentin, cementum and a 

specialized soft connective tissue, the pulp (Lautrou, 1997) figure (14). 

 

https://www.santepourtous.nc/les-%20thematiques/mes-dents-ma-sante/generalites/anatomie-de-la-bouche/171-les-dents
https://www.santepourtous.nc/les-%20thematiques/mes-dents-ma-sante/generalites/anatomie-de-la-bouche/171-les-dents
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Figure 14. Anatomy of tooth (Lacruz et al., 2017) 

2.1 Enamel 

Enamel is the most difficult material to create through biological processes. It 

originates from the epithelium and serves as the anatomical crown of the tooth.  It  is  

composed of approximately 96 % inorganic apatite crystals and 4% organic matter 

and water (Lynnerup et al., 2019). Enamel is formed by specific matrix proteins 

(amelogenin, ameloblastin, and enamelin) that are deposited in a highly organized 

manner and then gradually degraded (Duverger, 2015). Teeth enamel protects the 

dentin and eventually the pulp from decay and infection (Lacruz et al., 2017). 

2.2 Dentin 

Dentin is the calcified tissue that makes up the majority of the structure of a tooth. It 

is composed of about 70 % calcium hydroxyapatite, 18 % organic matter (collagen 

fibers),  12  %  water  and  making  it  harder  than  cementum  but  softer  and  less  brittle  

than enamel (Scheid et al., 2012; Giudice et al., 2015). Dentin contains a large 

number of small parallel tubules that are embedded in a highly mineralized collagen 

matrix. This structure is stronger than enamel in compressive, tensile and flexural 

strength (Varley et al., 2019). Dentine is produced by odontoblasts, which are cells 

that  line  the  pulpal  cavity.  The  odontoblaste  serves  as  a  reservoir  for  dormant  cells.  

When there is a trauma or a dental caries, the odontoblasts become activated and 

contribute to the rapid formation of reparative dentine (Huang et al., 2009).  
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Dentin protects the pulp tissue from microbes and other harmful stimuli. It also 

provides essential support to the enamel and allows the enamel, which is highly 

mineralized and therefore fragile, to withstand occlusal and masticatory forces 

without breaking. In addition, it is the first vital tissue to be exposed to external 

irritation and rather than being a passive mechanical barrier, dentin may play a role in 

the defensive reactions of the dento-pulp complex (Tjäderhane et al., 2009). 

Dentin, for example, contains several growth factors that can be released during wear 

or decay and help regulate the defense response at the dentin-pulp boundary or in the 

pulp itself (Tjäderhane, 2019). 

2.3 Root canal system 

The root canal system consists of two parts: the pulp chamber, which is located in the 

anatomic crown of the tooth and the pulp or root canal (or canals), which is located in 

the anatomic root of the tooth figure (15) (Gutmann, 2021).  The  dental  pulp  is  

contained within a rigid chamber of dentin, enamel and cement, which provides 

mechanical support and protection from the microbe-rich oral environment (Yu et al., 

2007).  

The dental pulp is a vital and vascularized tissue that ensures the formation, nutrition, 

protection and restoration characteristics of the teeth (Bindal et al., 2017).  Dental 

pulp, the only soft tissue in teeth, composed of fibroblasts, odontoblasts, immune 

cells, nerves, blood vessels, extracellular matrix, interstitial fluid and other cellular 

components that nourish teeth, form dentin, transmit sensory information and provide 

immunoprotection (Li et al., 2021). Teeth with pulp are much more resistant to 

bacterial invasion in the tubules dentinaires than teeth with canal obturation; in these 

cases, bacteria can penetrate the teeth and reach the canal system in a relatively short 

period of time (Nagaoka et al., 1995).  
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2.4 Periodontium 

The periodontium is a connective tissue organ, protected by epithelium that attaches 

the teeth to the bone of the jaws and provides a continually adapting apparatus for 

their support during function. consisting of four components: the gingiva, the 

periodontal ligament, the cementum and the alveolar bone (Melcher, 1976). 

2.5 Cementum 

Cementum is a thin layer of hard dental tissue that covers the anatomical roots of the 

teeth; it is formed by cementoblasts cells, which develop from undifferentiated 

mesenchymal cells in the dental follicle connective tissue. Cementum is slightly softer 

than dentin and composed of 45-50 % inorganic material (hydroxyapatite) and 50-

55% organic material (collagen, protein polysaccharides and water) (Boushell et al., 

2018).  The  cement  serves  two  important  functions:  on  the  one  hand,  it  ensures  the  

attachment of the dent to the alveolar os through the insertion of parodontal ligament 

fibers and on the other hand, it prevents racine resorption during parodonte 

remodeling (Hughes, 2015). 

2.6 Periodontal ligament  

Periodontal ligament is a highly specialized connective tissue that exists between the 

tooth and the alveolar bone. Its primary function is to connect the tooth to the jaw, 

which it must do in such a way that the tooth can withstand the significant forces of 

mastication (Melcher, 1976).  Periodontal  ligament  is  composed  of  various  types  of  

cells, fibers and cellular components including osteoblasts, osteoclasts, fibroblasts, 

Figure15. Components of the root canal system 
)https://www.thorpdentalcenter.com/endodontics( 

Root canal system 
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malassez epithelial remnants, odontoblasts, cementoblasts, macrophages, and 

undifferentiated mesenchymal cells (Miguez et al., 2018). 

2.7 Alveolar bone 

The alveolar bone is that part of the mandibular and maxillary bone which surrounds 

the teeth and forms the tooth sockets (Hughes, 2015). 

2.8 Gingival tissue 

Gum tissue (commonly known as gums) is the soft tissue that covers the alveolar bone 

of the jaws and the teeth up to the exposed crown of the teeth (Zwetchkenbaum et 

al., 2008). The gingiva is composed of two distinct stratified epithelia (the junctional 

epithelium and  the  oral  epithelium)  as  well  as  a  densely  collagenous  lamina  propria  

containing the supra-alveolar fibrous apparatus, blood and lymphatic vessels, and 

nerves (Schroeder et al., 1997). The gingiva is a masticatory mucosa component that 

acts as an internal defense against pathogens and mechanical stress (Yildirim et al., 

2017). 

3 Oral diseases 

Oral  diseases  are  among  the  most  common  diseases  worldwide,  with  serious  health  

and economic consequences that significantly reduce the quality of life for those 

affected (Peres et al., 2019). After the gut, the oral cavity has the second largest and 

most diverse microbiota, containing over 700 species of bacteria. It supports a wide 

range of microorganisms, including bacteria, fungi, viruses and protozoa; mouth with 

its various niches an unusually complex environment in which microbes colonize the 

surfaces of the teeth and the mucus tissues (Deo et al., 2019).  

Throughout a person's life, a homeostatic balance is maintained between the host and 

the oral microbial community via a variety of bidirectional communication and 

regulatory mechanisms (Li et al., 2022); when  this  balance  is  broken  and  affected  

by  changes  in  the  condition  (poor  oral  hygiene,  diet rich in carbohydrates, 

inflammatory,  autoimmune  diseases  and  immunodeficiency  disorders),  some  

microbes  can  dominate  and  cause  diseases (Persoon et al., 2017; Sterzenbach et 

al., 2020). Oral microorganisms have been associated with a multitude of diseases of 

the oral cavity, including dental caries, periodontal disease, endodontic infections and 

even oral cancer (Sampaio-Maia et al., 2016).  
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Enterococcus faecalis is one of  microorganism that plays a significant role in human 

oral cavity infections including periodontitis, dental carie and especially in endodontic 

treatment failure (Kouidhi et al., 2011; Rams et al., 2013; Najafi et al., 2020). 

3.1 Dental carie 

Tooth decay is a chronic infectious disease caused by cariogenic bacteria adhering to 

teeth, which metabolize sugars to produce acid, demineralizing the tooth structure 

over time (Yu et al., 2007). Streptococcus mutans is regarded as one of the primary 

agents responsible for dental caries. One important virulence property of the bacteria 

its ability to form a biofilm on the surfaces of the teeth. This organism also produces 

glucosyltransferases, multiple glucan-binding proteins,  protein  antigen  c and  

collagen-binding  protein, as well as surface proteins that coordinate that combine to 

form the dental plaque, which results in dental caries ( Matsumoto-Nakano, 2018; 

Chen et al., 2021).  

3.2 Periodontal diseases  

Periodontal diseases are a group of inflammatory diseases that affect the structures 

that support the teeth (gingiva, bone and periodontal ligament), causing tooth loss and 

contributing to systemic inflammation (Lisbona-González et al., 2021). They are 

caused by certain bacteria found in the bacterial plaque A. actinomycetemcomitans, P. 

gingivalis, P. intermedia, B. forsythus, C. rectus, E. nodatum, P. micros, S. 

intermedius and Treponema sp, Enterococcus faecalis (Lovegrove, 2004; Sun et al., 

2012). 

3.3 Oral candidiasis 

Oral  candidiasis  is  a  common  opportunistic  infection  of  the  oral  cavity  caused  by  a  

Candida species  overgrowth,  the  most  common  of  which  is  Candida albicans 

(Tanda, 2020). Candida albicans,  is  a  highly  versatile  commensal  organism  that  is  

well adapted to its human host; however, changes in the host microenvironment can 

promote the transition from one of commensalism to pathogen (Vila et al., 2020). 

Saliva plays an important role in maintaining microbial homeostasis in the oral cavity, 

while salivary gland hypofunction predisposes the oral mucosa to pathologic 

alteration and increases the risk for oral candidiasis (Mahajan et al., 2015). It causes 

a variety of diseases in the oral cavity, including pseudomembranous candidiasis (oral 
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thrush), erythematous candidiasis, denture stomatitis and angular cheilitis (Wilson 

and Wilson, 2021)  . 

3.4 Endodontic infections 

The root canal system is in its healthy and intact state free from infection. Unlike the 

oral cavity, the root canal system has no commensal microbiota and any 

microorganism detected here can be regarded as a potential pathogen (Persoon et al., 

2017).  Endodontic diseases are caused by the loss of integrity of the outer surface of 

the tooth as a result of caries, traumatic dental injuries, tooth wear and/or dental 

surgical procedures. These allow the root canal space to be exposed to the microbiota 

normally present in the oral cavity (Thebault et al., 1995). 

Root canal infections are caused by microorganisms that have colonized the root canal 

system after entering the dental pulp. They cause inflammation of the pulp tissue, 

which leads to pulp death and spread of the inflammation/infection to the 

periradicular tissues (Wong et al., 2021)   

Endodontic disease is defined as inflammation (pulpitis) or necrosis (partial or total) 

of pulp tissue. Pulpitis can be reversible or irreversible, depending on the severity of 

the attack. Reversible pulpitis is usually caused by a minor injury that allows the tooth 

to survive. Irreversible pulpitis is caused by severe pulp inflammation and results in 

the death of the tooth (Niemiec, 2005). Root canal infections are primarily 

characterized by microbial biofilm that adhere to the root canal dentin and spread to 

the apical foramina and in some cases beyond (Gulabivala et al., 2015).    

Endodontic infections are multimicrobial in nature; in primary infections, anaerobic 

bacteria dominate the microbiota and many microorganisms associated with chronic 

infections have been linked to intra- and extra-radicular infections (Abusrewil et al., 

2020).  

Endodontic disease has been found to contain a variety of bacteria, including Gram-

negative anaerobic rods; periodontal pathogens such as Prevotella intermedia, 

Prevotella denticola, Prevotella sp, Porphyromonas endodontalis, Porphyromonas 

gingivalis, Porphyromonas gingivalis, Tannerella forsythia is an obligate anaerobic 

asaccharolytic bacterium, coccobacilli that are Gram-negative bacteria with 

periplasmic flagella include Dialister sp, Fusobacterium nucleatum, Fusobacterium 

periodonticum, Denticola Treponema, Gram-positive anaerobic cocci, Treponema 
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sacranskii, Treponema sp, Streptococcus spp, Peptostreptococcus micros and 

Enterococcus faecalis (Narayanan et al., 2010).    

Endodontic infections are classified based on their anatomic location (intraradicular or 

extraradicular infection) and the time at which the microorganisms involved gained 

access to the radicular canal (primaire, secondaire or persistante) (Siqueira et al., 

2005).  

Primary endodontic infections are caused by microorganisms involved in the initial 

invasion of the pulp and subsequent colonization of necrotic tissue. Secondary 

infections are caused by microorganisms introduced into the root canal as a result of 

professional intervention. Microorganisms that have survived in the rare environment 

of treated root canals and have proven resistant to chemical debridement procedures 

cause chronic endodontic infections (Siqueira, 2002; Wong et al., 2021). 

3.4.1 Etiology and pathogenicity of endodontic diseases  

The presence of certain bacteria inside the root canal system such as Enterococcus 

faecalis is the primary cause of endodontic failure. These bacteria are more resistant 

to disinfectants, resulting in a chronic intraradicular or extraradicular infection 

(Alghamdi et al., 2020).   

Enterococcus faecalis is a Gram-positive, catalase-negative, non-spore-forming, 

facultative anaerobic bacterium that inhabits the gastrointestinal tract, oral cavity and 

vagina as normal commensal in humans. It can withstand a variety of stresses and 

hostile environments, including extreme temperatures (5-65°C), pH (4.5-10.0), and 

high NaCl concentration, allowing it to colonize a diverse range of niches ( Jett et al., 

1994 ; Fisher et al., 2009).  

The microorganism Enterococcus faecalis was found in 24 % to 77 % of 

asymptomatic and persistent endodontic infections. This finding could be attributed to 

a number of survival and virulence factors such as its ability to compete with other 

microorganisms, invade dentinal tubules and resist nutritional deprivation (Stuart et 

al., 2006). 

Enterococcus faecalis are opportunistic pathogens that can form biofilm during 

endodontic infections. They have many virulence factors, including extracellular 

surface protein, gelatinase, aggregation substance, E. faecalis collagen adhesion, 

serine protease, lipoteichoic acid and antigen A are implicated in E. faecalis adhesion, 
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colonization and resistance during infections (Najafi et al., 2020).  While  some  

bacterial products may be directly linked to periradicular tissue damage, the host 

response to the bacterium and its products is most likely to blame for a large portion 

of the tissue damage ( Kayaoglu et al., 2004).  

w Gene ace is responsible for the production of the collagen-binding adhesin 

protein, which is also responsible for biofilm adhesion to root canal walls.  

w Gene esp produces a surface protein that aids biofilm adhesion to root canal 

walls (Francisco et al., 2021) 

w Through  lipoteichoc  acids  (LTA),  E. faecalis can  bind  to  a  variety  of  

eukaryotic cells, including platelets, erythrocytes, leukocytes, lymphocytes, 

and epithelial cells; induce apoptosis of certain cell lines, including 

macrophages osteoblasts, osteoclasts, periodontal ligament fibroblasts, 

macrophages and neutrophils; related to the resistance of E. faecalis to adverse 

conditions and may also be involved in resistance against root canal 

medicaments applied during endodontic treatment (Kayaoglu et al., 2004).  

w Gelatinase (GelE) is an extracellular zinc metalloprotease that hydrolyzes 

gelatin, collagen and casein involved in biofilm formation (Mohamed et al., 

2007).  

w  Aggregation substance (Asa) is a pheromone-inducible surface protein that 

promotes aggregation during bacterial conjugation, increase adherence and 

invasion of cells as well as promote biofilm formation ( Lins et al., 2013; 

Anderson et al., 2016).  

w Serine protease (Spr), an endopeptidase enzyme aids in root canal adhesion 

(Najafi et al., 2020).  

w E.faecalis antigen A (efA) is throught to contribute to the adhesion of 

E.faecalis to cardiac cells in endocarditis, as well as its role in biofilm 

formation and pathogenesis of E.faecalis in dental root canals (Reynaud et al., 

2007; Beomidehagh et al., 2018)     

4 Oral biofilm  

Oral biofilm are functionally and structurally organized polymicrobial communities 

embedded in an extracellular matrix of exopolymers on mucus and tooth surfaces  

(Rosier et al., 2014 ; Kriebel et al., 2018).  
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Quorum sensing is a method of bacterial cell communication in biofilm that involves 

the production and detection of diffusible signaling molecules that control a wide 

range of responses including bacterial surface adhesion, extracellular matrix 

production, spore formation, competence, bioluminescence and virulence factor 

expression (Parashar et al., 2015). 

Bacterial association within a biofilm results in synergistic interaction, including 

(Agarwal et al., 2019): 

w Metabolic cooperation between species facilitates the catabolism of complex 

macromolecules, increasing the overall efficiency of the community. 

w Cell-to-cell communication; aids in the transport of information between cells 

of the same species, such as coordinating gene expression with the secretion of 

small peptides. 

w Confer antibiotic resistance genes, as well as antagonism; the production of 

inhibitory molecules may result in a competitive advantage as well as the 

exclusion of undesirable microbes. 

5 Stages of oral biofilm creation 

The formation of the acquired pellicule is the first stage of bioadhesion on dental 

surfaces. It primarily consists of a cellulosic layer that forms instantly on all solid 

surfaces exposed to oral fluids. It is composed of proteins, glycoproteins and lipids 

which are then followed by cyclic processes that require (figure  16) (Reich et al., 

2013 ; Abebe, 2021): 

w Reversible attachment of planktonic bacteria to conditioned solid surfaces 

such as teeth surfaces 

w Synthesis of glue-like exopolysaccharide matrix 

w Cells are firmly attached to the surface which is irreversible  

w Production of matured biofilm structure  

w Dispersion of an organized structure 

w Seeking new habitats 

There are numerous parameters that influence bacterial attachment including pH, 

temperature, substrate surface energy, nutritional availability, bacterial contact time, 

bacterial cell surface charge and surface hydrophobicity (Narayanan et al., 2010). 

 



First part                               Chapter 2                            Oral diseases	
 

30 
 

6 Properties of biofilm  

Microorganisms in a biofilm must meet four fundamental requirements (Garg et al., 

2018): 

· Autopoiesis : capacity to self-organize 

· Homeostasis: resistance to environmental disturbances 

· Synergy: more effective in collaboration than in isolation 

· Communality: the ability to respond to environmental changes as a group 

rather than as individuals. 

Figure 16. Stages of oral biofilm formation (Hernández et al., 2022) 
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7 Classification of oral biofilm 

Based on the infection and biofilm location, oral biofilm can be classified into several 

types (Colombo et al., 2015; Kriebel et al., 2018): 

w Supragingival biofilm formed above the gingival margin 

w Subgingival biofilm formed below the gingival margin 

w Cariogenic biofilm 

w Periodontopathogenic biofilm 

w Endodontic biofilm 

w Fungal Biofilm 

7.1  Endodontic biofilm 

The root canal provides an exceptional microenvironment for several bacterial species 

to attach to the surface of the dentine and form dense biofilm, which are common on 

most humid surfaces and can cause environmental problems while also being a 

frequent source of persistent infections (Estrela et al., 2009). Endodontic biofilm are 

multicellular microbial communities in which microbes are enmeshed in their own 

extracellular polymeric substance (EPS, typically a polysaccharide) and firmly 

attached to surfaces (root canal walls, inside isthmuses, ramifications, dentinal 

tubules, accessory and lateral canals, as well as on external root areas) (Colombo et 

al., 2015; Yoo et al., 2019).  

Endodontic bacterial biofilm are classified into four types, the most common of which 

is intracanal, which forms on the root canal dentin of an infected tooth (Jhajharia et 

al., 2015), the bacteria in this biofilm are mostly collections of cocci, rods, filaments, 

spirochets and other bacterial wastes. The ability of Enterococcus faecalis to form a 

calcified biofilm on root canal dentin may be a major factor contributing to its 

persistence and resistance to treatment (Garg and Garg, 2018). Root surface biofilm 

are formed on the root (cementum) surface adjacent to the root apex of endodontically 

infected teeth, periapical microbial biofilm are isolated biofilm found in the periapical 

region of endodontically infected teeth, biomaterial centered infection is caused when 

bacteria adhere to the surface of an artificial biomaterial and form biofilm structures 

(Narayanan and Vaishnavi, 2010). 
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8 Quorum-sensing 

Quorum sensing (QS) is a type of cell-to-cell communication in bacteria that couples 

gene expression via the accumulation of signaling molecules, resulting in the 

production of several virulence factors and the modulation of bacterial behaviors 

(Wang et al., 2022). The quorum sensing mechanism is divided into three categories 

based on the signal molecules that aid in cell-to-cell communication. These 

compounds play a role in the synthesis of antibiotics, exoenzymes, virulence factors, 

and biofilm (Martinelli et al., 2004; Ray, 2021): 

· LuxI/LuxR-type quorum sensing, which is facilitated by signal molecules 

acyl-homoserine lactones (AHL) in Gram-negative bacteria. 

· Oligopeptide-two-component-type quorum sensing is only for the Gram-

positive bacteria where bacterial cells use small peptides as signal 

molecules. 

· LuxS-encoded autoinducer 2 (AI-2) quorum sensing where signal 

molecules are found in both Gram-positive and Gram-negative bacteria in 

the gene regulatory mechanism 

Chromobacterium violaceum is a gram-negative bacterium that has been used widely 

in microbiology labs involved in quorum sensing research (Kothari et al., 2017). 

Chromobacterium violaceum is a pathogenic bacterium that communicates via 

quorum sensing (QS), via the C6-homoserine lactone signal (C6-HSL). It is well 

known that QS regulates the production of the pigment violacein in this 

microorganism; in fact, violacein production dependent on QS is widely used as a 

marker to assess the efficacy of potential anti-QS molecules (Oca-Mejía et al., 2015). 

9 Biofilm related to oral diseases 

Bacteria in the mouth are responsible for dental health and disease, including caries, 

periodontal diseases, and endodontic infections. The development of bucco-dental 

diseases is inextricably linked to the ability of buccal bacteria to form and reside in a 

multi-species adhering consortium known as biofilm (Kreth et al., 2015).  

Oral diseases are caused by bacteria embedded in the dental biofilm that forms on the 

surface of the teeth. bacteria within a biofilm can communicate between themselves 

by producing, detecting, and responding to small diffusible signal molecules in a 

process known as quorum sensing, which benefits host colonization, biofilm 
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formation, competition defense, and adaptation to environmental changes (Donlan et 

al., 2002; Li et al., 2012; Kriebel et al., 2018).  

The biofilm is an effective survival organization that protects the resident 

microorganisms from exogenous, potentially harmful factors and permits 

cooperative interactions between cells of the same or different species, Moreover, 

biofilm  allow  bacteria  to  develop  resistance  to  host  immune  responses,  antibiotics  

(Colombo et al., 2015). Cells embedded in a biofilm are up to a thousand times 

more resistant to antibiotics than planktonic cells (Kouidhi et al., 2015). Microbes 

present at the supragingival level are mainly related to gingivitis and root caries, 

whereas subgingival species advance the destruction of teeth supporting tissues and 

thus cause periodontitis (Aruni et al., 2015). Endodontic disease is an infection 

caused by a biofilm and the primary goal of endodontic treatment is to remove the 

bacterial biofilm from the canal system (Jhajharia et al., 2015). The high 

prevalence of E. faecalis in endodontic infections could be caused by its ability to 

form  biofilm  and  to  coaggregate  with  other  bacteria  present  in  root  canals  (Al-

Ahmad et al., 2009). Biofilm formed by Enterococcus faecalis are able to resist 

destruction by enabling the bacteria to become 1000 times more resistant host 

immune and drugs (Usha et al., 2010). 

10 Resistance to antimicrobial drugs 

Antimicrobial resistance has become a major public health concern in recent years, 

owing to the emergence of multi-drug resistant (MDR) pathogenic bacterial strains. 

Antibiotics have been widely used in medicine, veterinary medicine, agriculture, all of 

which have contributed significantly to the development of bacterial resistance. MDR 

was defined as acquired resistance to at least one antimicrobial agent from three or 

more antimicrobial categories (Babchinskii, 1963; Naha et al., 2020; Rahman et al., 

2020).  

Enterococcus faecalis has a number of virulence factors, toxins such as cytolysin, 

haemolysin, gelatinase, aggregation substance, serine protease and cell wall 

polysaccharide have been shown to facilitate adherence, colonization, biofilm 

formation, resistance, pathogenicity and evasion of the host immune response 

(Barbosa-Ribeiro et al., 2016; Colaco, 2018).  

Bacterial drug resistance mechanisms typically involve one or more of the following 

(Kitagawa et al., 2016):  
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w Enzymatic modification or destruction of the drug itself 

w  Alteration of the drug target in the bacterial cell 

w  Reduction of membrane drug permeability 

w  Limitation  of  drug  accumulation  as  a  result  of  active  drug  efflux  in  the  

cell membrane  

Oral Enterococcus faecalis developed high levels of resistance to a variety of 

antimicrobial agents, including vancomycin, gentamicin, tetracycline, erythromycin, 

chloramphenicol, ciprofloxacin, and azithromycin  (Kouidhi  et al,  2011; Lins et al,  

2013 ; Benbelaïd et al,  2014; Prado  et al,  2017). Antibiotic resistance mechanisms 

in enterococci can be intrinsic to the species or acquired through mutation of intrinsic 

genes or horizontal genetic material exchange for resistance determinants 

(Hollenbeck et al., 2012). However, E. faecalis has demonstrated resistance to 

intracanal medications such as calcium hydroxide. The following explanations have 

been proposed to explain why E. faecalis can survive intracanal calcium hydroxide 

treatment ( Stuart et al., 2006; Mohammadi et al., 2012):  

w pH homeostasis is passively maintained by E. faecalis. This is  due to ions 

penetrating the cell membrane as well as the cytoplasm's buffering 

capacity. 

w E. faecalis has a proton pump, which adds to its ability to maintain pH 

homeostasis. This is accomplished by "pumping" protons into the cell in 

order to reduce the internal pH.  

w E. faecalis can  feed  on  the  fluid  in  the  periodontal  ligament,  penetrate  

dentinal tubules, attach to collagen and form biofilm to protect itself from 

host resistance and disinfectants (Alghamdi et al., 2020).  

11 Role of biofilm in bacterial resistance 

Bacteria that live in biofilm are more resistant to antibiotics than planktonic cells and 

can easily avoid phagocytosis (Jung et al., 2019). The biofilm community protects 

bacteria from the host defense system, rendering them more resistant to the various 

disinfectants used for oral hygiene or the treatment of infections (Jhajharia et al., 

2015). 

Resistance within biofilm can be explained by different mechanisms (Kouidhi et al., 

2015):  
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w restricted penetration of antimicrobial agents 

w induction of the general stress response 

w decreased growth rates and metabolism 

w  increasing expression of multiple drug resistance (MDR) pumps 

w activating quorum sensing systems 

w changing profiles of outer membrane proteins  

The main cause of endodontic failure is the presence of certain bacteria in the root 

canal system, in particular Enterococcus faecalis, whose resistance to disinfectants 

leads to persistent intra- or extra-radicular infection (Alghamdi et al., 2020).  

E. faecalis has the ability to create a biofilm, invade dentinal tubules and resist in root 

canals where nutritional supply is limited. Because of these characteristics, E. faecalis 

can be resistant to conventional endodontic disinfection therapy (Tinoco et al., 2016)  

The ability of E. faecalis to create a biofilm inside root canals gives it great potential 

to spread virulence and resistance genes by horizontal gene transfer (Distel et al., 

2002; Rosier et al., 2014). E. faecalis is one of the most common multidrug resistant 

hospital pathogens, capable of forming biofilm and acquiring resistance determinants 

via horizontal gene transfer. The genetic basis for intrinsic and acquired antibiotic 

resistance in E. faecalis is of great interest (Dale et al., 2015; Yadav et al., 2022). E. 

faecalis in dentinal tubules can withstand intracanal calcium hydroxide dressings for 

more  than  ten  days  by  forming  a  biofilm,  which  allows  the  bacteria  to  become  

hundreds of times more resistant to phagocytosis, antibodies and antimicrobials than 

non-biofilm producing organisms (Jhajharia et al., 2015).  

The virulence of microbial biofilm is normally restricted to the oral cavity. However, 

when these microbes or their components enter the connective tissues or circulatory 

system, they may increase the risk of certain systemic diseases such as cardiovascular 

disease, diabetes and immune-dysfunctional diseases (Xu et al., 2018). 

Because most commercial intracanal drugs have cytotoxic reactions and are unable to 

eliminate  bacteria  from  dental  tubules,  the  trend  in  recent  medicine  has  been  to  use  

biological drugs extracted from natural plants in endodontics (Sinha et al., 2014). 
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1 Experimental part 

1.1 	Microbiology section 
A comprehensive investigation was conducted to assess the general oral health 

status of patients in Oum el-Bouaghi region. The study aimed to identify 

prevalent dental diseases and associated bacteria to guide future research. The 

results of this investigation revealed that the most common dental diseases in the 

studied population were dental caries, endodontic infections, and dental 

abscesses. Analysis of various samples collected from patients' oral cavities 

unveiled the presence of different bacteria, among which Staphylococcus 

saprophyticus, Streptococcus sp and Enterococcus faecalis were predominant. 

Notably, Enterococcus faecalis exhibited a significant prevalence, indicating its 

potential role in oral health issues in these region, the research efforts have been 

directed towards understanding and addressing this specific bacterium.  

1.1.1 Sample collection 
Before taking samples, the mouth should be rinsed with water to remove any 

food debris present in the mouth. Microbiological samples were then obtained 

from different affected teeth (root canal, carious plaque, dental abscess) using a 

sterilized curette and swab from patients of different ages and in good general 

health. These samples were collected at the dental clinic in Oum El Bouaghi and 

then stored in phosphate-buffered saline (PBS) and transported to the laboratory 

for microbiological studies.  

1.1.2 Isolation and identification of Enterococcus faecalis 

Isolation allows us to obtain a pure bacterial culture, which is crucial step to 

begin microbiological studies, including the morphology, biochemical and 

physiological tests (Ruangpan et al., 2004). 

1.1.3 Morphologic Characteristics 

Morphological characteristics (Gram reaction, motility, shape and arrangement) 

can be used to identify bacteria at genus level. 

In this research, the isolation of Enterococcus is carried out on selective culture 

media BEA and incubated for 48 h at 37 °C. After incubation, each isolate is 

purified on BEA medium, then examined by Gram staining, motility, with 
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identification based on phenotypic, physiological (growth at 6.7 % NaCl, 45 °C, 

50 °C, 10 °C and PH 9.6), biochemical characteristics (catalase, oxidase, Esculin 

hydrolysis, hemolytic activity on blood agar, capacity to reduce 0.04 % 

potassium tellurite) and its appearance in chromaagar orientation. 

1.1.4 Antibiotic susceptibility and selection of resistant bacteria 

The recommendations of the Institute of Clinical and Laboratory Standards 2020 

were used to determine the effect (sensitivity, resistance and intermediate 

resistance) of various antibiotics including penicillin G (10 µg) , erythromycin 

(15 µg), tetracycline (30 µg), vancomycin (30 µg), ciprofloxacin (5 µg), 

chloramphenicol (30 µg), nitrofurantoin (300 µg) and amoxicillin (30 µg) on 

Enterococcus faecalis isolates (CLSI, 2020). 

2 Biochemical section 

2.1 Propolis harvesting and extract preparation 

Propolis samples were harvested in October 2018 at various locations in Algeria 

figure (17).  

 

 

 

 

 

 

 

 

 

 

 

Figure 17.  Geographical origins of propolis samples 
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An  80  %  ethanolic  solution  was  used  to  macerate  20  g  of  propolis  samples.  The  

mixture was incubated at room temperature for 5 days, this procedure was repeated 

two times for each sample, after filtering the mixture with Whatman N°1 paper, the 

filtrate was evaporated and concentrated at 45 °C, then stored under dry at 4 °C until 

analysis. 

The following formula was used to calculate extraction yields: 

= (%) ܌ܔ܍ܑ܇
dry crude extract

dry initial sample before extractionܺ100 

 

2.2 Thin layer chromatography 
Different phenolic and flavonoid compounds in propolis extracts were revealed by 

thin-layer chromatography. 

Thin layer chromatography (TLC) is a method that separates the components of a 

mixture by entrainment with a mobile phase along a stationary phase. 

The stationary phase consists of a thin layer of adsorbent material (silica gel: GF 254). 

The  mobile  phase  is  a  mixture  of  organic  solvents;  the  best  solvent  system  was  (n-

hexane/ Diethyl-ether /Méthanol) (7 : 4 : 0.75), however other solvent systems were 

also tried, such as (Diethyl-ether/n-hexane) (3 : 1) and (n-hexane/ethyl acetate (6 : 1). 

It can be placed at the base of the plate so that it rises by capillarity. A solution with 

the highest affinity for the solvent and the lowest affinity for the support migrate the 

fastest. The affinity of a substance for a solvent is determined by the polarity of the 

molecules (due to the type of binding of the molecules, polar or apolar). Once the 

sample is applied and the solvent has passed through the TLC plate, the plate is then 

dried. 

The chromatography plate is then placed under UV light at 254 nm. As a result, each 

substance has been identified by its UV fluorescence.  

2.3 Phytochemical analysis 

2.3.1 Estimation of phenolic contents 

Folin-Ciocalteu method is the technique used to assess phenol content in extracts, the 

phenolic compounds in propolis extract react with the Folin-Ciocalteu reagent to form 

a blue complex  that can be quantified by visible-light spectrophotometry at a 

wavelength of 765 nm using gallic acid as standard (Lizcano et al., 2019). 
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The mixture of 100 µL Folin Ciocalteu reagent, 20 µL extract and 75 µL Na2CO3 (7.5 

%) was incubated for 2 hours in the dark, then their absorbance was determined 

spectrophotometrically at 765 nm. The results are indicated in μg GAE/mg Extract 

(Singleton and Rossi, 1965). 

2.3.2 Estimation of flavonoid contents  

The basic principle of this technique is that the hydroxyl group of flavonoids reacts 

with aluminum (Al3+) and generates the stable flavonoid-Al3+ complex, which appears 

in the reaction as an instant golden-yellow coloration with intensity proportional to 

the concentration of flavonoids in the extract; quercetin was used as a standard (Ekpo 

et al., 2020). 

The content of flavonoids was determined by reacting 130 μL of methanol with 50 µL 

of diluted extract, 10 μL of potassium acetate (1M) and 10 μL of aluminum nitrate 

(10%). The reaction mixture was incubated for 40 min and then their absorbance was 

measured at 415 nm. The result was given in μg QE/mg Ext (Topçu et al., 2007).  

2.3.3 Identification of polyphenols by HPLC-DAD 

Different classes of polyphenols in propolis were identified and quantified using the 

HPLC method. In this research, Various standards, including fumaric acid, gallic acid, 

p-benzoquinone, protocatechuic acid, theobromine, theophylline, catechin, 4-

hydroxybenzoic acid, 6,7-dihydroxycoumarin, methyl-1,4 benzoquinone, vanillic 

acid, caffeic acid, vanillin, chlorogenic acid, p-coumaric acid, ferrulic acid, cynarine, 

coumarin, prophylgallate, rutin, trans-cinnamic acid, ellagic acid, myricetin, fisetin, 

kersetin, trans-cinnamik acid, luteolin, rosmarinic acid, Kaempferol, apigenin, 

chrysin, pyrocatechol, 4-hydroxy benzaldehid, epicatechin, 2,4-

dihydroxybenzaldehide, hesperedin, oleuropein, naringenin, hesperetin, genistein, 

curcumin were used to identify this molecules by comparing the retention time of 

each identified compound with the retention time of the various standards tested.  

The system used to reveal and determine the various molecules present in propolis 

extracts consists of a Shimadzu (Shimadzu Cooperation, Japan) reverse-phase high-

performance liquid chromatography system, comprising the Shimadzu SPD-M20A 

diode array detection system and the Shimadzu LC-20AT solvent delivery unit 

controlled by LC-solution software (Shimadzu CBM-20A System Controller). The 

mobile phase for the separation consists of a mixture of 0.1% aqueous acetic acid (A) 



Second part                                                          Materials and methods 
 

41 
 

and methanol (B), the column temperature was regulated at 35 °C. Intertsil ODS-3 

column (4 μm, 4.0 mm × 150 mm) and Inertsil ODS-3 guard column were used for 

separation. Detection of various components was performed using a diode array 

detector (DAD) at 254 nm after injection of 20 μL of sample solution (8 mg/mL) 

through an Agilent 0.45 filter μm. Finally, results are given in mg/g of raw propolis 

(Boutellaa et al., 2019). 

2.3.4 Biological activities 

2.3.4.1 Ability to scavenge and reduce free radicals 

2.3.4.1.1 DPPH radical scavenging test 

The 2,2-diphenyl-1-picrylhydrazyl radical is a stable, dark purple compound capable 

of reacting with antioxidant molecules, which can donate an electron or hydrogen 

atom that reduces to pale yellow 2, 2-diphenyl-1-hydrazine (DPPH-H) (figure 18) 

(Mfotie Njoya, 2021). 

 

 

 

 

 

 

 

Figure 18. Reaction of DPPH with natural antioxidants (Arce-Amezquita et al., 

2019) 

The  procedure  involves  reacting  40  µL  of  diluted  extract  with  160  µl  of  DPPH  

solution in the dark for 30 minutes, then determining the absorbance of the mixture at 

517 nm. BHA used as a standard. 

The scavenging ability of the DPPH radical was estimated on the basis of the 

following formula: 

Inhibition percentage =
 A control − A sample 

A control ܺ100 

A: absorbance 
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2.3.4.1.2 	ABTS•+ radical scavenging test 

The principle is achieved when the dark blue radical cation 2,2′-azino-bis(3-

ethylbenzothiazoline-6-sulfonate) reacts with an antioxidant compound, it is reduced 

to colorless ABTS, that can be quantified spectrophotometrically (figure 19) 

(Dasgupta et al., 2014). 

 

  

 

 

 

 

 

Figure.19 Reaction of ABTS with natural antioxidants (Hernández-Rodríguez et al., 

2019) 

7mM ABTS and 2.45 mM potassium persulfate (K2S2O8) were mixed and incubated 

for 12 h in the dark before being diluted with distilled water to an absorbance of 0.700 

± 0.020 at 734 nm; 40 μL of diluted extract was added to 160 μL of ABTS solution. 

The mixture was then incubated for 10 minutes before measuring their absorbance at 

734 nm. BHA and BHT were used as standards (Mebrek et al., 2018). results are 

expressed as IC50 values 

The percentage of inhibition was determined by the following formula: 

ABTS scavenging activity (%) =
A Control − A Sample

A Control
100 

A: absorbance 

2.3.4.1.3 Cupric ion reducing ability 

 In the CUPRAC reaction, antioxidant molecules reduce Cu (II) to Cu (I) in the 

presence of the chromogenic redox reagent bis(neocuproine), which generates a Cu(I) 

chelate (figure 20) (Suktham et al., 2019). 
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Figure 20. CUPRAC reaction (Özyürek et al., 2011) 

In the CUPRAC assay, 40 μL of extract  at  different concentrations were mixed with 

50 µL of copper(II) chloride solution, 50 µL of ethanolic neocuproin solution (50 µL) 

and 60 µL of CH3COONH4 (1 M), then incubated for 1h. Absorbance was measured 

using a spectrophotometer at 450 nm. BHA and BHT were used as standards for 

comparison, and results were expressed as A0.5 values (μg/mL) (Lekouaghet et al., 

2020).   

2.3.4.1.4 GOR free radical test  

 The basis of the technique is that the stable galvinoxyl radical (GoxN) reacts 

with antioxidants that can give it a hydrogen molecule, reducing it to GoxH (figure 

21)  (Barzegar et al., 2011).  

 The GOR scavenging method is based on reaction between 40 µL of diluted 

extract and 160 µL of galvinoxyl solution (0.1mM) in the dark at room temperature 

for 120 minutes. The reaction mixture is measured at 428 nm. The standard 

antioxidants used are BHT and BHA (Barzegar et al., 2011). 

 

 

 

 

 

 

Cu(II)-Ne Cu(I)-Ne 
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Figure 21. Reaction of GOR with natural antioxidants (Jerzykiewicz et al., 2013) 

2.3.4.1.5 Reducing power assay  

The concept of this method is that compounds with a reducing potential generate 

potassium ferrocyanide (Fe2+) after reacting with potassium ferricyanide (Fe3+), which 

then reacts with ferric chloride to produce a ferric-ferrous complex that exhibits an 

absorption maximum at 700 nm figure (22) (Bhalodia et al., 2013).  

The  reducing  capacity  of  propolis  molecules  was  revealed  by  reacting  10  μL  of  

sample solution with 40 μL of phosphate buffer (pH 6.6) and 50 μL of potassium 

ferricyanide (1%) (K3Fe (CN) 6) (1 g of K3Fe (CN) 6 in 100 ml H2O) for 20 min at 

50 °C. After incubation, 50 μL of trichloroacetic acid (10%) (1 g TCA in 10 ml H2O), 

40 μL of distilled water and 10 μL of ferric chloride solution (0.1%) (0.1 g FeCl3 in 

100 ml H2O) were added. Absorbance was determined at 700 nm (Elkolli et al., 

2022). 

 

Figure 22. Reaction of ferric with natural antioxidants (Shalaby et al., 2013) 

2.3.4.1.6 Phenanthroline assay 

In the phenanthroline method, antioxidant molecules reduce Fe³⁺ to Fe²⁺ion and then 

react with ortho-phenanthroline to form a red-orange complex figure (23) (Yefrida et 

al., 2018). 

The phenanthroline assay protocol is performed by mixing 50 µL ferric chloride 

(0.2%)  +  30  µL  phenanthroline  (0.5%)  +  110  µL  MeOH  with  10  µL  extract  at  

Fe 3+ Fe 2+ 
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different concentrations. Absorbance is read at 510 nm after incubation for 30°C/20 

min. Results were expressed as A0.5 value. 

 
Figure 23. Reaction of phenanthroline with natural antioxidants (Naraparaju et al., 

2020) 

 

2.3.5 Anti-bacterial properties 

2.3.5.1 Culture conditions 
 Enterococcus faecalis bacteria were grown on nutrient agar supplemented 

with 0.5 % glucose (with slight modification), then incubated at 37 °C for 24 hours. 

The bacterial suspension was prepared in saline solution (0.9 %) and then its turbidity 

was adjusted to the 0.5 Mc Farland turbidity standard.  

2.3.5.2 Disc diffusion assay 

20 mg of propolis extracts were dissolved in 1 mL of Dimethyl sulphoxide (DMSO) 

to obtain a final concentration of 20 mg/mL, followed by a series of dilutions to 0.625 

mg/mL. 

The activity of propolis extracts against Enterococcus faecalis bacteria was assessed 

on Mueller-Hinton agar using the disk diffusion technique. Sterile filter paper discs (6 

mm) impregnated with 20 µL of different propolis concentrations (20-0.625 mg/mL, 

respectively) were placed on the surface of agar medium spread with 100 μL of 

suspensions using a sterile cotton swab. Prediffusion of the extract into the medium 

was achieved by maintaining the petri dish at 4 °C for 1 hour in the refrigerator. The 

zones of inhibition around the discs were measured in millimeters using a ruler after 

incubation  of  the  treated  petri  dish  at  37  °C  for  24  h.  The  negative  control  was  

dimethyl sulfoxide (CLSI, 2020). 
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2.3.5.3 Broth microdilution technique 

MIC and MBC values were tested in sterile 96-well plates by placing 10 µL of 

bacterial suspension diluted to 0.5 Mc-Farland in each well in the presence of 170 µL 

of Mueller-Hinton broth and propolis extract at different concentrations (0.625-20 

mg/mL).  The lowest concentration that inhibited bacterial growth was considered as 

MIC, while the MBC value was determined by subculturing 10 µL of liquid culture 

from each well onto Mueller-Hinton agar. Plates were then incubated at 37°C for 24 

hours. MBC is the lowest concentration at which no growth is visible on Mueller-

Hinton agar (CLSI, 2020). 

2.3.5.4 Antibiofilm test  

To evaluate the effect of propolis extracts on the biofilm of Enterococcus faecalis 

bacteria,  20  μL  of  diluted  extract  at  different  concentration  was  combined  in  wells  

with 10 μL of bacterial suspension at the concentration 5x105 CFU/mL and 170 μL of 

tryptose-Soy medium, the bacterial suspension was used as a control.  The 

microplates were then kept at 37°C for 48 h. After incubation, the planktonic bacteria 

were cleared with distilled water from the wells, which were then stained with 0.1% 

crystal  violet  solution  for  10  min  at  room  temperature;  the  wells  were  then  washed  

again to remove the crystal violet. The biofilm is removed from the walls with 200 µL 

glacial acetic acid (33%), the optical density was determined at 550 nm and biofilm 

inhibition was calculated according to the equation below (Ceylan et al., 2015): 

Bioϐilm inhibition (%) =
A c − A s

A c X100 

Ac: Absorbance of control   

As: Absorbance of sample  

 

 

2.3.5.5  Antiquorum-sensing activity on CV026 

The capacity of propolis to disrupt quorum-sensing was determined on CV026 using 

the procedure of Koh and Tham. (2011).  Five  milliliters  of  warm molten  Soft  Top 

Agar were seeded with warm molten Soft Top Agar and 20 µL of 100 µg/mL C6HSL 

(exogenous source of AHL), then mixed and immediately poured onto the Luria-

Bertani Agar surface, 5 mm diameter wells filled with 50 µL of different sample 
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concentrations. Positive results for QSI were expressed by the appearance of a white 

or cream halo around this well against a purple lawn of activated CV026 bacteria. The 

inhibition diameter was then measured in millimeters using a ruler after incubation at 

30 °C for 72 h.  

2.3.5.6 Inhibition of violacein production in CV12472 

CV 12472 was used as a model strain to determine the capacity of propolis to inhibit 

violacein synthesis. In this assay, 20 μL of propolis extract at MIC and sub-MIC 

concentrations were mixed with 10 μL of overnight culture of CV12472 (0.4  OD at  

600  nm)  in  the  presence  of  170  μL  of  LB  broth  in  a  sterilized  microplate.  The  

CV12472 suspension was used as a positive control. Plates were then maintained at 30 

°C for 24 h, and absorbance was measured at 585 nm. Violacein pigment reduction 

was calculated according to the following equation (Tamfu et al., 2022): 

I (%) =
Ab 585 control −  Ab 585 sample

Ab 585 control × 100 

Ab: Absorbance 

I: Inhibition percentage of Violacein 

2.3.5.7 Cytotoxic activity 

· Lethality assay on brine shrimp 

The cytotoxicity test was performed on brine shrimp based on the method of Meyer et 

al. (1982). Brine shrimp eggs were hatched into a 2000 mL beaker filled with sea 

water and exposed to light for 48 h at 30 °C under lighting to allow growing and 

producing shrimp larvae known as Artemia nauplii. Using a micropipette, Artemia 

nauplii were collected and placed in another glass petri dish with sea water after 

incubation. 100 µL of propolis extracts at various concentrations were combined with 

4.9 mL of filtered seawater and ten brine shrimp larvae (nauplii) and then incubated 

for 24 hours. After incubation the survived shrimps were counted and the percentage 

of mortality at each dose was calculated. 

2.3.5.8 Statistical study 

Linear regression analysis was used to determine IC50 and A0.5 values. Results 

are presented as the mean value ±SD of three parallel measurements. Data were 

statistically analyzed by Graph Pad Prism software (version 8.0.2) using one-way 
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ANOVA with Tukey's multiple comparisons test; when the P value < 0.05, the results 

are considered significant. Correlations between antioxidant activities and phenolic 

and flavonoid contents were determined by Pearson's correlation coefficient r. 
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1 Phytochemical analysis 

 Phenolic compounds are the most common secondary metabolites in plants, 

which have attracted growing interest in recent years and display a wide range of 

distinct biological activities. The general chemical structure of phenolic molecules 

comprises an aromatic ring with hydroxyl substituents, which can be classified into 

numerous categories, including flavonoids, phenolic acids, tannins, stilbenes and 

lignans. Spectrophotometry and HPLC are among the methods used to quantify 

phenolic compounds in plant (Zhang et al., 2022). 

1.1 Propolis extraction yield 

Secondary metabolites from propolis samples are extracted by maceration in a 

hydroalcoholic solution (80/20: v/v). Yields of extracted propolis expressed as a 

percentage of the initial weight of the dry matter are represented in the figure 24. 

 
 

 The colors of the propolis filtrate obtained in eight different regions were light-

yellow, brown, yellow-black and yellow-brown, dark brown. The results obtained 

show that among the eight samples studied, EEPJ5 (62.35 %) represents the highest 

yield followed by the EEPKH (58.91 %), while the lowest value is observed for 

EEPTH (32.50 %). 

 

 

Figure 24. Extractions yield of propolis   
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Extraction is an essential process, requiring a suitable procedure to obtain the desired 

components from propolis. Maceration is the most widely used and traditional 

technique for extracting the active components of propolis. Polyphenolic content 

increase with the concentration of ethanol in the solvent, mainly due to the fact that 

propolis polyphenolic substances are more soluble in ethanol than in water. The ideal 

concentration of ethanol in water is around 70-95% alcohol, with 70-80% being the 

most common (Bankova et al., 2021).  

The results of this study indicate that the extraction yield of propolis extracts is 

significantly superior to the extraction yield of propolis extracts obtained in regions of 

El-Menia (39 %), Oum el bouaghi (38 %), Collo (20.5 %), El-Harrouch (36 %); while 

the  percentage  yield  of  EEPTH  (32.50  %)  is  higher  than  those  obtained  in  El  Oued  

(11.3 %), Jijel (20.88 %), Tipaza (17.02 %) and Tlemcen (16.22 %) regions (Rebiai et 

al., 2021; Boulechfar et al., 2022). Furthermore, a study by Belfar et al. (2015) 

showed that the yield of propolis extracts from Boumerdes (41.10 %), Ghardaia 

(15.57 %) and Mostaganem (30.01 %) regions were lower than that of the propolis 

extracts in our study.   

Given the polarities that distinguish bioactive constituents, the most suitable solvent 

systems for extracting polyphenols are ethanol/water combinations, yield differences 

are due to differences in propolis origin and solvent polarity (Dent et al., 2013). 

1.2 Phytochemical Screening by Thin Layer Chromatography 
The results of qualitative phytochemical screening of propolis extracts by thin-

layer chromatography (TLC) revealed various classes of chemical compounds after 

visualization under UV light at 365 nm. Thin-layer chromatographic profiling 

showing the presence of spots yellow-green, and purplish pink under UV light (figure 

25) indicating the presence of flavonoids and phenolic acids (Gwatidzo et al. 2018; 

Burman et al. 2019). 
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                                      Figure 25. TLC of propolis extracts 

1.3 Estimation of phenolic and flavonoid amounts 

The richness of propolis extracts with polyphenolic compounds was revealed by the 

Folin-Ciocalteu colorimetric reaction and the aluminum chloride method. Gallic acid 

is  the standard most often used in the Folin-Ciocalteu assay, and results are given in 

µg gallic acid equivalent/mg extract, whereas quercetin is the most commonly used 

standard in the aluminum chloride method and the amounts obtained are quantified in 

µg quercetin equivalent mg/of extract.  The amount of phenols in propolis extracts 

was determined using the calibration curve created from gallic acid (y= 0.003x 

+0.104, R2= 0.997) (Figure 26), while flavonoid contents was measured using the 

calibration curve created from quercetin (y=0.004, R2= 0.997) (Figure 27). 
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Figure 26. Calibration curve for gallic acid  

Figure 27. Calibration curve for quercetin 
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Table 3. Quantities of phenolic and flavonoid compounds in propolis extracts 

Results are expressed as means ± SD of three parallel measurements. Different letters 

in the columns represent statistically significant differences (p<0.05). 

The results presented in the table (3) allow us to conclude that ethanolic 

extracts of propolis contain considerable quantity of phenolic and flavonoid 

components.  

EEPJCH recorded the highest content of phenolic and flavonoid constituents 

(752.82 ±13.25 µg GAE/mg extract) with no significant difference (p>0.05) with 

EEPJKT (742.53 ± 9. 17 µg GAE/mg extract) and EEPKh (734.39 ± 11.54 µg 

GAE/mg extract), whereas the EEPJOK, EEPJT, EEPJ5, EEPPS, and EEPTH differed 

significantly (p<0.05).  

The total flavonoid contents (TFC) ranged from 28.47 ± 0 µg QE/mg E to 271.46 ± 

11.49 µg QE/mg E. The lowest amounts were found in EEPJOK (28.47 ± 0 µg 

QE/mg extract), which was significantly different (p<0.05) than the other extracts. 

The findings of this work indicate that propolis extracts are particularly rich in TPC 

and TFC when compared to propolis extract from the Oum el Bouaghi region, which 

had a total phenolic and flavonoid values of 270.62 ± 1.91 μg GAE/mg E, 54.35 ±  

0.20 μg QE/mg E, respectively (Boulechfar et al., 2022). Segueni et al. (2020) 

indicated  that  propolis  extracts  from  Kheir  Oued  Adjoul  (Jijel),  El-malha  

(Constantine), Ouad athmania (Mila) and Djemaa beni habibi (Jijel) regions contain 

TPC and TFC contents of 19.51 ± 0.86 to 128.11 ± 1.55 mg GAE/g, respectively and 

5.27± 0.07 to 74.57 ± 1.03 mg QE/g, respectively. 

 

Propolis extracts 

TPC (µg GAE/mg 

extract) 

TFC (µg QE/mg extract) 

EEPJOK 303.41 ± 1.01e 28.47 ± 0 b 

EEPJT 630.37 ± 3.23f 246.18 ± 0 ac 

EEPJCH 752.82 ±13.25 a 271.46 ± 11.49 a 

EEPJKT 742.53±9.17 a 248.33±2.36 ac  

EEPJ5 526.55±9.34 b 268.19±5.45 a 

EEPKh 734.39±11.54a 224.30±0 c 

EEPPS 553.22±7.30d 260.14±3.09 a 

EEPTH 677.98 ± 0.44c 254.29 ±3.05 a 
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Nedji and Loucif-Ayad (2014) reported that the contents of phenolic and flavonoid 

compounds in propolis extracts varied from 100.90 ± 2.72 to 257.40 ± 3.01 mg 

GAE/g sample and from 58.99 ± 2.49 to 91.44 ± 4.42 mg/g extract, respectively 

within four regions of Annaba. 

Studies on Algerian propolis have reported phenolic and flavonoid contents from 

Tipaza (TPC: 384.7± 18.0 mg/g, TFC: 37.27±1. 86 mg/g), Constantine (TPC: 105. 

17±2.77 mg/g, TFC : 2.152±0.546 mg/g), Tebessa (TPC : 353.2±13.9 mg/g, TFC : 

35.674±0.833 mg/g) and El-Oued (TPC : 42.12±1.42 mg/g, TFC : 29.42 ±3.57 mg/g ) 

regions, respectively (Kouadri et al., 2021)  

Our results confirm previous research indicating that hydroalcoholic solution is the 

best extraction solvent for obtaining the highest phenolic content from propolis (Sun 

et al., 2015). In addition, various factors, including botanical source, harvesting 

period, geographical location, climatic changes and types of bees at the collection site, 

influenced the amount of phenolic and flavonoid compounds (Hossain et al., 2022). 

1.4 Chemical composition of propolis extracts 

The results of HPLC-DAD analysis of the molecules present in propolis extracts have 

been expressed in mg/g extract in table (4).  

The chromatograms and the chemical structure of the molecules detected in propolis 

extracts are shown in Figure 28 and 29. Caffeic acid was the richest phenolic acid in 

all extracts, with values of EEPJCH (28.50 mg/g), EEPJOK (30.03 mg/g), EEPJ5 

(8.98 mg/g), EEPJT (28.84 mg/g), EEPKH (23.79 mg/g), EEPP5 (21.26 mg/g) and 

EEPJKT (12.88 mg/g), respectively, while it was found in trace concentration in 

EEPTH. One of the most abundant flavones is chrysin, found only in EEPJCH (29.01 

mg/g) and EEPJKT (21.73 mg/g), respectively. Hesperetin is a flavonone that was 

found exclusively in EEPJ5 (5.06 mg/g) and EEPJT (11.40 mg/g), with high content 

in EEPKH (15.42 mg/g) and EEPPS (15.45 mg/g) while naringenin was present with 

high abundance in EEPPS (25.77 mg/g) and in variable amounts in the other extracts 

with  the  exception  of  EEPTH,  which  was  completely  absent.  Ellagic  acid  was  only  

detected in EEPJ5 (4.49 mg/g), EEPJT (4.09 mg/g) and EEPJKT (3.89 mg/g).  

For the first time, we have recorded the presence of cynarin in Algerian propolis 

extracts. Kaempferol and apigenin were found in the composition of all extracts, with 

differences in concentration between regions. Other compounds such as 
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protocatechuic acid, 4-oh-benzoic acid, chlorogenic acid, ferulic acid, rutin, quercetin, 

luteolin, hesperidin and oleuropein were identified with the lowest values. 

Caffeic and ferulic acids were the major compounds detected and identified in 

propolis extracts from different regions of eastern Algeria, ferulic and caffeic acids 

were more abundant, with a content of 100.62 ± 0.02 mg/g and 24.54 ± 0.02 mg/g, 

respectively for Wad sabt region, while their concentrations for Oum tboul region 

were 19.83 ± 0.02 mg/g and 4.427 ± 0.008 mg/g, respectively (Daikh et al., 2020).  

Boulechfar et al.(2022) studied propolis extracts from two Algerian regions, the 

predominant individual phenolic compounds found in Collo region were ferulic 

(7103.17±  55.45 ng/mg) and caffeic acids (5236.90 ± 83.84 ng/mg) followed by 

apigenin (2053.56 ± 37.81 ng/mg) and kaempferol (1457.16 ± 0.88 ng/mg), gallic 

acid (1434.39 ± 12.22 ng/mg), p-coumaric acid (1376.51 ± 7.97 ng/mg) and quercetin 

(1130.32 ±  49.96 ng/mg), while the most abundant components in the Oum El 

Bouaghi region were ferulic (3126.90 ± 74.21 ng/mg) and caffeic acid (5745.61 ± 

262.38 ng/mg) followed by verbascoside (2726.14 ± 64.31 ng/mg), quercetin 

(2572.27 ± 96.47 ng/mg), Kaempferol (2109.85 ± 54.77 ng/mg) and apigenin 

(2028.32 ± 19.76 ng/mg). 

On the other hand, various molecules were identified in Turkish propolis, 

including caffeic acid (630.67 μg/mL), chrysin (641.33 μg/mL), pinocembrin (572.67 

μg/mL), galangin (534.11 μg/mL), naringenin (372.39 μg/mL), kaempferol, trans-

cinnamic acid and quercetin (Bozkuş et al., 2021). while naringin (290.19 ± 0.2 

mg/kg), hesperidin (271.77 ± 0.0 mg/kg) and rosmarinic acid (222.02 ± 6.2 mg/kg) 

have been detected in Moroccan propolis (Laaroussi et al., 2020). 

Rutin (0.45 ± 0.02 mg/g), quercetin (3.19 ± 0.03 mg/g), chlorogenic acid (0.73 ± 0, 01 

mg/g), caffeic acid (1.32 ± 0.03 mg/g), ellagic acid (1.28 ± 0.01 mg/g), luteolin (7.51 

± 0.01 mg/g) and apigenin (2.97 ± 0.04 mg/g) the identified molecules of Brazilian 

propolis (Regueira et al., 2017). Hesperetin (183.73 µg/mL), chlorogenic acid (96.92 

µg/mL), caffeic acid (90.28 µg/mL) and apigenin (66.59 µg/mL) have been revealed 

in Egyptian propolis (Saleh et al., 2023). 

There are quantitative and qualitative variation in the chemical constituents of 

propolis due to various factors, including botanical source, climate, type of bee flora, 

collection seasons and the geographic region visited by the honeybees (Barlak et al., 

2011; Hossain et al., 2022). However, some molecules are sometimes identified just 
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as trace amounts, meaning that the herb is rare around the hive or is not favorite by 

the bees (Falcão et al., 2013).  
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Compounds RT (min) Concentration (mg/g) 
EEPJCH EEPJOK EEPJ5 EEPJT EEPKH EEPTH EEPP5 EEPJKT 

Protocatechuic acid 22.39 0.14 0.23 0.13 0.18 0.12 0.12 0.15 0.08 
Theophlline 29.44 - - Tr - - - - - 

4-oh-benzoic acid 31.69 0.00 0.06 0.19 0.07 0.07 tr 0.07 0.03 
6.7-dihydroxycoumarin 33.43 Tr Tr Tr Tr Tr Tr Tr Tr 

Vanilic acid 34.68 - - Tr - - Tr - - 
Caffeic acid 35.19 28.50 30.03 8.98 28.84 23.79 tr 21.26 12.88 

Vanillin 37.12  Tr Tr Tr Tr Tr Tr Tr 
Chlorogenic acid 38.88 0.21 0.17 0.21 0.16 - - - - 
p-coumaric acid 40.81 Tr Tr Tr Tr 1.89 - Tr Tr 

Ferulic acid 42.92 0.84 0.13 Tr 0.43 0.57 Tr 3.19 0.56 
Cynarin 43.85 9.15 9.34 7.14 8.97 7.59 8.32 7.42 7.35 

Propyl-gallate 46.98 0.11 - - - - - - - 
Rutin 47.52 - - 0.04 - - 2.11 - - 

trans-2-hydroxycinnamic acid 48.07 Tr Tr Tr Tr   Tr Tr 
Ellagic acid 50.00 - - 4.49 4.09 - - - 3.89 
Quercetin 55.42 1.62 1.03 1.25 1.17 1.15 0.57 1.49 0.93 

Trans Cinnamic acid 55.92 - - - - - 0.82 - - 
Luteolin 57.87 1.16 - 0.86 2.21 2.25 0.48 2.06 0.78 

Kaempferol 62.48 2.09 2.42 3.32 1.93 3.43 0.55 1.97 1.78 
Apigenin 64.07 5.85 4.75 0.89 4.09 5.91 0.89 3.12 4.55 
Chrysin 72.77 29.01 - - - - - - 21.73 

Hesperidin 47.38 0.61 0.27 - 0.52 0.49 - 0.64 - 
Oleuropein 49.54 - Tr - - 0.11 - - - 
Naringenin 55.51 13.12 3.87 7.08 10.49 4.90 - 25.77 3.54 
Hesperetin 57.47 - - 5.06 11.40 15.42 - 15.45 - 

Table 4. HPLC analysis of propolis ethanolic extracts 
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Figure 29. Structures of compounds identified in propolis extracts
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2 Biological activities 

2.1 Antioxidant activity 

Several techniques have been applied to determine the antioxidant capacity of 

propolis extracts; in this study, six techniques were used, including DPPH, ABTS, 

GOR, CUPRAC, reducing power and phenanthroline tests. Results are represented as 

percentage inhibition at different concentrations and expressed with IC50 

(concentration capable of scavenging 50 % of radicals) for DPPH, ABTS, GOR and 

A0.5 (concentration, indicating 0.50 absorbance) for CUPRAC, reducing power and 

phenanthroline  assays  compared  with  BHA,  BHT  and  ascorbic  acid  as  reference  

standards. 

2.1.1 DPPH free radical assay 

DPPH is a free radical that can transform into a stable substance when it 

accepts an electron or hydrogen. The color of the reaction changes from violet to 

diphenylpicrylhydrazine yellow with a decrease in absorbance at wavelength 517 nm, 

meaning that the reaction between DPPH radical  and antioxidant molecules been 

achieved by hydrogen donation (Gangwar et al., 2014; Fatiha et al., 2019).  

The results presented in figure (30) show that propolis extracts and standard 

BHA have a dose-dependent scavenging capacity. The propolis extracts examined 

showed good DPPH radical scavenging activity, with a very close percentage of 

inhibition at concentration 25 µg/mL (PJCH: 86.88±0.90 %, PJOK: 87.43±0.29 %, 

PJT: 87.32±1.33 %, EEPKH: 86.88±0.82 %, EEPJ5: 86.85±0.64 %, EEPJKT: 

87.67±0.34 %), 50 µg/mL (PJCH: 86.58±0.62 %, PJOK: 87.14±0,51 %, PJT: 

87.37±1.11 %, PKH: 87.12±1.12 %, PJ5: 86.99±0.77 %, PJKT: 87.97±0.17 %, ) and 

100 µg/mL (PJCH: 86.63±0.37%, PJOK: 86.46±0.45%, PJT: 86.53±1.65 %, PKH: 

86.29±1.05 %, PJ5: 86.46±1,22%, PJKT: 87.24±0.37%) compared with the standard 

antioxidant BHA (76.77±0.54 %, 78.67±1.31 %, 79.01±0.89 %,  respectively).  

A stationary phase was observed at these concentrations, justifying an almost total 

reduction of free radicals to non-radical form. 
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Figure .30 Percentage DPPH radical inhibition at different concentrations of propolis 

extracts and standard antioxidants 

On  the  basis  of  IC50 values (Figure 31), the best activity was observed by 

EEPJT (6.78±0.24 µg/mL), which showed comparable activity (p>0.05) to EEPJOK 

(7.14±0.14 µg/mL), EEPJCH (7.89±0.24 µg/mL) and the standard antioxidant BHA 

(5.73±0.41 µg/mL), followed by EEPJ5 (8.95±0.75 µg/mL), EEPJKT (9.22±0.83 

µg/mL) and EEPKH (10.33±0.04 µg/mL), which differ (p<0.05) from BHA.  

  
Figure 31. IC50 values obtained from propolis extracts and standard antioxidant for 

DPPH test  
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2.1.2 ABTS cation radical scavenging test 

Another in vitro technique for estimating the scavenging capacity of propolis is that 

which uses the ABTS radical cation. Propolis extracts, as shown in figure (32), 

scavenge ABTS radical in a way that is proportional to the concentration of propolis 

extracts. Following, the standards antioxidants BHA and BHT, which had inhibition 

percentages of 94.20±0.90, 93.37±0.86, respectively at concentration 50 μg/mL and 

95.39±2.62, 94.87±0.87 at concentration 100 μg/mL, respectively, while EEPTH 

showed the best percentage of inhibition with value of 91.12±0.20 at 50 μg/mL and 

90.79±0.12 at 100 μg/mL, respectively. EEPPS inhibited ABTS radical with a 

percentage of 85.61±1.37 at the concentration 100 μg/mL, which considered the 

lowest inhibition value. A stationary phase was observed for other extracts as well as 

for antioxidant standards, indicating a complete reduction of free radicals to their non-

radical form. 

  

Figure 32. ABTS radical scavenging activity of propolis extracts and antioxidant 

standards  
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Figure 33. IC50 values obtained from propolis extracts and standard antioxidants for 

ABTS test 

EEPJOK possesses the greatest ABTS scavenging capacity, with an IC50 value 

(4.02±0.02 µg/mL) (p > 0.05) similar to that of EEPJT (4.23±0.26 µg/mL) and 

EEPJCH (4.45±0.12 µg/mL), but less than those of BHT (1.59±0.03 µg/mL) and 

BHA (1.03±0.00 µg/mL) (figure 33).  EEPPS  had  the  lowest  activity,  with  a  

significant difference from other extracts and standard antioxidants with IC50 value of 

18.55±0.44 µg/mL. 

2.1.3 Galvinoxyl radical scavenging (GOR) activity 

As illustrated in figure 34, propolis extracts have a dose-dependent effect. The 

scavenging activity at a concentration 100 µg/mL showed that EEPPS had the lowest 

radical scavenging capacity with value of 62.33±2.04 %, while the largest activity 

observed in EEPTH and EEPJ5 with a value of 76.91±0.56 % and 78.23±3.72 %, 

respectively, compared with antioxidant standards BHT (71.13 ± 0.74 %) and BHA 

(70.60 ± 0.10 %). A stationary phase was observed for extracts EEPJCH, EEPJOK, 

EEPJT, EEPJKT and EEPKH, EEPJ5, justifying a complete reduction of free radicals 

to their non-radical form. 
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Figure 34. Percentage inhibition of GOR by propolis and antioxidant standards 

Figure 35 demonstrates that EEPJT exicibited a strong IC50 value 3.61±1.02 μg/mL, 

which did not differ from other (P>0.05) standard antioxidants and propolis extracts, 

in contrast to EEPTH and EEPPS, which exhibited a significant difference (P<0.05) 

with IC50 values of 16.08±0.97 μg/mL and 76.25±6.27 μg/mL, respectively. 

 
Figure 35. IC50 values obtained from the GOR test for propolis extracts and standard 

antioxidants  
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2.1.4 Cupric	reducing	antioxidant	capacity	

 The ability of propolis extracts to reduce copper increases proportionally with 

extract concentration, as shown in figure (36). EEPJOK exhibit the highest activity 

with absorbance value of 3.99±0.05, followed by EEPKH with absorbance value of 

3.92±0.10 compared to the antioxidant standards BHT (2.04±0.14) and BHA 

(3.76±0.03). 

  

Figure 36. Cupric reducing capacity of propolis extracts and antioxidant standards  

EEPKh demonstrated the strongest cupric reducing capacity with A0.5 value 0.96±0.69 

µg/mL as indicated in figure 37, in contrast to EEPTH, which showed the lowest 

activity with an A0.5 value of 14.95±1.06 µg/mL. 
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Figure 37. A0.5 values obtained for propolis extracts and standard antioxidants from 

the Cupric reducing antioxidant capacity  

2.1.5 Phenanthroline antiradical activity 
BHT and BHA showed the greatest phenanthroline scavenging activity with 

absorbance values of 3.48±0.03 and 2.10±0.05, respectively, followed by EEPKh 

extract with an absorbance value of 1.68±0.00 at concentration 25 µg/mL (figure 38). 

The lowest absorbance was observed for EEPPS with absorbance value 0.89±0.15. 
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Figure 38. Phenanthroline inhibition capacity of propolis extracts and antioxidant 

standards  

As shown in figure 39, EEPKh showed the best inhibition capacity for phenanthroline 

with A0.5 value 0.51±0.19 µg/mL, which was close to that of BHA (A0.5: 0.93±0.07) 

and differed significantly from that of other extracts and BHT. 

  

Figure 39. A0.5 values obtained for propolis extracts and standard antioxidants from 

the phenonthroline test 
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2.1.6 Ferric reducing capacity of propolis  

The reducing capacity of extract was exerted at 25 µg/mL by standard antioxidants 

with absorbance values of 2.02±0.23 for ascorbic acid and 1.74±0.07 for BHA, 

followed by EEPJT with an absorbance value of 0.97±0.17. Low absorbance was 

observed for EEPJKT and EEPJ5 with values of 0.17 and 0.27, respectively (figure 

40). 

 

Figure 40. Reducing antioxidant capacity of propolis extracts 

Among the propolis extracts, EEPKh showed the best activity, with an absorbance 

value of 1.19±0.66 µg/mL, that differ significantly (p<0.05) from other propolis 

extracts and BHA (figure 41). EEPJOK, EEPJ5, EEPJKT and EEPTH showed A0.5 

value > 25 µg/mL. 
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Figure 41. A0.5 values obtained for propolis extracts and standard antioxidants from 

the reducing antioxidant test 

Propolis has long been known for its several medical properties, most notably its 

antioxidant activity, which is connected to its chemical composition, namely 

polyphenolic components (ferulic acid, caffeic acid and caffeic acid phenethyl ester) 

(Ahn et al, 2007). The  results  obtained  suggest  that  all  extracts  exerted  a  powerful  

scavengers through their hydrogen donation or electron transfer capacity (Rahman et 

al., 2015).  

Boulechfar et al. (2022) tested the ability of propolis extracts from El-Menia, Oum el 

Bouaghi, Collo and El-Harrouch regions to scavenge the DPPH radical, and their 

results revealed that propolis extracts exerted effective activity with IC50 values of 29. 

06 ± 0.20 µg/mL, 42.02 ± 1.15 µg/mL, 41.33 ± 0.61 µg/mL, 22.24 ± 0.43 µg/mL and 

22.32 ± 1.19 µg/mL, respectively. Furthermore, Debab et al. (2017) also confirmed 

the effectiveness of propolis harvested from the Mascara2 and Sidi Dahou regions 

versus the DPPH radical, where they revealed IC50 values of 0.045 mg/mL and 19.95 

mg/mL respectively. 

Propolis extract from Mila (Grarem) and Souk-Ahras regions scavenged 50 % of the 

ABTS radicals, with an inhibition concentration value of 10.08 ± 0.11 μg/mL, 7.05 ± 

0.04 μg/mL and 3.11 ± 0.03 μg/mL, respectively (Boulechfar et al., 2019; Ouahab et 

al., 2023).  



Third part																																																						   Results and discussion	
 

74 
 

Propolis extract collected from Cameroon showed an ability to reduce CUPRAC 

radicals, determined by an A0.5 value of 6.50 ± 0.25 µg/mL (Tamfu et al., 2022). In 

addition, Boulechfar et al. (2022) declared that propolis originating from different 

regions of Algeria possessed a significant reduction capacity against CUPRAC and 

ferric  radicals  with  an  A0.5 value ranging from 11.83 ± 0.12 µg/ml to 18.01 ± 2.15 

µg/ml and from 31.46 ± 1.08 to 9.53 ± 2.93, respectively. 

The results suggest that the polyphenolic compounds in propolis extracts, including 

caffeic acid, hesperidin, cynarin and naringin, may act as free radical scavengers 

(Wilmsen et al., 2005; Gülçin, 2006; Topal et al., 2016).  Propolis exerts different 

mechanisms of action against free radicals, which may include reducing free radical 

synthesis by inhibiting certain enzymes involved in their generation, scavenging free 

radicals, chelating metal ions such as iron and copper, or potentiating the action of 

other antioxidants, hydrogen atom transfer, transfer  of  a  single  electron, sequential 

proton loss electron transfer (Freitas, 2015; Zeb, 2020). 

Hydroxyl groups in the structure of phenolic compounds, among many factors, are 

responsible for the effectiveness of this compounds  as antioxidant (Shahidi et al., 

2010).  

A number of factors have been identified as influencing the ability of extracts to 

quench and react with a variety of radicals, for example radical stereoselectivity, 

extract solubility, solvent polarity and functional groups found in bioactive 

components (Mukherjee et al., 2011).  

3 Relationship between antioxidant activity and polyphenol contents 

The scavenging capacity of propolis extracts is frequently related to the quantity and 

nature of the polyphenolic components contained in propolis. The relationship 

between the antioxidant capacity of propolis determined by different techniques and 

polyphenol  content  was  explained  by  Pearson's  correlation  coefficient  r  (Annexe 1) 

(Asem et al., 2020). The results of the correlation study between antioxidant activity, 

TPC and TFC presented in Tables 5 and 6 show a positive correlation between these 

both factors. TPC and TFC derived from propolis extracts showed significant and 

strong (p<0.001, p<0.0001) positive correlation with CUPRAC, phenanthroline and 

reducing power assays. TPC and TFC of EEPPS showed a strong positive relationship 

with GOR (p<0.0001) and significant correlation with ABTS (p<0.05). Significant 
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correlations were also revealed between the phenolic and flavonoid contents of 

EEPTH and the GOR test (p<0.05). These results are also in agreement with those 

reported by Syed Salleh et al. (2021) who found that the polyphenols present in 

Malaysian propolis are closely associated with its antioxidant capacity. In addition, a 

significant correlation was also found between the antioxidant effect of Chinese 

propolis and its phenolic contents (Peng et al., 2023). The capacity of polyphenols 

and flavonoids to block oxidative stress is expressed by their ability to prevent the 

generation of free radicals via hydrogendonating ability of their hydroxyl groups and 

ability to donate electrons ( Yusop et al., 2019). 

Table 5. Relationship between antioxidant activity and TPC 

ns Non-significant correlation, p ≥ 0.05 
*Significant correlation, p<0.05 
***Highly significant correlation, p<0.001  
 **** Highly significant correlation, <0.0001 
 

TFC  Relationship between antioxidant activity and .6Table   

ns Non-significant correlation, p ≥ 0.05 
*Significant correlation, p<0.05 
***Highly significant correlation, p<0.001  
 **** Highly significant correlation, <0.0001 
 
 

Extracts 
(TPC) 

DPPH CUPRAC ABTS Phenanthroline GOR Reducing power 

EEPJCH 0.6503ns 0.9975**** 0.5695ns 0.9994**** 0.6238ns 0.9885*** 

EEPJOK 0.6082ns 0.9887*** 0.5519ns 0.9886*** 0.4218ns / 
EEPJT 0.5977ns 0.9961**** 0.5518ns 0.9967**** 0.4701ns 0.9875*** 

EEPKH 0.7116ns 0.9835*** 0.5924ns 0.9998**** 0.5965ns 0.9985**** 

EEPJ5 0.6880ns 0.9882*** 0.5856ns 0.9963****  0.5376ns / 
EEPJKT 0.6977ns 0.9871*** 0.6141ns  0.9987**** 0.5387ns / 
EEPTH / 0.9956 **** 0.7971ns 1.000**** 0.8362* / 
EEPPS / 0.9982 **** 0.8883* 0.9935**** 0.9946**** 0.9969**** 

Extracts 
(TFC) 

DPPH CUPRAC ABTS Phenanthroline  GOR Reducing power 

EEPJCH 0.6504ns 0.9975**** 0.5696ns 0.9994**** 0.6239ns 0.9885*** 

EEPJOK 0.6099 ns 0.9890*** 0.5535 ns 0.9876*** 0.4231 ns / 
EEPJT 0.5979 ns 0.9962**** 0.5519 ns 0.9967**** 0.4702 ns 0.9874*** 

EEPKH 0.7114 ns 0.9834*** 0.5922 ns 0.9998**** 0.5963 ns 0.9985**** 

EEPJ5 0.6881 ns 0.9882*** 0.5858 ns 0.9964**** 0.5377 ns / 
EEPJKT 0.6976 ns 0.9871*** 0.6141 ns 0.9987**** 0.5387 ns / 
EEPTH / 0.9956**** 0.7971ns 1.000**** 0.8363* / 
EEPPS / 0.9982**** 0.8882* 0.9936**** 0.9946**** 0.9969**** 
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4 Effect of propolis extracts on Enterococcus faecalis bacteria 

4.1 Isolation and characterization of Enterococcus faecalis  

Bile Esculin Azide Agar (BEA) revealed the presence of gray, spherical, small 

colonies with a brownish black coloration (figure 42), which can be considered as 

belonging to the Enterococci genus. These colonies were subcultured in BEA for 

purification before further microscopic, biochemical and physiological 

characterization in order to identify the Enterococcus faecalis species. 

Microscopic examination of enterococcal isolates using a light microscope (X40 and 

X100) reveals non-motile, Gram-positive ovoid cocci presenting a single, paired and short 

chain (figure 43). 

 

 

 

 

 

 

 

Figure 42. Macroscopic appearance of Enterococcus on BEA agar 

 

 

 

 

 

 

      Figure 43. Microscopic observation of Enterococcus after Gram staining   

                                                   under microscope (100X) 
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Identification of the germs as Enterococus faecalis was confirmed by physiological 

and biochemical tests. The results indicated that isolates showed negative results for 

catalase and oxidase, positive growth on potassium tellurite agar and nutrient broth 

supplemented with 6.7 %  NaCl and 0.5 % glucose (figure 44),  able to survive in a 

medium  with  a  pH  9.6  and  at  10  °C,  45  °C  and  50  °C.  Appearance  of  isolates  on  

blood agar was non-hemolytic (figure 45). Identification was completed by 

Chromagar orientation, on which Enterococcus faecalis appeared as small turquoise-

blue circular colonies (figure 46). 

 

 

 

 

 

 

 

 

Figure 44. Macroscopic appearance of Enterococcus faecalis on potassium tellurite 
agar 

 

 

 

 

 

 

 

 

 

 

 

Figure 45. Appearance of E.faecalis on blood agar 
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Figure 46. Appearance of E.faecalis on chromagar orientation 

Enterococci develop under selective conditions, a parameter widely used for their 

isolation; several studies have shown that Enterococcus faecalis bacteria is cocci 

Gram-positive organized in pairs or chains, non-motile, non-hemolytic, negative to 

catalase and oxidase, and can develop at extreme temperatures between 10, 45 and 

50°C, in an alkaline environment (pH 9.6) and in the presence of 0.04 % potassium 

tellurite (Manero et al., 1999; Al-Sa’ady, 2019). The ability to reduce potassium 

tellurite and produce black colonies is a characteristic of the E. faecalis species 

(Shekh et al., 2012). 

Enterococci develop in the presence of 40 % bile salts and hydrolyze esculin, 

producing a black precipitate in bile-esculin agar. Bacteria decompose  the esculin 

molecules and use the glucose generated as an energy source to liberate esculetin into 

the medium, which reacts with ferric citrate to give a phenolic iron complex, 

transforming the agar medium from dark brown to black (Borah et al., 2016). 

The capacity of enterococci to survive in a wide pH range can be attributed to their 

membrane durability and impermeability to acids and alkalis, whereas their 

temperature resistance can be explained by the lipids and fatty acids found in their 

membrane. The ability of enterococci to survive in extreme environments enables 

them to colonize a wide range of niches (John et al., 2011). 

4.2 Antibiotic sensitivity tests on E.faecalis isolates 

Research on E. faecalis has revealed that this antibiotic-resistant pathogen can be the 

cause of a number of oral disorders, including tooth decay, endodontic and 
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periodontal diseases ( Souto et al., 2008; Kouidhi et al., 2011; Suliman Al-Badah et 

al., 2015). It is widespread in primary and secondary endodontic infections, with 

percentages of 54.83 and 71.42 respectively (Prado et al. 2017). The high persistence 

of E. faecalis was associated to its various virulence factors including, their capacity 

to compete with other microbes, invading dentinal tubules and survive with poor 

nutrition (Stuart et al., 2006). A number of researchers have documented the 

resistance of Enterococcus faecalis isolates from endodontic disease to antimicrobial 

drugs (Endo et al., 2014; Barbosa-Ribeiro et al., 2016; Monteiro et al., 2021).  

For this study, fourteen E.faecalis isolates were tested against eight antibiotics 

(penicillin G (10 µg), erythromycin (15 µg), tetracycline (30 µg), vancomycin (30 

µg), ciprofloxacin (5 µg), chloramphenicol (30 µg), nitrofurantoin (300 µg) and 

amoxicillin (30 µg)) to determine their resistance profile. Results were interpreted on 

the basis of guidelines established by the Clinical Laboratory Standards Institute 

(CLSI 2020), as shown in figure (47). 

Figure 47. Susceptibility profile of E. faecalis isolates to different antibiotics 
 

All clinical isolates of E. faecalis were 100 % sensitive to nitrofurantoin, 

chloramphenicol and amoxicillin, the latter being one of the most commonly used 

antibiotics in the treatment of different dental problems. Resistance to other 

antibiotics was observed, with percentages of 100 % for penicillin G, 35.71 % for 

erythromycin, 7.14 % for tetracycline, 14.28 % for vancomycin and 28.57 % for 

ciprofloxacin, respectively. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/virulence-factor
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Benbelaïd et al. (2014), found that Enterococcus faecalis isolates from oral diseases 

were resistant to vancomycin, chloramphenicol, ciprofloxacin, erythromycin and 

tetracycline, but susceptible to amoxicillin. 

Lins et al. (2013) revealed that penicillin G, erythromycin and vancomycin inhibited 

the growth of Enterococcus faecalis isolated from endodontic disease, and that only 

70 % of isolates showed a high prevalence of resistance to tetracycline. While, 

Patidar et al. (2013) reported that 100 % of clinical endodontic E. faecalis bacteria 

were susceptible to amoxicillin and vancomycin, 61.5 % of isolates were resistant to 

chloramphenicol, 57.6 % to ciprofloxacin, 75 % to erythromycin and 65.3 % to 

tetracycline.  

Bacteria use several strategies to develop resistance to antimicrobial drugs. Examples 

of these processes include active efflux pump, hyperproduction of the target enzyme, 

limiting antimicrobial access to target sites by altering cell membrane permeability, 

destruction of antibiotic, enzymatic transformation of antibiotic, alteration of target of 

antibiotic, acquire metabolic processes different from those repressed by the drug 

(Van Hoek et al., 2011).  

In enterococci, antibiotic resistance mechanisms can be explained by intrinsic or 

acquired resistance through mutation of intrinsic genes or horizontal transfer of 

genetic information encoding resistance determinants (Hollenbeck et al., 2012).  

For the antibacterial and antibiofilm activity tests, only four clinical strains of E. 

faecalis were selected, due to their resistance to different ATB (Table 7). 

Table 7. Antibiotic resistance/susceptibility of E. faecalis isolates 

(S): Sensible, (R): Resistant (I): Intermediate 

 

 

Enterococcus 

faecalis 

isolates 

 

Origin 

Antibiotics  
P E TE VA  CIP C F AML 

1 ( BEF28) Dental abscess R I I R R S S S 

2 ( BEF33) Intracanal R R R I I S S S 

3 (BEF17) Tooth decay  R R I S I S S S 

4 (BEF34) Intracanal R I I R R S S S 
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5 Antibacterial activity 

5.1 Disc diffusion assay 

The effect of propolis extracts on four Enterococcus faecalis endodontic pathogens 

was evaluated using the disk diffusion technique. Inhibition zone diameter values are 

presented in Table (8). All propolis samples were effective against E. faecalis 

bacteria; it was observed that inhibition zone values increased with increasing extract 

concentration. At concentrations 20 mg/mL, EEPJKT demonstrated strong 

antibacterial activity against BEF33 strain, with inhibition value of 21.67±2.08 mm, 

followed by EEPJCH and EEPKh with the same inhibition diameter 20.33±0.57 mm 

against BEF34. EEPPS also showed the highest inhibition diameter 20±2 mm against 

BEF33. The negative control (DMSO) has no effect on bacteria.  

In dentistry, propolis and its components appear to be a promising alternative for the 

treatment of oral infections such as tooth decay, pulpal infection and endodontic 

infection (Uzel et al., 2005; Parolia et al., 2010; Zulhendri et al., 2021). In this 

experiment, the results revealed that propolis extracts were effective against E. 

faecalis bacteria.  

Several studies have already confirmed the effectiveness of propolis extracts 

compared with other intracanal drugs against E. faecalis (Madhubala et al., 2011; 

Vasudeva et al., 2017). Carbajal Mejía (2014) revealed that the antibacterial effects 

of chlorhexidine (2%) and propolis against Enterococcus faecalis is comparable. On 

the other hand, Elsayed et al.(2021) examined the efficacy of propolis against E. 

faecalis and reported that propolis had a powerful effect on this bacterium.  

However, Madhubala et al. (2011), showed that propolis extract was more potent 

than a combination of three antibiotics in reducing E. faecalis. 

Propolis exerts its action by interacting directly with bacteria cells or by stimulating 

the host cell's immune system. Several studies indicate that structural disruption of 

microbes is a potential strategy by which propolis exerts its antimicrobial effect 

(Bouchelaghem, 2021). Some active substances in propolis have the ability to alter 

the cell wall and cytoplasmic membrane of bacteria; caffeic acid is an inhibitor 

responsible for inhibiting bacterial multiplication and growth, while flavonoids act on 

the bacterial membrane, modifying the permeability of the inner membrane of 

bacteria (Wojtyczka et al., 2013). 
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5.2 Minimum inhibitory and bactericidal concentrations of propolis 

The MIC and MBC of propolis extracts against Enterococcus faecalis isolates were 

determined using the microdilution method. MBC/MIC ratios were calculated to 

define the mechanism of action of propolis extracts on these bacteria. As shown in 

table (9), MIC values range between 0.625 and >20, while MBC values range 

between 1.25 and >20. The lowest inhibitory and bactericidal concentrations were 

observed for EEPJCH and EEPJOK versus BEF34, BEF28 and EEPJT versus BEF33, 

BEF28 and EEPKh versus BEF33, with values of 0.625 mg/mL and 1.25 mg/mL, 

respectively. 

Numerous studies have shown that propolis extracts have a good bactericidal capacity 

against E. faecalis, implying that they could be used as an alternative intracanal drug 

(Arslan et al., 2011; Jahromi et al., 2012).  

Antibacterial compounds are categorized as bacteriostatic agents when the MBC/MIC 

ratio > 4, and as bactericidal agents when the MBC/MIC ratio ≤ 4 (Krishnan et al., 

2010). The results of this study indicate that propolis extracts have a bactericidal 

effect against all Enterococcus faecalis bacteria. 

The  bactericidal  effects  of  propolis  appear  to  be  due  to  multiple  mechanisms,  the  

destruction  of  bacterial  membranes  and  cell  wall  structures,  destruction  of  DNA-

dependent  RNA  polymerase,  arrest  of  bacterial  cell  growth  and  division,  and  

inhibition of protein synthesis (Parolia et al., 2021; Vadillo-Rodríguez et al., 2021).  

Propolis acts on bacteria through various mechanisms, which may be linked to its 

different compounds such as various esters of caffeic acid, apigenin, rutin, luteolin, 

naringin, galangin, caffeic acid, cinnamic acid, quercetin (Madhubala et al., 2011; 

Garg et al., 2014; Gutiérrez-Venegas et al., 2019).  
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Table 8. Effect of propolis extracts on E. faecalis bacteria 

 
Extracts 

Concentration 
(mg/mL) 

E. faecalis strains 
BEF17 BEF34 BEF28 BEF33 

 inhibition zone diameter 
(mm) 

  

 
 

EEPJCH 

20 17.67±1.53a 20.33±0.58a 19.5±1.80a 16.67±2.08a 

10 15.17±0.58b 19±2a 14±1.73b 15±1.72b 

5 14.33±1.15b 18.33±0.58a 13.33±1.53b - 
2.5 - 16.33±1.53a 12±1b - 
1.25 - - - - 

0.625 - - -   
 
 

EEPJT 

20 18±1a 14.33±1.15b 14.67±0.29b 15±0,5b 

10 15±2.65a 13.67±1.15a 13.33±0.58a 14.33±0.58a 

5 14.67±0.58a 12.33±0.58b  11.67±1.53b - 
2.5 14±1a 11±1.73b 10±1b -  
1.25 13.67±0.58a - - - 

0.625 11.67±2.08a - - - 
 
 

EEPJOK 

20 15±1a 14±1a 16.67±2.08a 17.33±3.06a 

10 14.33±2.52a 13±1.73a 14±1a 13±1a 

5 13.67±1.53a 12.33±2.31a 13.33±2.08a - 
2.5 13.33±0.58a 11±1b - - 
1.25 12.33±2.08a - - - 

0.625 11±2.65a - - - 
 
 
 

EEPKh 

20 16±0b 20.33±0.57a 17±1ba 16±1.73b 
10 14.67±2.5ba 18.67±1.52a  16.33±0.57 14.33±0.57b 
5 13±1.73bc 17.67±2.30a 15.67±0.57ba 12.33±1.15c  

2.5 12.33±1.52b 16±1.73a 15±0a  - 
1.25 11±0b  15.33±0.57a 14±1a - 

0.625 10±0b 14±1a 10±0b - 
 

 
EEPJ5 

      
20 16.33±1.52a  15.67±2.08a  17±3a 18.33±1.15a 

10 16±1a 15.33±1.15a 15.67±3.05a 18±1a 

5 14.67±3.78a 14.33±3.78a 13.67±2.08a 17.67±1.52a 

2.5 13.33±1.52a -  b8±1 16±3.60a 
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(-): no activity 

 

 

 

 

1.25 7.33±0.57a - - 11.67±1.15b 

0.625 - - - 10.67±0.57a 

 
 

EEPJKT 

20 19.33±1.52a 16.33±5.13a 14.67±1.15a 21.67±2.08a 

10 18.33±1.52a 16±2.64a 14.33±1.15a 18.33±2.08a 

5 17.67±2.08a 15.67±1.15a 13.33±2.30a 17.33±2.51a 

2.5 17.33±1.15a 10±0c 12.67±2.51bc 16.67±2.08a 

1.25 16.67±0.57a - - 9±1b 

0.625  15.33±0.57a - - - 
 
 
 

EEPPS 

20 14.67±0.57a 16.33±3.21a 15.33±4.16a 20±2a 

10 14.33±0.57a - 14±2.64a 19.33±0.57b 

5 13±1a - 13.67±1.52a 18.33±2.08b 

2.5 9±1a - - 16.33±1.52b 

1.25 - - - - 
0.625 - - - - 

 
 
 

EEPTH 

20 17±1a 18.67±4.04a 14±2.64a 16.67±1.15a  

10 16.33±0.57a 17.33±3.78a 13.83±0.76a - 
5 15±2.64a 16±1a - - 

2.5 14.67±0.57a 15.33±1.52a - - 
1.25 14.33±2.08a - -  - 

0.625 12±2a - - - 
DMSO / -  -  -  -  
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Table 9. MIC, MBC and MBC/MIC of propolis extracts 

ND: not determined 

 

 

 

 

 

Propolis extracts E.faecalis isolates MIC  

(mg/mL) 

MBC 

(mg/mL) 

MBC/MIC 

 

 
EEPKH 

BEF34 2.5 5 2 
BEF33 0.625 1.25 2 
BEF17 5 10 2 
BEF28 5 10 2 

 
 

EEPJOK 

BEF34 0.625 1.25 2 
BEF17 20 >20 / 
BEF33 1.25 2.5 2 
BEF28 0.625 1.25 2 

 
EEPJCH 

BEF34 0.625 1.25 2 
BEF17 2.5 5 2 
BEF33 5 10 2 
BEF28 0.625 1.25 2 

 
 

EEPJT 

BEF34 1.25 2.5 2 
BEF17 2.5 5 2 
BEF33 0.625 1.25 2 
BEF28 0.625 1.25 2 

 
 

EEPTH 

BEF34 5 10 2 
BEF17 10 20 2 
BEF33 5 10 2 
BEF28 2.5 5 2 

 
 

EEPPS 

BEF34 5 20 2 
BEF17 2.5  5 2 
BEF28 10 20 2 
BEF33 10 20 2 

 
 

EEPJ5 

BEF34 1.25 2.5 2 
BEF17 >20 ND 2 
BEF28 2.5 5 2 
BEF33 1.25 2.5 2 

 
 

EEPJKT 

BEF34 10 20 2 
BEF17 >20 ND / 
BEF28  20 >20 / 
BEF34   20 >20 / 
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5.3 Biofilm inhibition potential of propolis extracts 

The pathogenesis of E. faecalis is linked to its ability to create a biofilm, which is 

considered a critical step in endodontic infection. The presence or absence of 

virulence genes involved in biofilm development, and their expression levels, explain 

the difference in biofilm formation (Liu et al., 2020). Biofilm provides bacteria with 

an effective defense against the host defense system, which renders them more 

resistant to various anti-infective drugs and treatments (Jhajharia et al., 2015). 

Propolis extracts were tested for antibiofilm capacity against four Enterococcus 

faecalis isolates at MIC-MIC/16 levels. The MIC values obtained range between 

0.625 and 20 mg/mL. The ability of propolis extracts to inhibit biofilm formation 

increases with propolis extract concentration, as shown in the figure (48, 49, 50 and 

51). The results obtained for antibiofilm activity indicate that EEPKH, EEPPS, 

EEPJKT and EEPJT showed no significant difference (P> 0.05) in biofilm inhibition 

of Enterococcus faecalis isolate (BEF17) at MIC with percentage inhibition of 

65.93±1.11, 64.14±1.79, 63.23±0.59 and 60.76±0.93, respectively. EEPJKT inhibited 

the biofilm formed by Enterococcus faecalis isolate (BEF28) with a percentage of 

inhibition of 61.51±0.26, which was comparable to that of EEPJ5 (58.15±2.23 %) at 

the same concentration. The biofilm formed by Enterococcus faecalis isolate (BEF34) 

was inhibited by EEPKh with a percentage inhibition of 60.19±0.69 %, which was 

significantly  different  (P<0.05)  from  other  extracts,  whereas  EEPKh  and  EEPPS  

extracts showed no significant difference in biofilm reduction of BEF33 isolate 

(51.93±1.2 and 52±3.87, respectively). 

A number of studies have shown that propolis extracts can reduce biofilm production 

in a variety of bacteria (Ceylan et al., 2020; Daikh et al., 2020).  

Mooduto et al. (2021) reported that propolis extracts effectively reduce Enterococcus 

faecalis biofilm, in particular E. faecalis extracellular polymeric substance (EPS). A 

study by Dogan et al. (2014) revealed that Turkish propolis has the ability to inhibit 

E. faecalis, with an inhibition value of 69.5% at 2 mg/mL. 

Many researchers have reported that propolis, due to its various constituents such as 

caffeic and ferulic acids can inhibit the development of biofilm in bacteria (Daikh et 

al., 2020). 

Propolis compound including apigenin and tt-farnesol have the ability to inhibit E. 

faecalis biofilm by disruption of the biofilm membrane and which results in a 
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decrease in the amount of polysaccharides in the biofilm, then releases the cellular contents 

of the biofilm (Wahjuningrum et al., 2014). 

 

 

 

 

 

 

 

Figure 48. Percentage of antibiofilm capacity of propolis on Enterococcus faecalis 

biofilm (BEF28). Data are given as mean standard deviation (n=3). Letters varying in 

the columns represent statistically significant differences (p<0.05). 

 

 

 

 

 

 

 

 

Figure 49. Percentage of antibiofilm capacity of propolis on Enterococcus faecalis 

biofilm (BEF33). Data are given as mean standard deviation (n=3). Letters varying in 

the columns represent statistically significant differences (p<0.05). 
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Figure 50. Percentage of antibiofilm capacity of propolis on Enterococcus faecalis 

biofilm (BEF34). Data are given as mean standard deviation (n=3). Letters varying in 

the columns represent statistically significant differences (p<0.05). 
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Figure 51. Percentage of antibiofilm capacity of propolis on Enterococcus faecalis 

biofilm (BEF17). Data are given as mean standard deviation (n=3). Letters varying in 

the columns represent statistically significant differences (p<0.05). 

6 Quorum-sensing and violacein inhibition activity of propolis extracts 

The QS communication mechanism between bacteria is based on signaling chemicals 

called autoinducers (N-acyl-homoserine lactone, oligopeptides), which are 

synthesized in response to an increase in bacterial cell density. It is involved in many 

pathogenic processes in microorganisms, including virulence factors, sporulation, 

biofilm development, toxin secretion, motility, resistance to medications, and 

damages the host (Zhao et al., 2020).  

6.1 Inhibition of quorum sensing in Chromobacterium violaceum (CV026) 

The bacterium CV026 produces violacein during growth on its medium plate in the 

presence of the hormone acylhomoserine lactone (AHL), This mutant strain is used to 

assess the disruption of quorum sensing by determining zones of inhibition (Tamfu et 

al., 2022). the appearance of a creamy or yellowish ring around the well on plates 

stained with purple lawn staining produced by activated CV026 bacteria is evidence of 

disrupted quorum sensing (Tamfu et al., 2020). 

The inhibition of quorum sensing in the CV026 bacteria was assessed at the MIC and 

the sub-MIC, as indicated in the table (10). All samples had MIC values of 20 mg/mL. 

The highest inhibition activity was obtained by EEPJT with an inhibition diameter of 
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13 mm at MIC, followed by EEPKH (11.16±0.29 mm), EEPJOK (11 mm), EEPPS 

(11 mm) and EEPJCH (10 mm). However, no inhibition diameter for EEPJ5, EEPTH, 

or the negative DMSO 10 % has been detected. There is no zone of inhibition at 

MIC/4 and below.   

6.2 Violaceum inhibition in chromobacterium violaceum (CV 12472) 

During growth, Chromobacterium naturally generates a purple pigment called 

violacein which, through a quorum sensing-mediated process, acts as an antioxidant, 

protecting the bacterial membrane from oxidative stress. The bacterial strain used for 

qualitative screening of the potential of inhibition of violacein biosynthesis is C. 

violaceum 12472; the disappearance or reduction of the violet color identifies the 

inhibition of violacein biosynthesis (Tamfu et al., 2022). 

After  determining  the  MIC  values  of  propolis  extracts  on  CV12472, the ability of 

propolis to inhibit violacein production was tested at MIC and sub-MIC levels, as 

presented in Table 11.  

Results revealed that EEPTH and EEPJT exhibited high inhibition efficacy (100 %) 

against C. violaceum ATCC 12472 at  MIC  and  sub-MIC,  followed  by  EEPJKT,  

EEPKH,  EEPPS,  EEPJCH  and  EEPJ5  with  the  same  percentage  inhibition  at  MIC,  

with the exception of EEPJOK, which showed a percentage inhibition of 54.84±2.35. 

Tamfu et al.(2022) revealed that propolis from the village of Babanki (Cameroon) 

strongly suppressed violacein synthesis in CV12472 with a value of 100±0.00% at 

MIC: 0.5 mg/mL and inhibited quorum sensing in CV026 with a value of 18.0 1.0 mm 

at MIC: 0.25 mg/mL. Ceylan and Halime (2020) also showed that propolis extracts 

from Bodrum in Muğla, southwest Anatolia, possessed antiquorum-sensing capacity 

against CV026 (12 mm) and C.V ATCC 112472 (100 %) at MIC of 3.12 mg/mL. 

Propolis from Bursa region (Turkey) has been shown to inhibit violacein synthesis 

and quorum sensing in both bacterial strains CV12472 and CV026, respectively, with 

an inhibition percentage of 100 ± 0.01 at MIC: 12.5 mg/mL and 14.17±1.61 mm at 

MIC: 1.56 mg/mL, respectively (Sorucu et al., 2021).  

We can explain our results by hypothesizing that propolis extracts can inhibit the 

production of signaling molecules (AHL) as well as the reception of signals in C. 

violaceum, a promising approach to preventing bacteria from controlling their 

colonial behavior, expressing virulence and developing resistance (Alain et al., 2022). 
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Several chemical components found in propolis, such as caffeic acid, pinocembrin, 

chrysin, and galangin, have been linked to quorum-sensing inhibition (Kasote et al., 

2015; Savka et al., 2015 ; Kharsany et al., 2019).  

This chemical compounds of propolis  seems to possess great ability to interfere with 

signal transmission and reception in Chromobacterium violaceum; consequently 

disturbing microbial communication (Bulman et al., 2011; Savka et al., 2015). 

Propolis is a potential product for future anti-QS studies focusing on the isolation, 

identification and characterization of bioactive components, as it contains compounds 

that inhibit AHL-dependent QS regulation in bacteria (Bulman et al., 2011). 
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Table 10.  Inhibition of violacein synthesis in CV 12472 by propolis extracts 

(-): no inhibition  
 
Table 11. Quorum-sensing inhibitory effects of propolis extracts on CV026  

 

 

 

 

 

(-): no inhibition, (ND): not determined

Samples EEPTH EEPJKT  EEPJT EEPKH EEPJOK EEPPS EEPJ5 EEPJCH 

(mg/mL) MIC CV12472 2.5 0.625 1.25  0.625  10 1.25 1.25 0.625 

MIC  100±0.00 100±0.00 100±0.00 100±0.00  54.84±2.35 100±0.00 100±0.00 100±0.00 

MIC/2 100±0.00 74.16±0.44 100±0.00 91.75±1.35 32.38±0.22 72.36±0.34 73.47±1.53 69.71±0.19 

MIC/4 86.00±0.80 58.9±1.53 61.48±0.45 67.12±2.48 23.29±1.31 53.23±0.93 42.06±0.40 38.59±0.14 

MIC/8 54.40±0.60 30.08±0.72 43.24±0.36 36.00±0.40 14.86±1.34 20.14±0.71 30.45±0.55 - 

MIC/16 27.79±0.82 - 22.20±1.49 14.50±1.60 - 14.61±1.19 - - 

MIC/32 16.72±3.18 - -  - - - - - 

MIC/64 5.28±2.02 - - - - - - - 

Concentration 

(mg/mL) 

Propolis extracts 

EEPKh EEPJT EEPJOK EEPJCH EEPPS EEPJKT EEPJ5 EEPTH DMSO (10%) 

MIC (20 mg/mL) 11.16±0.29 13 11 10 11 ND - - - 

MIC/2 9.67±0.58 10 9 8 - ND - - - 

MIC/4 - - - - - ND - - - 

MIC/8 - - - - - ND - - - 

MIC/16 - - - - - ND - - - 
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7 The cytotoxic effect of propolis extracts 

7.1 Brine shrimp lethality activity 
The presence of toxic compounds in propolis extracts was revealed by brine shrimp 

lethality  assay.  The  cytotoxicity  of  the  extracts  was  expressed  in  terms  of  LC50  

values, corresponding to 50 % mortality, which were estimated from the straight line 

obtained from plotting % mortality versus the logarithm of the sample concentrations. 

In this experiment, the percentage lethality of brine shrimp larvae increased with 

increasing concentration of propolis extracts. The results presented in Table (10) 

show that EEPPS, EEPTH and EEPKH have a percentage lethality of shrimp larvae 

between 10±0 and 46.67±5.77 at 50 and 400 µg/mL, respectively, while EEPJOK has 

a percentage lethality of shrimp larvae only at concentration 400 µg/mL with value of 

43.33±5.77 %.  No mortality was observed at concentrations less than or equal to 25 

µg/mL, indicating that the product is not toxic to shrimp larvae. 

Cytotoxic values were calculated as low in the range 500 ≥ LC50 ≤ 1000 µg/mL, 

moderate in the range 100 ≥ LC50 ≤ 500 µg/mL, strong in the range 0 > LC50 < 100 

µg/mL, and nontoxic in the range LC50 > 1000 µg/mL (Fahad et al., 2021).  

All propolis extracts tested had LC50 values > 400 µg/mL, indicating moderate 

toxicity to shrimp larvae.  The LC50 value for the standard, potassium dichromate was 

21.11±3.74 % (table 9). 

Tanvir et al. (2018) reported that Bangladeshi propolis extract had an LC50 value 

57.99 µg/mL, indicating that it is toxic to brine shrimp nauplii. On the other hand, 

Ngassapa et al. (2022) examined 28 extracts of Tanzanian propolis and found LC50 

values ranged from 7.75 - 1244.64 µg/mL, revealing variable levels of toxicity to 

brine larvae 

The potential toxicity of propolis against shrimp nauplii can be explained by the 

presence of toxic compounds with larvicidal properties (Boulechfar, 2023)  
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Table 12. Toxic effect of propolis extracts on brine shrimp larvae 
 

ND: Not determined  
 

Table.13  Toxic effect of potassium dichromate on brine shrimp larvae 

  

 

 

 

 

 

 

 

 

 

Propolis 

extracts 

% of mortality  

LC50 

(µg/mL) 

Concentrations (µg/mL) 

 12.5 25 50 100 200 400  

EEPPS 0±0.00 0±0.00 10±0.00 16.67±5.77 16.67±5.77 43.33±5.77 >400 

EEPKH 0±0.00 0±0.00 13.33±5.77 23.33±5.57 33.33±11.54 46.67±5.77 >400 

EEPTH 0±0.00 0±0.00 13.33±5.77 23.33±5.57 26.67±5.77 36.67±5.77 >400 

EEPJOK 0±0.00 0±0.00 0±0.00 0±0.00 0±0.00 43.33±5.77 >400 

EEPJ5 ND ND ND ND ND ND ND 

EEPJT ND ND ND ND ND ND ND 

EEPJCH ND ND ND ND ND ND ND 

EEPJKT ND ND ND ND ND ND ND 

Standard  Concentrations (µg/mL) LC50 (µg/mL) 

  10 20 40  80 

Potassium 
dichromate 

0±0.00 50±10.00  80±0.00 100±0.00 21.11±3.47 



 

 

 

 

 

 

 

Conclusion 
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Conclusion 

This study focuses on the richness and type of phenolic and flavonoid compounds 

present in Algerian propolis from different regions: Ouana region (city Jijel), Chekfa-

El milia   region  (city  Jijel),  Taxanna  region  (city  Jijel),  Kissir  ouana region (city 

Jijel), Kaous region (city Jijel), Kherrata region (city Bejaïa), Bouteldja region (city 

El-Taref), Tamalous region (city Skikda), as well as their pharmacological properties. 

The total phenolic and flavonoid contents in these ethanolic propolis extracts were 

detected using the folin-Ciocalteu and aluminum chloride colorimetric methods, 

which showed different amounts. 

Different classes of phenolic and flavonoid compounds in propolis extracts, including 

25 molecules were identified and quantified using the HPLC-DAD method. The most 

abundant compounds were caffeic acid, naringenin, chrysin, and hesperetin; however, 

there was a new phenolic compound identified in all propolis extracts which is 

Cynarin. 

Antioxidant experiments including DPPH, ABTS, GOR, cupric, iron and 

phenanthroline assays showed that propolis extracts have strong antioxidant 

properties, measured by their ability to scavenge radicals and reduce ions, which 

showed a positive correlation with phenolic and flavonoid content.  

Propolis extracts were tested for their antibacterial and antibiofilm potential using 

disk diffusion, microdilution and crystal violet assays against Enterococcus faecalis 

isolates; the results revealed that propolis extracts have potent antibacterial and anti-

biofilm activity against E. faecalis. 

Evaluation of the ability of propolis extracts to inhibit quorum sensing in CV026 and 

violacein production in CV12472 showed that the propolis extract from Taxana had 

the best ability to inhibit quorum sensing in CV026; propolis extracts inhibited 

violacein production in CV12472 with  a  percentage  of  100  %  at  MIC,  and  only  

propolis extracts from Bouteldja and Taxanna showed high inhibition efficiency at 

MIC and sub-MIC concentrations with a percentage inhibition of 100 %. 

Cytotoxicity against brine shrimp larvae showed that propolis extracts from 

Bouteldja, Tamalous, Kherrata and Ouana regions are moderately toxic and show no 

toxicity at a concentration 25 µg/mL and below. 
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Propolis extracts have a very significant effect on E. faecalis and their biofilm, 

scavenge radicals and reduce ions, as well as its ability to block the quorum sensing 

and violacein production in CV026 and CV12472, respectively. These findings 

indicate that propolis extracts have a promising future medical application, 

particularly in dentistry, to treat infections caused by E. faecalis and their biofilm, as 

well as to prevent the communication between bacteria carried out by the quorum-

sensing system, in addition to the oxidative stress generated during the infection. 

Further research is needed on the isolation and chemical identification of the 

components of propolis, and the possible relationship between them and its biological 

activity like the mechanisms of action, molecular identification of these bacteria and 

description of antibiotic resistance genes, as well as in vivo toxicological studies on 

animals.  
  

 

 

 

 
  

 

 



 

 

 

 

 

 

 

 

Bibliographical references 

 

 



Third Part                                                                  References 
 

96 
 

References 

Abebe, G. M. (2021). Oral Biofilm and Its Impact on Oral Health, Psychological and 
Social Inter-action. Int J Oral Dent Health, 7, 127. 

Abusrewil, S., Alshanta, O. A., Albashaireh, K., Alqahtani, S., Nile, C. J., Scott, J. A., 
& McLean, W. (2020). Detection, treatment and prevention of endodontic 
biofilm infections: what’s new in 2020? Critical Reviews in Microbiology, 46(2), 
194–212. 

Agarwal, J., & Radera, S. (2019). Biofilm-Mediated Urinary Tract infections. 
Biofilms in Human Diseases: Treatment and Control, 177-213. 

Ahn, M. R., Kunimasa, K., Kumazawa, S., Nakayama, T., Kaji, K., Uto, Y., Hori, H., 
Nagasawa, H., & Ohta, T. (2009). Correlation between antiangiogenic activity 
and antioxidant activity of various components from propolis. Molecular 
Nutrition and Food Research, 53(5), 643–651.  

Ahuja, V., & Ahuja, A. (2011). Apitherapy-A sweet approach to dental diseases. Part 
II: Propolis. Journal of Advanced Oral Research, 2(2), 1-8. 

Akca, A. E., Akca, G., Topçu, F. T., Macit, E., Pikdöken, L., & Özgen, I. Ş. (2016). 
The comparative evaluation of the antimicrobial effect of propolis with 
chlorhexidine against oral pathogens: An in vitro study. BioMed research 
international, 2016:3627463 . 

Al-Ahmad, A., Müller, N., Wiedmann-Al-Ahmad, M., Sava, I., Hübner, J., Follo, M., 
Schirrmeister, J & Hellwig, E. (2009). Endodontic and salivary isolates of 
Enterococcus faecalis integrate into biofilm from human salivary bacteria 
cultivated in vitro. Journal of Endodontics, 35(7), 986-991. 

Alibraheemi, A. H. A., Musa, J. A., Mhawish, M. Z., Hussein, F. J. M., Kareem, Z.  
H., & Mohmmed, H. R. (2022). The Physiological Effects of Bee Venom and Its 
Medical Uses. Eurasian Medical Research Periodical, 7, 52-56. 

Al-Sa’ady, A. T. (2019). Detection of vancomycin resistance in multidrug-resistant 
Enterococcus faecalis isolated from burn infections. Drug Invention Today, 
11(11), 2984–2989. 

Alain KY, Tamfu AN, Kucukaydin S, Ceylan O, Pascal AD, F elicien A, Dominique 
SC, Duru ME, Dinica RM. (2022). Phenolic profiles, antioxidant, antiquorum 
sensing, antibiofilm and enzyme inhibitory activities of selected Acacia species 
collected from Benin. LWT. 12:114162  

Alanazi, S., Alenzi, N., Alenazi, F., Tabassum, H., & Watson, D. (2021). Chemical 
characterization of Saudi propolis and its antiparasitic and anticancer properties. 
Scientific Reports, 11(1), 5390.  

Alıç, H., & Ceylan, Ö. (2020). Antibiofilm, Antioxidant and Quorum Quenching 
Activities of Propolis Samples from Southwest Anatolia. Bee Studies- Apiculture 
Research Institute, 12(2), 49–55.  

Almuhayawi, M. S. (2020). Propolis as a novel antibacterial agent. Saudi Journal of 



Third Part                                                                  References 
 

97 
 

Biological Sciences, 27(11), 3079–3086.  

Anderson AC, Jonas D, Huber I, Karygianni L,Wölber J, Hellwig E, Arweiler N, 
Vach K, Wittmer A, Al-Ahmad A. 2016. Enterococcus faecalis from food, 
clinical specimens, and oral sites: prevalence of virulence factors in association 
with biofilm formation. Front Microbiol 6:1534  

Bălan, A., Moga, M. A., Dima, L., Toma, S., Elena Neculau, A., & Anastasiu, C. V. 
(2020). Royal jelly—A traditional and natural remedy for postmenopausal 
symptoms and aging-related pathologies. Molecules, 25(14), 3291.  

Arce-Amezquita, P. M., Beltrán-Morales, F. A., Manríquez-Rivera, G. A., Cota-
Almanza, M. E., Quian-Torres, A., & Peralta-Olachea, R. G. (2019). Nutritional 
value of conventional, wild and organically produced fruits and vegetables 
available in Baja California Sur markets. Terra Latinoamericana, 37(4), 401–
406.  

Arslan, S., Ozbilge, H., Kaya, E. G., & Er, O. (2011). In vitro antimicrobial activity of 
propolis, BioPure MTAD, sodium hypochlorite, and chlorhexidine on 
Enterococcus faecalis and Candida albicans. Saudi Med J, 32(5), 479–483. 

Aruni, A. W., Dou, Y., Mishra, A., & Fletcher, H. M. (2015). The biofilm 
community-  rebels with a cause. Current Oral Health Reports, 2, 48–56.  

Asem, N., Abdul Gapar, N. A., Abd Hapit, N. H., & Omar, E. A. (2020). Correlation 
between total phenolic and flavonoid contents with antioxidant activity of 
Malaysian stingless bee propolis extract. Journal of Apicultural Research, 59(4), 
437–442.  

Awawdeh, L., AL-Beitawi, M., & Hammad, M. (2009). Effectiveness of propolis and 
calcium hydroxide as a short-term intracanal medicament against Enterococcus 
faecalis: A laboratory study. Australian Endodontic Journal, 35(2), 52–58.  

Babchinskii, F. (1963). Various aspects of speech disorders during respiration under 
excessive pressure. Vestnik otorinolaringologii, 25, 10-14. 

Bankova,  V.  (2005).  Chemical  diversity  of  propolis  and  the  problem  of  
standardization. Journal of Ethnopharmacology, 100(1–2), 114–117.  

Bankova, V., Trusheva, B., & Popova, M. (2021). Propolis extraction methods: A 
review. Journal of apicultural research, 60(5), 734-743. 

Barbarić, M., Mišković, K., Bojić, M., Lončar, M. B., Smolčić-Bubalo, A., Debeljak, 
Ž.,  &  Medić-Šarić,  M.  (2011).  Chemical  composition  of  the  ethanolic  propolis  
extracts and its effect on HeLa cells. Journal of Ethnopharmacology, 135(3), 
772–778.  

Barbosa-Ribeiro, M., De-Jesus-Soares, A., Zaia, A. A., Ferraz, C. C. R., Almeida, J. 
F. A., & Gomes, B. P. F. A. (2016). Antimicrobial susceptibility and 
characterization of virulence genes of Enterococcus faecalis isolates from teeth 
with failure of the endodontic treatment. Journal of Endodontics, 42(7), 1022–
1028. 

Barlak,  Y.,  Deǧer,  O.,  Çolak,  M.,  Karatayli,  S.  C.,  Bozdayi,  A.  M.,  &  Yücesan,  F.  



Third Part                                                                  References 
 

98 
 

(2011). Effect of Turkish propolis extracts on proteome of prostate cancer cell 
line. Proteome Science, 9(1),74.  

Barzegar,  A.,  &  Moosavi-Movahedi,  A.  A.  (2011).  Intracellular  ROS  protection  
efficiency and free radical-scavenging activity of curcumin. PloS one, 6(10), 
e26012.  

Benaskeur, N., Boutemine, R., & Segueni, N. E. (2004). Etude de l'activité 
antibactérienne de la propolis (Doctoral dissertation, Université de Jijel). 

Beomidehagh, M., Rezaee, M. A., Ganbarov, K., Jafari, F., Hasani, A., Alizadeh, N., 
Tanomand, A., & Kafil, H. S. (2018). Effect of acidic and alkali shocks on 
expression of efaA gene in Enterococcus faecalis,  isolated  from  root  canal  
infection. Cellular and Molecular Biology, 64(13), 1–5.  

Bhalodia, N., Nariya, P., Shukla, V., & Acharya, R. (2013). In vitro antioxidant 
activity of hydro alcoholic extract from the fruit pulp of Cassia fistula Linn. AYU 
(An International Quarterly Journal of Research in Ayurveda), 34(2), 209-14.  

Bindal, P., Kasim, N. H. A., Ramasamy, T. S., Dabbagh, A., Moharamzadeh, K., & 
Chai, W. L. (2017). Dental pulp tissue engineering and regenerative endodontic 
therapy. In Biomaterials for Oral and Dental Tissue Engineering (pp. 297–318). 
Elsevier Inc.  

Borah, D., Gogoi, O., Adhikari, C., & Kakoti, B. B. (2016). Isolation and 
characterization of the new indigenous Staphylococcus sp.  DBOCP06  as  a  
probiotic bacterium from traditionally fermented fish and meat products of 
Assam state. Egyptian Journal of Basic and Applied Sciences, 3(3), 232–240.  

Borrelli, F., Maffia, P., Pinto, L., Ianaro, A., Russo, A., Capasso, F., & Ialenti, A. 
(2002). Phytochemical compounds involved in the anti-inflammatory effect of 
propolis extract. Fitoterapia, 73, S53-S63.  

Bouchelaghem, S. (2022). Propolis characterization and antimicrobial activities 
against Staphylococcus aureus and Candida albicans: A review. Saudi journal of 
biological sciences, 29(4), 1936-1946. 

Boufadi, M. Y., Soubhye, J., & Van Antwerpen, P. (2021). Anti-inflammatory, 
antioxidant effects, and bioaccessibility of Tigzirt propolis. Journal of food 
biochemistry, 45(4), e13663.  

Boulechfar, S., & Zellagui, A. (2023). Biomolecules of Algerian propolis (Doctoral 
dissertation, Université Frères Mentouri-Constantine 1). 

Boulechfar, S., Zellagui, A., Bensouici, C., Asan-Ozusaglam, M., Tacer, S., & 
Hanene, D. (2022). Anticholinesterase, anti-α-glucosidase, antioxidant and 
antimicrobial effects of four Algerian propolis. Journal of Food Measurement 
and Characterization, 1-11. 

Boulechfar, S., Zellagui, A., Chemsa, A. E., Bensouici, C., Segueni, N., Lahouel, M., 
Öztürk, M., & Duru, M. E. (2019). Algerian propolis from Grarem in the Mila 
region. Journal of Biologically Active Products from Nature, 9(6), 434–444. 



Third Part                                                                  References 
 

99 
 

Boushell, L. W., & Sturdevant, J. R. (2019). Clinical significance of dental anatomy, 
histology, physiology, and occlusion. Sturdevant’s Art & Science of Operative 
Dentistry,, 1-40.  

Boutellaa, S., Zellagui, A., Öztürk, M., Bensouici, C., Ölmez, Ö. T., Menakh, M., & 
Duru, M. E. (2019). HPLC-DAD profiling and antioxidant activity of the butanol 
extract from aerial parts of Algerian L. Acta Scientifica Naturalis, 6(1), 8–16. 

Bozkuş, T. N., Değer, O., & Yaşar, A. (2021). Chemical characterization of water and 
ethanolic extracts of Turkish propolis by HPLC-DAD and GC-MS. Journal of 
Liquid Chromatography and Related Technologies, 44(1–2), 77–86.  

Bruneau E., Barbier E., Gallez L.M., Guyot-Declerck C. (2000) La roue des arômes 
des miels, Abeilles & Cie 77, 16–23.  

Bryan, J., Redden, P., & Traba, C. (2016). The mechanism of action of Russian 
propolis ethanol extracts against two antibiotic-resistant biofilm-forming 
bacteria. Letters in Applied Microbiology, 62(2), 192–198.  

Bulman,  Z.,  Le,  P.,  Hudson,  A.  O.,  &  Savka,  M.  A.  (2011).  A  novel  property  of  
propolis (bee glue): anti-pathogenic activity by inhibition of N-acyl-homoserine 
lactone mediated signaling in bacteria. Journal of Ethnopharmacology, 138(3), 
788–797. 

Burman, V., Kanaujia, H., Lehari, K., & Singh, N. P. (2019). Characterization of 
phenolic compounds of turmeric using TLC. Journal of Pharmacognosy and 
Phytochemistry, 8(2S), 994-998. 

Campoccia, D., Ravaioli, S., Santi, S., Mariani, V., Santarcangelo, C., De Filippis, 
A.,  Montanaro, L., Renata Arciola, C & Daglia, M. (2021). Exploring the 
anticancer effects of standardized extracts of poplar-type propolis: In vitro 
cytotoxicity toward cancer and normal cell lines. Biomedicine & 
Pharmacotherapy, 141, 111895. 

Cardinault, N., Cayeux, M. O., & Percie Du Sert, P. (2012). La propolis : origine, 
composition et propriétés. Phytotherapie, 10(5), 298–304.  

Castaldo, S., & Capasso, F. (2002). Propolis, an old remedy used in modern 
medicine. Fitoterapia, 73, S1-S6. 

Ceylan, Ö., & Halime, A. L. I. Ç. (2020). Antibiofilm, Antioxidant and Quorum 
Quenching Activities of Propolis Samples from Southwest Anatolia. Bee 
Studies, 12(2), 49-55. 

Ceylan, O.; Ugur, A. Chemical composition and anti-biofilm activity of Thymus 
sipyleus Boiss. subsp. sipyleus Boiss. var. davisianus Ronniger essential 
oil.  Archives of pharmacal research. 2015, 38, 957. 

Chan, G. C. F., Cheung, K. W., & Sze, D. M. Y. (2013). The immunomodulatory and 
anticancer properties of propolis. Clinical reviews in allergy & immunology, 44, 
262-273. 

Chasset, T., Häbe, T. T., Ristivojevic, P., & Morlock, G. E. (2016). Profiling and 



Third Part                                                                  References 
 

100 
 

classification of French propolis by combined multivariate data analysis of 
planar chromatograms and scanning direct analysis in real time mass 
spectra. Journal of Chromatography A, 1465, 197-204. 

Chen, J., Zhang, A., Xiang, Z., Lu, M., Huang, P., Gong, T., Pan, Y., Lin, Y., Zhou, 
X., & Li, Y. (2021). EpsR negatively regulates Streptococcus mutans 
exopolysaccharide synthesis. Journal of Dental Research, 100(9), 968-976. 

Cho, H., Kim, K., Kim, N., Woo, M., & Kim, H. Y. (2020). Effect of propolis 
phenolic compounds on free fatty acid receptor 4 activation. Food Science and 
Biotechnology, 29(4), 579–584.  

Christov, R., Trusheva, B., Popova, M., Bankova, V., & Bertrand, M. (2006). 
Chemical composition of propolis from Canada, its antiradical activity and plant 
origin. Natural Product Research, 20(6), 531–536.  

CLSI. (2020). CLSI M100-ED29: 2021 performance standards for antimicrobial 
susceptibility testing. 30th. Clinical and Laboratory Standards Institute, 
Pittsburgh. pp. 50–51. 

Codoñer-Franch, P., Valls-Bellés, V., Arilla-Codoñer, A., & Alonso-Iglesias, E. 
(2011). Oxidant mechanisms in childhood obesity: The link between 
inflammation and oxidative stress. Translational Research, 158(6), 369–384.  

Colaco, A. S. (2018). Extreme resistance of Enterococcus faecalis and its role in 
endodontic treatment failure. Prog Med Sci, 2(1), 9-13.  

Colombo, A. P. V., do Souto, R. M., da Silva-Boghossian, C. M., Miranda, R., & 
Lourenço, T. G. B. (2015). Microbiology of oral biofilm-dependent diseases: 
have we made significant progress to understand and treat these diseases? 
Current Oral Health Reports, 2(1), 37–47. 

Coneac, G.; Gafi¸teanu, E.; Hadărugă, D.I.; Hădărugă, N.G.; Pînzaru, I.A.; Bandur, 
G.; Ur¸sica, L.; Păunescu, V.; Gruia, A. (2008). Flavonoid contents of propolis 
from the West Side of Romania and correlation with the antioxidant activity. 
Chem. Bull. Timi¸soara Univ. 53, 56–60  

Gupta, R.K.(2014).Taxonomy and distribution of different honey bee species. In 
Beekeeping for Poverty Alleviation and Livelihood Security; Springer: 
Dordrecht, the Netherlands; pp. 63–103.  

CUVILLIER, A. (2015). Miel , Propolis , Gelée royale : Les abeilles alliées de notre 
système immunitaire . Thèse de doctorat  en pharmacie. Faculté des Sciences 
Pharmaceutiques. Université de Lille 2.  

Daikh, A., Segueni, N., Dogan, N. M., Arslan, S., Mutlu, D., Kivrak, I., Akkal, S., & 
Rhouati, S. (2020). Comparative study of antibiofilm, cytotoxic activity and 
chemical composition of Algerian propolis. Journal of Apicultural Research, 
59(2), 160–169. 

Dale, J. L., Cagnazzo, J., Phan, C. Q., Barnes, A. M. T., & Dunny, G. M. (2015). 
Multiple roles for Enterococcus faecalis glycosyltransferases in biofilm-
associated antibiotic resistance, cell envelope integrity, and conjugative transfer. 



Third Part                                                                  References 
 

101 
 

Antimicrobial Agents and Chemotherapy, 59(7), 4094–4105.  

Dasgupta, A., & Klein, K. (2014). Methods for Measuring Oxidative Stress in the 
Laboratory. Antioxidants in Food, Vitamins and Supplements, Eds.; Elsevier: San 
Diego, CA, USA, pp 19–40.  

de Albuquerque, I. L., Alves, L. A., Lemos, T. L. G., Dorneles, C. A., & de Morais, 
M.  O.  (2008).  Constituents  of  the  essential  oil  of  brazilian  green  propolis  from 
Brazil. Journal of Essential Oil Research, 20(5), 414–415.  

de Freitas, K. S., da Silva, L. H. D., Squarisi, I. S., de Souza Oliveira, L. T., Ribeiro, 
A. B., Alves, B. S., Esperandim, T. R., de Melo, M. R. S., Ozelin, S. D., Lemes, 
D. C., Bastos, J. K., Veneziani, R. C. S., & Tavares, D. C. (2022). Red propolis 
exhibits chemopreventive effect associated with antiproliferative and anti-
inflammatory activities. Toxicology Research, 11(5), 750–757.  

De  Marco,  S.,  Piccioni,  M.,  Pagiotti,  R.,  &  Pietrella,  D.  (2017).  Antibiofilm  and  
Antioxidant Activity of Propolis and Bud Poplar Resins versus Pseudomonas 
aeruginosa. Evidence-Based Complementary and Alternative Medicine, 2017. 
5163575. 

de Oca-Mejía, M. M., Castillo-Juárez, I., Martínez-Vázquez, M., Soto-Hernandez, M., 
& García-Contreras, R. (2015). Influence of quorum sensing in multiple 
phenotypes of the bacterial pathogen Chromobacterium violaceum. Pathogens 
and Disease, 73(2), 1–4.  

Deo, P. N., & Deshmukh, R. (2019). Oral microbiome: Unveiling the 
fundamentals. Journal of oral and maxillofacial pathology: JOMFP, 23(1), 122. 

De Oliveira, T. M., De Carvalho, R. B. F., Da Costa, I. H. F., De Oliveira, G. A. L., 
De Souza, A. A., De Lima, S. G., & De Freitas, R. M. (2015). Evaluation of p-
cymene, a natural antioxidant. Pharmaceutical Biology, 53(3), 423–428.  

Dent, M., Dragović-Uzelac, V., Penić, M., Brñić, M., Bosiljkov, T., & Levaj, B. 
(2013). The effect of extraction solvents, temperature and time on the 
composition and mass fraction. Food Technology and Biotechnology, 51(1), 84–
91. 

Dewhirst, F. E., Chen, T., Izard, J., Paster, B. J., Tanner, A. C. R., Yu, W. H., 
Lakshmanan, A., & Wade, W. G. (2010). The human oral microbiome. Journal 
of Bacteriology, 192(19), 5002–5017.  

Dezmirean, D. S., Paşca, C., Moise, A. R., & Bobiş, O. (2021). Plant sources 
responsible for the chemical composition and main bioactive properties of 
poplar-type propolis. Plants, 10(1), 1–20.  

Distel, J. W., Hatton, J. F., & Gillespie, M. J. (2002). Biofilm formation in medicated 
root canals. Journal of Endodontics, 28(10), 689–693.  

Doganli, G. A. (2016). Phenolic content and antibiofilm activity of propolis against 
clinical MSSA strains. Records of Natural Products, 10(5), 617–627.  

Donlan, R. M., and J. W. Costerton. 2002. Biofilms: survival mechanisms of clinically 



Third Part                                                                  References 
 

102 
 

relevant microorganisms. Clin. Microbiol. Rev. 15:167–193.  

Duverger, O. (2015). Des kératines du cheveu dans l’émail dentaire: Le lien entre 
maladies capillaires et caries. Medecine/Sciences, 31(3), 239–241. 

Ekpo, D. E., Joshua, P. E., Ogidigo, J. O., & Nwodo, O. F. C. (2020). High resolution 
UPLC-PDA-QTOF-ESI-MS/MS analysis of the flavonoid-rich fraction of 
Lasianthera africana leaves,  and  in  vivo  evaluation  of  its  renal  and  cardiac  
function effects. Heliyon, 6 (7), e04154.  

Elkolli, M., Chafai, N., Chafaa, S., Kadi, I., Bensouici, C., & Hellal, A. (2022). New 
phosphinic and phosphonic acids: Synthesis, antidiabetic, anti-Alzheimer, 
antioxidant activity, DFT study and SARS-CoV-2 inhibition. Journal of 
Molecular Structure, 1268, 133701.  

Endo, M. S., Signoretti, F. G. C., Kitayama, V. S., Marinho, A. C. S., Martinho, F. C., 
& Gomes, B. P. F. de A. (2014). Culture and molecular analysis of Enterococcus 
faecalis and antimicrobial susceptibility of clinical isolates from patients with 
failure endodontic treatment. Brazilian Dental Science, 17(3), 83–91.  

Estrela, C., Sydney, G., Figueiredo, J., & Estrela, C. (2009). a Model System To 
Study Antimicrobial. Journal of Apliedd Oral Sciense, 17(2), 87–91. 

Fahad, F. I., Barua, N., Shafiqul Islam, M., Al Jawad Sayem, S., Barua, K., Uddin, M. 
J., Nazim Uddin Chy, M., Adnan, M., Islam, M. N., Sayeed, M. A., Emran, T. 
Bin,  Simal-Gandara,  J.,  Pagano,  E.,  & Capasso,  R.  (2021).  Investigation  of  the  
pharmacological properties of lepidagathis hyalina nees through experimental 
approaches. Life, 11(3), 180.  

Falcão, S. I., Tomás, A., Vale, N., Gomes, P., Freire, C., & Vilas-Boas, M. (2013). 
Phenolic quantification and botanical origin of Portuguese propolis. Industrial 
Crops and Products, 49, 805–812.  

Fatiha, M., & Abdelkader, T. (2019). Study of antioxidant activity of pyrimidinium 
betaines by DPPH radical scavenging method. Journal of Analytical & 
Pharmaceutical Research, 8(2), 33–36.  

Fernández-Calderón, M. C., Hernández-González, L., Gómez-Navia, C., Blanco-
Blanco,  M.  T.,  Sánchez-Silos,  R.,  Lucio,  L.,  &  Pérez-Giraldo,  C.  (2021).  
Antifungal and anti-biofilm activity of a new Spanish extract of propolis against 
Candida glabrata. BMC Complementary Medicine and Therapies, 21(1), 1–10.  

Fisher, K., & Phillips, C. (2009). The ecology, epidemiology and virulence of 
Enterococcus. Microbiology, 155(6), 1749–1757.  

Fokt, H., Pereira, A., Ferreira, A. M., Cunha, A., & Aguiar, C. (2010). How do bees 
prevent hive infections? The antimicrobial properties of propolis. Current 
Research, Technology and Education Topics in Applied Microbiology and 
Microbial Biotechnology, 1, 481-493.  

Francisco, P. A., Fagundes, P. I. da G., Lemes-Junior, J. C., Lima, A. R., Passini, M. 
R.  Z.,  &  Gomes,  B.  P.  F.  A.  (2021).  Pathogenic  potential  of  Enterococcus 
faecalis strains isolated from root canals after unsuccessful endodontic treatment. 



Third Part                                                                  References 
 

103 
 

Clinical Oral Investigations, 25(9), 5171–5179. 

De Freitas, A. S. P. (2015). Evaluation of Bioactivities of a Propolis Sample (Gerês) 
of Portuguese Origin (Doctoral dissertation, Universidade do Minho (Portugal)). 

Galletti, J., Tobaldini-Valerio, F. K., Silva, S., Kioshima, É. S., Trierveiler-Pereira, L., 
Bruschi, M., Negri, M., & Estivalet Svidzinski, T. I. (2017). Antibiofilm activity 
of propolis extract on Fusarium species from onychomycosis. Future 
microbiology, 12(14), 1311-1321. 

Gangwar, M., Gautam, M. K., Sharma, A. K., Tripathi, Y. B., Goel, R. K., & Nath, G. 
(2014). Antioxidant capacity and radical scavenging effect of polyphenol rich 
Mallotus philippenensis fruit extract on human erythrocytes: An in vitro study. 
Scientific World Journal, 2014.1-12. 

Gao, L., Xu, T., Huang, G., Jiang, S., Gu, Y., & Chen, F. (2018). Oral microbiomes: 
more and more importance in oral cavity and whole body. Protein & Cell, 9(5), 
488–500. 

Garg, N., & Garg, A. (2018). Textbook of endodontics. 4th ed. New Delhi: Jaypee 
Brothers Medical Publishers  

Garg, P., Tyagi, S. P., Sinha, D. J., Singh, U. P., Malik, V., & Maccune, E. R. 
(2014). Comparison of antimicrobial efficacy of propolis, Morinda citrifolia, 
Azadirachta indica, triphala, green tea polyphenols and 5.25% sodium 
hypochlorite against Enterococcus fecalis biofilm. Saudi Endodontic Journal, 
4(3), 122–127. 

Gemiarto, A. T., Ninyio, N. N., Lee, S. W., Logis, J., Fatima, A., Chan, E. W. C., & 
Lim, C. S. Y. (2015). Isoprenyl caffeate, a major compound in manuka propolis, 
is a quorum-sensing inhibitor in Chromobacterium violaceum. Antonie van 
Leeuwenhoek, International Journal of General and Molecular Microbiology, 
108(2), 491–504.  

Graikou, K., Popova, M., Gortzi, O., Bankova, V., & Chinou, I. (2016). 
Characterization and biological evaluation of selected Mediterranean propolis 
samples. Is it a new type?. LWT - Food Science and Technology, 65, 261–267.  

Grenier, D., Marcoux, E., Azelmat, J., Ben Lagha, A., & Gauthier, P. (2020). 
Biocompatible combinations of nisin and licorice polyphenols exert synergistic 
bactericidal effects against Enterococcus faecalis and inhibit NF-κB activation in 
monocytes. AMB Express, 10, 1-8. 

Gulabivala, K., & Ng, Y. L. (2015). Biofilm-associated infections in root canals: 
treatment and outcomes. The root canal biofilm, 191-258. 

Gülçin, I. (2006). Antioxidant activity of caffeic acid (3,4-dihydroxycinnamic acid). 
Toxicology, 217(2–3), 213–220.  

Gutiérrez-Venegas, G., Gómez-Mora, J. A., Meraz-Rodríguez, M. A., Flores-Sánchez, 
M. A., & Ortiz-Miranda, L. F. (2019). Effect of flavonoids on antimicrobial 
activity of microorganisms present in dental plaque. Heliyon, 5(12), e03013. 



Third Part                                                                  References 
 

104 
 

Gutmann JL, F. B. (2021). Tooth morphology, isolation, and access. BMC Medical 
Education, 21(1), 1–9. 

Gwatidzo, L., Dzomba, P., & Mangena, M. (2018). TLC separation and antioxidant 
activity of flavonoids from Carissa bispinosa, Ficus sycomorus, and Grewia 
bicolar fruits. Nutrire, 43(1), 1–7.  

Hernández-Ríos, P., Pussinen, P. J., Vernal, R., & Hernández, M. (2017). Oxidative 
stress in the local and systemic events of apical periodontitis. Frontiers in 
physiology, 8, 869. 

Hernández-Rodríguez, P., Baquero, L. P., & Larrota, H. R. (2019). Flavonoids: 
Potential therapeutic agents by their antioxidant capacity. In Bioactive 
compounds (pp. 265-288). Woodhead Publishing.  

Hernández, P., Sánchez, M. C., Llama-Palacios, A., Ciudad, M. J., & Collado, L. 
(2022). Strategies to combat caries by maintaining the integrity of biofilm and 
homeostasis during the rapid phase of supragingival plaque formation. 
Antibiotics, 11(7), 880.  

Hollenbeck, B. L., & Rice, L. B. (2012). Intrinsic and acquired resistance mechanisms 
in Enterococcus. Virulence, 3(5), 421–569.  

Hori, J. I., Zamboni, D. S., Carrão, D. B., Goldman, G. H., & Berretta, A. A. (2013). 
The inhibition of inflammasome by Brazilian propolis (EPP-AF). Evidence-
Based Complementary and Alternative Medicine, 2013, 418508.  

Hossain, R., Quispe, C., Khan, R. A., Saikat, A. S. M., Ray, P., Ongalbek, D., 
Yeskaliyeva, B., Jain, D., Smeriglio, A., Trombetta, D., Kiani, R., Kobarfard, F., 
Mojgani, N., Saffarian, P., Ayatollahi, S. A., Sarkar, C., Islam, M. T., Keriman, 
D.,  Uçar,  A.,  …  Cho,  W.  C.  (2022).  Propolis:  An  update  on  its  chemistry  and  
pharmacological applications. Chinese Medicine, 17(1), 100.  

Huang,  G.  T.  J.,  Gronthos,  S.,  &  Shi,  S.  (2009).  Critical  reviews  in  oral  biology  &  
medicine: Mesenchymal stem cells derived from dental tissues vs. those from 
other sources: Their biology and role in Regenerative Medicine. Journal of 
Dental Research, 88(9), 792–806.  

Huang, S., Zhang, C. P., Wang, K., Li, G. Q., & Hu, F. L. (2014). Recent advances in 
the chemical composition of propolis. Molecules, 19(12), 19610–19632.  

Hughes, F. J. (2015). Periodontium and periodontal disease. In Stem cell biology and 
tissue engineering in dental sciences (pp. 433-444). Academic Press. 

Hussein, U. K., Hassan, N. E. H. Y., Elhalwagy, M. E. A., Zaki, A. R., Abubakr, H. 
O., Nagulapalli Venkata, K. C., Jang, K. Y., & Bishayee, A. (2017). Ginger and 
propolis exert neuroprotective effects against monosodium glutamate-induced 
neurotoxicity in rats. Molecules, 22(11), 1928.  

Ikeda, N. Y., Ambrosio, C. M. S., Miano, A. C., Rosalen, P. L., Gloria, E. M., & 
Alencar, S. M. (2021). Essential oils extracted from organic propolis residues: 
An exploratory analysis of their antibacterial and antioxidant properties and 
volatile profile. Molecules, 26(15),4694.  



Third Part                                                                  References 
 

105 
 

Imhof, M., Lipovac, M., Kurz, C., Barta, J., Verhoeven, H. C., & Huber, J. C. (2005). 
Propolis solution for the treatment of chronic vaginitis. International Journal of 
Gynecology and Obstetrics, 89(2), 127–132.  

Jahromi, M. Z., Toubayani, H., & Rezaei, M. (2012). Propolis: a new alternative for 
root canal disinfection. Iranian Endodontic Journal, 7(3), 127–133. 

Jerzykiewicz, M., Ćwieląg-Piasecka, I. & Jezierski, A. Pro- and Antioxidative Effect 
of α-Tocopherol on Edible Oils, Triglycerides and Fatty Acids.(2013).  J Am Oil 
Chem Soc 90, 803–811. 

Jett,  B.  D.,  Huycke,  M.  M.,  &  Gilmore,  M.  S.  (1994).  Virulence  of  enterococci.  
Clinical Microbiology Reviews, 7(4), 462–478.  

Jhajharia, K., Parolia, A., Shetty, K. V., & Mehta, L. K. (2015). Biofilm in 
endodontics: A review. Journal of International Society of Preventive & 
Community Dentistry, 5(1), 1–12.  

John, U. V., & Carvalho, J. (2011). Enterococcus: Review of its physiology, 
pathogenesis, diseases and the challenges it poses for clinical microbiology. 
Frontiers in Biology, 6(5), 357–366.  

Jung,  S.,  Park,  O.  J.,  Kim,  A.  R.,  Ahn,  K.  B.,  Lee,  D.,  Kum,  K.  Y.,  Yun,  C.  H.,  &  
Han, S. H. (2019). Lipoteichoic acids of lactobacilli inhibit Enterococcus 
faecalis biofilm formation and disrupt the preformed biofilm. Journal of 
Microbiology, 57(4), 310–315.  

Kanwar,  I.,  K Sah,  A.,  & K Suresh,  P.  (2017).  Biofilm-mediated  antibiotic-resistant  
oral bacterial infections: mechanism and combat strategies. Current 
pharmaceutical design, 23(14), 2084-2095. 

Kasiotis, K. M., Anastasiadou, P., Papadopoulos, A., & Machera, K. (2017). 
Revisiting Greek propolis: Chromatographic analysis and antioxidant activity 
study. PLoS ONE, 12(1),e0170077.  

Kasote, D., Ahmad, A., Chen, W., Combrinck, S., & Viljoen, A. (2015). HPTLC-MS 
as an efficient hyphenated technique for the rapid identification of antimicrobial 
compounds from propolis. Phytochemistry Letters, 11, 326–331.  

Kharsany, K., Viljoen, A., Leonard, C., & Van Vuuren, S. (2019). The new buzz: 
Investigating the antimicrobial interactions between bioactive compounds found 
in South African propolis. Journal of Ethnopharmacology, 238, 111867. 

Kitagawa, H., Izutani, N., Kitagawa, R., Maezono, H., Yamaguchi, M., & Imazato, S. 
(2016). Evolution of resistance to cationic biocides in Streptococcus mutans and 
Enterococcus faecalis. Journal of Dentistry, 47, 18–22.  

Koo, H., Rosalen, P. L., Cury, J. A., Park, Y. K., & Bowen, W. H. (2002). Effects of 
compounds found in propolis on Streptococcus mutans growth and on 
glucosyltransferase activity. Antimicrobial Agents and Chemotherapy, 46(5), 
1302–1309.  

Kosalec, I., Bakmaz, M., & Pepeljnjak, S. (2003). Analysis of propolis from the 



Third Part                                                                  References 
 

106 
 

continental and Adriatic regions of Croatia. Acta Pharmaceutica, 53, 275–285. 

Kothari,  V.,  Sharma,  S.,  &  Padia,  D.  (2017).  Recent  research  advances  on  
Chromobacterium violaceum. Asian Pacific Journal of Tropical Medicine, 10(8), 
744–752.  

Kouadri, I., Rebiai, A., Hemmami, H., & Ben, B. (2021). Impact of geographic 
variation on the chemical composition and antioxidant activity of Algerian 
propolis. Applied Biology in Saharan Areas, 3(4), 27–41. 

Kouidhi, B., Zmantar, T., Mahdouani, K., Hentati, H., & Bakhrouf, A. (2011). 
Antibiotic resistance and adhesion properties of oral Enterococci associated to 
dental caries. BMC microbiology, 11(1), 1-7.  

Suliman Al-Badah, A., SS Ibrahim, A., Al-Salamah, A. A., & Ibrahim, S. S. S. 
(2015). Clonal diversity and antimicrobial resistance of Enterococcus faecalis 
isolated from endodontic infections. Electronic journal of Biotechnology, 18(3), 
175-180. 

Kreth,  J.,  &  Herzberg,  M.  C.  (2015).  Molecular  principles  of  adhesion  and  biofilm  
formation. The root canal biofilm, 23-53. 

Kriebel, K., Hieke, C., Müller-Hilke, B., Nakata, M., & Kreikemeyer, B. (2018). Oral 
biofilms from symbiotic to pathogenic interactions and associated disease - 
Connection of periodontitis and rheumatic arthritis by peptidylarginine 
deiminase. Frontiers in Microbiology, 9, 53. 

Krishnan, N., Ramanathan, S., Sasidharan, S., Murugaiyah, V., & Mansor, S. M. 
(2011). Antimicrobial activity evaluation of Cassia spectabilis leaf extracts. 
International Journal of Pharmacology, 6(4), 510–514.  

Klein, U. (2011). Facial Swelling and Odontogenic Infections. Berman’s Pediatric 
Decision Making, 5th ed. Elsevier Inc., Philadelphia, 94. 

Kouidhi, B., Zmantar, T., Mahdouani, K., Hentati, H., & Bakhrouf, A. (2011). 
Antibiotic resistance and adhesion properties of oral Enterococci associated to 
dental caries. BMC microbiology, 11(1), 1-7. 

Kumazawa, S., Hamasaka, T., & Nakayama, T. (2004). Antioxidant activity of 
propolis of various geographic origins. Food Chemistry, 84(3), 329–339.  

Kurek-Górecka, A., Rzepecka-Stojko, A., Górecki, M., Stojko, J., Sosada, M., & 
Swierczek-Zieba, G. (2014). Structure and antioxidant activity of polyphenols 
derived from propolis. Molecules, 19(1), 78–101.  

Laaroussi, H., Bakour, M., Ousaaid, D., Aboulghazi, A., Ferreira-Santos, P., 
Genisheva, Z., Teixeira, J. A., & Lyoussi, B. (2020). Effect of antioxidant-rich 
propolis and bee pollen extracts against D-glucose induced type 2 diabetes in 
rats. Food Research International, 138, 109802.  

Lacruz, R. S., Habelitz, S., Wright, J. T., & Paine, M. L. (2017). Dental enamel 
formation and implications for oral health and disease. Physiological Reviews, 
97(3), 939–993.  



Third Part                                                                  References 
 

107 
 

LAUTROU  A. 1997 -  Anatomie dentaire. Paris : Masson, 264 p.  

Lekouaghet, A., Boutefnouchet, A., Bensuici, C., Gali, L., Ghenaiet, K., & Tichati, L. 
(2020). In vitro evaluation of antioxidant and anti-inflammatory activities of the 
hydroalcoholic extract and its fractions from Leuzea conifera L. roots. South 
African Journal of Botany, 132, 103–107.  

Li, X., Liu, Y., Yang, X., Li, C., & Song, Z. (2022). The Oral Microbiota: Community 
Composition, Influencing Factors, Pathogenesis, and Interventions. Frontiers in 
Microbiology, 13, 895537.  

Li, Y. H., & Tian, X. (2012). Quorum sensing and bacterial social interactions in 
biofilms. Sensors, 12(3), 2519–2538.  

Li, Z., Liu, L., Wang, L., & Song, D. (2021). The effects and potential applications of 
concentrated growth factor in dentin–pulp complex regeneration. Stem Cell 
Research and Therapy, 12, 357.  

Lins, R. X., de Oliveira Andrade, A., Junior, R. H., Wilson, M. J., Lewis, M. A. O., 
Williams, D. W., & Fidel, R. A. S. (2013). Antimicrobial resistance and 
virulence traits of Enterococcus faecalis from primary endodontic infections. 
Journal of Dentistry, 41(9), 779–786. 

Lisbona-González, M. J., Muñoz-Soto, E., Reyes-Botella, C., Olmedo-Gaya, M. V., 
Diaz-Castro, J., & Moreno-Fernandez, J. (2021). Study of the antimicrobial 
effect of an ethanolic extract of propolis in periodontal disease. Applied Sciences, 
11(16), 7463. 

Liu, Y., Ping, Y., Xiong, Y., Zhou, R., Xu, F., Wang, J., & Li, J. (2020). Genotype, 
biofilm  formation  ability  and  specific  gene  transcripts  characteristics  of  
endodontic Enterococcus faecalis under glucose deprivation condition. Archives 
of Oral Biology, 118, 104877. 

Lizcano, S. C., Dávila, J. A., & Hernández, V. (2019). Fruit agroindustrial wastes for 
preparing beverages for medicinal purposes by supercritical fluid extraction 
technology: Andes Berry (Rubus glaucus Benth.) case. In Production and 
Management of Beverages (pp. 151-177). Woodhead Publishing. 

Lo Giudice, G., Cutroneo, G., Centofanti, A., Artemisia, A., Bramanti, E., Militi, A., 
Rizzo, G., Favaloro, A., Irrera, A., Lo Giudice, R., & Cicciù, M. (2015). Dentin 
morphology of root canal surface: A quantitative evaluation based on a scanning 
electronic microscopy study. BioMed Research International, 2015, 164065. 

Lovegrove, J. M. (2004). Dental plaque revisited: bacteria associated with periodontal 
disease. Journal of the New Zealand Society of Periodontology, 87, 7–21. 

Luna-Guevara, M. L., Luna-Guevara, J. J., Hernández-Carranza, P., Ruíz-Espinosa, 
H., & Ochoa-Velasco, C. E. (2018). Phenolic compounds: A good choice against 
chronic degenerative diseases. Studies in natural products chemistry, 59, 79-108. 

Lynnerup, N., & Klaus, H. D. (2019). Fundamentals of human bone and dental 
biology: structure, function, and development. In Ortner's Identification of 
Pathological Conditions in Human Skeletal Remains (pp. 35-58). Academic 



Third Part                                                                  References 
 

108 
 

Press. 

MacHado, J. L., Assunção, A. K. M., Da Silva, M. C. P., Reis, A. S. Dos, Costa, G. 
C., Arruda, D. D. S., Rocha, B. A., Vaz, M. M. D. O. L. L., Paes, A. M. D. A., 
Guerra, R. N. M., Berretta, A. A., & Nascimento, F. R. F. Do. (2012). Brazilian 
green propolis: Anti-inflammatory property by an immunomodulatory activity. 
Evidence-Based Complementary and Alternative Medicine, 2012, 157652. 

Madhubala, M. M., Srinivasan, N., & Ahamed, S. (2011). Comparative evaluation of 
propolis and triantibiotic mixture as an intracanal medicament against 
Enterococcus faecalis. Journal of Endodontics, 37(9), 1287–1289. 

Mahajan, B., Bagul, N., Desai, R., Reddy, M., Mahajan, A., Shete, A., Risbud, A., & 
Mane, A. (2015). Pseudomembranous Type of Oral Candidiasis is Associated 
with Decreased Salivary Flow Rate and Secretory Immunoglobulin A Levels. 
Mycopathologia, 180, 75–80.  

Manero,  A.,  &  Blanch,  A.  R.  (1999).  Identification  of  Enterococcus spp.  with  a  
biochemical key. Applied and Environmental Microbiology, 65(10), 4425–4430.  

Marcotte, H., & Lavoie, M. C. (1998). Oral microbial ecology and the role of salivary 
immunoglobulin A. Microbiology and Molecular Biology Reviews, 62(1), 71–
109.  

Mǎrghitaş, L. Al, Dezmirean, D. S., & Bobiş, O. (2013). Important developments in 
romanian propolis research. Evidence-Based Complementary and Alternative 
Medicine, Article ID 159392: 9 pages.  

Martinotti, S., & Ranzato, E. (2015). Propolis: a new frontier for wound 
healing?. Burns & trauma, 3, 1-7. 

Matsumoto-Nakano, M. (2018). Role of Streptococcus mutans surface proteins for 
biofilm formation. Japanese Dental Science Review, 54(1), 22–29.  

Mebrek, S., Djeghim, H., Mehdi, Y., Meghezzi, A., Anwar, S., Ali Awadh, N. A., & 
Benali, M. (2018). Antioxidant, anti-cholinesterase, anti-α-glucosidase and 
prebiotic properties of beta-glucan extracted from Algerian barley. International 
Journal of Phytomedicine, 10(1), 58–67.  

Medana, C., Carbone, F., Aigotti, R., Appendino, G., & Baiocchi, C. (2008). Selective 
analysis of phenolic compounds in propolis by HPLC-MS/MS. Phytochemical 
Analysis, 19(1), 32–39.  

Melcher, A. H. (1976). On the Repair Potential of Periodontal Tissues. Journal of 
Periodontology, 47(5), 256–260.  

Melin, E. (2011). Botanique apicole. Ecole d'Apiculture de la RÃ© gion wallonne & 
Institut de Botanique, UniversitÃ© de Liege, Belgique. 

Mellal, A. (2010). Application pratique de l’anatomie humaine: Viscères du tronc. 
Editions Publibook. 268 p. 

Melliou, E., Stratis, E., & Chinou, I. (2007). Volatile constituents of propolis from 
various regions of Greece - Antimicrobial activity. Food Chemistry, 103(2), 



Third Part                                                                  References 
 

109 
 

375–380.  

Meyer, B.N., Ferrigni, N.R., Putnam, J.E., Jacobsen, L.B., Nichols, D.E., 
McLaughlin, J.L. (1982). Brine shrimp: a convenient general bioassay for active 
plant constituents. Planta Med. 45, 31–34. 

Njoya, E. M. (2021). Medicinal plants, antioxidant potential, and cancer. 
In Cancer (pp. 349-357). Academic Press.  

Miguez, P. A., & Morelli, T. (2017). Periodontology Applied to Operative 
Dentistry. Sturdevant's Art & Science of Operative Dentistry-E-Book, 415. 

Mohamed, J. A., & Huang, D. B. (2007). Biofilm formation by enterococci. Journal 
of Medical Microbiology, 56(12), 1581–1588.  

Mohammadi,  Z.,  Giardino,  L.,  &  Mombeinipour,  A.  (2012).  Antibacterial  
substantivity of a new antibiotic-based endodontic irrigation solution. Australian 
Endodontic Journal, 38(1), 26–30.  

Monteiro,  C.  G.  J.,  Gama,  M.  S.,  Moura,  B.  F.,  Cabral-Oliveira,  G.  G.,  Mattos-
Guaraldi, A. L., Lima, C. J., & Lins, R. X. (2021). In Vitro antimicrobial activity 
of ozonated sunflower oil against antibiotic-resistant Enterococcus faecalis 
isolated from endodontic infection. Ozone: Science and Engineering, 43(4), 378–
383.  

Morris, A. L., & Tadi, P. (2022). Anatomy, head and neck, teeth. In StatPearls 
[Internet]. StatPearls Publishing.  

Mountford-McAuley, R., Prior, J., & Clavijo McCormick, A. (2021). Factors 
affecting propolis production. Journal of Apicultural Research, 62(1), 162–170.  

Mukherjee,  S.,  Pawar,  N.,  Kulkarni,  O.,  Nagarkar,  B.,  Thopte,  S.,  Bhujbal,  A.,  &  
Pawar, P. (2011). Evaluation of free-radical quenching properties of standard 
Ayurvedic formulation Vayasthapana Rasayana. BMC Complementary and 
Alternative Medicine, 11(1), 38.  

Nagaoka, S., Miyazaki, Y., Liu, H. J., Iwamoto, Y., Kitano, M., & Kawagoe, M. 
(1995). Bacterial invasion into dentinal tubules of human vital and nonvital teeth. 
Journal of Endodontics, 21(2), 70–73.  

Naha, A., Kumar Miryala, S., Debroy, R., Ramaiah, S., & Anbarasu, A. (2020). 
Elucidating the multi-drug resistance mechanism of Enterococcus faecalis V583: 
A gene interaction network analysis. Gene, 748, 144704.  

Najafi, K., Ganbarov, K., Gholizadeh, P., Tanomand, A., Rezaee, M. A., Mahmood, 
S.  S.,  Asgharzadeh,  M.,  &  Kafil,  H.  S.  (2020).  Oral  cavity  infection  by  
Enterococcus faecalis: virulence factors and pathogenesis. Reviews in Medical 
Microbiology, 31(2), 51–60. 

Naraparaju, S., Thirumoorthy, D.A.K., Gurrala, S. et al. Spectrophotometric 
quantification of dolutegravir based on redox reaction with Fe3+/1,10-
phenanthroline. (2020). Futur J Pharm Sci 6, 107. 



Third Part                                                                  References 
 

110 
 

Narayanan, L. L., & Vaishnavi, C. (2010). Endodontic microbiology. Journal of 
Conservative Dentistry, 13(4), 233–239. 

Narimane, S., Demircan, E., Salah, A., Ozcelik, B. Ö., & Salah, R. (2017). 
Correlation between antioxidant activity and phenolic acids profile and content 
of Algerian propolis: Influence of solvent. Pakistan Journal of Pharmaceutical 
Sciences, 30(4), 1417–1423. 

Niemiec, B. A. (2005). Fundamentals of endodontics. Veterinary Clinics: Small 
Animal Practice, 35(4), 837–868. 

Nolkemper, S., Reichling, J., Sensch, K. H., & Schnitzler, P. (2010). Mechanism of 
herpes simplex virus type 2 suppression by propolis extracts. Phytomedicine, 
17(2), 132–138.  

OMS. (2013). Médecine traditionnelle rapport du secretariat. 1–6. 

Ophori, E. A., Eriagbonye, B. N., & Ugbodaga, P. (2010). Antimicrobial activity of 
propolis against Streptococcus mutans. African Journal of Biotechnology, 9(31), 
4966–4969. 

Ouahab, A., Grara, N., Menaiaia, K., Khaldi, K., & Bensouici, C. (2023). 
Phytochemical analysis, antioxidant, and acetylcholinesterase inhibitory activity 
of propolis from Northeastern Algeria. Phytothérapie, 21, 119–129. 

Özyürek, M., Güçlü, K., & Apak, R. (2011). The main and modified CUPRAC 
methods of antioxidant measurement. Trends in Analytical Chemistry, 30(4), 
652–664.  

Parashar, A., Parashar, S., Zingade, A., Gupta, S., & Sanikop, S. (2015). Interspecies 
communication in oral biofilm: An ocean of information. Oral Science 
International, 12(2), 37–42.  

Parija, S. C. (2012). Textbook of Microbiology & Immunology-E-book. Elsevier 
Health Sciences. 

Parolia, A., Thomas, M. S., Kundabala, M., & Mohan, M. (2010). Propolis and its 
potential uses in oral health. International Journal of Medicine and Medical 
Science, 2(7), 210-215. 

Parolia, A., Bapat, R. A., Chaubal, T., Yang, H. J., Panda, S., Mohan, M., Sahebkar, 
A., & Kesharwani, P. (2021). Recent update on application of propolis as an 
adjuvant natural medication in management of gum diseases and drug delivery 
approaches. Process Biochemistry, 112, 254–268. 

Pellati, F., Prencipe, F. P., & Benvenuti, S. (2013). Headspace solid-phase 
microextraction-gas chromatography-mass spectrometry characterization of 
propolis volatile compounds. Journal of Pharmaceutical and Biomedical 
Analysis, 84, 103–111.  

Peng, S., Zhu, M., Li, S., Ma, X., & Hu, F. (2023). Ultrasound-assisted extraction of 
polyphenols from Chinese propolis. Frontiers in Sustainable Food Systems, 7, 
1131959.  



Third Part                                                                  References 
 

111 
 

Peres, M. A., Macpherson, L. M. D., Weyant, R. J., Daly, B., Venturelli, R., Mathur, 
M.  R.,  Listl,  S.,  Celeste,  R.  K.,  Guarnizo-Herreño,  C.  C.,  Kearns,  C.,  Benzian,  
H.,  Allison,  P.,  &  Watt,  R.  G.  (2019).  Oral  diseases:  a  global  public  health  
challenge. The Lancet, 394(10194), 249–260.  

Persoon, I. F., & Özok, A. R. (2017). Definitions and epidemiology of endodontic 
infections. Current oral health reports, 4, 278-285. 

Piccinelli, A. L., Lotti, C., Campone, L., Cuesta-Rubio, O., Campo Fernandez, M., & 
Rastrelli, L. (2011). Cuban and Brazilian red propolis: Botanical origin and 
comparative analysis by high-performance liquid chromatography–photodiode 
array detection/electrospray ionization tandem mass spectrometry. Journal of 
Agricultural and Food Chemistry, 59(12), 6484-6491. 

Ptasiewicz, M., Grywalska, E., Mertowska, P., Korona-Głowniak, I., Poniewierska-
Baran, A., Niedźwiedzka-Rystwej, P., & Chałas, R. (2022). Armed to the teeth—
The oral mucosa immunity system and microbiota. International Journal of 
Molecular Sciences, 23(2), 882.  

Quiroga, E. N., Sampietro, D. A., Soberón, J. R., Sgariglia, M. A., & Vattuone, M. A. 
(2006). Propolis from the northwest of Argentina as a source of antifungal 
principles. Journal of Applied Microbiology, 101(1), 103–110.  

Rahman, M. M., Islam, M. B., Biswas, M., & Khurshid Alam, A. H. M. (2015). In 
vitro antioxidant and free radical scavenging activity of different parts of 
Tabebuia pallida growing in Bangladesh. BMC Research Notes, 8, 621.  

Rahman, M., & Sarker, S. D. (2020). Antimicrobial natural products. In Annual 
Reports in Medicinal Chemistry (Vol. 55, pp. 77-113). Academic Press. 

Ramos, A. F. N., & Miranda, J. D. (2007). Propolis: a review of its anti-inflammatory 
and healing actions. Journal of Venomous Animals and Toxins Including 
Tropical Diseases, 13, 697-710. 

Rams, T. E., Feik, D., Mortensen, J. E., Degener, J. E., & van Winkelhoff, A. J. 
(2013).  Antibiotic susceptibility of periodontal Enterococcus faecalis . Journal 
of Periodontology, 84(7), 1026–1033.  

Rashid, K., Sinha, K., & Sil, P. C. (2013). An update on oxidative stress-mediated 
organ pathophysiology. Food and Chemical Toxicology, 62, 584–600.  

Rebiai, A., Ben Seghir, B., Hemmami, H., Zeghoud, S., Belfar, M. L., & Kouadri, I. 
(2021). Determination of some phenolic acids in Algerian propolis. Ovidius 
University Annals of Chemistry, 32(2), 120–124.  

Refaat, H., Mady, F. M., Sarhan, H. A., Rateb, H. S., & Alaaeldin, E. (2021). 
Optimization and evaluation of propolis liposomes as a promising therapeutic 
approach for COVID-19. International Journal of Pharmaceutics, 592, 120028.  

Regueira, M. S., Tintino, S. R., da Silva, A. R. P., Costa, M. do S., Boligon, A. A., 
Matias, E. F. F., de Queiroz Balbino, V., Menezes, I. R. A., & Melo Coutinho, H. 
D. (2017). Seasonal variation of Brazilian red propolis: Antibacterial activity, 



Third Part                                                                  References 
 

112 
 

synergistic effect and phytochemical screening. Food and Chemical Toxicology, 
107, 572–580.  

Reich, M., Kümmerer, K., Al-Ahmad, A., & Hannig, C. (2013). Fatty acid profile of 
the initial oral biofilm (pellicle): An in-situ study. Lipids, 48, 929–937.  

Reynaud Af Geijersstam, A., Culak, R., Molenaar, L., Chattaway, M., Røslie, E., 
Peciuliene,  V.,  Haapasalo,  M.,  &  Shah,  H.  N.  (2007).  Comparative  analysis  of  
virulence determinants and mass spectral profiles of Finnish and Lithuanian 
endodontic Enterococcus faecalis isolates. Oral Microbiology and Immunology, 
22(2), 87–94.  

Rosier, B. T., De Jager, M., Zaura, E., & Krom, B. P. (2014). Historical and 
contemporary hypotheses on the development of oral diseases: Are we there yet? 
Frontiers in Cellular and Infection Microbiology, 4, 92.  

Ruangpan, L., & Tendencia, E. (2004). Bacterial isolation, identification and storage. 
In Laboratory manual of standardized methods for antimicrobial sensitivity tests 
for bacteria isolated from aquatic animals and environment (pp. 3-11).  

Saeed, F., Ahmad, R. S., Arshad, M. U., Niaz, B., Batool, R., Naz, R., & Ansar Rasul 
Suleria, H. (2016). Propolis to curb lifestyle related disorders: An overview. 
International Journal of Food Properties, 19(2), 420–437. 

Shalaby, E. A., & Shanab, S. M. (2013). Antioxidant compounds, assays of 
determination and mode of action. African journal of pharmacy and 
pharmacology, 7(10), 528-539.   

Saleh, S., Salama, A., Ali, A. M., Saleh, A. K., Elhady, B. A., & Tolba, E. (2023). 
Egyptian propolis extract for functionalization of cellulose nanofiber/poly(vinyl 
alcohol) porous hydrogel along with characterization and biological applications. 
Scientific Reports, 13, 7739.  

Salomão, K., Pereira, P. R. S., Campos, L. C., Borba, C. M., Cabello, P. H., Marcucci, 
M. C., & De Castro, S. L. (2008). Salomão. Brazilian propolis: correlation 
between chemical composition andantimicrobial activity. Evidence-Based 
Complementary and Alternative Medicine, 5(3), 317–324.  

Samaranayake, L., & Matsubara, V. H. (2017). Normal oral flora and the oral 
ecosystem. Dental Clinics of North America, 61(2), 199–215.  

Samet, N., Laurent, C., Susarla, S. M., & Samet-Rubinsteen, N. (2007). The effect of 
bee propolis on recurrent aphthous stomatitis: A pilot study. Clinical Oral 
Investigations, 11(2), 143–147.  

Sampaio-Maia,  B.,  Caldas,  I.  M.,  Pereira,  M.  L.,  Pérez-Mongiovi,  D.,  &  Araujo,  R.  
(2016). The oral microbiome in health and its implication in oral and systemic 
diseases. Advances in applied microbiology, 97, 171-210. 

Santos, P. B. do R. E. dos, Ávila, D. da S., Ramos, L. de P., Yu, A. R., Santos, C. E. 
da R., Berretta, A. A., Camargo, S. E. A., Oliveira, J. R. de, & Oliveira, L. D. de. 
(2020). Effects of Brazilian green propolis extract on planktonic cells and 
biofilms of multidrug-resistant strains of Klebsiella pneumoniae and 



Third Part                                                                  References 
 

113 
 

Pseudomonas aeruginosa. Biofouling, 36(7), 834–845.  

Sarr, S., Fall, A., Gueye, R., Diop, A., Diatta, K., Diop, N., Ndiaye, B., & Diop, Y. 
(2015). Etude de l’activité antioxydante des extraits des feuilles de Vitex doniana 
(Verbenacea). International Journal of Biological and Chemical Sciences, 9(3), 
1263–1269.  

Stuart, C. H., Schwartz, S. A., Beeson, T. J., & Owatz, C. B. (2006). Enterococcus 
faecalis: its role in root canal treatment failure and current concepts in 
retreatment. Journal of endodontics, 32(2), 93-98. 

Savka, M. A., Dailey, L., Popova, M., Mihaylova, R., Merritt, B., Masek, M., Le, P., 
Nor, S. R. M., Ahmad, M., & Hudson, A. O. (2015). Chemical composition and 
disruption of quorum sensing signaling in geographically diverse United States 
propolis. Evidence-Based Complementary and Alternative Medicine, 
2015,472593. 

Sayyadi, F., Mahdavi, S., Moghadamnia, A. A., Moslemi, D., Shirzad, A., & 
Motallebnejad, M. (2020). The effect of aqueous and ethanolic extract of Iranian 
propolis on Candida albicans isolated from the mouth of patients with colorectal 
malignancy undergone chemotherapy: An in-vitro study. Caspian Journal of 
Internal Medicine, 11(1), 62–66.  

Scheid, R. C., & Weis, G. (2012). Woelfel’s Dental Anatomy Its Relevance to 
Dentistry, 8th Ed. Lippincott Williams & Wilkins.  

Schroeder, H. E., & Listgarten, M. A. (1997). The gingival tissues: the architecture of 
periodontal protection. Periodontology 2000, 13(1), 91–120.  

Sforcin,  J.  M.,  &  Bankova,  V.  (2011).  Propolis:  Is  there  a  potential  for  the  
development of new drugs? Journal of Ethnopharmacology, 133(2), 253–260.  

Shahidi, F., & Chandrasekara, A. (2010). Hydroxycinnamates and their in vitro and in 
vivo antioxidant activities. Phytochemistry Reviews, 9(1), 147–170.  

Shapla, U. M., Raihan, J., Islam, A., Alam, F., Solayman, N., Gan, S. H., Hossen, S., 
& Khalil, I. (2018). Propolis: The future therapy against Helicobacter pylori-
mediated gastrointestinal diseases. Journal of Applied Biomedicine, 16(2), 81–
99.  

Shekh, R. M., & Roy, U. (2012). Biochemical characterization of an anti-Candida 
factor produced by Enterococcus faecalis. BMC microbiology, 12, 1-15. 

Shimizu,  T.,  Hino,  A.,  Tsutsumi,  A.,  Yong,  K.  P.,  Watanabe,  W.,  &  Kurokawa,  M.  
(2008). Anti-influenza virus activity of propolis in vitro and its efficacy against 
influenza infection in mice. Antiviral Chemistry and Chemotherapy, 19(1), 7–13.  

Shruthi, E., & S. Suma, B. (2012). Health from the Hive: Potential Uses of Propolis in 
General Health. International Journal of Clinical Medicine, 3(3), 159–162.  

Silva, M. P., Silva, T. M., Mengarda, A. C., Salvadori, M. C., Teixeira, F. S., Alencar, 
S. M., Luz Filho, G. C., Bueno-Silva, B., & de Moraes, J. (2021). Brazilian red 
propolis exhibits antiparasitic properties in vitro and reduces worm burden and 



Third Part                                                                  References 
 

114 
 

egg production in an mouse model harboring either early or chronic Schistosoma 
mansoni infection. Journal of Ethnopharmacology, 264, 113387.  

Singleton,  V.  L.,  &  Rossi,  J.  A.  (1965).  Colorimetry  of  total  phenolics  with  
phosphomolybdic phosphotungstic acid reagents. American journal of Enology 
and Viticulture, 16(3), 144-158. 

Sinha, D., & Sinha, A. (2014). Natural medicaments in dentistry. AYU (An 
International Quarterly Journal of Research in Ayurveda), 35(2), 113-118.  

Siqueira, A. B. S., de Araújo Rodriguez, L. R. N., Santos, R. K. B., Marinho, R. R. B., 
Abreu, S., Peixoto, R. F., & de Vasconcelos Gurgel, B. C. (2015). Antifungal 
activity of propolis against Candida species isolated from cases of chronic 
periodontitis. Brazilian Oral Research, 29(1), 1–6.  

Siqueira, J. F. (2002). Endodontic infections: Concepts, paradigms, and perspectives. 
Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and 
Endodontics, 94(3), 281–293. 

Siqueira, J. F., & Rôças, I. N. (2005). Exploiting molecular methods to explore 
endodontic infections: Part 2 - Redefining the endodontic microbiota. Journal of 
Endodontics, 31(7), 488–498.  

Soltani, E.-K., Cerezuela, R., Charef, N., Mezaache-Aichour, S., Esteban, M.A., 
Zerroug, 89 M.M. (2017). Algerian propolis extracts: Chemical composition, 
bactericidal activity and in vitro effects on gilthead seabream innate immune 
responses. Fish Shellfish Immunol. 62, 57–67. 

Sorucu, A., & Ceylan, Ö. (2021). Determination of antimicrobial and anti-quorum 
sensing activities of water and ethanol extracts of propolis.  Ankara Universitesi 
Veteriner Fakultesi Dergisi, 68(4), 373–381.  

Souto,  R.,  &  Colombo,  A.  P.  V.  (2008).  Prevalence  of  Enterococcus faecalis in 
subgingival biofilm and saliva of subjects with chronic periodontal infection. 
Archives of Oral Biology, 53(2), 155–160. 

Sterzenbach, T., Helbig, R., Hannig, C., & Hannig, M. (2020). Bioadhesion in the oral 
cavity and approaches for biofilm management by surface modifications. Clinical 
oral investigations, 24, 4237-4260. 

Suktham, T., Jones, A., Soliven, A., Dennis, G. R., & Shalliker, R. A. (2019). A 
comparison of the performance of the cupric reducing antioxidant potential assay 
and the ferric reducing antioxidant power assay for the analysis of antioxidants 
using reaction flow chromatography. Microchemical Journal, 149, 104046. 

Suliman Al-Badah, A., SS Ibrahim, A., Al-Salamah, A. A., & Ibrahim, S. S. S. 
(2015). Clonal diversity and antimicrobial resistance of Enterococcus faecalis 
isolated from endodontic infections. Electronic journal of Biotechnology, 18(3), 
175-180. 

Sun, C., Wu, Z., Wang, Z., & Zhang, H. (2015). Effect of ethanol/water solvents on 
phenolic profiles and antioxidant properties of Beijing propolis extracts. 



Third Part                                                                  References 
 

115 
 

Evidence-Based Complementary and Alternative Medicine.  

Sun, J., Sundsfjord, A., & Song, X. (2012). Enterococcus faecalis from patients with 
chronic periodontitis: Virulence and antimicrobial resistance traits and 
determinants. European Journal of Clinical Microbiology and Infectious 
Diseases, 31(3), 267–272.  

Surai, P. F. (2015). Silymarin as a natural antioxidant: An overview of the current 
evidence and perspectives. Antioxidants, 4(1), 204–247.  

Tafti, A., & Clark, P. (2021). Anatomy, Head and Neck, Primary Dentition. 

Takahashi, N. (2005). Microbial ecosystem in the oral cavity: Metabolic diversity in 
an ecological niche and its relationship with oral diseases. International 
Congress Series, 1284, 103–112.  

Tamfu, A. N., Ceylan, O., Cârâc, G., Talla, E., & Dinica, R. M. (2022). Antibiofilm 
and Anti-Quorum Sensing Potential of Cycloartane-Type Triterpene Acids from 
Cameroonian Grassland Propolis: Phenolic Profile and Antioxidant Activity of 
Crude Extract. Molecules, 27(15), 4872.  

Tamfu, A. N., Ceylan, O., Fru, G. C., Ozturk, M., Duru, M. E., & Shaheen, F. (2020).  
Antibiofilm, antiquorum sensing and antioxidant activity of secondary 
metabolites from seeds of Annona senegalensis, Persoon. Microbial 
Pathogenesis, 144, Article 104191.  

Tamfu, A. N., Kucukaydin, S., Quradha, M. M., Ceylan, O., Ugur, A., & Duru, M. E. 
(2022). Ultrasound-Assisted Extraction of Syringa vulgaris Mill., Citrus sinensis 
L. and Hypericum perforatumL.: Phenolic Composition, Enzyme Inhibition and 
Anti-quorum Sensing Activities. Chemistry Africa, 5, 237–249. 

 Tanda, N. (2020). Oral candidiasis. Otolaryngology - Head and Neck Surgery 
(Japan), 92(2), 114–117. 

Thebault, P., Lequeux, I., & Jouenne, T. (2013). Antibiofilm strategies. J Wound 
Technol, 21, 36-9. 

Tinoco, J. M., Buttaro, B., Zhang, H., Liss, N., Sassone, L., & Stevens, R. (2016). 
Effect  of  a  genetically  engineered  bacteriophage  on  Enterococcus faecalis 
biofilms. Archives of Oral Biology, 71, 80–86. 

Tjäderhane, L. (2019). Dentin Basic Structure, Composition, and Function. In M. A. 
Versiani,  B.  Basrani,  & M.  D.  Sousa-Neto  (Eds.),  The  Root  Canal  Anatomy in  
Permanent Dentition (pp. 17–27). Cham: Springer International Publishing.  

Tjäderhane, L., Carrilho, M. R., Breschi, L., Tay, F. R., & Pashley, D. H. (2009). 
Dentin basic structure and composition-an overview. Endodontic Topics, 20(1), 
3–29.  

Topal, M., Gocer, H., Topal, F., Kalin, P., Köse, L. P., Gulçin, I., Çakmak, K. C., 
Küçük, M., Durmaz, L., Gören, A. C., & Alwasel, S. H. (2016). Antioxidant, 
antiradical, and anticholinergic properties of cynarin purified from the Illyrian 
thistle (Onopordum illyricum L.). Journal of Enzyme Inhibition and Medicinal 
Chemistry, 31(2), 266–275.  



Third Part                                                                  References 
 

116 
 

Topçu, G.,  Ay, M.,  Bilici,  A.,  Sarıkürkcü, C.,  Öztürk,  M.,  & Ulubelen, A. (2007).  A 
new flavone from antioxidant extracts of Pistacia terebinthus. Food 
chemistry, 103(3), 816-822. 

Ugur,  A.,  &  Arslan,  T.  (2004).  An  In Vitro Study on Antimicrobial Activity of 
Propolis from Mugla Province of Turkey. Journal of Medicinal Food, 7(1), 90–
94.  

Usha,  H.  L.,  Kaiwar,  A.,  &  Mehta,  D.  (2010).  Biofilm  In  Endodontics :  New  
Understanding  To  An  Old  Problem.  International Journal of Contemporary 
Dentistry, 1(3), 44–51. 

Uzel, A.,Sorkun, K., Önçağ, Ö., Çoğulu, D., Gençay, Ö.,& Sali, B. (2005). Chemical 
compositions and antimicrobial activities of four different Anatolian propolis 
samples. Microbiological Research, 160(2), 189–195. 

Vadillo-Rodríguez, V., Cavagnola, M. A., Pérez-Giraldo, C., & Fernández-Calderón, 
M.  C.  (2021).  A physico-chemical  study  of  the  interaction  of  ethanolic  extracts  
of propolis with bacterial cells. Colloids and Surfaces B: Biointerfaces, 200, 
111571. 

 van Hoek, A. H., Mevius, D., Guerra, B., Mullany, P., Roberts, A. P., & Aarts, H. J. 
(2011). Acquired antibiotic resistance genes: an overview. Frontiers in 
microbiology, 2, 12596. 

Varley, D., Yousaf, S., Youseffi, M., Mozafari, M., Khurshid, Z., & Sefat, F. (2019). 
Fiber-reinforced composites. In Advanced Dental Biomaterials (pp. 301-315). 
Woodhead Publishing.  

Vasudeva, A., Sinha, D. J., Tyagi, S. P., Singh, N. N., Garg, P., & Upadhyay, D. 
(2017). Disinfection of dentinal tubules with 2% Chlorhexidine gel, Calcium 
hydroxide and herbal intracanal medicaments against Enterococcus faecalis: An 
in-vitrostudy. Singapore Dental Journal, 38, 39–44. 

Veiga, F. F., Gadelha, M. C., da Silva, M. R. T., Costa, M. I., Kischkel, B., de Castro-
Hoshino, L. V., Sato, F., Baesso, M. L., Voidaleski, M. F., Vasconcellos-
Pontello, V., Vicente, V. A., Bruschi, M. L., Negri, M., & Svidzinski, T. I. E. 
(2018). Propolis extract for onychomycosis topical treatment: From bench to 
clinic. Frontiers in Microbiology, 9, 779.  

Veloz,  J.  J.,  Alvear,  M.,  &  Salazar,  L.  A.  (2019).  Antimicrobial  and  antibiofilm  
activity against Streptococcus mutans of individual and mixtures of the main 
polyphenolic compounds found in Chilean propolis. BioMed Research 
International, 2019,7602343. 

 Veloz, J. J., Saavedra, N., Lillo, A., Alvear, M., Barrientos, L., & Salazar, L. A. 
(2015). Antibiofilm Activity of Chilean Propolis on Streptococcus mutans Is 
Influenced by the Year of Collection. BioMed Research International, 2015, 
291351.  

Vică, M. L., Glevitzky, M., Heghedűş-mîndru, R. C., Glevitzky, I., Matei, H. V., 
Balici, S., Popa, M., & Teodoru, C. A. (2022). Potential Effects of Romanian 
Propolis Extracts against Pathogen Strains. Environmental Research and Public 



Third Part                                                                  References 
 

117 
 

Health, 19(5), 2640.  

Vila, T., Sultan, A. S., Montelongo-jauregui, D., & Jabra-Rizk, M. A.(2020). Oral 
Candidiasis : A Disease of Opportunity. Journal of Fungi, 6(1), 15. 

Vladimirov, L. P., Konikova, R. S., & Komarova, L. P. (1966). Pyrophyllite as a 
protective material. Glass and Ceramics, 23(2), 62–63.  

Wagh, V. D. (2013). Propolis: A wonder bees product and its pharmacological 
potentials. Advances in Pharmacological Sciences, 2013.  

Wahjuningrum, D. A., & Subijanto, A. (2014). The antibiofilm activity of extract 
propolis against biofilm Enterococcus faecalis as herbal medicine potential in 
root canal treatment. ESP Endodontic Society of the Philippines, 8(1), 15–18. 

Wang, W., Lin, X., Yang, H., Huang, X., Pan, L., Wu, S., Yang, C., Zhang, L., & Li, 
Y. (2022). Anti-quorum sensing evaluation of methyleugenol, the principal 
bioactive component, from the Melaleuca bracteata leaf oil. Frontiers in 
Microbiology, 13, 970520. 

Wilmsen,  P.  K.,  Spada,  D.  S.,  &  Salvador,  M.  (2005).  Antioxidant  activity  of  the  
flavonoid hesperidin in chemical and biological systems. Journal of Agricultural 
and Food Chemistry, 53(12), 4757–4761.  

Wilson, M., & Wilson, P. J. (2021). Close Encounters of the Microbial Kind (pp. 451-
461). Cham: Springer. 

Wojtyczka, R. D., Kȩpa, M., Idzik, D., Kubina, R., Kabała-Dzik, A., Dziedzic, A., & 
Wa̧sik, T. J. (2013). In vitro antimicrobial activity of ethanolic extract of polish 
propolis against biofilm forming Staphylococcus epidermidis strains. Evidence-
Based Complementary and Alternative Medicine, 2013, 590703.  

Wong, J., Manoil, D., Näsman, P., Belibasakis, G. N., & Neelakantan, P. (2021). 
Microbiological aspects of root canal infections and disinfection strategies: an 
update review on the current knowledge and challenges. Frontiers in Oral 
Health, 2, 672887. 

Wu, J., Omene, C., Karkoszka, J., Bosland, M., Eckard, J., Klein, C. B., & Frenkel, K. 
(2011). Caffeic acid phenethyl ester (CAPE), derived from a honeybee product 
propolis,  exhibits  a  diversity  of  anti-tumor  effects  in  pre-clinical  models  of  
human breast cancer. Cancer Letters, 308(1), 43–53.  

Xu, X., Chen, F., Huang, Z., Ma, L., Chen, L., Pan, Y., Xu, J., Kim, S., Kinane, D., 
Koo,  H.,  &  Zhou,  X.  (2018).  Meeting  report:  a  close  look  at  oral  biofilms  and  
microbiomes. International Journal of Oral Science, 10(3), 28. 

Yadav, J., Das, S., Karthikeyan, D., Chug, R., Jyoti, A., Srivastava, V. K., Jain, A., 
Kumar, S., Sharma, V., & Kaushik, S. (2022). Identification of Protein Drug 
Targets of Biofilm Formation and Quorum Sensing in Multidrug Resistant 
Enterococcus faecalis. Current Protein and Peptide Science, 23(4), 248-263. 

Yahfoufi, N., Alsadi, N., Jambi, M., & Matar, C. (2018). The immunomodulatory and 
anti-inflammatory role of polyphenols. Nutrients, 10(11), 1618.  



Third Part                                                                  References 
 

118 
 

Yefrida, Suyani, H., Alif, A., Efdi, M., & Aziz, H. (2018). Modification of 
phenanthroline method to determine antioxidant content in tropical fruits 
methanolic extract. Research Journal of Chemistry and Environment, 22(4), 28–
35. 

Yildirim, Y., & Arce, K. (2017). Early oromandibular cancer. In Oral, Head and Neck 
Oncology and Reconstructive Surgery. Elsevier Inc, pp  458 -474   

Yoo, Y.-J., Perinpanayagam, H., Oh, S., Kim, A.-R., Han, S.-H., & Kum, K.-Y. 
(2019). Endodontic biofilms: contemporary and future treatment options. 
Restorative Dentistry & Endodontics, 44(1).  

Yu, C., & Abbott, P. V. (2007). An overview of the dental pulp: Its functions and 
responses to injury. Australian Dental Journal, 52, S4–S6.  

Yusop, S. A. T. W., Sukairi, A. H., Sabri, W. M. A. W., & Asaruddin, M. R. (2019). 
Antioxidant, antimicrobial and cytotoxicity activities of propolis from Beladin, 
Sarawak stingless bees Trigona itama extract. Materials Today: Proceedings, 19, 
1752-1760.  

Zeb, A. (2020). Concept, mechanism, and applications of phenolic antioxidants in 
foods. Journal of Food Biochemistry, 44(9), e13394.  

Zhang,  Y.;  Cai,  P.;  Cheng,  G.;  Zhang,  Y.  A  Brief  Review  of  Phenolic  Compounds  
Identified from Plants: Their Extraction, Analysis, and Biological Activity. Nat. 
Prod. Commun. 2022, 17, 1934578X2110697 

Zhao, X., Yu, Z., & Ding, T. (2020). Quorum-sensing regulation of antimicrobial 
resistance in bacteria. Microorganisms, 8(3), 425. 

Zulhendri, F., Felitti, R., Fearnley, J., & Ravalia, M. (2021b). The use of propolis in 
dentistry, oral health, and medicine: A review. Journal of Oral Biosciences, 
63(1), 23–34. 

Zullkiflee, N., Taha, H., & Usman, A. (2022). Propolis: Its role and efficacy in human 
health and diseases. Molecules, 27(18), 6120. 

Zwetchkenbaum, S., & Taichman, L. S. (2008). Chapter 14 - Oral Health. In J. J. 
Heidelbaugh (Ed.), Clinical Men’s Health (pp. 243–262).  

 

 

 

 



 

 

 

 

  

 

 

 

 

Annex 

 

 

 

 



Third part                                                                      Annex 
 

 

Annexe 1. Correlation between TPC, TFC contents and antioxidant activities 
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