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Abstract
Propolis is produced by honey bees from a series of resinous, gummy and balsamic
substances collected from the leaf buds of different tree species and mixed with their
secretions. It is used as a sealant and antiseptic in the hive. Because of its antimicrobial
properties, propolis has become a popular alternative medicine or food for health
protection and disease prevention. The presence of a large number of flavonoids,
aromatic acids and phenolic compounds has been suggested to be responsible for most
biological and pharmacological activities of propolis. This review aims to provide a critical
analysis of the different studies which evaluate the activity of propolis against fungi
and to identify the chemical components responsible for such activity. The discussion of
the methodological approaches used and the issued results is a key point of this review
to highlight knowledge gaps. This review will first describe the chemical composition of
the propolis and the factors of variability including geographical and botanical origins
and then examine its antifungal activities with a focus against phytopathogenic fungi.
Finally, it will discuss the main components responsible for such activities and their

mechanism of action.

Keywords: bee propolis,
phytopathogenic fungi

INTRODUCTION

Propolis is a natural substance made by bees and
may have various physico-chemical characteris-
tics and biological properties, depending on its
geographic and/or botanical origin. Its composi-
tion depends, of course, on the type of plants
foraged by the worker bee at the collection
site, but also on the climate conditions, the
season and bee species. This variability induces
a particular interest for the medicinal natural
product. Propolis, rich in flavonoid compounds
and phenolic acids, presents antimicrobial,
antiviral, antitumoral and antifungal activities
(Marcucci, 1995; Toreti et al., 2013). Currently,

biomarkers, food preservation, mechanism of action,

most research deals with human pathogens
while only some on plant diseases and agricul-
ture.

Basim et al. (2006) has demonstrated
that propolis extract applied in agriculture
affects the growing of with the control of
thirteen bacteria phytopathogens, such as
Agrobacterium tumefaciens, Erwinia amylovora
or Agrobacterium vitis. However, a few
studies have shown the activity of propolis
on fungal phytopathogens. The majority of
assays on fungal plant strains were carried
out in laboratory conditions, but some of them
demonstrated propolis efficacy in vivo (Barrera
et al.,, 2015; Guginski-Piva et al.,, 2015; Mattiuz

]



DUDOIT ET AL

et al,, 2015). Till now, propolis has demonstrated
to be effective at /n vitro conditions and on
postharvest treatments. Further studies must
be carried out to explore the applicability of this
post-harvest treatment at the industrial level.
Currently, the vast majority of published reviews
deal with the pharmaceutical-biological activities
of propolis associated with chemical composition
(Burdock, 1997; Banskota et al., 2001; Bankova,
2005; Ramos, 2007; Sforcin, 2007; Watanabe et
al., 2011; Tolba et al., 2013; Bankova et al., 2014).
Many reviews have focused on the chemical
aspect and the botanical and geographical origins
of propolis (Bankova et al., 2000; Salatino et al,
2005; Xu et al., 2009; Sawaya et al., 2011), but
to our knowledge no review has been published
on the efficacy of propolis extract against phy-
topathogenic fungi and its potential use in food
preservation.

The purpose of this critical review is to present
various aspects of the antifungal activity
of propolis and its components against phy-
topathogenic fungi. First, we briefly report the
historical use of propolis and its actual appli-
cations. Then, we provide some basic facts on
the chemical composition of propolis. We also
discuss the non-repeatability of some studies
because of the lack of crucial methodological in-
formation. Without and information on propolis’
origin and chemical composition, reproduction of
the results could be highly problematic. We then
provide a critical discussion of the experimental
conditions used to evaluate propolis's antifungal
activity. Finally, we critically discuss the repeat-
ability of experimentation and different aspects
of antifungal activity evaluation.

Historical use of propolis

The first accounts of propolis's benefits date
back to the ancient Egyptians. They used it
to embalm corpses due to its antiputrefactive
properties. The Incas used propolis as an anti-
pyretic agent to treat fevers (Silva-Carvalho et
al,, 2015).

Many ancient Greek and Roman manuscripts
mention its preparation and use as a traditional
medicine in various diseases and treatments
(Ghedira et al., 2009). The first authors to

Antifungal activities of propolis

describe its medicinal effects were Aristotle,
Dioscorides and Hippocrates among the Greeks,
and Pliny and Galen for the Romans (de Funari
et al, 2007; Toreti et al., 2013). Propolis was
used as for cicatrising and an antiseptic to treat
wounds and, as a mouthwash. The texts spoke
of propolis as a “cure for contusions and sup-
purating ailments”. In Rome, doctors applied it
for poultices (Garedew et al., 2004), and it was
highly sought after and more expensive than
honey. In battle, Roman legionaries carried
with themselves a small quantity to treat any
wounds. These curative uses were perpetuat-
ed in the Middle Ages and via Islamic medicine
(Ferhoum, 2010; Fokt et al., 2010). In the 12"
century, propolis was used in Europe to treat
mouth and throat infections (Ozcan et al., 2004),
and as early as the 17™ century, it was listed as
an official medicine of the London Pharmaco-
poeia and became very popular in Europe from
that time, due to its antimicrobial activity.

In France, propolis first appeared in written
documents only at the beginning of the 18"
century. It reached its zenith during the Boer
War (1899-1902) in South Africa at the end of
the 19™ century, when it was promoting as a
disinfectant and antiseptic for wound healing
and tissue regeneration (Ferhoum, 2010; Mora
et al, 2011). In World War Il, several Soviet
clinics treated tuberculosis with propolis; the
results were conclusive, with a reduction in lung
problems and a notable recovery of appetite.
Its use has been well known for centuries, but
the enthusiasm for it from a scientific point
of view has considerably increased since the
1980s. For instance, a great deal of work has
focused on gradually testing new therapeu-
tic possibilities for this substance. The latest
techniques have provided a better under-
standing of the mechanisms involved and the
molecular signalling pathways at work. These
discoveries suggest that propolis might be used
in increasingly vast fields, including treating
cancer, diabetes, cardiovascular or neurodegen-
erative diseases, but also in veterinary medicine,
or agronomy.
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Table 1.
Chemical composition of propolis extracts depending on geographical origin
Geographical origin Botanical genus and/ Bee type Majority compounds References
or species
. . Aromatic alcohol, alcohol, aromatic acid,
Turkey (1.0 different ns A,qls flavonoid! (flavone, flavanone, flavonol), [36]
regions) mellifera o .
ketone, terpene', vitamin €, acid
Medellin, Antioquia, ns Apis Isocupressic acid, (+)-agathadiol, epi- [49]
Colombia mellifera 13-torulosol
- , Salix humboldiana, ,
El Siambon 'I:ucuman, Pinus, A,q/s Pinocembrin”, galangin” [33]
Argentina mellifera
Eucalyptus
Balodlng_County,_ s s Pinobanksin’, p|noce'm*br|n , chrysin’, [46]
Hebei Province, China galangin
Populus (determined . L o
Tehran-Khojir, northern by studying the P|r_10bank3|q ,*pln.obanksm 3 acetfat*e,
. o ns pinocembrin’, pinostrobin, chrysin’, [44]
Iran chemical composition alangin’
of propolis by GC-MS) galang
Benzenamine, N,N-dibutyl-
Apis (21.94%), Paromomycin (9.74%),
Haramaya, Ethiopia ns me/;/?fera 4-Aminobutyramide,N-methyl-N-[4-(1- [30]
pyrrolidinyl)-2-butynyl]- (9.26%) and
DL-Tryptophan,5-methoxy(7.43%)
. 5 . Medicarpin, 3-hydroxy-8.9-dimeth-
Northeastern Brazil Dalbergia ecastophy! A,qls oxypterocarpan, quercetin, chrysin’, [42]
lum mellifera o i
ferulic acid, artepillin C
Cabreuva, State of Sao Baccharis dracuncu- Apis . s .
Paulo, Brazil lifolia mellifera Artepillin C, p-Coumaric acid, kaempferid [21,75]
Pinocembrin’, caffeic acid’, myricetin,
Temuco, Chile ns ns quercetin, kaempferol, apigenin, galangin’, [39]
caffeic acid phenyl ester (CAPE)
3,5-Diprenyl-4-hydroxycinnamic acid'
Baccharis dracunculi- (DHCA), 2,2-Dimethyl-6-carboxyethe-
. . nyl-2H-1-benzopyran (DCBEN), 3-Pre-
State de Parana, Brazil folia + ns 1-4-hvd . ic acid' (PHC [76]
Auraucaria spp. ny .'4' ydroxycinnamic acid' (PHCA),
2,2-Dimethyl-8-prenyl-2H-1-benzopyran-
6-propenoic acid (DPB)
3,5-Diprenyl-4-hydroxycinnamic acid'
(DHCA), 3-Prenyl-4-hydroxycinnamic
State of Minas Gerais, Baccharis dracuncu- ns acid' (PHCA), 2,2-Dimethyl-8-prenyl-2H- (761, [77]
Brazil lifolia 1-benzopyran-6-propenoic acid (DPB), !
p-Coumaric acid (PCUM), Caffeic acid”
(CA), caffeoylquinic acid derivates'
3-Methoxy-4-hydroxy-benzaldehyde,
. . (VAN), 3-Methoxy-4-hydroxycinnamalde-
State of Parana, Brazil Auraucaria spp. ns hyde (G2), 2-[1-hydroxymethyljvinyl- [76]
6-acetyl-5-hidroxycumarane (1)
Isfahan, central Iran ns ns Pinocembrin, caffeic acid " k*aempfer_ol*, [78]
phenethyl caffeate, chrysin’, galangin
England and New York L C -
State, USA ns ns p-coumaric acid, chrysin®, pinocembrin [77]
Apis
mellifera
pine forest, Y ;;Z/C/zi e/j‘-ap "
. s . A
Hatay region, Turkey eucalyptus, poplar anatoliaca, Caffeic acid’, sesquiterpenes [79]
trees .
Apis
mellifera
caucasica
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Table 1.
Chemical composition of propolis extracts depending on geographical origin
New compound. p-coumaric ester

Apis derivative dimer, methylated and/or
Northeastern Portugal ns P sterified or hydroxylated derivatives of [80]

mellifera . .

flavonoids, other compounds found in

temperate zones
Greece ns ns a-pinene [81]
Caffeic acid’, myricetin, quercetin,
Temuco, Chile ns ns kaempferol, apigenin, pinocembrin’, [45]
galangin’, CAPE, rutin

. Pinocembrin’, pinobanksin 3-acetate,

Sonora, Mexico ns ns chrysin’, CAPE', acacetin, galangin” [>0]
2',3"4'-trimethoxychalcone

2'-hydroxy-3',4'-dimethoxychalcone

Kangaroo Island, . Apis 2'4'-dihydroxy-3'-methoxychalcone
Australia Acacia paradoxa mellifera pinobanksin 3-acetate (8]

5,7-dihydroxy-6-methoxy-2,3-dihydrofla-
vonol 3-acetate,
Pinobanksin 3-(2-methyl)butyrate pin-
Montevideo, Uruguay ns ns obanksin 3-isobutyrate2-methyl-2-bute- [83]
nyl ferulate
. . Apis Nymphaeol-B, Isonymphaeol-B, Nymphae-

Okinawsa, Japan Macaranga tanarius mellifera ol-A, 3'-geranyl-naringenin, Nymphaeol-C [84]
Waikato, New Zealand s s Pinobanksin’, pinocembrin’, chrysin’, [47]

galangin’, cinnamic and ferulic acid

“antifungal compound, 'bioactive compound
ns - not shown

Origin of propolis

Propolis arised fromanassembly betweenaplant
resin and beeswax. The plant resin is harvested
by worker bees (Apis mellifera L.) from the buds
of certain trees, bushes, but also from young
branches, leaf petioles and cracks in the bark
of certain plants found in the ecosystem sur-
rounding the hive. There are considered to be
as many types of different propolis as there are
ecosystems on the planet. Tab. 1 and 2 present
a non-exhaustive list of the different propolis
types existing in the world. Propolis in Europe is
harvested almost exclusively from the buds of
poplar trees (genus Populus) whereas in Brazil
from Baccharis dracunculifolia and in Tunisia
from Cistus sp.

This plant resin consists of wax secreted by
bees and their saliva. The enzyme 13-glycosi-
dase existing in bee saliva hydrolyses flavonoid
glycosides into flavonoid aglycones (Ramos
& Miranda, 2007; Farooqui & Farooqui, 2012)
thereby gqiving rise to propolis. Its different
physico-chemical characteristics mainly depend
on its botanical origin. Its colour varies from

yellow to green and from red to dark brown
and depends on the type and age of the plant
foraged by bees (Ghedira et al., 2009). The
typical balsamic odour of propolis makes it easily
recognisable. Poplar propolis can be hard and
brittle in low temperatures and soft, rubbery
and sticky in hot temperatures, while Baccharis
propolis hard and friable at room tempera-
ture (Fokt et al.,, 2010). The materials available
for “making” propolis are lipophilic substances
produced by the surrounding plants in the bee
ecosystem (Bankova, 2005).

In its ecology, the bee utilizes this malleable
propolis as “cement”, which is deposited inside
the hive. In order to be perfectly viable, the
hive must ensure a degree of impervious-
ness compatible with their various tasks (e.g.
aeration of honey). Propolis is therefore used
to construct and repair the hive, plug holes
and ensure it is sealed. However, paradoxically
this imperviousness results in a confined space
in which the thermal conditions (34+2°C) and
relative humidity (around 80%) are conducive to
the development of such pathogenic organisms
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Table 2.
Antifungal activity of propolis extracts against plant pathogens
Geographi-  Tested Pathogen/ Analysed
calorigin  extract Origin parameter Method Results References
Mycelium growth inhibition (%)
Aspergillus EEP concentration 10%: 100%
versicolor Agar inhibition on all the samples and the
penicilli Percentage of di > ;
Turkey EEP enicitium at- - o celium growth ~ Meom strains [36]
rantiogriseum inhibition dilution EEP concentration 5%: >30%
(isolated from method inhibition
Turkish cheese) EEP concentration 1%: >15%
inhibition
Fusarium sp. . Agar Significant inhibition at a concentra-
Aspergillus Relative ) : 4 .
Hamaraya, . - medium tion of 10 mg mL" for Aspergillus
. EEP niger inhibition of - , , [30]
Ethiopia . . dilution niger and Fusarium sp.
(isolated from  mycelium growth method
avocado)
Mycelium growth inhibition (%)
as of D+3
. Alternaria Agar F. oxysporum: 100% for 2 regions
E;edni‘cf)zre]gegft MEP alternata mpigfiiﬁaaiv?;h medium (at 2% and 5% concentration) [25]
g Fusarium ycelium g dilution >52% for the 3 others (from a 2%
Turkey inhibition .
oxysporum method concentration)
A. alternata. 100% for 2 regions at
a 5% concentration
Alternaria 100% inhibition for all the fungi at
alternata ian = 2 £O
. Agar an EEP concentration = 2.5% except
Fusarium sp. Percentage of . . .o
Temuco, €ep Botrytis mycelium growth medium for B.cinerea = at 5% [45]
Chile ; S dilution Inhibition still better than with the
cinerea inhibition . -
g method chemical fungicide
Penicillium
expansum
. EEP — Mycelium growth inhibition (%)
Baoding 5 Penicillium Agar  EEP extract (1200 mg L'): 93.20%
County, italicum Percentage of : v o
Hebei E-Fr (isolated from  mycelium growth medium P-Fr extract (200 mg L") 35.40% [46]
. B-Fr . S dilution E-Fr extract (200 mg L"): 100%
Province, citrus blue inhibition N\ >co
China W-Fr mould) method B-Fr extract (200 mg L"): 25%
W-Fr extract (200 mg L"): 6.82%
Colletotrichum
gloeospori-
oides
f (isolated Mycelium growth inhibition (%)
rom papaya .
. on C. gloeosporioides (mango),
(Carica papaya) o
. EPEM C. gloeosporioides (papaya), B.
Medellin, and mango Percentage of Agar .
Antioquia CH,Cl, (Mangifera mycelium growth  medium theobromae, respectively [49]
Colombia  C'OAC indica)) inhibition diution ~ SPEMextract: 33.8%, 26.1%, 29%
MeOH g . odinlodia method CH,Cl, extract: 47.6%, 38.1, 23.5%
hembron s EtOAC extract: 6.5%, 11.6%, 5.7%
. MeOH extract: 9.9%, 5.2%, 4.9%
(isolated from
avocado,
Persea
americana)
Adar Mycelium growth inhibition (%)
Colletotrichum Percentage of g EEP concentration 2.5%: total
Sao Paulo, . : medium S
Brazil EEP gloepspon- mycgllqrq growth dilution |nh|b|t|on [4]
oides inhibition method EEP concentration 0.5/1.0/1.5/2.0%:

partial inhibition
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Table 2.
Antifungal activity of propolis extracts against plant pathogens
Mycelium growth inhibition (%)
, EEP concentration 0.25%: 66.1%
Colletotrichum Agar S
. capsici Perclentage of medium |nh|p|t|on
China EEP . mycelium growth N EEP concentration 0.50%: 84.3% [64]
(isolated from inhibiti dilution inhibiti
capsicum) inhibition method inhi l|t|on
EEP concentration 0.75%: 89%
inhibition
Tehran- Asperadillus Liquid
Khojir, EEp F;". %r Determination of  medium MIC value (pg mL") [44]
northern g MIC value dilution Aspergillus niger. 500
Iran method
Aspergillus - . .
El-Aslogy, flavus Percentage of L|qg|d For EEP concent_rﬁtlons var}ojlng
; . : medium from 3 to 4g L": 56 to 76%
Zagazig, EEP (isolated from spore germina- N T S [57]
> dilution reduction in spore germination
Egypt pealed peanut tion
method percentage
seed)
Aspergillus Liquid . .
San J'uan flavus Determination of ~ medium Species of the genus Aspergillus are
province, EEP ] - not susceptible to extracts of urban [58]
Argentina Apsergillus MIC value dilution propolis (MIC > 250 g mL")
niger method
Aspergillus
l niger (isolated Liquid MIC value (pg mL")
Siambon’ PPPE from citrus) Determination of me?jium Aspergillus niger: 232 + 0.12
Tucuman Fusarium sp. MIC value dilution Fusarium sp. (20), (21), (22) : [33]
Ar entin’a Penicillium method 349 +0.15,310 £ 0.10, 194 + 0.10
g notatum Penicillium notatum: 349 + 0.14
Spore germination inhibition (%)
EEP concentration 0.5%: 1.78%
inhibition
Liquid EEP concentration 1.0%: 47.3%
Sao Paulo Colletotrichum Percentage of me?:lium inhibition
O EEP gloeospori- spore germina- o EEP concentration 1.5%: 96.4% [4]
Brazil . SR dilution o
oides tion inhibition method inhibition
EEP concentration 2.0%: 100%
inhibition
EEP concentration 2.5%: 100%
inhibition
. '.“s"e.’g'”"s Mycelium growth inhibition (%)
El niger (isolated Paper . L
. , . Percentage of ; Aspergillus niger: 60.4 + 0.04
Siambon PPPE from citrus) : disc : .
. mycelium growth o Fusarium sp. (20), (21), (22): 63.1 [33]
Tucuman, Fusarium sp. A diffusion
- P inhibition +0.03,59.9+0.03,59.1 +0.04
Argentina Penicillium method A ;
Penicillium notatum: 44.6 + 0.05
notatum
Aspergillus
‘El niger (isolated .
Siambon’ PPPE from citrus) Colmpou.nds TLC bio . .
y displaying autogra- Discovery of phenolic compounds [33]
Tucuman, Fusarium sp. activity potential phy
Argentina Penicillium
notatum
Baoding EEP Penicillium
County, P-Fr italicum Compounds TLC bio- dentification: pinobanksin. bi-
Hebei E-Fr (isolated from displaying autogra- nocembrin ch? sin alan' |pn [46]
Province, B-Fr citrus blue activity potential phy - Chrysin, galang
China W-Fr mould)

EEP, ethanol extract of propolis; EPEM, n-hexane/methanol extract of propolis; CH,CL, dichloromethane; EtOAc, ethyl
acetate; MeOH, methanol; PPPE, partially purified propolis extract ; P-Fr, petroleum ether fraction ; E-Fr, ethyl
acetate fraction ; B-Fr, n-butanol fraction ; W-Fr, water fraction ; HPMC, hydroxypropylmethylcellulose.

Il



as bacteria or fungi (Ota et al,, 2001). Howeuver,
bees know how to harvest a substance that
has the physical characteristics of “cement”
and the chemical characteristics of an anti-
microbial weapon. Indeed, propolis deposited
in the hive has shown to prevent the decom-
position of organic matter inside the hive by
inhibiting microbial growth, as in mummifying
the carcasses of invaders (Quiroga et al., 2006;
Pietta et al,, 2012).

The biological activities and antimicrobial
properties of propolis are attributed to molecules
that come exclusively from the foraged plant
that provides the resin (Vardar-Unlii et al.,, 2007).
The survival of the species is ensured because
bees adapt to their ecosystem by harvesting
a resin which ensures the wholesomeness
of the hive while protecting it from harmful
microbes specific to the same ecosystem. The
great natural variability in propolis depends
on the type of plants foraged by the workers
present at the collection site but also on climatic
conditions, the season, and bee type.

Current and future applications of propolis
Now popular thanks to much available informa-
tion, Propolis is considered as an alternative
natural therapeutic, and propolis-based prepara-
tions as much surer and much less harmful tofor
the health than numerous medicines (Castaldo
& Capasso, 2002). This renewed enthusiasm has
motivated both researchers and the industry to
continue investigating and broadening the fields
of application for propolis (Temiz et al., 2013).
Over the last thirty years, intense research on
propolis has confirmed or discovered numerous
pharmaceutical and  biological  activities
including antibacterial, antiviral, antifungal, an-
tioxidant, anti-inflammatory, antitumoral and
immunomodulating properties. The range of its
medical applications has therefore been widely
expanded. Current research covers medicine
with some new therapeutic targets, as well as
work in the cosmetics, food and the animal-care
industries (Tosi et al., 2006).

Today, propolis can be administered either
orally or systemically in the form of ampoules,
infusions, syrups, tablets and capsules, or in
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topical applications such as toothpastes, pas-
tilles-lozenges, mouth and nasal sprays (Almas
et al., 2001; Ghedira et al., 2009). Mouthwash-
es and other dentifrices prevent tooth decay,
gingivitis and stomatitis, and many formula-
tions exist for treating allergies, inflammatory
diseases, asthma, diabetes and hypertension and
for use as a dietary supplement (Marcucci, 1995;
Farooqui & Farooqui, 2012). In Chile, propolis is
consumed in very popular alcoholic and non-al-
coholic beverages (Herrera et al., 2010). AImost
all products available on the market are based on
ethanol extracts of propolis, but industries also
use glycerine and propylene glycol in product
preparation (Ramos & Miranda, 2007).

Despite the exteninsive and varied scientific
literature on both the chemical composition and
biological activities of propolis, most therapeutic
applications remain limited primarily to human
pathologies. Its application for food preserva-
tion in such fields as the agrifood sector or agri-
culture has seen little development. Despite the
need for scientific knowledge on propolis, re-
searchers or publishers encounter difficulties in
ensuring that results published are repeatable
and allow comparison, so as to extract usable
and reproducible interpretations essential for
application in the field.

Chemical composition of propolis

Many authors have claimed that the general
composition of raw propolis (Tosi et al., 2006;
Sawaya et al.,, 2011; Haile & Dekebo, 2013; Nedii
& Loucif-Ayad, 2014) consists of around 50%
resin (containing the polyphenol fraction), 30%
beeswax (wax and fatty acid), 10% essential oils
(volatile compounds), 5% pollen (pollen protein
and free amino acids) and 5% other substances
(vitamins, enzymes, steroids, etc.), referring
to old articles, some dating back over seventy
years. More recently, Bankova et al. (2014) has
criticized those data and downwardly revised
the volatile compound percentage, citing 1% and
occasionally 2 to 3%. Differences in appearance
and textures between raw propolis samples
from poplar Baccharis and Dalbergia suggest
that these substances do not share the same
general composition in percentage terms. An
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internal study (data not shown) showed that
the distribution of resin/wax/others in propolis
from poplar Baccharis and Dalbergia was 60-60-
40/20-10-20/20-30-40, respectively. As with
any natural substance, raw propolis is variable.
Factors of variability in the chemical composition
of propolis include source plants, their availabil-
ity at the time of collection, a hive's geographi-
cal origin, bee type, climate and season (Ghedira
et al, 2009; Haile & Dekebo, 2013). How raw
propolis is harvested by humans could also be
added to these natural elements.

Walker & Crane (1987) first published a work
inventorying plants in the world that supply
propolis; however, authors working on its compo-
sitionand consequently onits biological activities
have rarely specified the botanical origin, and
geographical origin is not enough to effectively
describe a propolis sample. In Brazil for example,
Park et al. (2004) demonstrated the existence
of thirteen different chromatographic profiles
from propolis samples taken throughout the
Brazilian territory. Of all the molecules listed on
those chromatograms, only two flavonoids and
one phenolic acid were common to the thirteen
types of Brazilian propolis, a new one displayed
a bright red colour and its chemical composition
differed from the other twelve types of propolis
already inventoried. Silva et al. (2008) identified
the botanical origin of this new propolis by
comparing the chemical profile of ethanol
extracts of the red propolis to those of resins
collected from twenty different Brazilian plants.
Only one plant, Dalbergia ecastaphyllum, had a
virtually similar profile rich in isoflavonoids.

Tab. 1-2 give a list that is not exhaustive but
matches information given in articles about
propolis. Each article mentions the geographical
origin of the propolis, while only 40% of them
specify the botanical origin. For example, the
table shows us that the majority of compounds
found and identified by Mohammadzadeh et
al. (2007) as coming from poplars in Iran were
the same as those found in propolis from Chile
(Herrera et al.,, 2010; Curifuta et al,, 2012) and
China (Yang et al., 2011). Although the botanical
origin of those propolis samples was not
mentioned, it is likely to have been poplars.

Antifungal activities of propolis

Markham et al. (1996) presented a propolis
specific to New Zealand which was slightly
similar to Manuka honey also from New Zealand.
However, the authors stated that New Zealand
had largely reintroduced the European poplar
to its soil. Catchpole et al. (2004) qualified New
Zealand propolis as a poplar propolis identical
to European propolis. The composition of the
red propolis from north-eastern Brazil, derived
from Dalbergia, is similar to that of a red propolis
rich in isoflavonoids, such as medicarpin and
3-hydroxy-8.9-dimethoxypterocarpan,  found
in Cuba's Pinar Del Rio province, proving the
existence of the species Dalbergiain that region
of Cuba (Meneses et al., 2009). In terms of the
chemical composition of raw propolis, these
different examples show how little importance
the geographical origin carries when compared
to the botanical origin.

Several authors have worked on seasonal
impacts affecting propolis composition. One
study compared the chemical composition
of propolis samples from the same region of
Sonora in Mexico over 4 consecutive seasons.
The results of the chromatographic profiles
obtained, and the relative abundance of the main
peaks, did not reveal any significant difference
(Valencia et al., 2012). Similar work had already
been undertaken five years earlier at the same
site, and again the comparison of the chromato-
grams did not reveal any significant difference.
Nonetheless, a few differences were found for
the relative abundance of certain non-majority
compounds, which confirms that seasonal-
ity does not significantly influence quality but
maybe quantitatively a few compounds, hence
maybe biological activity.

To determine how bee type plays a role in
the variability of propolis composition, some
work was undertaken to analyse the volatile
compounds of propolis samples harvested from
various regions of Brazil with two different
subspecies of Meliponinae bees. The percentag-
es of different volatile compound families were
compared using samples from the same place
but with six different bee subspecies, including
genus Plebiaspp. and Tetragonisca angustula. In
quantitative terms, two samples had diterpenic



acids as did the majority family, three had trit-
erpenic acids and the last sample had deriva-
tives of benzoic acids. However, no qualitative
analysis was undertaken, and instead bees of
the subspecies Melipona quadrifasciata anth-
idioides were analysed in different geographi-
cal zones, for which some differences appeared.
The author was unable to reach any conclusion
regarding the species of bee or geographical
origin, for determining the chemical composi-
tion of a propolis sample (Velikova et al., 2000).
The enzyme and glandular system of bees were
shown to not vary in terms of chemical compo-
sition, ans consequently the variations encoun-
tered in propolis composition are solely due to
botanical origin (Bankova, 2005).

The chemical composition of raw propolis varies
from a region with a tropical climate to a region
with a temperate climate. In fact, in a temperate
zone such as Europe propolis mainly comes from
poplars, whereas in a country with a tropical
climate such as Brazil, most propolis comes
from Baccharis dracunculifolia or Auraucaria
spp. Whilst not being a natural element, the
propolis-harvesting method since the human
domestication of bees has added a source of
variation. For instance, Stan et al. (2011) showed
that when poplar propolis is harvested with the
screen method, the proportion of wax tends
to not exceed 21%, unlike the standard results
obtained with the frame scraping method
where the proportion largely exceeds 30%.
This difference in wax percentage is important
because, physically, the drop in wax means a
larger quantity of resin. As the latter is the sole
source of the active ingredients for propolis,
this suggests that the larger the proportion of
resin, the greater will be the active ingredient
contents.

Lastly, although as many sorts of propolis exists
as there are different ecosystems on earth,
only propolis from Baccharis, from poplars and
more recently from Dalbergia have been widely
studied. The botanical origin of these types
of propolis was identified by the presence
of molecular markers from the source plant.
For instance, the main families of compounds
encountered in poplar propolis are flavones
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(chrysin), flavanones (pinocembrin) and phenolic
acids (caffeic acid), while a propolis derived from
Baccharis is mostly composed of terpenoids
and prenylated derivatives of p-cinnamic acid
(artepillin C) and one derived from Dalbergia
is composed of isoflavonoids (Bankova et al,
2002; Fokt et al., 2010).

We have seen that a number of natural and
human factors exist which both govern and
influence the composition of propolis in terms
of its active ingredient. Given that the pharma-
ceutical-biological activities of propolis can be
attributed to those same active ingredients,
the botanical origin must be specified and no
longer the geographical origin, which is of little
interest. As shown in Tab. 1 and 2, many authors
do not mention the botanical origin of propolis;
the majority compounds are often listed but
rarely quantified. Without that information, the
repeatability of the work undertaken cannot
be guaranteed. From now on, all studies will be
more complete and precise as regards botanical
origin, bee type and harvesting method, as
these factors are decisive in the composition
of propolis and thereby in the possibility of
comparing certain biological activities of the
same raw propolis.

Antifungal activity of propolis

Propolis has been known for its antimicrobial
activity, and recently, a great deal of work on this
natural substance has confirmed that property,
while fine-tuning it for its antibacterial, antiviral
and antifungal virtues. Even though many
articles on human pathogens have reported on
propolis as potential antifungal candidate (Do-
browolski et al., 1991; Ota et al., 2001; Dota et al,,
2011), propolis is not officially recognized for its
antifungal activity in the context of increasing
antibiotic resistance. Some natural substances
rich in flavonoids and phenolic acids have been
shown to display an antifungal activity against
such plant pathogenic fungi as Botrytis cinerea,
Aspergillus niger and Alternaria alternata
(Mohammadzadeh et al., 2007; Castro et al,
2009), vet there is little work with propolis on
plant pathogens.

Despite this, those studies are representa-
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tive of the type of study undertaken as their
design and the conclusions presented for
human pathogens. We shall therefore study
the different techniques used to assess the
antifungal activity of propolis applied to plant
pathogens. A critical analysis will be conducted
on the inconsistencies, bias and lack of readabili-
ty by certain authors regarding their expression
of results, the protocols published and the in-
terpretations made. The antifungal activity of
propolis extracts is generally assessed through
the study of mycelium growth or spore ger-
mination. The assessment of plant pathogen
mycelium growth is most widely described in
literature (Ghaly et al., 1998; Ozcan et al,, 2004;
Meneses et al, 2009; Yang et al., 2011; Temiz
et al,, 2013; Dudoit et al., 2020; Hosseini et al.,
2020).

Mycelium growth

The dilution method and the diffusion method
are mainly used to assess the effect of propolis
extract on mycelium growth. The dilution
method is widely used for assessing the
antifungal activity of propolis and carried out in
an agar medium or a liquid medium.

In an agar medium, the different concentrations
of propolis liquid extract are incorporated into
the agar prior to inoculation on the mycelium
plug surface (Quiroga et al., 2006; Curifuta et
al., 2012; Aguero et al., 2014). Mycelium growth
inhibition is determined through the comparison
of the mycelium radial growth diameter of the
negative control (without propolis) with that
of the tested extract (Bosio et al., 2000). In a
liquid medium, the different concentrations of
propolis liquid extract to be tested are incor-
porated into a spore suspension in a nutrient
broth. After incubation, both mycelium growth
and inhibition are determined with spectropho-
tometry (Hegazi et al., 2000). this method, also
called the broth microdilution method, is most
often used to determine the minimal inhibitory
concentration (MIC) which corresponds to the
lowest propolis extract concentration for which
no microorganism growth is visible (fungistatic
effect) (Quiroga et al., 2006; Mohammadzadeh
et al., 2007; Aguero et al., 2014).

I
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Although less common, the diffusion method
can be carried out with the disc or well
technique. The disc diffusion method consists
of placing a paper disc imbibed with the propolis
extract to be tested in different concentra-
tions on the surface of the agar inoculated
uniformly beforehand with a suspension of mi-
croorganisms. Following appropriate incubation
conditions, antifungal activity is assessed by
measuring the diameter of the growth inhibition
zone surrounding the disc (Bosio et al., 2000;
Sawaya et al.,, 2011).

The well technique consists of introducing the
propolis extract into wells made in the agar
after its inoculation with the microorganism to
be tested. The inhibition diameter around the
wells is measured to determine the mycelium
growth of the pathogen in question. The dilution
method is more widely used than the diffusion
method to determine mycelium growth. Indeed,
incorporation of the extract directly into the
culture medium facilitates the dispersal of the
active molecules and enables clearer visualiza-
tion of the extract’s activity.

Spore germination

Spore germination can be assessed with the
dilution method in an agar or liquid medium as
seen. After incubation, the number of spores is
counted with the use of a Malassez cell under a
light microscope, and the percentage of spore
germination inhibition is determined (Ghaly et
al., 1998).

All of these techniques require a negative
control without propolis extract so that there is
no solvent effect on the inhibition of the tested
pathogen. In addition, the presence of positive
controls, i.e. such chemical fungicides as ampho-
tericin B, ketoconazole or terbinafine, is an asset
as they can be used to compare the activity of
the extract to that of some reference molecules
(Quiroga et al,, 2006; Aguero et al.,, 2014). Re-
searchers do not often take this parameter into
account.

The thin-layer chromatography (TLC)-bioau-
tography method is @ more recent technique
(Ndjolo, 2012). TLC plates are used to visualize
the inhibition zones (representative of activity)



generated by one or a group of molecules
separated beforehand with this method (Moreno
et al, 1999; Quiroga et al., 2006; Kasote et al,
2015). The chemical families present in the
active fractions are then visualized through flu-
orescence and/or characterized through HPLC/
MS.

Fungicide activity of propolis against plant
pathogen strains

A list not exhaustive but representative of the
studies on the antifungal activity of propolis
extract against plant pathogens is presented
in Tab. 2, which sums up the results, experi-
mental conditions and methods used. In these
studies, antifungal activity was assessed
through mycelium growth inhibition (Ozcan et
al, 2004; Quiroga et al., 2006; Mohammadza-
deh et al., 2007; Meneses et al., 2009; Yang et
al., 2011; Curifuta et al., 2012; Haile, & Dekebo,
2013; Temiz et al., 2013; Ali et al., 2014; Mattiuz
et al, 2015; Dudoit et al., 2020), inhibition of
spore germination (Ghaly et al., 1998; Mattiuz et
al., 2015) or MIC determination (Quiroga et al.,
2006; Mohammadzadeh et al., 2007; Aglero et
al., 2014; Xu et al., 2019; Hosseini et al. 2020).
Such various plant pathogenic fungi as Fusarium
sp., Aspergillus sp., Penicilliumsp., Colletotrichum
sp., Botrytis cinerea and Aternaria sp. used
in these studies to investigate the antifungal
activity of propolis extracts came from collec-
tions or were isolated from a food matrix (Ozcan
et al., 2004; Quiroga et al., 2006; Meneses et
al., 2009; Curifuta et al., 2012). Mycelium growth
inhibition is usually determined through dilution
inan agar medium. Ethanol extracts from Turkey,
Ethiopia, Chile and Brazil in studies by Curifuta
et al. (2012), Haile & Dekebo (2013), Mattiuz et
al. (2015) and Temiz et al. (2013) showed total
inhibition of mycelium growth for the different
plant pathogens studied at a concentration of
between 2.5 and 5% (v/v).

Some works have tested the dose-response
effect of propolis ethanol extracts on mycelium
growth. Ozcan et al. (2004) and Mattiuz et al.
(2015) found that inhibition increased partially
and, then completely when the concentration of
their Brazilian propolis extract rose from 0.5 to
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2.5% (v/v), while an increase from 66 to 89%
inhibition was observed with concentrations
of 0.25 and 0.75% for Chinese propolis. The
inhibition percentage rose from 15 to 100%
when the concentration of Turkish propolis rose
from 1 to 10%. Another study by Ozcan et al.
(2004) tested the effectiveness of methanol
extracts of propolis from five different regions
of Turkey at concentrations of 2% and 5%. Only
two propolis extracts displayed total inhibition
from a concentration of 5%. The results for
these two methanol extracts were similar to
those obtained previously with ethanol extracts.
However, the methanol extracts of the other
three regions showed a substantial inhibiting
effect of 52% at a concentration of 2%.

Four sub-fractions were made up from the
same ethanol extract of Chinese propolis with
different solvents (ethanol, water, petroleum
ether, n-butanol, ethyl acetate) and compared.
At an identical concentration (200 mg mL'),
only the ethyl acetate sub-fraction completely
inhibited the growth of Penicillium italicum. The
inhibition percentages obtained, in decreasing
order, were 100, 93, 35, 25 and 6% for the ethyl
acetate, ethanol, petroleum ether, n-butanol
and water fractions, respectively (Yang et al,
2011). Interestingly, the initial ethanol extract
concentrated at 1200 mg mL' did not lead to
complete inhibition, but unlike its ethyl acetate
sub-fraction though it was six times less con-
centrated. Meneses et al. (2009) tested the
inhibiting power of different fractions of
Colombian propolis on: Colletotrichum gloe-
osporioides strains isolated from mango and
papava and Botryodiplodia theobroma strain
isolated from avocado. The four fractions tested
were the n-hexane/methanol fraction (EPEM),
dichloromethane (CH,CL,), ethyl acetate (EtOAC)
and methanol (MeOH). The (CH,CL,) fraction gave
the best results with 47 and 38% of inhibition
for the two strains of C. gloeosporioides, while
the EPEM fraction led to a better inhibition of
the B.theobromae strain. Unfortunately, the
authors did not specify what concentrations
were used to obtain those results.

Curifuta et al. (2012) and Temiz et al. (2013)
chemical fungicides as positive controls (sodium
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benzoate and benzimidazole) in their mycelium-
growth inhibition studies and concluded that
the chemical fungicides had a weaker inhibiting
activity than the tested propolis extracts. Liquid
medium dilution is most frequently used to
determine the MIC value and the germination
inhibition percentage. Some ethanol extracts of
Brazilian propolis were tested against the ger-
mination of a Colletotrichum gloeosporioides,
the main pathogen of mango anthracnose. The
inhibition of C. gloeosporioides spore germina-
tion is dose-dependent, inhibition of this strain
being total beyond a concentration of 2% (v/v)
propolis extract (Mattiuz et al., 2015). Howeuver,
worth noting is the exponential effect of the
propolis concentration on that inhibition, since
the fact of increasing the concentration from
1 to 1.5% increased inhibition from 47 to 96%.
Ghaly et al. (1998) found that their ethanol
extract of Egyptian propolis only reduced the
spore germination of the 2 Aspergillus isolates
by 56 to 76% for concentrations of between 3
and 4 g L. In that study, the authors expressed
their result as the concentration of initial raw
propolis prior to extraction, which in reality
amounts to the extraction ratio.

Quiroga et al. (2006) and Aguero et al. (2014)
determined similar MIC value (250 vs 232
hHg mL'") for their propolis extract originating
from different regions of Argentina, extracted
through different processes. With a MIC > 250
dg mL', both judged that the Aspergillus strain
was not susceptible to the propolis extract
used, while Mohammadzadeh et al. (2007) using
an ethanol extract of Iranian poplar propolis
determined a MIC value of 500 pg mL " against
the same Aspergillus strain. Although their MIC
was twice as high as the previous value, Agltero
et al. (2014) and Quiroga et al. (2016) concluded
that this fungal strain was susceptible to their
propolis extract.

Quiroga et al. (2006) also determined the MIC
values of the chemical fungicides ketocona-
zole and clortrimazole and of the isolated and
purified flavonoids, pinocembrin and galangin,
which they compared to the MIC of the propolis
extract on five fungus strains (a strain of As-
pergillus, a strain of Penicillium and 3 strains of
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Fusarium). The results for the five tested strains
indicated MIC values of between 195 and 350
pug mL', between 1 and 8 pg mL' and between
25 and 45 pg mL’ for the propolis extracts, the
chemical fungicides and the isolated flavonoids,
respectively. These results lead to the conclusion
that the chemical fungicides better inhibited
than the isolated compounds, which performed
better than the tested propolis extract. The
studies undertaken with the TLC-bioautography
method confirmed that the active molecules re-
sponsible for at least some of the antifungal
activity belonged to the family of phenolic
compounds (Quiroga et al, 2006; Yang et al.,
2011).

Antifungal activity of propolis in vivo

Due to the recent use of biologically active
natural products to treat fruits and vegetables
there has been a real research challenge to
replace propolis synthetic fungicides for con-
trolling pre and postharvest decay. Propolis has
been found to inhibit antifungal postharvest
pathogens in vitro. The efficacy of propolis
extract on mycelial growth (Ozcan et al.,, 2004;
Yang et al,, 2011; Mattiuz et al., 2015) and spore
germination (Ghaly et al, 1998; Mattiuz et al,
2015) on phytopathogen strains such as Colle-
totrichum gloeosporioides, Aspergillus flavus,
Alternaria alternata, Fusarium oxysporum, Peni-
cillium italicum has been widely described in
literature. Recent studies have been conducted
on the application of ethanolic extract of propolis
alone or in combination with edible coating on
postharvest biopreservation of fruits (Ali et al.,
2014; Barrera et al., 2015; Mattiuz et al., 2015).
Interesting results have been obtained /in vivo
on the efficacy of propolis as an alternative
process for food preservation. However, no
request or approval documents have been made
to introduce propolis on the market in plants and
crops protection. The use of a natural extract or
active substance must be approved as a basic
substance by European Commission and listed in
Regulation (EU) N° 540/2011.

Mattiuz et al. (2015) reported that the ethanolic
extract of propolis (EEP) did not limit the
growth of C. gloeosporioides on mango the first



fourteen days of storage, but on day 21 the
treatment significantly reduced lesion areas on
mango compared to control. Matny et al. (2015)
also reported the efficacy of Iraqi EEP to control
and reduce apple fruit decay. EEP treatment
reduced mold area by 66.8% compared with
untreated fruit against P expansum. Giovanelli
(2008) showed the potential of South African
EEP to inhibit post-harvest diseases and prevent
infection caused by Colletotrichum on avocado
fruit.

In these two studies, fruits were first inoculated
with 15 pL of Colletotrichum sp. conidia (1 x
10° conidia mL"). To understand the preventive
action of EEP against Colletotrichum, fruits were
immediately sprayed with 5 mg mL' (MIC value)
and 10 mg mL" EEP. Whereas in the study on the
efficacy of EEP to inhibit disease symptoms of
infected fruit, these fruit were treated twenty-
four hours after infection. In both cases, the use
of 5 mg mL"and 10 mg mL" EEP on the post-
harvest treatment of avocado fruit inoculated
with Colletotrichum conidia evidenced a similar
potential to inhibit disease symptoms compared
with untreated fruit. Similarly, Moraes et
al. (2011) has proved the efficiency of 10%
propolis extract concentration for the control of
powdery mildew in tomato plants. Lastly, Matny
(2015) soaked oranges with concentrations of 1,
2 and 3% EEP from Baghdad, Iraq, for the control
of Penicillium digitatum pathogen causeing
gray mold, and found that 3% more efficiently
inhibited disease severity. All EEP treatment
still showed a fungicidal activity compared with
pathogen treatment only. The effect of 1%, 2%
and 3% EEP on disease incidence was respec-
tively 66.67%, 33.34% and 22.23%.

Few studies deal with the efficacy of propolis
incorporated into edible films. Ali et al. (2014)
reported the use of EEP and edible coating with
gum arabic (GA) and EEP to control anthracnose
of papaya caused by C. gloeosporioides. After a
four-week storage, 1.5% EEP treatment alone
or in combination with 10% GA concentration
provided a disease incidence reduction of 80%
compared with control fruit. Barrera et al. (2015)
investigated the application of an edible propolis
coating on fruit to minimize postharvest decay.
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Compared to water-coating control, a coating of
chitosan and EEP treatment on papaya during
storage aqainst (. gloeosporioides reduced
lesion diameter /n vivo results revealed that
propolis could be a natural antifungal substitute
to the actual chemical fungicide for control post-
harvest diseases of fruits and vegetables.

DISCUSSION

The pharmaceutical-biological activities
suggested for propolis are numerous and
consistent with the increase in the number of
studies published in recent years on this natural
substance. However, propolis has yet to acquire
official legitimacy in the eyes of the medical
profession.

All the studies confirmed that their propolis
extract more or less displayed an antifungal
activity. However, the objective of any scientific
work is to provide knowledge that is repro-
ducible by anyone and useable by the entire
scientific community in order to make headway
on this subject. If there is to be any hope of
learning practical lessons that are exploitable
in the field, it must be possible to compare the
results of all these studies. Yet, if the results
presented here are examined more closely, it
can be seen that some authors express their
concentrations as a percentage of the volume
of propolis solution compared to the volume of
culture broth, while others express it as weight
per volume of solution. However, who can say
how and what the active ingredient contents of
the propolis solution are when expressed as a %
of the volume, or who can say what this weight
of “so-called propolis” corresponds to exactly?
Some have described it as being raw propolis
prior to extraction, for example, but that could
just as well mean the dry matter weight after
extraction or the weight of active ingredients.
Some authors state that their propolis extract,
given its MIC value, is more active than some
chemical fungicides, while others clearly show
the opposite. How can it be explained that
two pure flavonoids typically found in certain
extracts of propolis have a MIC up to fifteen
times more effective than the ethanol extract
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of propolis?

In brief, the questions come rapidly when
attempting to compare all these results. All this
because there are many factors of variation in
these studies which are not specified and which
ultimately make the results uncomparable and
unusable. EFSA had already disapproved of this
in 2010 after “health” claim applications for
propolis reporting that, “From the references
cited, the panel notes that the type and content
of flavonoid in propolis may vary depending
on the specific raw material as well as the
extraction and preparation methods.”

Insofar as propolis is a natural substance it
displays a degree of variability. The name
propolis has nothing specific, just like the word
“fruit”; there is nothing in this word to indicate
whether an apple, an apricot or a cherry is
involved, yet the shape, texture and active in-
gredients of each of these elements which are
called “fruits” will be very different. As seen
in the first section, the botanical sources that
give rise to propolis are very numerous. It is
therefore essential to identify the botanical
origin of propolis and no longer its geographi-
cal origin, thereby already limiting the degree of
variation. Yet this is not enough if exploitable
results are to be produced, because there are
many sources of variation in propolis extracts.
First of all, it was seen that the harvesting
method affects the proportion of beeswax
and thereby the amount of plant resin which
contains the active ingredients responsible for
biological activity, but these activities are never
assessed with raw propolis but with extracts.
The extraction stages and preparation of the
extract to be tested on the biological system
involve a multitude of sources of variation which,
here again, will make the result unusable unless
all these processes are fully and clearly specified.
The most common sources of variation in the
literature are the types of extraction solvent
used (ethanol, methanol, dichloromethane, ethyl
acetate, petroleum ether, butanol or water)
(Meneses et al,, 2009; Yang et al, 2011), the
extraction ratio (what quantity of raw propolis
for what volume of solvent, ranging from 1/3
to 1/50), the time (from 2 hours to 2 weeks)
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and the extraction temperature (from room
temperature to 60°C). Then comes the mixture
filtration stage, leading to a liquid extract. This
extract may be used on the biological system
either directly or evaporated until dry and res-
olubilized in a new volume and maybe even a
new solvent, or rediluted. In practice, all these
different stages are rarely perfectly described,
but let us imagine two perfectly independent
studies both using a propolis identified as being
from poplar, for example, and each preparing
its extract by the same process and testing
the antifungal activity of their extract on the
same plant pathogen strain under the same ex-
perimental conditions. In this example, the only
possible conclusion would be that the extract
of one has a better or lesser antifungal activity
than the other. In order to compare this result to
those of other studies, it would be necessary for
all the studies to be carried out under exactly
the same experimental conditions, from iden-
tification of the botanical origin of the propolis
up to preparation of the extract. Such a result
could not be reproduced, since with the existing
degree of natural variability, the exactly same
sample of raw propolis will never be found
twice. Lastly, this result would be exploitable
if a propolis of unknown botanical origin were
used, the only possible conclusion would be to
say that it would seem to be more or less active
than the other. However, under no circum-
stances would the results contribute to a better
general knowledge of propolis.

Biological activities are due to the presence
of active compounds which are derived from
the botanical source of the resin. Determining
the active ingredient content of the extract
actually deposited in the biological system
would completely do away with the need to
precisely describe all the preparation stages
and make it possible to compare the results of
these studies on a common basis: the active
ingredient content. The question of standardiz-
ing propolis extracts, already raised by Bankova
(2005a) might be the best solution for enhancing
knowledge, but the question is how and on
what basis can such standardization be carried
out. The active ingredients of propolis belong



to the large family of the polyphenols, with all
the sub-classes. Popova et al. (2004) validated
a standardization method for poplar propolis
based on three criteria determined by spectro-
photometry: total flavone and flavonol content,
total flavanone and dihydroflavonol content
and the total polyphenol content. A method has
also been validated on poplar propolis based on
the analysis of flavonoids only. Some validated
methods exist but are not used because first of
all the Folin-Ciocalteu reagent used to analyse
total polyphenols by spectrometry is known to
react not only to the latter, suggesting possible
overestimation. A comparison of the method by
Popova et al. (2004) and Cvek et al. (2007) also
shows that using different standards for cali-
bration curves is a further source of variation.
Moreover, Popova et al. (2004) had established
a specific standard for poplar propolis based on
the relative proportions of the different sub-
classes of polyphenols present in that specific
propolis.

Another idea would be to standardize according
to one compound. For example, such biologi-
cally active compounds as the CAPE molecule
(caffeic acid phenethyl ester) existing in poplar
propolis do not exist in propolis samples from
a tropical climate. Conversely, artepillin C, a
majority compound of green propolis from Brazil
obtained from Baccharis dracunculifolia, does
not exist in any temperate-climate propolis from
a. Under such conditions, it is difficult to choose
a molecule being a marker of all the propolis
samples.

The question of standardizing propolis therefore
goes unanswered as there is not any single
method representative of all the different types
of propolis. However, pending a consensual
method being found it is necessary, to make use
of the current means of analysing the active in-
gredients of propolis and enable standardization.
A recent review lists the reference validated
methods to be adapted to analyse the active
ingredients of propolis as well as the methods
to estimate the antimicrobial and antioxidant
potential of the extracts of propolis (Bankova et
al., 2016).
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CONCLUSION

Many studies have been devoted to propolis
and its attributed biological activities. Howeuver,
its properties have yet to be legitimately ac-
knowledged, due to a lack of rigour in character-
izing the botanical origin of this substance and
the virtually systematic absence of the active
ingredient content of the tested extracts. In
the future, all researchers and authors will
have pay attention to the existence of these
data if concrete, reproducible and exploitable
lessons are to be learnt. It is at the cost of such
thoroughness that propolis may see its official
status correspond to the numerous biological
promises attributed to it.
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