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Abstract  In this research study potential synergistic 
action of aqueous extracts of olive-pomegranate-orange 
fruits isolated by microwave assisted extraction were 
investigated as biocontrol agents against several plant 
pathogenic fungi. The aim of the research study was the 
production of mixed liquid extracts to be used as natural 
phytoprotective agents in organic farming. The results 
proved that the use of 100%-pure olive fruit polyphenol 
extract affected the mycelium growth of B. cinerea, V. 
dahliae, R. solani, E. lata, M. laxa, P. lycopersici and P. 
punicae. However, it did not affect the mycelium growth of 
F. oxysporum f. sp., lycopersici, A. niger, and G. graminis. 
Moreover, pomegranate polyphenol extract at 100% 
concentration inhibited mycelium growth of B. cinerea. 
Various olive-pomegranate-orange polyphenol aqueous 
extract combinations may be used in order to control the 
mycelium growth of the majority of the tested 
microorganisms. However, the use of any combination and 

concentrations of the tested samples (1-72) did not affect 
the mycelium growth of F. oxysporum f. sp., lycopersici, A. 
niger, and G. graminis thus, their use as biological control 
agent is not recommended. According to the findings of the 
present research, it can be suggested that the olive fruit 
polyphenol extract be used as potential biocontrol agent, in 
order to stimulate mycelium growth of various plant 
pathogenic fungi. 

Keywords  Polyphenols, Pomegramate, Orange, Olive 
Fruit Extracts, Biocontrol, Plant Diseases 

1. Introduction
The increase in the human population as a result of the 

improvement of the standard of living results the 
intensification of food processing and the problematic 
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disposal of organic-agri-food waste in the environment. 
The agri-food processing sector, particularly in the 
Mediterranean region, produces large volumes of waste 
with a high organic load, rich in polyphenols. By using 
appropriate methods of decontamination and extraction, 
these wastes can be used by reducing the volume of waste 
material, or by producing high value-added products that 
can benefit consumers and the environment. 

Usually, by-products of agri-food processing have high 
management costs and may contaminate the environment 
when disposed out without any treatment. However, these 
by-products often hide a small "treasure", since they 
contain rich amounts of natural antioxidant, antimicrobial 
and bioactive substances that can be isolated and recovered 
from these wastes. The aforementioned approach is also an 
EU guideline under the term of bio-refinery which means 
the gradual full utilization of solid waste for the production 
of a range of valuable materials. This approach leads to a 
reduction in the carbon footprint of solid waste due to its 
full utilization and therefore its re-introduction into the 
food chain either directly as antimicrobial or antioxidant 
food additives or indirectly as eco-plant protection 
materials. In addition, the synergy of the produced 
bio-functional substances may further increase their 
potency especially in microbiostatic or microbicidal 
activity according to the well-known theory of multiple 
barriers [1]. 

1.1. Agricultural Wastes Used in This Study 

In this study, agricultural wastes by three plant species 
were examined for their antimicrobial potential activity. 
These wastes were aqueous microwave assisted isolates 
extracted by olive fruit, pomegranate and orange peels. 

The olive tree (Olea europaea) cultivated worldwide on 
approximately 9.5 million hectares with more than 900 
million trees [2] for its fruits that are consumed as edible or 
crushed as oil [3]. However, the main cultivated area of 
olive trees is located in Mediterranean basin. The olive oil 
sector has become particularly important contributing to 
both the National economy and the nutrition of the 
population by providing consumers with high nutritional 
value products such as olive oil. More specific, the Greek 
olive oil industry is one of the most dynamic growing 
sectors actively participating in boosting annual GDP. 
Thus, the increasing demand for olive oil has led to the 
exploration and exploitation of larger quantities, resulting 
in large amounts of wastes disposal. This problematic 
disposal of liquid and solid waste results from this activity 
not only in Greece but also in other Mediterranean olive oil 
producing countries, posing a significant environmental 
problem. Large olive oil industries but mainly small 
scattered, low-cost, family-owned olive-oil plants (mills) 
that were already operating in the area are considered to be 
the main ones responsible for the environmental damage 
caused by uncontrolled waste discharges. Although the 
competition in the industry between the various companies 
is intense, any activity focuses mainly on maximizing 

production rather than environmental protection and waste 
management. An obvious solution to this problem is 
believed to be the use of these wastes which are 
polyphenolated substances in various applications as food 
additives, plant protection products and elsewhere giving 
added value to the disposed product. 

The orange tree (Citrus sinensis) cultivated worldwide 
in subtropical and tropical climates belongs to family 
Rutaceae producing fruits that can be eaten fresh, or 
processed for its juice or fragrant peel. Worldwide 
production in 2017 arises in 73 million tons of oranges with 
Brazil producing 24% of the world total, followed by China 
and India [4]. 

Pomegranate (Punica granatum) is a fruit with 
worldwide distribution [5]. Although the evidence for the 
use of polyphenolic substances is very promising, 
extensive studies are needed to fully understand its 
contribution to human health before setting up its regular 
consumption [6]. The bioavailability, bio-distribution and 
metabolism of the major bioactive compounds present in 
pomegranates, such as phenolic acids, flavonoids and 
tannins have been studied by many authors [7-19]. 

During the juicing process large quantities of bark and 
seeds (accounting for about 50% of total weight) are 
disposed of as waste [20]. Discarded pomegranate peel and 
juice contains many phenolic substances and particularly 
flavonoids but, unlike pomegranate juice, is a by-product 
and is discarded in the environment. 

1.2. Natural Secondary Metabolites as Plant Protective 
Material 

Several physiological functions such as growth, 
reproduction, coloration, resistance to pathogens, and 
generally to plant acclimatization in a growing 
environment depended by the production of secondary 
metabolites produced by plants in very small quantities 
(less than 1% dry weight) [21-33]. The production of these 
secondary metabolites depends primarily on the growth 
phase and maturity of the plants [34,35]. Today, more than 
100,000 secondary metabolites are known to be involved in 
the plant protection system [36]. Some of these secondary 
metabolites apparently act as defense mechanisms against 
germs [37-41], or as plant antagonists [42,43]. Among the 
secondary metabolites, phenolic compounds such as 
flavonoids and hydroxycinnamic acid derivatives are found 
in almost all plant species [44] and are of great importance 
since most of them are used for defense functions 
exhibiting antimicrobial properties [45-47], against fungi 
[48-50] and viruses [42]. 

However, in a recent study [29], secondary metabolites 
not only play an important role in the interactions between 
plants and microbes but are also used by humans in modern 
and traditional industries such as medicines, perfumes, 
pharmaceuticals, agrochemicals, colors, biopesticides and 
food additives [38,51]. 

The interest in the use of polyphenolic substances as 
plant protection products has been due to decades of 
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uninterrupted and indiscriminate use of synthetic pesticides 
and fungicides which have not only led to the development 
of resistant strains in microorganisms, but have also 
resulted in the presence of toxic residues in the soil [52] 
and in crops [53,54] used for human consumption and 
therefore substantially affecting the quality of human 
health and the environment [55-57]. 

The management and utilization of waste of agricultural 
industries such as olive oil mills and juice industries is 
important for the protection of the environment and water 
resources. Recording the problem and identifying potential 
uses of wastes as plant protection products, as food 
additives for human consumption and as soil conditioners 
are believed to help the utmost in this regard. Thus, the aim 
of the research study was the production of mixed liquid 
extracts to be used as natural phytoprotective agents in 
organic farming. The assessment of different 
concentrations and mixtures of polyphenols from olive oil 
wastes-orange and pomegranate as plant protection 
materials against economically important plant pathogenic 
fungi in in vitro tests is the main research area of this 
research work. Disk diffusion assay, well diffusion assay 
and MIC/MLC of several economic important soil borne 
and foliar fungal pathogens were examined in order to 
assess the effectiveness of these polyphenolic mixtures. 

2. Materials and Methods 
The in vitro antimicrobial activity of polyphenols was 

evaluated in a number of phytopathogenic fungi such as the 
fungus Verticillium dahliae which together with Fusarium 
oxysporum f.sp. lycopersici cause stenosis on tomato 
vascular tissues, Botrytis cinerea (usually known as "grey 
mould" or "gray mold") a necrotrophic fungus that affects 
many plant species, although its most notable hosts may be 
wine grapes, Aspergillus niger, the most common species 
of the genus Aspergillus which causes a disease called 
"black mold" on certain fruits and vegetables and produces 
important potent mycotoxins called ochratoxins, 
Gaeumanomyces graminis a plant pathogen that produces 
extensive damage on the sheath of rice, causing black spots, 
Rhizoctonia solani a wide host range and worldwide 
distribution soil borne pathogen that attacks its hosts when 
they are in their early stages of development, such as seeds 
and seedlings, Eutypa lata and important plant pathogen on 
vines, Monillia laxa a plant pathogen that is responsible for 
the brown rot blossom blight disease that infects many 
different types of stone fruit trees, Pyrenochaeta 
lycopersici, which infects and causes damage to members 
of the families of Solanaceae and Cucurbitaceae causing 
brown lesions on the surface of medium roots and Phoma 
punicae a common soil borne pathogen. All fungal 
microorganisms used in this study were obtained from the 
Benaki Phytopathological Institute (B.F.I.) in Athens 
Greece. The plant pathogens, their code and the source of 
collection are listed in the following Table 1. 

Table 1.  Used fungal species in bio-assays 

Fungal pathogen Code Source of Collection 
Gaeumanomyces graminis 1394 B.F.I. 

Monillia laxa 1387 B.F.I. 
Verticillium dahliae 2509 B.F.I. 

Aspergillus niger 1970 B.F.I. 
Botrytis cinerea 1948 B.F.I. 

Pyrenochaeta lycopersici 2587 B.F.I. 
Eutypa lata 1367 B.F.I. 

Rhizoctonia solani 2531 B.F.I. 
Phoma punicae 2663 B.F.I. 

Fusarium oxysporum f.sp. 
lycopersici 2550 B.F.I. 

The potential synergistic action and antimicrobial 
activity of liquid olive fruit polyphenol extract with 
aqueous extracts of solid wastes of pomegranate or/and 
orange juice industry against fungal phytopathogenic 
species were examined by Well diffusion assay. In a lateral 
stage Minimum Inhibitory Concentration (MIC) and 
Minimum Lethal Concentration (MLC) was used in order 
to observe the potency of different mixtures and 
concentrations of the examined polyphenols against 
important phytopathogenic fungi and to determine the 
major effect in inhibiting the mycelium growth. 

In order to maintain the cultures for longer period parts 
of hyphae of plant pathogens from the initial medium were 
placed in test tubes containing nutrient medium agar (PDA) 
and stored in the refrigerator at 3oC. Experiments on the 
potential synergistic action of liquid olive fruit polyphenol 
extract with aqueous extracts of solid wastes of 
pomegranate or/and orange juice industry as organic 
phyto-protective agents against important plant pathogens 
was conducted using sections and spores of this stored 
material. The concentrations and combinations of liquid 
olive fruit pomegranate and orange extracts used were as 
follows in Table 2. 

Subsequently, the liquid solutions were placed in sterile 
commercial plastic containers, numbered from 1 to 68 
(which are also the samples) and frozen at -23.3oC. 
Whenever needed, a small amount of the samples were 
used in order to examine their antifungal activity against 
important plant pathogenic microorganisms. Before any 
application approximately 20ml of the solutions (1-72) 
were filtered with plain filter paper to retain possible solid 
residues, pH and Brix were measured and then, 15ml of 
each solution was transferred to glass tubes and heat treated 
in the sterilization oven at 100°C for 20 minutes. The pH of 
the liquid growth medium was measured in triplicate (using 
a HANNA pH 210 pHmeter). The resulting heat-treated 
solutions were used in the experimental procedure. 

For the development of phytopathogenic fungi, a MRD 
and PDA nutrient substrate was used. This nutrient 
substrate was prepared as follows: 500 ml of deionized 
water and 19.5 g of PDA powder was placed in a 500 ml 
flask. The contents were stirred for approximately 30 
minutes to dissolve the PDA powder in deionized water. 
The solution was then placed in the sterilization oven 
where it was sterilized at 121°C for 20 minutes. The 
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solution is placed in Petri dishes under aseptic conditions in 
a filament chamber. The material of the Petri dishes (about 
20 ml) is allowed to stand in the filament chamber. 

A PDB (Oxoid) nutrient substrate was used to prepare 
the nutrient substrate used in the MIC and MLC 
experiments as follows: 24 g of PDB powder was dissolved 
in 1 ml containing deionized water. The various 
concentrations used were incorporated into this substrate. 

Seventy two (72) different samples and phytopathogenic 
microorganisms mixed with PDA nutrient were used to 
examine the effect of different concentrations and mixtures 
of the olive, pomegranate and orange extracts tested. The 
concentrations and mixtures of the 72 solutions are 

reported in Table 2. Before PDA application to the Petri 
dishes, 1.5 ml of the solutions 1-72 were placed in them. 
Then 20ml of PDA nutrient substrate applied to each plate 
with stirring simultaneously to incorporate the solution into 
the nutrient substrate. The plates were then allowed to 
stand for about 30 minutes to stabilize the nutrient 
substrates. Finally, a small well (like a well) was then 
centrifuged in the center of the plate with the sterilized 
nutrient substrate, in which 25 µl of the test fungus was 
poured. The number of replicates per treatment was 4. 
Measurements were taken on the last day of incubation by 
means of mycelium growth in mm. 

Table 2.  Concentrations and combinations of the examined extracts 
Number of 

sample Olive fruit Pomegranate Orange  Number 
of sample 

Olive 
fruit Pomegranate Orange 

1 90 10 0  37 80 10 10 
2 80 20 0  38 90 5 5 
3 70 30 0  39 0 30 70 
4 60 40 0  40 10 27 63 
5 50 50 0  41 20 24 56 
6 40 60 0  42 30 21 49 
7 30 70 0  43 40 18 42 
8 20 80 0  44 50 15 35 
9 10 90 0  45 60 12 28 

10 90 0 10  46 70 9 21 
11 80 0 20  47 80 6 14 
12 70 0 30  48 90 3 7 
13 60 0 40  49 0 60 40 
14 50 0 50  50 10 54 36 
15 40 0 60  51 20 48 32 
16 30 0 70  52 30 42 28 
17 20 0 80  53 40 36 24 
18 10 0 90  54 50 30 20 
19 0 70 30  55 60 24 16 
20 10 63 27  56 70 18 12 
21 20 56 24  57 80 12 8 
22 30 49 21  58 90 6 4 
23 40 42 18  59 0 40 60 
24 50 35 15  60 10 36 54 
25 60 28 12  61 20 32 48 
26 70 21 9  62 30 28 42 
27 80 14 6  63 40 24 36 
28 90 7 3  64 50 20 30 
29 0 50 50  65 60 16 24 
30 10 45 45  66 70 12 18 
31 20 40 40  67 80 8 12 
32 30 35 35  68 90 4 6 
33 40 30 30  69 Only fungus (control) 
34 50 25 25  70 100 0 0 
35 60 20 20  71 0 100 0 
36 70 15 15  72 0 0 100 
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The treated petri dishes were incubated at 28oC for up to 
various days depending on the mycelium growth of each 
fungal species. More specific last mycelium growth 
measurement for F. oxysporum f.sp., lycopersici and G. 
graminis was made after 7 days of incubation at 28oC, for V. 
dahliae after 16 days, for B. cinerea after 18 days, for A. 
niger after 5 days, for R. solani after 17 days, for E. lata 
after 11 days and for M. laxa, P. lycopersici and P. punicae 
after 14 days. Unfortunately, there was no mycelium 
growth even in the control for the fungal species P. 
expansum, A. alternata and S. sclerotiorum possibly due to 
a stress factor on which the strains of the microorganisms 
were exposed. 

The following concentrations were applied to the 
method of determination of the minimum inhibitory / lethal 
concentration MIC / MLC: 2.5%, 5%, 7.5% In this method, 
sterile test tubes containing 10 ml of PDB substrate were 
prepared. Subsequently, the following amounts of samples 
1, 10, 11, 28, 46, 48, 57, 58, 67 and 70 were added to the 
fluidized substrates which were determined to require 
further transduction. To achieve the final volume of the 
different concentrations, the following amounts of 
polyphenol were then applied until 10 ml of the test tube 
was filled. Then the test tubes with the nutrient substrate 
and the corresponding polyphenol sample (1, 10, 11, 28, 46, 
48, 57, 58, 67 and 70) were sterilized at 100°C for 20 
minutes. The bioassays concerned plant pathogenic fungi 
with inhibitory effects on the samples. These fungi were 
the following: V. dahliae, B. cinerea, E. lata, M. laxa, R. 
solani, P. lycopersici, P. punicae, F. oxysporum f.sp. 
lycopersici, A. niger and G. graminis. Inoculation of the 
test tubes was followed by streak of 10 plant pathogenic 
fungi (0.1ml of each phytopathogenic fungal suspension), 
separately for each test tube. The test tube containing 
spores and mycelium of each fungus was placed in the 
Vortex apparatus for stirring before each use. The test tubes 
with the fungi were incubated at 22 ° C for 7 days. After 
completion of the incubation, the results concerning the 
growth of mycelium in the solution (on the surface or 
bottom of the test tube) were recorded. Test tubes in which 
the pathogenic fungal mycelium had grown showed that 
the amount of liquid polyphenol (samples 1, 10, 11, 28, 46, 
48, 57, 58, 67 and 70) was not sufficient to inhibit the 
growth of microorganisms, were labeled as "positive". 
While test tubes that did not show any mycelial growth of 
the tested fungus were considered to have inhibited its 
growth ("negative"). 

In order, to determine whether these amounts of 
polyphenols in the samples (1, 10, 11, 28, 46, 48, 57, 58, 67, 
and 70) were capable of causing, in addition to inhibiting 
the fungi, lethal effect, tubes containing 5 ml of MRD were 
added with 0.1 ml of the sample to the test tube in which 
the fungus had not grown at all. The amount of this test 
tube was stirred well in Vortex and incubated at 27 ° C for 
48 hours. In those tubes where it was observed mycelium 
growth, it was concluded that the amount of liquid 

polyphenol had simply only inhibited the growth of the 
fungus without killing it. In contrast in test tubes where 
observed no-growth of mycelium, the minimal amount of 
polyphenol added was also the lethal concentration. 

Statistical Analysis 

A randomized complete block experiment design was 
selected for the study. Data are expressed as the means of 4 
measurements. Statistical differences among the mean 
values were detected by ANOVA. Tukey’s pairwise 
comparison test, and Dunkan’s test was used in order to 
group the examined samples at 0.05 level. SPSS software 
was used as a tool to perform the statistical analyses. 

3. Results 

3.1. Results on pH and Brix Measurements 

pH measurements ranged from 6.05 in sample 72 with 
orange to 4.41 in sample number 71 with pomegranate. 
However, values in the other mixing samples were usually 
in the range of 4.8-5.0. Similarly, the brix ranged from 2.3 
to 2.6 in sample 71 and 72 containing pomegranate and 
orange respectively to 23.6 in sample 70 containing olive 
polyphenol. 

3.2. Results on Mycelium Growth Assay 

3.2.1. Potential synergistic action on F. oxysporum f.sp., 
lycopersici 

According to Figure 1, samples 70, 47, 10 and 38 that 
were contained up to 90% olive fruit polyphenol exhibited 
the greatest inhibitory activity against mycelial growth of F. 
oxysporum during the first 7 days of incubation. Similarly, 
samples 28 and 68 containing up to 90% olive polyphenol 
mixed with pomegranate and orange also reduced the 
growth of F. oxysporum mycelium. All of the samples 
mentioned above differed statistically significantly from 
the control (69) containing only the phytopathogenic 
fungus. It is noteworthy that there was no statistically 
significant difference between control 69 (fungus only) 
with the extracts 71 (100% pomegranate peel extract), 72 
(100% orange peel extract), 43 (40% olive-18% 
pomegranate-42% orange mix), 59 (40% pomegranate-  
70% orange mix), 16 (30% olive-70% orange mix), 63 (40 
olive-20% pomegranate-36% orange) 15 (40% olive-60% 
orange), 39 (30% pomegranate-70% orange), 19 (70% 
pomegranate-30% orange), 40 (10% olive-27% 
pomegranate-63% orange), 17 (20% olive-80% orange), 60 
(10% olive-36% pomegranate-54% orange), 18 (10% 
olive-90% orange), 42 (30% olive-21% pomegranate-49% 
orange) and 44 (50% Elia-15% pomegranate-35% orange). 
Inhibition of the mycelium growth of F. oxysporum 
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mycelium after 7 days of incubation was observed in more 
samples than in 3 days before. This suggests that the F. 
oxysporum fungus may exceed the initial shock in 
expression of the tested samples experienced during the 
first days of incubation. 

3.2.2. Potential synergistic action on V. dahliae 
According to Figure 2 the control sample 69 containing 

only mycelium and spores of V. dahliae was statistically 
different from all other samples. In the samples containing 
70-30% and 50-50% percentage of pomegranate and 
orange polyphenol extract, growth of mycelium was 
observed (samples 29, 30, 19, 39). Similar results were 

observed in samples 20, 40, 50, 60 where olive fruit extract 
was up to 10%. Control samples 71 and 72 (pomegranate 
and orange polyphenol extract) showed also mycelium 
growth of V. dahliae after 16 days of incubation at 28°C. 
Samples 31 and 61 containing a mixture of 20% olive 
polyphenol and pomegranate-orange in a ratio of 1:1 and 
1:1.5, respectively, whereas at the initial measurement at 4 
days of incubation no growth of mycelium was observed 
after 16 days of incubation. It was generally observed that 
the higher the amount of olive fruit extract contained in the 
mixing of the samples, the more effective the inhibitory 
effect of the mixtures on the V. dahliae fungus was. 

 

Figure 1.  Mycelium growth of F. oxysporum 7 days after incubation at 28°C. 

 

Figure 2.  Mycelium growth of V. dahliae 16 days after incubation at 28°C. 
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Figure 3.  Mycelium growth of B.cinerea 18 days after incubation at 28°C. 

 
Figure 4.  Mycelium growth of G. graminis 7 days after incubation at 28°C. 

3.2.3. Potential synergistic action on B. cinerea 
According to Figure 3 after 18 days of incubation at 

28°C, the growth of B. cinerea was such that it covered the 
whole Petri dish. No statistically significant differences 
were observed between samples 69, 20, 29, 59, 60, 5, 6, 9, 
15, 30, 42, 49, 50, 60 and 72. Slower mycelium growth was 
observed in the sample 39 (30% pomegranate-70% orange). 
It was generally observed that the higher the amount of 
olive polyphenol contained in the mixing of the samples, 
the more effective the inhibitory effect of the mixtures on 
the B. cinerea was. However, the combination of 
olive-orange mix even at high olive concentrations (40%) 
shows that it does not affect the growth of B. cinerea. 
However, there was no mycelium growth in the rest of the 
samples. 

3.2.4. Potential synergistic action on A. niger 

The growth of A. niger f after 5 days of incubation was 
not inhibited by any of the concentrations and mixtures of 
the olive-pomegranate and orange extracts used in this 
study. A. niger colonized the entire Petri dish very fast. 
Both the control sample 69 containing only mycelium and 
spores of the fungus and the other samples were normally 
grown and no statistically significant difference were 
observed. A. niger is considered to be one of the most 
competitive microorganisms in nature and the control and 
restriction of both mycelium and its conidia is particularly 
difficult. 

3.2.5. Potential synergistic action on G. graminis 
According to Figure 4 mycelium growth of G. graminis 

after 7 days of incubation was not inhibited by any of the 
concentrations and mixes of the olive-pomegranate and 
orange extracts used in this study. G. graminis colonized 
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the Petri dish very fast. It was observed that in sample 72 
(100% orange) the mycelium growth was slightly smaller, 
but not enough to say that there was some action of the 
extracts used. G. graminis is considered to be one of the 
most competitive microorganisms in nature. Limitation of 
both mycelium and conidia is particularly difficult. It is 
worth to be mentioned that higher the concentration of 
olive polyphenol in the sample (eg. samples 28, 38, etc.) 
the more intense the growth of the mycelium. 

3.2.6. Potential synergistic action on R. solani 

According to Figure 5 mycelium of R. solani (sample 69) 
covered the entire surface of the Petri dish after 17 days of 
incubation at 28°C. Beside control sample (69) maximum 
mycelium growth was observed in samples 72. 71, 59, 52, 
51, 50, 49, 42, 41, 39, 7, 5, 32, 31, 30, 29, 22, 21, 20, 19, 18, 
17, 15, 9, and 8 where according to Tukey's test did not 
differ statistically significantly from each other. In contrast, 
no growth of mycelium was observed in samples 1, (90% 
olive-10% pomegranate) 10 (90% olive-10% orange), 11 
(80% olive-20% orange), 13 (60% olive-40% orange), 24 
(50% olive-35% pomegranate-15% orange), 27 (80% 
olive-14% pomegranate-6% orange), 28 (90% olive-7% 
pomegranate-3% orange), 34 (50% olive-25% 
pomegranate-25% orange), 36 (70% olive-15% 
pomegranate-15% orange), 37 (80% olive-10% 
pomegranate-10% orange), 38 (90% olive-5% 
pomegranate-5% orange), 47 (80% olive-6% 
pomegranate-14% orange), 48 (90% olive-3% 
pomegranate-7% orange), 53 (40% olive-36% 
pomegranate-24% orange), 57 (80% olive-12% 
pomegranate-8% orange), 58 (90% olive-6% 
pomegranate-4% orange), 65 (60% olive-16% 
pomegranate-24 orange), 67 (80 % olive-8% rose I-12% 

orange), 68 (90% olive-4% pomegranate-6% orange), and 
70 (100% olive), which generally contained olive fruit 
polyphenols in the proportion of 80-90%. From the above 
treatments the samples 13 (60% olive-40% orange),      
29 (50% olive-35% pomegranate-15% orange), 34 (50% 
olive-25% pomegranate-25% orange), 53 (40% olive-36% 
pomegranate-24% orange) and 65 (60% olive-16% 
pomegranate-24% orange) are in great interests since they 
are mixtures of olive-pomegranate and orange extracts. 
Furthermore, after 17 days of incubation at 28°C, no 
mycelium growth was observed in those samples in which 
olive fruit polyphenol alone was applied at a 
concentration >80-90%. On the contrary, mycelium growth 
was observed in 12 new treatments, where in the previous 
measurement (8 days) this had not developed. Such 
treatments are samples 4, 12, 25, 26, 35, 44, 45, 46, 54, 55, 
56 and 66 indicating that any inhibitory activity of the 
polyphenols mixtures is affected by the exposure period to 
the microorganisms. The longer the time elapsed from the 
day the microorganisms are inoculated into the 
polyphenols solution, the lower their activity effect. 
Limited mycelial growth (less than 10mm) was observed in 
the samples 12 (70% olive-30% orange), 55 (60% olive-  
20% pomegranate-16% orange), 46 (70% olive-9% 
pomegranate-21% orange), 25 (60% olive-28% 
pomegranate-12% orange) and 56 (70% olive-18% 
pomegranate-12% orange) which according to Tukey's test, 
differed statistically significantly from control sample 
number 69. It was generally observed that the higher the 
amount of olive fruit polyphenol contained in the sample 
mix, the more effective the inhibitory effect of the mixtures 
on the fungus R. solani was. In addition, no mycelium 
growth of R. solani was observed in the treatment with  
100% olive fruit polyphenol (sample 70). 

 

Figure 5.  Mycelium growth of R. solani 17 days after incubation at 28°C. 
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Figure 6.  Mycelium growth of E. lata 11 days after incubation at 28°C. 

 
Figure 7.  Mycelium growth of M. laxa 14 days after incubation at 28°C. 

3.2.7. Potential synergistic action on E. lata 
According to Figure 6 the mycelium of sample 69 

(control) was covered Petri dish after 11 days of incubation 
at 28°C. However, the highest growth of mycelium (even 
greater than the control 69) was observed in samples 72 
(100% orange), 23 (40% olive-42% pomegranate-18% 
orange), 71 (100% pomegranate), 19 (70% 
pomegranate-30% orange) and 49 (60% pomegranate-40% 
orange). According to Tukey's test, the above samples (72, 
23, 71, 19, 49) as well as samples 30 (10% olive-45% 
pomegranate-45% orange), 29 (50% pomegranate-50% 
orange), and 59 (40% pomegranate-60% orange) did not 
differ statistically significantly from control sample 69. No 
mycelium growth was observed in those samples in which 
olive fruit polyphenol was applied alone or in various 
olive-pomegranate and olive-orange mixtures at 
concentration of 60 -70% and above. On the contrary, 
mycelium growth was observed in 12 new treatments 
(samples), where in the previous measurement (at 8 days) 
there was no mycelium appearance. Such samples are 
samples number 3, 5, 25, 26, 33, 34, 37, 54, 55, 63, 64 and 

65 showing that any inhibitory activity of the polyphenols 
mixtures is affected by the exposure period to the 
microorganisms. The longer the time elapsed from the day 
the microorganisms are inoculated into the polyphenols 
solution, the lower their activity. No mycelium growth was 
observed in samples 1, 2, 5, 6, 10-13, 16, 27, 28, 35, 36, 38, 
43-48, 56-58 and 66-68. However, limited mycelium 
growth was observed in samples: 9, 18, 20, 50, 51, 39, 21, 
31, 61, 22, 17, 62, 40, 32, 8, 63, 24, 52, 15, 41, 53, 14 , 7, 33, 
64, 34, 26, 42, 3, 54, 65, 37, 5, 25 and 55 which, according 
to Tukey's test, differed statistically significantly from the 
mycelium growth observed in control 69. It was generally 
observed that the higher the amount of olive fruit 
polyphenol present in the mixing of the samples, the more 
effective the inhibitory effect of the mixtures on E. lata. In 
addition, no mycelium growth was observed in the 
treatment with 100% olive fruit polyphenol (sample 70). 

3.2.8. Potential synergistic action on M. laxa 

According to Figure 7 control sample (number 69) 
containing mycelium and spores of the M. laxa was 
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covered the Petri dish area after 14 days of incubation at 
28oC. However, the greatest mycelium growth (even 
greater than the control 69) was observed in samples 72 
(100% orange), 61 (20% olive-63% pomegranate-48% 
orange), 59 (40% pomegranate-60% orange), 52 (30% 
olive-42% pomegranate-28% orange), 51 (20% olive-48% 
pomegranate-32% orange), 41 (20% olive-24% 
pomegranate-56% orange), 50 (10% olive-54% 
pomegranate-36% orange), 39 (30% pomegranate-90% 
orange), 25 (60% olive-28% pomegranate-12% orange), 18 
(10% olive-90% orange), 23 (40% olive-42% 
pomegranate-18% orange) ), 17 (20% olive-80% orange), 
32 (30% olive-35% pomegranate-35% orange), 20 (10% 
olive-63% pomegranate-27% orange), 63 (40% olive-24 % 
pomegranate-36% orange), 42 (30% olive-21% 
pomegranate-49% orange) and 21 (20% olive-56% 
pomegranate-24% orange). According to Tukey's test, 
samples 23, 17, 32, 20, 63, 42, 21, 30, 43, 55, 7, 36, 8, 34 
and 5 did not differ statistically important from the control 
sample 69. However, samples: 72, 61, 59, 52, 51, 50, 41, 39, 
25 and 18 showed greater mycelial growth than the control 
(sample 69) and were statistically significantly different 
from the control. No mycelium growth was observed in 

those samples in which olive fruit polyphenol was applied 
at a concentration of 60% and above as well as in 
olive-orange mixture at an olive polyphenol concentration 
above 30%. Also, no mycelium growth of M. laxa was 
observed in treatments where 90% pomegranate-10% olive, 
50% pomegranate-50% orange was mixed and in some 
other individual cases. In addition, no mycelium growth 
was observed in additional treatments (samples) compared 
to the previous measurement at 11th day of incubation 
suggesting that the possible inhibitory action of the 
polyphenol mixtures used in this study is not affected by 
the exposure period to the microorganisms. No mycelium 
growth was observed in samples: 1-4, 9-16, 19, 22, 24, 
26-29, 31, 33, 35, 38, 40, 44-49, 53, 54, 56-58, 60.62, 
64-68, 70 and 71. According to Tukey's test, mycelium 
growth of samples 37, 6 and 68 differ statistically from 
sample 69 (control). It was generally observed that the 
higher the percentage of olive fruit polyphenol contained in 
the sample mix, the more effective the inhibitory activity of 
the samples was. In addition, treatment with 100% olive 
polyphenol (sample 70) and sample containing 100% 
pomegranate (sample 71) did not allowed mycelium 
growth of M. laxa. 

 

Figure 8.  Mycelium growth of P. lycopersici 14 days after incubation at 28 oC. 
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Figure 9.  Mycelium growth of P. punicae 14 days after incubation at 28°C. 

3.2.9. Potential synergistic action on P. lycopersici 
According to Figure 8 control sample 69 containing only 

mycelium and spores of the fungus P. lycopersici was 
covered the Petri dish area after 14 days of incubation at 
28°C. However, the highest mycelium growth (even 
greater than the control 69) was observed in samples 39 (30% 
pomegranate-70% orange), 19 (70% pomegranate-30% 
orange), 49 (60% pomegranate-40% orange), 59 (40% 
pomegranate-60% orange), 71 (100% pomegranate), 30 
(10% olive-45% pomegranate-45% orange), 29 (50% 
pomegranate-50% orange), 20 (10% olive-63% 
pomegranate-27% orange), 40 (10% olive-27% 
pomegranate-63% orange), 50 (10% olive-54% 
pomegranate-36% orange), 60 ( 10% olive-36% 
pomegranate-54% orange), 9 (10% olive-90% 
pomegranate), 61 (20% olive-32% pomegranate-48% 
orange), 31 (20% olive-40% pomegranate-40% orange), 41 
(20% olive-24% pomegranate-56% orange), 22 (30% 
olive-49% pomegranate-21% orange), 51 (20% olive-48% 
pomegranate-32% orange), 8 (20% olive-80% 
pomegranate), 32 (30% olive-35% pomegranate-35% 
orange), 21 (20% olive-56% pomegranate-24% orange), 52 
(30% olive-42% pomegranate-28% orange), 42 (30% 
olive-21% pomegranate-49% orange), 72 (100% orange) , 
7 (30% olive-70% pomegranate), 18 (10% olive-90% 
orange), 62 (30% olive-28% pomegranate-42% orange) 
and 17 (20% olive-80% orange). According to Tukey's test, 
samples 22, 51, 8, 32, 21, 52, 42, 72, 7, 18, 62, 17, 43, 53, 
16, 6, 33, 15, 34, 63 and 23 did not differ significantly 
importantfrom the control sample 69. No mycelium growth 
was observed in those samples in which olive fruit extract 
was applied alone or in pomegranate-orange mixtures at a 
concentration of >80-90%. In contrast, mycelium growth 
was observed in 6 new treatments (samples), where in the 

previous measurement (at 9 days) mycelium was not 
developed at all. Such treatments are samples: 2, 10, 13, 26, 
27 and 48, suggested that any inhibitory activity of the 
polyphenolic mixtures is affected by the exposure period to 
the microorganisms. The longer the time elapsed from the 
day the microorganisms are inoculated into the 
polyphenols solution, the lower their activity. No 
mycelium growth was observed in samples 1 (90% 
olive-10% pomegranate), 3 (70% olive-30% pomegranate), 
11 (80% olive-20% orange), 12 (70% olive-30% orange), 
37 (80% olive-10% pomegranate-10% orange), 38 (90% 
olive-5% pomegranate-5% orange), 46 (70% olive-9% 
pomegranate-21% orange), 47 (80% olive -6% 
pomegranate-14% orange), 56 (70% olive-18% 
pomegranate-12% orange), 57 (80% olive-12% 
pomegranate-8% orange), 58 (90% pomegranate-6% 
pomegranate- 4% orange), 66 (70% olive-12% 
pomegranate-18% orange), 67 (80% olive-8% 
pomegranate-12% orange), 68 (80% olive-8% 
pomegranate-12% orange) and 70 (100% olive). Smaller 
mycelium growth that was statistically significantly 
different compared to the control (69) was observed in 
samples: 44, 5, 64, 25, 45, 56, 55, 24, 14, 54, 35, 4, 65 , 36, 
13, 27, 10, 48, 26 and 2. It was generally observed that the 
higher the amount of olive fruit polyphenol extract 
contained in the sample mix, the more effective the 
inhibitory activity of the mixtures on P. lycopersici was. In 
addition, no mycelium growth of P. lycopersici was 
observed in the treatment containing 100% olive fruit 
polyphenol (sample 70). 

3.2.10. Potential synergistic action on P. punicae 
According to Figure 9 control sample (69) of P. punicae 

was covered the growth are of the Petri dish after 14 days 
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of incubation at 28 oC. Similar mycelium growths, were 
also observed in samples 72 (100% orange), 71 (100% 
pomegranate), 61 (20% olive-32% pomegranate-48% 
orange), 59 (40% pomegranate-60% orange), 51 (20% 
olive-48% pomegranate-32% orange), 50 (10% olive-54% 
pomegranate-36% orange), 49 (60% pomegranate-40% 
orange), 31 (20 % olive-40% pomegranate-40% orange), 
30 (10% olive-45% pomegranate-45% orange), 29 (50% 
pomegranate-50% orange), 20 (10% olive-63% 
pomegranate-27% orange), 19 (70% pomegranate-30% 
orange), 18 (10% olive-90% orange), 17 (20% olive-80% 
orange), 15 (40% olive-60% orange) and 9 (10 % olive-  
90% pomegranate). According to Tukey's test, samples 72, 
71, 69, 61, 59, 51, 50, 49, 31, 30, 29, 20, 19, 18, 17, 15, 9 
did not differ statistically important from the control 
sample number 69. Mycelium growth was not observed in 
those samples in which olive fruit extracted polyphenol 
was applied alone at >70% as well as in mixtures with 
pomegranate at >90%. On the contrary, mycelium growth 
was observed in 5 new treatments, where in the previous 
measurement (9 days) no mycelium growth was observed. 
These samples was samples 46, 53, 55, 60 and 62 
demonstrating that any inhibitory activity of the 
polyphenolic mixtures is affected by the exposure period to 
the microorganisms. The longer the time elapsed from the 
day the microorganisms are inoculated into the 
polyphenolic solution, the lower their activity. No 
mycelium growth was observed in samples 1 (90% 
olive-10% pomegranate), 2 (80% olive-20% pomegranate), 
3 (70% olive-30% pomegranate), 10 (90% olive-10% 
orange), 11 (80% olive-20% orange), 28 (90% olive-7% 
pomegranate-3% orange), 37 (80% olive-10% 
pomegranate-10% orange), 38 (90% olive-5% 
pomegranate) -5% orange), 46 (70% olive-9% 
pomegranate-21% orange), 48 (90% olive-3% 
pomegranate-7% orange), 56 (70% olive-18% 
pomegranate-12% orange), 57 (80% olive-12% 
pomegranate-8% orange), 58 (90% pomegranate-6% 
pomegranate-4% orange), 66 (70% olive-12% 
pomegranate-18% orange), 67 (80% olive-8% 
pomegranate-12% orange), 68 (80% olive-8% 
pomegranate-12% orange) and 70 (100% olive). Mycelium 
growth that was statistically significantly different 
according to the Tukey's test compared to the control (69) 
was observed in the samples: 8, 42, 33, 22, 16, 32, 63, 21, 
24, 14, 34, 44, 45, 47, 26, 64, 6, 52, 43, 1`3, 27, 4, 36, 12, 
25, 65, 54, 7, 35, 5, 37, 8, 46, 60, 53, 62 and 55 It has 
generally been observed that the higher the amount of olive 
polyphenol present in the mixing of the samples, the more 
effective the inhibitory effect of the mixtures on the P. 
punicae fungus was. In addition, no mycelium growth of P. 
punicae was observed in the treatment containing 100% 
olive fruit extract polyphenol (sample 70). 

3.3. Results on MIC/MLC Assay 

The results of the effect of different concentrations and 
mixtures of the extracts tested by the method of MIC / 

MLC described in Table 3. The evaluation of the results 
obtained by determining the MIC and MLC (Tables 3) 
demonstrated that R. solani showed high growth sensitivity 
at the very low concentration of the tested extracts (<2,5 %). 
Based on these results, it is understood that the use of the 
tested extracts might be an alternative, bio-control method 
of plant diseases caused by this soil borne pathogen. 
However, disease control of R. solani is considered 
difficult since the phytopathogenic fungus mainly affects 
the roots and the stem of young plants and spray 
application application straight to the target-plant tissue is 
not sufficient. Moreover, the morphological characteristics 
of the fungal specie such as sclerotia which are resistant to 
adverse environmental conditions and applications of plant 
protective materials resulting control of the fungus less 
effective. Furthermore, results obtained by determination 
of the MIC and MLC demonstrated that the fungi P. 
lycopersici and E. lata were sensitive in expression of low 
concentration of the tested extracts 2,5%-5% and 5%-7,5% 
respectively while mycelium growth of V. dahliae and P. 
punicae was affected in expression of a higher of the tested 
extracts (> 7.5%). Thus, the examined extracts could be 
used as an alternative biocontrol agent against the two plant 
pathogens even in a low concentration, directly on plant 
tissues and infected stems of the crops preventing and 
suppressing the development of the two pathogens. Finally, 
MIC and MLC results on fungi B. cinerea, M. laxa, and F. 
oxysporum f.sp., lycopersici shown moderate sensitivity to 
the tested extracts while at least 10% of the concentration 
was needed to be applied in order to inhibit mycelium 
growth and spore germination. Therefore, in order to 
classify the effectiveness of the tested extracts (samples) 
against the tested fungal pathogens it was created the 
following list (Table 4) with the most sensitive and the 
most resistant fungal species. 

Overall, for the control of B. cinerea it is recommended 
the use of: 
 Olive fruit polyphenol extract at 100%. 
 Pomegranate polyphenol extract at 100%. 
 Olive-pomegranate polyphenol extract at 

combinations from 90-10% to 60-40% 
(olive-pomegranate). 

 Olive-orange polyphenol extract combinations from 
90-10% to 50-50% (olive-orange). 

 Various olive-pomegranate-orange polyphenol 
extract combinations as it shown in the results 
section. 

for the control of V. dahliae it is recommended the use of: 
 Olive fruit polyphenol extract at 100%. 
 Olive-pomegranate polyphenol extract at 

combinations from 90-10% to 20-80% 
(olive-pomegranate). 

 Olive-orange polyphenol extract combinations from 
90-10% to 30-70% (olive-orange). 

 Various olive-pomegranate-orange polyphenol 
extract combinations where at least 20% olive fruit 
polyphenol extract is contained added in the mixture.  
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for the control of R. solani it is recommended the use of: 
 Olive fruit polyphenol extract at 100%. 
 Olive-pomegranate polyphenol extract at 

combinations from 90-10% (olive-pomegranate). 
 Olive-orange polyphenol extract combinations from 

90-10% to 80-20% (olive-orange). 
 Various olive-pomegranate-orange polyphenol 

extract combinations as it shown in the results 
section. 

for the control of E. lata it is recommended the use of: 
 Olive fruit polyphenol extract at 100%. 
 Olive-pomegranate polyphenol extract at 

combinations from 90-10% to 40-60% 
(olive-pomegranate). 

 Olive-orange polyphenol extract combinations from 
90-10% to 40-60% (olive-orange). 

 Various olive-pomegranate-orange polyphenol 
extract combinations as it shown in the results 
section. 

for the control of M. laxa it is recommended the use of: 
 Olive fruit polyphenol extract at 100%. 
 Pomegranate peels polyphenol extract at 100%. 
 Olive-pomegranate polyphenol extract at 

combinations from 90-10% to 60-40% 
(olive-pomegranate). 

 Olive-orange polyphenol extract combinations from 
90-10% to 60-40% (olive-orange). 

 Various olive-pomegranate-orange polyphenol 
extract combinations as it shown in the results 
section. 

for the control of P. lycopersici it is recommended the use 
of: 
 Olive fruit polyphenol extract at 100%. 
 Olive-pomegranate polyphenol extract at 

combinations from 90-10% to 70-30% 
(olive-pomegranate). 

 Olive-orange polyphenol extract combinations from 
90-10% to 70-30% (olive-orange). 

 Various olive-pomegranate-orange polyphenol 
extract combinations as it shown in the results 
section. 

for the control of P. punicae it is recommended the use of: 
 Olive fruit polyphenol extract at 100%. 
 Olive-pomegranate polyphenol extract at 

combinations from 90-10% to 70-30% 
(olive-pomegranate). 

 Olive-orange polyphenol extract combinations from 
90-10% to 80-20% (olive-orange). 

 Various olive-pomegranate-orange polyphenol 
extract combinations as it shown in the results 
section. 
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Table 3.  MIC and MLC test of olive fruit, pomegranate and orange peels extracts on 10 plant pathogens 

  B. cinerea V. dahliae E. lata M. laxa R. solani P. lycopersici P.punicae F. oxysporum  A. niger G. graminis 

Sample 1 

0% + + + + + + + + + + 

2,5% + + + + - + + + + + 

5% + + + + - - + + + + 

7,5% + - - + - - - + + + 

10% + - - + - - - + + + 

Sample 
10 

0% + + + + + + + + + + 

2,5% + + + + - + + + + + 

5% + + + + - - + + + + 

7,5% + - - + - - - + + + 

10% + - - + - - - + + + 

Sample 
11 

0% + + + + + + + + + + 

2,5% + + + + - + + + + + 

5% + + + + - - + + + + 

7,5% + + - + - - - + + + 

10% + + - + - - - + + + 

Sample 
28 

0% + + + + + + + + + + 

2,5% + + + + - + + + + + 

5% + + + + - - + + + + 

7,5% + - - + - - - + + + 

10% + - - + - - - + + + 

Sample 
46 

0% + + + + + + + + + + 

2,5% + + + + - + + + + + 

5% + + + + - - + + + + 

7,5% + + - + - - + + + + 

10% + + - + - - + + + + 
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Table 3 Continuous 

Sample 
48 

0% + + + + + + + + + + 

2,5% + + + + - + + + + + 

5% + + + + - - + + + + 

7,5% + - - + - - - + + + 

10% + - - + - - - + + + 

Sample 
57 

0% + + + + + + + + + + 

2,5% + + + + - + + + + + 

5% + + + + - - + + + + 

7,5% + + - + - - - + + + 

10% + + - + - - - + + + 

Sample 
58 

0% + + + + + + + + + + 

2,5% + + + + - + + + + + 

5% + + + + - - + + + + 

7,5% + - - + - - - + + + 

10% + - - + - - - + + + 

Sample 
67 

0% + + + + + + + + + + 

2,5% + + + + - + + + + + 

5% + + + + - - + + + + 

7,5% + - - + - - - + + + 

10% + - - + - - - + + + 

Sample 
70 

0% + + + + + + + + + + 

2,5% + + + + - + + + + + 

5% + + + + - - + + + + 

7,5% + - - + - - - + + + 

10% + - - + - - - + + + 

+ Mycelium growth 
- No mycelium growth (mycelium suspension) 
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Table 4.  Fungi sensitivity on different concentrations of the tested 
extracts 

Most 
Sensitive Rhizoctonia solani <2,5% 

 Pyrenochaeta lycopersici 2,5%-5% 

 Eutypa lata 5%-7,5% 

 Verticillium dahliae   

 Phoma punicae  

 Botrytis cinerea  

 Monillia laxa >7,5% 

 Fusarium oxysporum f.sp. 
lycopersici  

 Gaeumanomyces graminis  

Most Resistant Aspergillus niger  

4. Discussion 
Waste biomass produced by agricultural sector and the 

food supply chain poses an unprecedented risk to public 
health by polluting land and water resources. The main 
objective of the European Union's (EUs) environmental 
policy is the development of various sectors such as 
agriculture, industry and energy production with zero 
emission of pollutants without causing any environmental 
burden. However, achieving this goal in many cases is 
particularly difficult. In Greece, as in many other European 
countries agricultural development is still not considered to 
be fully in line with these objectives. Large volumes of 
residual by-products of existing activities such as olive oil 
production are considered to constitute additional 
economic revenue after appropriate treatment thus limiting 
environmental risks while at the same time covering 
environmental protection rules. Also, these residues waste 
or by-products is believed to be able to both reduce the 
environmental problem from their activity and create new 
jobs at the same time. It is also believed that the utilization 
and management of residues and by-products from this 
process could also help to issue an eco-label for those 
products derived from production processes with little or 
no environmental impact [58]. In this way consumers could 
easily discern which products are more or less harmful to 
the environment. 

Thus, the interest in the isolation, examination and use of 
plant tissues and agricultural waste rich in natural 
polyphenols extracted from various parts of plant species 
such as thyme, citrus and olive green tea has been 
expressed by many researchers [59-73]. This interest is 
strongly enhanced since several microorganisms such as 
fungi, bacteria, viruses, etc., interact in the natural 
environment with plants [74-76] and by them shelves [77] 
affecting growth and development [78,78,79]. 

Studies carried out on parts of pomegranate plant [18,19] 
showed that peels, flowers and pomegranate juice 
contained different types of antioxidants such as 
anthocyanins, catechins and ellagitans. These compounds 

could obviously play an important role in improving 
human health when added to food products through their 
effect on slowing down the lipid peroxidation process by 
presenting anti-cancer, antimicrobial, antioxidant, antiviral 
80-83 and plant protection action [84]. More specific, in vitro 
studies demonstrated the bactericidal activity against many 
antibiotic resistant pathogens [85-90]. 

Furthermore, studies on the use of OMWW has been 
demonstrated that it can act as phytoprotective compound 
on fruits and vegetables during the growing season and 
after harvest during storage offering a promising solution 
for preventing losses of fruits and vegetables from 
post-harvest attacks such as those from the fungus B. 
cinerea [69,73]. Similar results have been reported by other 
studies [65,91-93] where the use of OMWW can affect the 
growth of saprophytic fungi, the incidence of foliar 
diseases, and the growth of soil-borne pathogens before 
and after harvest in strawberries and in tulip plants. 
Furthermore, in another study has been reported that 
substances extracted from OMWW showing antifungal 
action inhibited the mycelium growth of Fusarium solani 
and R. solani [94]. Similar results were reported also in a 
study against R. solani in field experiments [64]. Various 
forms of OMWW polyphenols and especially the liquid 
one have been also reported that affect the development of 
several important plant pathogenic fungi such as B. cinerea, 
A. alternata, F. oxysporum f.sp., melonis, Rhizopus species, 
C. higginsianum, and P. parasitica var. nicotianae [95]. 

5. Conclusions 
In conclusion, the findings of this study demonstrate a 

species-specific in vitro inhibition and potential synergistic 
activity of aqueous extracts of olive-pomegranate-orange 
fruits isolated by microwave assisted extraction. The olive 
fruit extract showed a clear inhibition of B. cinerea, V. 
dahliae, R. solani, E. lata, M. laxa, P. lucopersici and P. 
punicae in terms of affected the mycelium growth while 
did not affect the mycelium growth of F. oxysporum f. sp., 
lycopersici, A. niger, and G. graminis. Furthermore, the use 
of any combination and concentrations of the tested 
samples (1-72) did not affect the mycelium growth of F. 
oxysporum f. sp., lycopersici, A. niger, and G. graminis 
thus, their use as biological control agent is not 
recommended. 

From the above it is clear that the olive fruit polyphenol 
extract has presented encouraging results, but the 
effectiveness should be studied further. The encapsulation 
of a polyphenol in encapsulating agent may help to slow 
the degradation and protection from the frequent watering 
and runoff due to this action. 
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