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ABSTRACT 
 

Food and feed contamination with mycotoxin is a global issue that represents major health risks to 

both animals and humans. The antifungal properties of spices and Ganoderma mushroom, as food 

preservatives, against seven toxigenic fungi isolated from Egyptian rabbit, poultry, and cow feed 

were investigated in this study. The growth diameter of fungal colonies was measured separately 

on plates of Potato dextrose agar medium with different spices at a concentration of 60 g/L. Clove, 

cinnamon, and turmeric completely inhibited all of the fungi tested, while the rest of the spices had 

a moderate to variable inhibitory effect, and several spices (coriander, fennel, anise, and caraway) 

even promoted the fungal growth. The five best effective spices with 16 concentrations (0.05 to 

100 g/L) were used to find minimum inhibition concentration (MIC) and minimum fungicidal 

concentration (MFC) for each fungal isolate separately. Clove and cinnamon were the most 

effective spices against all tested fungal isolates, with MIC of 0.05-1 g/L and MFC of 3-10 g/L. 

Hence, clove and cinnamon are recommended, as the best antifungal spices that can easily inhibit 

fungal growth at a minimal concentration. Mycelial plugs of Ganoderma mbrekobenum exhibited 

a high inhibition activity against the growth of Monascus ruber, Aspergillus ochraceus, and 

Penicillium sp. The antifungal activities of aqueous and organic extracts of Ganoderma mushroom 

were investigated, and the methanol-chloroform extract was shown to have the maximum activity, 

making it a good antifungal agent. 

Keywords: Antifungal activity; Food spices; Ganoderma mbrekobenum; Growth inhibition; 

Mycotoxins. 
 

INTRODUCTION 

 

Food and animal feedstuff are exposed to infection 

by many fungi, including those produce low-

molecular-weight compounds as secondary meta-

bolites, with confirmed toxic properties referred to 

mycotoxins. The poor and prolonged storage period 

gives an opportunity for these fungi to produce their 

toxins in large quantities causing serious harm to 

human and animal health (Bhat et al., 2010). Myc-

otoxins cause adverse health effects and fatal diseases 

for animals leading to economic losses in the form of 

decreased productivity. These effects can be mut-

agenic, carcinogenic, oestrogenic, neurotoxic, and 

immunosuppressive, interfere with hormonal functions, 

or exhibit other toxic effects on organs such as the liver 

and kidney (Turner et al., 2009). Hence, preventive 

strategies are required to decrease feedstuff fungal 

contaminations and mycotoxins production according 

to the ALARA (as low as reasonably achievable) 

principle. 

Many chemical and physical methods have been 

used to preserve foods, but these methods are restricted 

in many developed countries due to their negative 

effects
 
(Köhl et al., 2011). Therefore, the world has 

recently turned to using natural and safer food 

preservatives (Sharma et al., 2009). Using spices was 

the most appropriate natural method, as they have been 

traditionally used as flavorings for the palatability of 

food and drinks with no recorded harm to human 

health. In addition, spices possess a medicinal value 

containing various bioactive compounds with 

antioxidant and antimicrobial properties. It is used as a 

treatment for minor medical conditions such as 

stomach disorders, sleep problems, poor circulation, 

ulcers, colds, muscle pain, gout, back pain, dyspepsia, 

and motion sickness as well as anticancer effects 

(Rathore et al., 2013). Many spices are known to exert 

antioxidant activity preventing lipid oxidation in living 

organisms as well as foods (El-Mougy and Abdel-

Kader, 2007 and Rathore et al., 2013). Moreover, 

spices proved antimicrobial ability to prevent 

contamination with mycotoxin-producing fungi, and 

limits their growth and ability to produce mycotoxins. 

Gould (1996) suggested using spices as alternatives for 

food conservation based on the synergistic effect of 

antimicrobial compounds from animal, plant and/or 

microbial origin, to create an inhospitable environment 

for microbial survival in foods. Incorporation of spice 

extract or its essential oil into edible packaging exerts 

antimicrobial activity against the food pathogens thus 

preventing food spoilage and enhances the shelf-life 

and also increases the nutritional value of the final 

product (Ravi et al., 2020). Antimicrobial activity of 

spices depends on several factors like the kind of spice, 

composition, and concentration of spice, its occurrence 

level, substrate composition, processing conditions, 

and storage (Ceylan and Fung, 2004). 

In addition to the amazing benefits of mushrooms for 

humans, the bioactive compounds extracted from many 

mushroom types have proven their ability as an anti-

cancer, anti-microbial and anti-viral. Several comp-

ounds extracted from mushroom revealed antifungal 

and antibacterial activity. Several studies showed that 
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Ganoderma mushroom possess antimicrobial activities, 

antiviral, anticancer, anti-inflammatory, antioxidant 

activity, hypoglycemic, immunosuppressive, hepato-

protective activities, anti-allergic, anti-hypertension 

and anti-ageing (Lindequist et al., 2005). In this study, 

we focused on the importance of using raw spices and 

Ganoderma fungus as natural food preservatives that 

are safe for animals, as well as to minimize the signify-

cant economic losses that may be associated with 

increased health-care costs. Therefore, the goal of this 

study was to test the antifungal activity of 13 different 

food spices, as well as Ganoderma mycelium and its 

fruiting body, against seven toxigenic fungal strains 

isolated from various types of animal feedstuff.  

 

MATERIALS AND METHODS 

 

Source of toxigenic fungal isolates 

Thirty-seven isolates belonging to phylum Asco-

mycota were isolated from various samples of Egyptian 

animal feedstuff of poultry, rabbits, and cattle. Fungal 

isolation was carried out using the serial dilutions 

technique on Potato dextrose agar (PDA) plates were 

incubated in two sets at 25 °C for 5-7 days. Pure fungal 

cultures were maintained on PDA slopes at 4 °C and 

stored in 10% glycerol at - 80°C. Seven species were 

selected based on high production of mycotoxins using 

UV light detector for fungal cultures on coconut med-

ium according to Heenan et al., (1998). These isolates 

were identified as Aspergillus flavus 1, Aspergillus 

flavus 2, Aspergillus niger, Aspergillus ochraceus, Asp-

ergillus terreus, Monascus ruber, and Penicillium sp. 

based on their morphological (macro and microscopic) 

characters using the standard keys of Onions et al., 

(1981), Pitt and Hocking (1997), and Barnett and 

Hunter (1998). 
 

Antifungal activity of spices 
 

Thirteen kinds of food spices were collected, for the 

current study, from different markets located in 

Damietta Governorate, Egypt (Table1). The spices 

effect was tested separately at concentration of 60 g/L 

on the growth of the seven fungal strains according to 

the method of Zohri et al. (2014) with some modify-

cations. The spices were ground by an electric blender 

(Moulnex®, Type 719, France) into a very fine powder 

and added separately to flasks of PDA medium at 

concentration of 60 g/L then autoclaved for 20 min at 

121°C. After distribution and solidification of media 

with spices into Petri dishes (9 cm), plates were 

inoculated with one disc (diameter, 0.4 cm) of fresh 

PDA-fungal cultures. The plates were incubated at 

25°C for four days. The diameter of the fungal colony 

was measured in comparison to the control colony 

(growing on PDA with no spices). The inhibition of 

fungal growth (%) was calculated according to the 

following formula: 
 

 

 
 

Where, Ccd is the diameter of fungal colony in control 

plate and TcB, is fungal colony diameter in spice-

treated plate. 

Table (1): Spice plants and the parts that have been 

investigated 
 

No. 

Spices tested 

Used part Common 

name 
Scientific name 

1 Clove Syzygium aromaticum Dried flower bud 

2 Cinnamon Cinnamomum cassia Cinnamon bark 

3 Cumin Cuminum cyminum Seeds 

4 Thyme Thymus vulgaris Seeds 

5 Ginger Zingiber officinale Rhizome 

6 
Black 

pepper 
Piper nigrum Seeds 

7 Fennel Foeniculum vulgare Seeds 

8 Cardamon Elettaria cardamomum Seeds 

9 Turmeric Curcuma longa Rhizome 

10 Coriander Coriandrum sativum Seeds 

11 Anise Pimpinella anisum Seeds 

12 Caraway Carum carvi Seeds 

13 Rosemary Rosmarinus officinalis Dried leaves 

 

Assay for minimum inhibition concentration 
 

Minimum inhibitory concentration (MIC) is defined 

as the minimum concentration of the material that 

inhibits the growth of the particular microorganisms.  

The method is based on growing fungi at varying 

concentrations of spices in media. Selected five spices 

(clove, cinnamon, cumin, turmeric and black pepper) 

were tested separately for their minimum inhibition 

concentration (MIC) using a series of concentrations 

(0.05, 0.1, 0.5, 1, 3, 5, 7, 10, 13, 15, 20, 30, 40, 50, 60, 

and 100 g/L) in PDA media. The diameter of the fungal 

colony was measured after four days of incubation at 

25°C in comparison to the control colony. Fungal 

growth inhibition percentage (%), minimum inhibition 

concentration (MIC), at which the spices extract 

showed the earliest inhibition of the fungal growth and 

minimum fungicidal concentration (MFC) were 

determined.  
 

Antifungal activity of Ganoderma mycelia 
 

The mycelial culture of Ganoderma sp. EGDA, first 

identified by El-Fallal et al. (2015) and later clarified 

to Ganoderma mbrekobenum (Otto et al., 2016), was 

tested for its ability to suppress the growth of 

mycotoxin-producing fungus using the agar disc 

diffusion method. G. mbrekobenum fruit bodies were 

collected from lemon trees grown in Damietta district, 

Egypt. Inoculation with three days old culture of spore 

suspension, of investigated fungal strains, was done in 

the centre of PDA plates, followed by discs insertion 

(diameter, 1 cm) of 7 days old Ganoderma culture. 

Plates were incubated at 28 °C for 3-5 days. The 

diameter of clear inhibition zone around the 

Ganoderma disc was measured in millimeters.  
 

Antifungal activity of Ganoderma mushroom  
 

Preparation of crude extract 
 

Wild mushroom of G. mbrekobenum dried at room 

temperature and then grinded into fine powder. A 

sample (2.5 g) of ground mushroom was extracted by 

50 ml of Methanol:Chloroform (2:1) mixture by 

heating and stirring continuously at 60°C for 45 min, 



Anti-fungal activity of spices and mushroom 

67 

then filtered through Whatman filter paper No.4. The 

residue was re-extracted twice. All extracts were com-

bined and completely evaporated using a rotary 

evaporator at 40°C. Distilled water was used for 

aqueous extraction in the same way as before. The 

dried organic extracts that contain the bioactive 

compounds were kept at 4°C until use.  
 

Preparation of different fractions extract 

A series of organic solvents were used for several 

fractions’ extraction of Ganoderma mushroom in order 

of increasing polarity as shown in Fig. (1). A sample 

(2.5 g) of mushroom powder were extracted using 75 

ml each of petroleum ether, chloroform, acetone, ethyl 

acetate, and methanol, successively on a rotary shaker 

at 150 rpm for one day under dark condition at room 

temperature. The extracts were filtered through double 

Whatman filter paper No.1, and the extracts were 

evaporated to dryness at 40°C using a rotary vacuum 

evaporator, then stored in refrigerator at 4°C until use  

 

Antifungal assay 
 

Both organic and aqueous extracts were dissolved in 

a definite volume of Dimethyl Sulfoxide (DMSO) to a 

concentration of 20 mg/L. Agar well diffusion method 

was used to test the antifungal activity of all extracts in 

which 100 µl of each extract was inserted in a well 

(diameter, 1 cm) made on PDA plates previously 

inoculated with the tested fungi, DMSO was used as a 

negative control and then plates were incubated at 

28°C. The diameter of the clear zone of inhibition 

around the wells was measured in millimeter after for 

3-5 days. 
 

 
 

Figure (1): Different organic extracts, based on polarity, of G. 
mbrekobenum mushroom. Solvent used: 1, petroleum ether; 2, 

chloroform; 3, acetone; 4, ethyl acetate and 5, methanol. 
 

 

Statistical analysis 

All experiments were carried out in three replicates. 

The mean values of the measured data ±SD were 

represented and a p value at ≤ 0.01 was considered 

significant. 
 

RESULTS 
 

Fungal isolates 

Forty-three isolates, belonging to Ascomycota (37 

isolates) and Zygomycota (6 isolates) phyla, were 

obtained from different feedstuff samples (poultry, 

rabbits and cattle). Rabbit feed recorded the highest 

significant (p ≤0.01) source in fungal species richness 

(32%), followed by poultry (20%) and cattle feed 

(18%). The most prevalent fungi in the feed samples 

were Aspergillus and Penicillium species, which were 

detected in 100% and 75% of the samples, respect-

tively. Seven species were selected based on their 

highest production of mycotoxins on coconut medium. 

They were morphologically identified as Aspergillus 

flavus 1, Aspergillus flavus 2, Aspergillus niger, 

Aspergillus ochraceus, Aspergillus terreus, Monascus 

ruber and Penicillium sp. 
 

Antifungal activity of Spices 
 

The measured inhibition percentage of fungal growth 

using the thirteen spices at a concentration of 60 g/L 

showed that cloves, cinnamon and cumin were lethal 

(with a 100% inhibition) to all tested mycotoxigenic 

fungal strains, as presented in Fig. (2). Turmeric and 

black pepper showed a stronger inhibitory effect on all 

tested strains than the rest of the spices. Cardamom, 

rosemary, ginger and thyme showed a moderate 

inhibitory effect on fungi, with the highest activity 

against A. flavus 1 (66.97, 61.47, 52.29 and 37.61 %, 

respectively) and A. flavus 2 (75.00, 64.29, 53.57 & 

36.61 %, respectively).  

On the other hand, thyme had a noticeable reducing 

effect on the spore production for all the tested fungal 

strains as it inhibited the spore maturation and their 

distinctive pigments for all the tested fungi strains as 

shown in Fig. (3). Meanwhile, anise had a moderate 

effect on A. flavus 1 and A. flavus 2, and was weak on 

A. terreus and Penicillium sp., but induced growth incr-

eases in A. ochraceus, A. niger, and M. ruber. Tested 

fungi were least affected by caraway, coriander, and 

fennel. Compared to the control, caraway was slightly 

effective on A. flavus 1, A. flavus 2, A. terreus, and 

Penicillium sp. However, it had no impact on A. ochr-

aceus, and nourished the fungal growth of A. niger 

(Fig. 4). Furthermore, fennel had a negligible effect on 

A. flavus 1 and 2. In parallel, it had no effect on 

Penicill-ium sp., but boosted the development of 

Aspergillus niger, Aspergillus ochraceus, Aspergillus 

terreus, and M. ruber. While coriander was ineffective 

against all the fungi tested, it assisted A. flavus 1, A. 

flavus 2, A. terreus, and Penicillium sp. grow better. 
 

MIC and MFC of the tested species  
 

Five spices out of the thirteen were selected based on 

the highest inhibitory effect against the growth of the 

seven fungal strains. The percentage of fungal growth 

inhibition increased obviously with the increase of the 

spices’ concentration. Clove, cinnamon and cumin app-

roved their ability to totally (100%) eliminate the 

growth of all tested fungi, while turmeric and black 

pepper reached maximum inhibition activity of 80% 

only for all fungi.  
 

For MFC and MIC (Table 2), clove recorded MFC (5 

g/L) for all fungi with 100% inhibition of growth 

except for A. niger and Penicillium sp. (3 g/L). 

Meanwhile, MIC was 0.05 g/L for all tested fungi 

except for M. ruber (0.1 g/L). However, in the case of 

cinnamon, MIC recorded 0.05 g/L for A. flavus 1, A. 

flavus 2, A. terreus and M. ruber, 0.1 g/L for A. niger 

and Penicillium sp. and 1 g/L for A. ochraceus. MFC 

was at concentration of 7 g/L for A. niger, A. terreus 

and M. ruber and 10 g/l for A. flavus 1, A. flavus 2, A. 

ochreceus and Penicillium sp. with 100% inhibition of 

growth. Cumin was the third spice in the fungicidal 

activity and its MIC was 0.05 g/L for A. terreus and M. 

ruber, 0.1 g/L for A. flavus 2, 0.5 g/L for A. flavus 1, 1 

g/L for A. niger, and 3 g/L for A. ochraceus and Penic- 
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Figure. (2):. Antifungal activity was evaluated, for different spices at a concentration of 60 g/L on PDA medium, after four days of incubation. All 
tests were carried out in three replicates and the mean values of results were represented. Antifungal activity was tested on five Aspergillus 

species, Monascus ruber and Penicillium sp. 
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illium sp. While MFC was at concentration of 15 

g/L for A. flavus 1, 30 g/L for M. ruber, 40 g/l for 

A. terreus, 50 g/L for A. niger and Penicillium sp., 

60 g/L for A. flavus 2 and A. ochraceus with 100% 

inhibition of growth. However, turmeric was 

completely non-lethal. Its inhibitory effect was 

very close and increased slowly starting from 10 

g/L with increasing concentrations. MIC was 0.05 

g/L for all tested fungal isolates except A. terreus 

was 0.1 g/L. Likewise; black pepper was not 

completely fatal. It did lead to steady growth 

despite the increase in concentrations, starting 

from a concentration of 13 g/L, with a sudden and 

severe decrease at 100 g/L for A. flavus 1 (88.68%) 

for the fourth day. MIC was 0.05 g/L for all tested 

fungal isolates except A. flavus 1 and Penicillium 

sp. was 0.1 g/L as presented in Table 3. 
 

Antifungal activity of Ganoderma mycelia 
 

The highest inhibition zone was observed for M. 

ruber followed by A. ochraceus and finally 

Penicillium sp. (25 ±0.5, 16 ±0.0 and 15 ± 0.4 mm, 

respectively). However, no effect was observed on 

the rest of the tested fungi (Figures 6 and 7). 
 

 
Figure (3): Antifungal effect of thyme (60 g/L in PDA 

medium) on fungal growth after four days (control colony on 

right and colony with tested spice on left); (A) A. flavus2, 

(B) A. niger, (C) A. ochraceus, (D) A. terreus, (E) M. rubber 

and (F) Penicillium sp. 
 

Antifungal activity of Ganoderma mushroom  

As shown in Fig. 8, different mushroom extracts 

had varying levels of inhibition against the majority 
of the fungal species examined, except for A. flvus 1, 

 
Figure (4): Antifungal effect  of caraway (60 g/L in PDA medium) 

on fungal growth after four days of incubation (control colony on 

right and colony with tested spice on left); (A) A. flavus 1, (B) A. 
flavus 2, (C) A. niger, (D) A. ochraceus, (E) A. terreus and (F) 

Penicillium sp. 
 

2 and A. terreus. M. ruber, A. ochreceus, Penicillium 

sp., and A. niger, where no activity was recorded. 

The highest antifungal activity was recorder for 

mushroom extract with methanol chloroform mixture 

(20 ±0.6, 19 ±0.6, 16 ±0.0 and 26 ±0.3 mm) against 

M. ruber, A. ochre-ceus, Penicillium sp. and A. niger. 

The extract induced the production of pink pigment 

in A. ochraceus and inhibited the maturation of A. 

niger spores (white colored). However, some 

extracts such as petroleum ether, acetone, and ethyl 

acetate were non effective on Penicillium sp. 

Meanwhile, acetone has no effect on A. niger. 
 

DISCUSSION 

 

The incidence of mycotoxigenic fungal infections 

particularly ascomycetes are becoming more wide-

spread over the world. The resistance of some fungal 

species to antifungal drugs, high treatment costs and 

toxic effects of current drugs all have encouraged 

researchers to look for alternative natural compounds. 

The spices are recently used to preserve feed and 

combat fungal growth and mycotoxins production due 

to their antimicrobial and antioxidant properties and 

no negative impact on animal and human health (Liu 

et al., 2017 and Purkait et al., 2020). Many investi-

gations reported the inhibitory effect of spices on 

fungi with variable responses to different types 
 

Table (2): MFC, MIC and its opposite growth inhibition % recorded for spices against the tested fungi. 
 

Plant Spice 

used 

Tested Fungi 

A. flavus1 A. flavus 2 A. niger A. ochraceus A. terreus M. ruber Penicillium sp. 
ǂ1 2 1 2 1 2 1 2 1 2 1 2 1 2 

Clove 5.00 0.05 5.00 0.05 3.00 0.05 5.00 0.05 5.0 0.05 5.0 0.10 3.00 0.05 

Cinnamon 10.0 0.05 10.0 0.05 7.00 0.10 10.0 1.00 7.0 0.05 7.0 0.05 10.0 0.10 

Cumin 15.0 0.50 60.0 0.10 50.0 1.00 60.0 3.00 40.0 0.05 30.0 0.05 50.0 3.00 

Turmeric nd 0.05 nd 0.05 nd 0.05 nd 0.05 nd 0.1 nd 0.05 nd 0.05 

Black pepper nd 0.1 nd 0.05 nd 0.05 nd 0.05 nd 0.05 nd 0.05 nd 0.10 

ǂ
1, Minimal fungicidal concentration, MFC (g/L); 2, Minimal inhibitory concentration of the tested materials, MIC (g/L); nd, not detected. 
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of spices (Bokhari, 2007 and Bokhari & Aly, 2009). In 

the current study, thirteen food spices were tested for 

their effectiveness against seven mycotoxin-producing 

fungal species isolated from different feedstuff. Most 

of the spices showed promising antifungal effects 

against all the tested fungi, these effects may be 

attributed to their content of essential oils that can 

penetrate fungal cells causing alterations in its 

structure and function and diverse groups of 

phytochemicals with mechanisms of action such as 

strong antioxidant phenolic and γ-terpinene compo- 
 

 
 

Figure (6): Antifungal activity of Ganoderma mbrekobenum 

mycelia. 
 

unds (Bassolé & Juliani, 2009). In addition, clove 

proved the highest inhibitory activity against all tested 

fungi at a concentration of 5 g/L. In accordance, Zohri 

et al. (2014) reported that clove was the most effective 

against A. flavus, A. ochraceus and P. citrinum, and 

lethal to them at a concentration of 5 g/L. Several other 

studies have also reported antifungal (inhibitory and 

fungicidal) action of clove (Reddy et al., 2007 and 

Achar et al., 2020). Cinnamon came secondly in its 

antifungal activity with complete inhibition of all 

tested fungi at a concentration of 10 g/L. likewise; 

Kumar et al. (2020) reported that cinnamon and clove 

exhibited great antifungal effic-iency with wide zones 

of inhibition. Bokhari(2007) and Zohri et al. (2014) 

recorded a complete growth inhibition of A. flavus and 

A. ochraceus by cinnamon at the same concentration 

(10 g/L). Cumin came in the third position of 

antifungal activity with 100% inhibition efficiency at a 

concentration of 15 g/L. These results agree with the 

previous studies of Bokhari (2007) and Zohri et al. 

(2014). Eugenol is the major aromatic oil of clove (70-

90%), also found in lower concentrations in cinnamon 

and other aromatic spices and possess powerful 

antioxidant and antimicrobial benefits. It was identified 

as the antifungal component, responsible for the 

growth inhibition of Aspergilli (Reddy et al., 2007) 

 and showed fungistatic and fungicidal activities on 

solid and broth medium, respectively (Chee & Lee, 

2007). Li et al. (2014) and Liu et al. (2017) suggested 

the possible mechanism of antifungal activity of clove 

and cinnamon. They reported that eugenol and 

cinnamon oil can destroy cell walls and membranes 

causing the cytoplasmic leakage, inhibiting the 

ergosterol synthesis then inhibit the normal synthesis 

of DNA and proteins. 
 

Furthermore, the antifungal activity of the rest of the 

spices decreased gradually from turmeric to thyme 

(Fig. 2). However turmeric and black pepper didn’t 

prove any MFC for any of the tested fungi, they prove 

a MIC at 0.05 and 0.1 g/L, respectively (Table 3), and 

their inhibition activity reached 80%. Oza et al. (2021) 

reported the antifungal effect of raw turmeric powder 

against Aspergillus sp. and Fusarium  sp. The antif-

ungal activity of turmeric was attributed to the essential 

turmeric oil and a polyphenolic compound called 

curcumin (Apisariyakul et al., 1995), while piperine is 

the major bioactive component of pepper the proved a 

significant antifungal activity in previous study of 

Yohannes et al., (2018). Thyme caused a clear inhi-

bition in the reproductively of all tested fungal strains 

leading to a decrease in the spore production. Borugă et 

al. (2014) also reported this antifungal activity. 
 

On the other hand, caraway, anise, fennel and 

coriander caused some stimulation and flourish of the 

fungal growth. This stimulatory effect may be ascribed 

to the presence of myrcene in both spices (Khalil et al., 

2018) since the addition of myrcene significantly 

promoted the spore germination of P. digitatum (Che et 

al., 2020). This may agree with the observation of El-

Mougy & Abdel-Kader (2007) for a lower antifungal 

activity of fennel powder than cinnamon, and 

Thyagaraja & Hosono
 
(1996) for a weaker antifungal 

effect of coriander than cumin and pepper. While it 

may contradict the study of Hassan et al.
 
(2020), who 

recorded a significant antifungal activity of caraway 

and its essential oil (carvone) against A. niger. To the 

best of our knowledge, this is the first study done on 

M. rubber, which is known for its high production of 

citrinin toxin, and the results showed that cloves, 

cinnamon and cumin were able to inhibit its growth 

completely.  

The antimicrobial activity of extracts and comp-

ounds from Ganoderma indicate that this genus is 

worthy of further study according to Reddy (2018). 

Both mycelium and mushroom of different mushrooms 

contain several compounds which possess antifungal 

and antibacterial activities such as terpenoids, steroids, 
 

 

 
 

Fig. (7). Antifungal activity of Ganoderma mbrekobenum mycelia on: (A) M. rubber, (B) A. ochraceus and (C) Penicillium sp. 
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Fig. 8. Antifungal activity of different extracts of G. mbrekobenum fruiting body. 

 

polyphenol, polyketides, polyglucan, flavonoids, 

alkaloids, polysaccharides and dietary fibers which 

exert several pharmacological activities (Chowdhury 

et al., 2015). The antifungal activity of G. 

mbrekobenum was evaluated using two different 

methods: mycelial agar disc, mushroom extractions. 

The mycelial discs showed a potential high antifungal 

activity against M. ruber, A. ochraceus and 

Penicillium sp. This effect may be attributed to both 

intercellular components and extracellular metabolites 

as enzymes, toxins, antioxidants. 
 

On the other hand, mushroom extract using 

methanol chloroform mixture proved the strongest 

antifungal activity compared to other extracts using 

organic solvents and water. The highest effect was 

against A. niger, followed by M. ruber, then A. 

ochraceus, and finally Penicillium sp. No inhibition 

zone was recorded against A. flavus 1 and 2, and A. 

terreus. The various antifungal activities of different 

solvent extracts may be attributed to different 

extracted bioactive compounds as aliphatic esters, 

aromatic esters, fatty acids, alkaloids, saturated 

aromatic compounds and isocyanide. Likewise, Ameri 

et al. (2011) reported that aqueous extracts of G. 

lucidum, G. Praelongum and G. resinaceum didn’t 

have antimicrobial activity.  
 

The low activity of water extract might be due to 

poor solubility of bioactive compounds in water 

compared to organic solvent. Sridhar et al., (2011) 

reported that methanol and aqueous extracts of G. 

lucidum mushroom possessed strong antibacterial and 

antifungal activity. However, G. lucidum extracts 

showed slightly higher activity against Penicillium 

and lower activity against A. niger. The antifungal 

activity of aqueous extract against A. flavus was 

showed no antifungal effect as obtained in current 

study. In addition, Jonathan & Awotona (2010) 

proved that water extracts of G. lucidum, G. 

applanatum and G. austral mushrooms exerted less 

antimicrobial activity than methanolic and ethanolic 

extracts against fungal pathogens. Furthermore, 

Heleno et al. (2013) revealed that G. lucidum 

possessed a high activity against different fungal 

species; A. ochraceus, A. fumigatus, A. niger, A. 

versicolor, P. verrucosum, P. funiculosum, P. 

ochrochloron and Trichoderma viride. 
 

CONCLUSION 
 

This study presents powder of spices and mushroom 

mycelia and fruit body as available, inexpensive, and 

easy-to-use natural products to combat the growth of 

certain mycotoxin-producing fungal strains isolated 

from various animal feed. They considered a prom-

ising antifungal alternative for feed safety with the 

superior inhibitory effect attributed to their essential 

oils, which may provide a wide and useful application 

for several aspects including food preservation and 

disease prevention. Clove and cinnamon are recomm-

ended as the best anti-fungal spices that can be used, 

as they can inhibit the fungal growth significantly at a 

minimal concentration of 0.05 g/L. In addition, they 

are abundant with low prices and affordable for many 

people. While using coriander, fennel or caraway is 

not recommended, as they do not affect the growth of 

those mycotoxin-producing strains. Furthermore, both 

mycelial plugs and mush-room extracts of G. 

mbrekobenum can be recommended as antifungal 

activity against M. rubber, A. ochraceus and 

Penicillium sp. 
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 المكافحة الحيوية للفطريات المنتجة للسموم الفطرية في العلف الحيواني باستخدام التوابل

 
 احمد قاسم السيد، ميادة فتحى الفوال، هدى محمد الغرباوى اميرة علي الفلال،

  مصردمياط الجديدة،  ،دمياطقسم النبات والميكروبيولوجي، كلية العلوم، جامعة 

 
 الملخص العربـــــي

 

في جميع أنحاء العالم، وتشكل مخاطر صحية خطيرة  منشرهمشكلة  ، واصبحتصعبةال ضامرتفشي الاالي  استهلاك الأغذية والأعلاف الملوثة سببت

فطرية. لسموم العلى الحيوانات والبشر. صممت هذه الدراسة لدراسة التأثير المضاد للفطريات كمواد حافظة غذائية للتحكم في نمو بعض الفطريات المسببة ل

الفطرية بار التأثير التثبيطي لثلاثة عشر نوعا من البهارات ضد سبعة عزلات فطرية من الأعلاف المصرية المختلفة. تم قياس قطر نمو المستعمرات تم اخت

طريات المختبرة ، جم / لتر. أظهر القرنفل والقرفة والكركم تثبيطًا تامًا لجميع الف ٦٠على أطباق من وسط أجار دكستروز البطاطس  تحتوي توابل بتركيز 

تم استخدام أفضل  ولوحظ تأثير مثبط متوسط ومتغير لبقية التوابل ، بينما عززت بعض التوابل )الكزبرة ، والشمر ، واليانسون ، والكراوية( نمو الفطريات.

( لكل فطر MFCالأدنى لتركيز مبيد الفطريات )( والحد MICجم / لتر( لإيجاد الحد الأدنى لتركيز التثبيط ) ١٠٠إلى  ٠.٠٥) ١٦خمسة توابل فعالة بتركيز 

جم / لتر للفطريات  ١٠-٣ MFCجم / لتر و ١-٠.٠٥ MICعلى حدة. كان القرنفل والقرفة أكثر التوابل فاعلية ضد جميع الفطريات المختبرة ، حيث بلغ

لفطريات بسهولة عند الحد الأدنى من التركيز. بينما الكزبرة أو المختبرة. ومن ثم ، يوصى بها كأفضل التوابل المضادة للفطريات التي يمكن أن تمنع نمو ا

 الشمر أو الكراوية لا ينصح بها لأنها لا تؤثر على نمو تلك السلالات المسببة للسموم الفطرية.


