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In the present study, 123 collective milk samples from 71 cattle and 52 buffaloes suffering from clinical 
mastitis with no or poor response to treatment with conventional antibiotics were tested for mycotic 
mastitis using culture and multiplex PCR (m-PCR) methods. The overall positive percentage of Mycotic 
mastitis was 25.2 and 30.08% using culture and m-PCR respectively. Milk culture revealed 24 isolates of 
Candida albicans and 7 isolates of Aspergillus fumigatus. PCR succeeded to detect A. fumigatus from 
two samples and C. albicans out of four samples that were culturally negative. These yeast and fungi 
isolates were tested for their sensitivity toward different probiotic strains from different sources. 
Results revealed that Lactobacillus acidophilus isolated from goat colostrums followed by L. 
acidophilus isolated from mare colostrums showed the best antifungal activities against C. albicans 
followed by A. fumigatus, while, Lactobacillus  plantarum and Bacillus subtilis had no effect. These 
results showed that Mycotic mastitis is an increasing problem due to the wide misuse of antibiotics as 
mastitis therapy. Antimicrobials should be used in mastitis in a careful way and effort most be 
encouraged to apply safe substitutes such as probiotics and bioactive natural compounds for 
prophylactic and therapeutic use.  
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INTRODUCTION 
 
Bovine mastitis has been defined as an inflammation of 
the mammary gland resulting in reductions of milk yield 
and quality. A wide variety of microorganisms have been 
implicated as causative agents of bovine mastitis 
including bacteria and fungi (Krukowski et al., 2006). 

Bovine mycotic mastitis is usually caused by yeasts, 
but mastitis due to filamentous fungi mostly Aspergillus 
fumigatus has been reported. It occurs as sporadic cases 
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affecting a small percentage of cows, or as outbreaks 
affecting the majority of animals. In both situations, 
however, the seriousness of infection depends on the 
number of organisms present in the glands and the 
species of yeast involved (Pengov, 2002). Generally, in 
2001, studies have suggested that mycotic mastitis is on 
the increase, and Candida krusei is frequently isolated 
from affected quarters (LasHeras et al., 2000; Malinowski 
et al., 2001). 

The most frequent isolated organisms among the 
Mycotic mastitis are the Candida species (Tarfarosh and 
Purohit, 2008; Spanamberg et al., 2008) which are a 
group of unicellular opportunistic organisms, ever present 
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in the natural surroundings of dairy cattle  (milker’s 
hands, milking machines, treatment instruments, floor, 
straw, feed, dust, soil, drug mixtures, and sanitizing 
solutions) and are normal inhabitants of the skin of the 
udder and teats, in which they exist in low numbers 
(Santos and Marin, 2005). They can invade mammary 
glands and cause clinical mastitis characterized by pain, 
prolonged fever, tenderness, inflammatory reaction in the 
mammary gland and associated lymph nodes and 
reductions of milk yield and quality in animals (Şeker, 
2010). Some intramammary fungal infections such as A. 
fumigatus and Candida Spp may result in death of 
affected animals (Krukowski et al., 2000; Perez et al., 
1999; Heras etal., 2000). 

Outbreaks of Mycotic mastitis are generally believed to 
result from an ascending infection subsequent to 
incorrect administration of antibiotic preparations during 
drying-off period (Spanamberg et al., 2008). Conta-
mination of the teat end or cannulas by environmental 
yeasts and fungi associated with lack of hygiene during 
the milking and poor equipment cleaning leads could 
favor further penetration into the mammary gland (Gaudie 
et al., 2009). The large doses of antibiotics may cause a 
reduction in the vitamin A, leading to injury to the udder’s 
epithelium and affecting the microflora of the mammary 
glands, which acts as an animal natural defense, thus 
facilitating the invasion of fungi and yeasts (Perez et al., 
1999; Heras et al., 2000; Şeker, 2010). 

The clinical signs are non-specific and, in some cases, 
their development may be masked by symptoms of an 
underlying disease. Therefore, these diseases are 
generally diagnosed by demonstrating and identifying the 
aetiological agent histopathologically and in culture, 
respectively (Ferreiro et al., 1989; Perez et al., 1999). 

Current diagnostic methods have not proven to be 
sufficiently sensitive and specific to enable an early and 
effective diagnosis of the disease, with the result that the 
search for an optimal diagnostic method continues 
(Garcia and Blanco, 2000). Among nonculture methods 
under investigation, Polymerase Chain Reaction (PCR) 
offers advantages over classical approaches, because 
theoretically, low level fungal infections (e.g. with 
Candida albicans) can be detected from minimal volumes 
of clinical samples such as blood, and DNA from both 
dead and viable organisms could serve as a target 
template for the amplification reaction (Polanco et al., 
1999). 

Random use of growth promoters, antibiotics and 
antimycotic in animals lead to immune-suppression and 
development of multiple drug resistance strains to com-
pounds used in human medicine. These drugs should be 
substituted by safer ones (Magnusson et al., 2003).        

Lactic acid bacteria (LAB) are among the most powerful 
prokaryotes when it comes to antimicrobial potential. A 
large number of LAB strains have effective antimycotic 
the pathogens by depleting nutrients consumed by the 
pathogens and modulate the host immune response. 
Also,   they  release  endogenous  microbicides  compounds 

 
 
 
 
including; lactic acid, bacitracin and hydrogen peroxide 
which have microbicidal effect (Magnusson et al., 2003; 
Ström et al., 2002). Probiotic bacteria present in the 
alimentary tract and vagina of man and animals prevent 
the overgrowth of Candida spp. and thereby decrease the 
occurance of mucosal or systemic candidiasis (Balish, 
1986; Zwolinska-Wcislo et al., 2006).  

The increasing incidence of mycotic infection, the 
increasing resistance of mycotic spp. to antifungal agents 
and the rise in mortality associated with infections by 
Candida spp. demand a safe way to prevent and treat 
infections such as mycotic mastitis caused by 
opportunistic yeasts and fungi.  

Therefore, the present study reports mycotic mastitis in 
two Egyptian governorates, which is the first time to be 
diagnosed directly using multiplex PCR on milk samples. 
This draws attention to the disease in Egypt. Besides, 
anti-mycotic activity of seven probiotic bacterial isolates 
was investigated in vitro against the isolated fungi and 
yeast.  
 
 

MATERIALS AND METHODS 
 
Milk samples 
 

During summer 2010, one hundred and twenty three collective milk 

samples were collected from 71 dairy cattle and 52 buffaloes in 
different stages of lactation (from small farms in Kalubia and 
Menofia Governorates in Egypt) showing clinical signs of mastitis 
such as abnormal milk (e.g. signs of chunks or clots in milk), 
abnormal udder (swollen, red, or hard), or fever; whether the cow 
was off food and teat injury. These animals were treated with 
conventional antibiotics and the response was poor or absent. The 
samples were taken under possible aseptic condition in a sterile 
screw caped bottles and transferred in an ice box to the laboratory. 
 

 
Sample culture and identification 
 

10 ml of each milk sample was centrifuged for 20 min at 3000 rpm 
and the sediment was plated onto Sabouraud Dextrose Agar media 
(Difco) and solid yeast peptone dextrose media (YPD) (Difco) at 25 
and 37°C for 4 to 6 days. Identification was performed according to 
Refai et al. (1969) and Morcos et al. (1990). 
 
 
Multiplex polymerase chain reaction (mPCR)  
 

Reference strains preparation 

 
A. fumigatus and C. albicans reference strains used as positive 
controls were kindly offered by the Dept of Chemistry of Natural and 

Microbial Products-National Research Center, Egypt. A. fumigates 
was grown in Sabouraud Dextrose Agar media (Difco) at 25 
and35°C for 2 to 5 days, while C. albicans was cultured on solid 
yeast peptone dextrose media (YPD) (Difco) at 30°C for 48 h prior 
to DNA isolation.  
 

 
DNA extraction 

 
DNA was extracted directly from a loopful of fungal cells using 
DNeasy Blood and Tissue Kit (Qiagen Co. Cat no. 69504) following 
the manufacturer instruction. While  DNA  extraction  from milk  was 
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Table 1. A. fumigatus and C. albicans -specific primer pairs characteristics. 
 

organisms Primer pairs Sequence (5′→3′) Amplicon size (bp) 

A. fumigatus 
ASP1 

ASP7 

CGGCCCTTAAATAGCCCGGTC 

CCTGAGCCAGTCCGAAGGCC 
357bp 

    

C. albicans 
SC1F 

SC1R 

CGGAGATTTTCTCAATAAGGACCAC 

AGTCAATCTCTGTCTCCCCTTGC 
670bp 

 
 
 
performed with modified method from Nebbia et al. (2006) and 
Dalmasso et al. (2011). Milk samples (1 ml) were centrifuged at 
1500 g for 15 min to collect somatic cells. The pellets were rinsed 
three times in 1 ml of PBS, centrifuged at 12,000 g for 5 min and 
resuspended in 200 µl of PBS, followed by an enzymatic digestion 
with lysozyme buffer (lysozyme 18 mg/ml, 15 mM Tris–HCl pH 8.0, 
1 mM EDTA and 1% Triton X-100) and proteinase K. Finally DNA 
was extracted following the protocol of the Dneasy Blood and 
Tissue kit (Qiagen). 

 
 
Optimization of individual PCR assays 

 
A. fumigatus primers and PCR amplification 
 
The PCR primers used in this study were designed according to 
Yamakami et al. (1996) and Garcia et al. (2008). These primers 
amplify the region V7 to V9 of subunit 18S of A. fumigatus rRNA as 
shown in Table 1. 
 
 
C. albicans primers and PCR amplification 

 
 The oligonucleotide primer pair (Table 1) was designed by Galan 
et al. (2006) in corresponding to sequences of C. albicans KER1 
gene. 

Each PCR reaction mixture (50 µl) contained 25 µl PyroStart™ 
Fast PCR Master Mix (Fermentas Co. Cat. no. Ko211), 1 µl for 
each primer (100 pmol) with 6 µl of DNA extracted from pure fungal 
culture or 17 µl of DNA extracted from milk samples. 

PCR was performed in PTC-100 Peltier Thermal Cycler (MJ 
Research, USA). The first cycle included 2 min of denaturation at 
95°C. This first step was followed by 35 cycles of 2s of denaturation 
at 94°C, 10s of annealing at 63°C for A. fumigatus and15s at 60°C 

for C. albicans and 10s of primer extension at 72°C and a final 
extension step of 72°C for 10 min.  The presence of specific DNA 
amplicon was verified in 1% agarose gels.  
 
 
Optimization of the multiplex PCR assay 

 
The multiplex PCR mixture was optimized for primers, temperature 
and fast master mix volume. Each PCR reaction mixture (50 µl) 
contained 30 µl PyroStart™ Fast PCR Master Mix, 0.5 µl for each 
primer (100 pmol) with 6 µl of DNA extracted from pure fungal 
culture or 17 µl of DNA extracted from milk samples. The reaction 
profile was as previous in the individual PCR with 61°C annealing 
temperature that was a compromise between the annealing 
temperatures of the original individual PCR assays.  
 
 
Milk samples collection for isolation of LAB 

 
Colostrums were collected from goat and  mare  and  milk  samples  

were collected from cow and buffalo-cow, in a separate sterile 
screw-cap bottles and kept under low temperature using an ice-
cooled box to be brought to the laboratory where they kept in a 
refrigerator (around 4°C) till the time of use. 
 
 
Isolation of lactic acid bacteria (Tserovska et al., 2002) 

 
For better growth of bacteria, 1 ml samples were homogenized with 

9 ml sterile peptone physiological saline solution (5 g peptone, 8.5 g 
NaCl, 1000 ml distilled water, pH 7.0). The homogenate was serial 
diluted and the appropriate dilutions were surface plated on MRS 
agar (De Man Rogosa and Sharp, 1960). Plates were then 
incubated at 30°C for 3 days under anaerobic conditions using 
anaerobic jars. 

Individual isolates from De ManRogaso Sharpe (MRS) agar 
plates were randomly-picked, representatives from all morphologi-
cally distinct colonies and were sub-cultured and purified 5 times on 
the appropriate agar medium. Pure strains, as judged by 
microscopic observations for homogeneity of cellular morphology 
and were maintained in MRS slants at -20°C. Bacterial isolates 
were further tested for gram reaction, catalase production, oxidase 
activity and cell morphology. Isolates of the gram-positive, catalase-
negative, rods, occurring singly, in pairs or in chains and grown 
under anaerobic incubation, were randomly selected as 
presumptive LAB. All isolates were overnight cultured in MRS broth 

and tested individually for the identification of the bacterial strains. 
The determination of the strains was performed according to their 
morphological, cultural, and biochemical characteristics by the 
procedures described in the Bergey’s Manual (Boone et al., 1984) 
for characterization of carbohydrate fermentation pattern of the LAB 
isolates.  
 
 
In vitro antimycotic activity of probiotic bacteria against C. 
albicans and Aspergillus species using well diffusion assay 
(Sgouras et al., 2004) 

 
The twenty four C. albicans and seven A. fumigatus isolates were 
tested for their sensitivity toward different probiotic strains from 
different sources (Table 3) as follow; Lactobacillus acidophilus, 
Lactobacillus plantarum, Lactobacillus rhamnosus, Bifidobacterium 
and Bacillus subtilis. The In vitro antimycotic activity of the tested 
probiotic strains was carried out using agar well diffusion test as 
follow; Mueller-Hinton agar plates supplemented with 2% glucose 
and 0.5 µg/ml methylene blue dye medium (Bansod and  Rai, 2008) 
were prepared and wells were drilled out using Rosseta. The plates 
were inoculated with fungal cultured isolates prepared in 
concentration equivalent with 0.5 McFerland tube 1.5 × 10

5
 CFU/ml. 

and streaked onto the agar plates using sterile swabs, then 50 µl 
aliquots of cell free cultures supernatant in fresh De ManRogaso 

Sharpe (MRS) broth of the probiotic strains were suspended in the 
agar wells after centrifugation 3000 rpm for cells precipitation. The 
plate was sealed with a  parafilm  immediately  after  adding.  Plates  
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Table 2. Percentage of Mycotic infection detected by culture and PCR methods in milk of cattle and buffaloes with clinical mastitis.  
 

 A. fumigatus C. albicans Total 

 Milk culture Milk PCR Milk culture Milk PCR Milk culture Milk PCR 

Cattle (71) 5 (7.04) 5 (7.04) 12 (16. 90) 12 (16. 90) 17 (23.94) 17 (23.94) 

Buffaloes (52) 2 (3.84) 4 (7.69) 12 (23.07 ) 16 (30.76) 14 (26.92) 20 (38.46) 

Total   (123) 7(5.69) 9(7.31) 24 (19.51) 28(22.76) 31 (25.20) 37 (30.08) 
 

Two buffalo’s milk samples (3.84%) were positive for both A. fumigatus and C.albicans using both culture and PCR methods. 

 
 
 

Table 3. The antimycotic activity of probiotic isolates against fungal isolates. 

 

Probiotics Source 
C. albicans (24 isolates) 

(mm) 
A. fumigates (7 isolates) 

L. acidophilus  mare colostrum 13 12 mm 

L. acidophilus  goat colostrum 15 13 mm 

L. acidophilus  buffaloe –cow milk 12 11 mm 

L. plantarum cow milk 11 -ve 

L. rhamnosus cow milk 12 10 mm 

Bifidobacterium cow milk 10 9 mm 

B.  subtilis Mare feaces 10 -ve 
 

-ve: no zone of inhibition was shown around the well containing the probiotic strain. 

 
 
 
were incubated at 28°C for 24 to 48 h and the diameters of 
inhibition zones around wells were measured in mm. The 
experiment was carried out in triplicate and the mean of the zone of 
inhibition was recorded as shown in Table 3. 
 
 

RESULTS 
 
Microbiological findings 
 

For diagnosis of Mycotic mastitis, 123 collective milk 
samples from 71 cattle and 52 buffaloes suffering from 
clinical mastitis were subjected for mycological 
cultivation. The total positive percentage of Mycotic 
mastitis was 25.2% of all the examined samples. 

From Table 2, A. fumigatus showed higher 
percentage in cattle (7.04%) than in buffaloes (3.84%) 
while C. albicans showed higher percentage in buffaloes 
(23.07%) than in cattle (16.90%). The total Mycotic 
mastitis percentage was higher in buffaloes (26.92%) 
than cattle (23.94%). 

For Confirmation of the culture method, a multiplex 
PCR targeting both A. fumigatus and C. albicans was 
performed directly on the same milk samples as shown in 
Table 2. Using mPCR technique, it showed higher total 
infection percentage (30.08%) than culture method 
(25.2%). PCR and cultivation method results were 
identical in cattle, while in buffaloes, PCR succeeded to 
detect A. fumigatus (2 samples) and C. albicans (4 
samples) in culturally negative milk samples. 

Results revealed that L. acidophilus isolated from goat 
colostrums showed the best antifungal activities  against 

C. albicans followed by A. fumigatus with zone of 
inhibition equal 15 and 13 mm respectively. This was 
followed by L. acidophilus isolated from mare colostrums 
with antifungal activities against C. albicans followed by 
A. fumigatus with zone of inhibition equal 13 and 12 mm; 
while L. plantarum and B. subtilis have no effect against 
A. fumigatus as shown in Table 3 and Figures 2 and 3. 
 
 
DISCUSSION 
 

Mycotic mastitis existed in cattle and buffaloes before the 
discovery of antibiotics. However, since then there has 
been a sharp increasing number of cases reported 
(Lagneau et al., 1996). The reasons of this increase may 
be intensive and prolonged use of non specific antibiotics 
for the treatment of mastitis (Pérez et al., 1998; 
Crawshaw et al., 2005) or as a prophylaxis before 
parturition) inadequate milking hygiene or the contami-
nation of syringes used for the intramammary treatments 
could be the source of infection (Jensen et al., 1996). 

Mycotic mastitis in cattle is relatively common and is 
rarely diagnosed before laboratory diagnosis. Its low 
frequency of diagnosis is attributable to its bizarre clinical 
presentation and uncharacteristic findings. Hence it is 
often forgotten in the differential diagnosis of bovine 
mastitis (Morcos et al., 1990). 

The percentage of bovine mycotic mastitis in surveys 
carried out in many countries varies considerably 
between 1 to 25%, with 1.3% rates reported in South 
Korea (Yeo and Choi, 1982), 1.3% in  Denmark  (Aalbaek 



 
 
 
 
et al., 1994), 9.6% in Poland (Krukowski et al., 2000), 2 to 
7% in central, northern Europe and in the USA (Kirk and 
Bartlett, 1986; Aalbaek et al., 1994). In tropical countries, 
the percentage can be higher such as in Brazil (12.07 to 
25.4.3%) as reported by Costa et al. (1993) and Dos 
Santos and Marin (2005). 

Here, in the present study (Table 2), the percentage of 
the bovine mycotic mastitis in two governorates of Egypt 
was high (25.2%) in comparison with previous reports in 
Egypt (1.1, 3, 6.13 and 20%) as reported by El-Kholy and 
Hosein, (1990), Farid et al. (1975), Awad et al. (1980) 
and Abd El-Halim, (1979) respectively. While it was lower 
than that of Morcos et al. (1990) who reported an 
infection incidence of 32%. 

Regarding the main causes of mycotic mastitis, yeast 
infection due to C. albicans (19.51%) was higher by 
about 4 times than that of A. fumigatus infection (5.69%). 
This was in agreement with that of all the Egyptian 
authors mentioned previously and may be due to Yeast-
associated mastitis is previously mentioned following 
unhygienic intramammary treatments as reported by 
Gaudie et al. (2009). 

This high incidence rate may be due to the extensive 
and prolonged use of antibiotics nowadays in Egypt not 
only for treatment of mastitis but also as a prophylaxis 
during dry period.  

As fungi and yeasts are ubiquitous in the environment, 
their presence here could be as a result of contamination 
but the growth of the isolated yeast and fungi at 37°C and 
above presents some evidence for pathogenicity. Further 
evidence was the presence of clinical mastitis in some of 
the herds with history of poor or no response to treatment 
with conventional antibiotics. This came in agreement 
with that of Farnsworth and Sorensen (1972) and 
Lagneau et al. (1996). 

The conventional microbiological methods such as 
culture are time-consuming, lack sensitivity and 
specificity and prone to the appearance of false negatives 
(Kawazu et al., 2004). Besides, possibly hazardous 
cultures for the health of laboratory personal (Mirhendi et 
al., 2001). In all cases the growth is very difficult to 
interpret as truly etiological in the process (Jensen et al., 
1996). Because of its ability to directly detect extremely 
small quantities of DNA with high level of sensitivity and 
specificity, PCR technology offers potentially earlier 
detection of infection and permits earlier treatment with 
antifungal therapy which finally improves survival and 
reduces morbidity (Holmes et al., 1994). It allows 
researchers to detect and identify fungal species  in 
swabs, fluids and tissues (Pham et al., 2003; Shin et al., 
2003; Scheuller et al., 2004; El-Razik et al., 2011), in 
food as contaminants (Zur et al., 2002; Millar et al., 
2003), also in indoor air, water, soil and building surfaces 
(Haugland et al., 2004; Portnoy et al., 2004). 

The most important step in the detection of yeasts and 
fungi using PCR is the ability to efficiently extract DNA 
from   hyphae  and  or  conidia.  This  step  is  even  more 

El-Razik et al.         5729 
 
 
 
critical when attempting to detect small quantities of 
mycotic material in biological samples such as blood 
(Garcia et al., 2004), mucus, milk (El-Razik et al., 2007, 
2008 and 2010) and tissues (Karakousis et al., 2006; El-
Razik et al., 2011). 

This is the first report about using PCR, specifically the 
multiplex one for the direct diagnosis of mycotic mastitis 
in milk of bovines in Egypt. 

From Table 2 and Figure 1, with simple modification for 
the used DNA extraction kit, simple modifications of the 
multiplex PCR though increasing the fast PCR master 
mix volume and decreasing both primers concentrations 
and the using of an annealing temperature (61°C) that 
was a compromise between the annealing temperature of 
original individual PCR assays, the used multiplex PCR 
showed a high sensitivity and specificity in identifying 
both A. fumigatus and C. albicans from milk in one step. 
Additionally, the designed primer pairs did not cross-react 
with animal DNA and not affected by potential PCR 
inhibitory substances in milk. 

The used multiplex PCR succeeded in detection of 
additional two A. fumigatus and four C. albicans isolates 
from milk samples that was negative in culture as shown 
in Table 2. This may explain that mycotic cultivation lack 
sensitivity (Μennink-Kersten et al., 2004) and prone to 
the appearance of false negatives, primarily due to 
growth failure, overgrowth by contaminating micro-
organisms (Garcia et al., 2008), problems originating in 
the availability of clinical samples and poor viability of 
fungal elements in clinical samples (Mirhendi et al., 
2001).  

The multiplex PCR-based identification method 
described here, using optimized PCR components in 
combination with a simple and fast DNA extraction 
protocol, could be useful for the unequivocal identification 
of both A. fumigatus and C. albicans in one step. Also, 
the identification of both pathogens using these specific 
primers would avoid cross reactivity with bacteria, other 
fungi or other yeast species. 

Probiotic antifungal activities shown in Table 3 and 
Figures 2 and 3 revealed that L. acidophilus isolated from 
goat colostrums showed the best antifungal activities 
against C. albicans and A. fumigatus followed by L. 
acidophilus isolated from mare colostrums, then L. 
acidophilus isolated from buffalo-cow milk with zones of 
inhibition equal (15, 13), (13, 12) and (12,11) mm 
respectively. Results agree with that of Magnusson et al. 
(2003) who screened 1200 LAB for antifungal activity 
against A. fumigatus and showed that 4% have strong 
inhibition and added that L. acidophilus LMG 9433, 
inhibition zones were observed against several fungi. 
These results agreed with that of Plockova´ et al. (1997a, 
b). 

Our results proved that L. rhamnosus and 
Bifidobacterium isolated from cow milk showed antifungal 
activities against C.albicans and A.fumigatus with zone of 
inhibition   equal   (12, 10) and   (10, 9) mm   respectively. 
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Figure 1. Multiplex PCR of A. fumigatus and C. albicans DNA in bovine milk. 
Lane1, negative control; Lane 2, shows PCR products (357 and 670bp) from a 
mixture of A. fumigatus and C. albicans DNA respectively; Lane 3, 100 bp ladder 
(Fermentas); Lanes 4 to 9, amplicon of A. fumigatus and or C. albicans DNA in 
bovine milk samples. 

 
 
 

 
 
Figure 2. Zone of inhibition of different probiotics 

showing fungicidal activity of L. acidophilus (mare 
colostrums, goat colostrums, buffaloe –cow milk), 
L. palantarum (cow milk), L. rhamnosus (cow 
milk), Bifidobacterium (cow milk) and B. suibtlus 
(mare fecal sample) in sequence with the arrow 
show in C. albicans. 

 
 
 
Falagas et al. (2006) proved the efficacy of using L. 
acidophilus, L. rhamnosus GR-1 and L. fermentum RC-
14  in   reducing   the   vaginal   candidiasis   colonization. 

 
 
Figure 3. Zone of inhibition of different 

probiotics showing fungicidal activity of L. 

acidophilus (mare colostrums, goat 
colostrums, buffaloe –cow milk), L. 

palantarum (cow milk), L. rhamnosus (cow 
milk), Bifidobacterium (cow milk) and B. 

suibtlus (mare fecal sample) in sequence 
with the arrow show in A. fumigatus. 

 
 

 
Romeo et al. (2011) found that the use of Lactobacillus 
reuteri and L. rhamnosus probiotics seems to be effective 
in the prevention of gastrointestinal colonization by 
Candida. Also, Lakhtin et al. (2010) used preparations  of 



 
 
 
 
probiotic bifidobacterial and lactobacillus lectins which 
possess fungistatic and fungicidal activities against 
nystatin- resistant C. albicans strains.   

In this study, L. plantarum and B. subtilis showed 
hindrance activity against C. albicans with zone of 
inhibition (11 and 10 mm). Also Feio et al. (2004) proved 
that B. subtilis inhibited the growth of several fungi. 
Magnusson et al., (2003) found that Lactobacillus 
salivarius, L. plantarum and Pediococcus pentosaceus 
strains inhibited some fungi. L. acidophilus indicated that 
the antifungal effect of these lactic acid bacteria could not 
simply be assigned to the low pH, but most probably to 
the formation and secretion of antifungal organic 
metabolites. Furthermore, it has been suggested that 
some lactic acid bacteria produce a wide spectrum of 
compounds that might act synergistically towards 
filamentous fungi and yeasts (Magnusson et al., 2003).  
 
 

Conclusion  
 

Mycotic mastitis will become an increasing problem due 
to the wide use of antibiotics in mastitis therapy. 
Therefore, a correct handling of syringes and strict 
hygienic measures should be considered in the 
intramammary injection of antibiotics, otherwise severe 
cases of mastitis may occur, beside the public health 
hazard humans. Effort should be encouraged to apply 
substitutes of antimicrobials such as probiotics and 
bioactive natural compounds for prophylactic and 
therapeutic use. Our study emphasizes the use of new 
antifungal agents including probiotic bacteria that 
provides effective mechanisms for the prophylaxis and 
therapy of this serious disease in animals. Multiplex PCR 
proved to be a simple, sensitive and specific test for the 
direct diagnosis of bovine mycotic mastitis. 
 
 

REFERENCES 

 
Aalbaek B, Stenderup J, Jensen HE, Valbak J, Nylin B, Huda A (1994). 

Mycotic and algal bovine mastitis in Denmark. APMIS, 102: 451-456. 

Abd El-Halim MM (1979). Studies on Mycotic mastitis. M.V.Sc. Thesis, 
Fac. of Vet. Med., Cairo Univ., Egypt. 

Abd El-Razik KA, Abdelrahman KA, Ahmed YF, Gomaa AM, Eldebaky 

HA (2010). Direct Identification of Major Pathogens of the Bubaline 
Subclinical Mastitis in Egypt using PCR. J. Am. Sci., 6: 652-660. 

Abd El-Razik KA, Ahmed YF, Soror AH, Enas N. Danial (2011). 

Diagnosis of some Mycotic placentitis in small ruminants using PCR 
in formalin-fixed paraffin embedded tissues. Global J. Biotechnol. 
Biochem., 6: 72-78. 

Abd El-Razik KA, Ghazi YA, Salama EM (2007). Monitoring of Brucella 
reactor does following milk examination using different techniques. 
Pakistan J. Biol. Sci., 10: 240- 244. 

Abd El-Razik KA, Ismail EM, Youssef HM, Hashad MA (2008). 
Diagnosis of brucellosis in dairy animals using nested PCR. Int. J. 
Dairy Sci., 3: 55-62. 

Awad FI, El-Molla A, Fayed A, Abd El-Halim M, Refai M (1980). Studies 
on Mycotic Mastitis in Egypt. J. Egypt. Vet. Med. Assoc., 40: 35-41. 

Balish E (1986). Intestinal flora and natural immunity. Microecol. Ther., 

16: 157-167. 
Bansod S, Rai M (2008). Antifungal Activity of Essential Oils from Indian 

Medicinal Plants against Human Pathogenic Aspergillus fumigatus  

El-Razik et al.         5731 
 
 
 
and A. niger. World J. Med. Sci., 3: 81-88. 

Boone DR, Garrity GM, Castenholz RW, Brenner DJ, Krieg NR, Staley 
JT (1984). Bergey’s Manual of Systematic Bacteriology, 1984. N. 

Krieg (Ed), vol. 1, 2, Baltirnore: Williams and Wilkins. 
Costa EO, Gandra CR, Pires MF, Coutinho SD, Castilho W, Teixeira 

CM (1993). Survey of bovine mycotic mastitis in dairy herds in the 

State of São Paulo, Brazil.Mycopathologia, 124: 13-17. 
Crawshaw WM, MacDonald NR, Duncan G (2005). Outbreak of 

Candida rugosa mastitis in a dairy herd after intramammaryantibiotic 

treatment. Vet. Rec., 156:812–3. 
Dalmasso A, Civera T, La Neve F, Bottero MT (2011). Simultaneous 

detection of cow and buffalo milk in mozzarella cheeseby Real-Time 

PCR assay. Food Chem., 124:362–366. 
De Man J, Rogosa M, Sharpe M (1960). A medium for the cultivation of 

lactobacilli. J. Appl. Bacteriol., 3: 13-135. 
Dos Santos RD, Marin JM (2005). Isolation of Candida spp. from 

mastitic bovine milk in Brazil. Mycopathologia, 159: 251-253. 
El-Kholy AM, Hosein, HI (1990). Studies on subclinical mastitis in cows. 

Assiut Vet. Med. J., 22: 111-115. 
Falagas ME, Betsi GI, Athanasiou S (2006). “Probiotics for prevention of 

recurrent vulvovaginal candidiasis: a review,” J. Antimicrob. 

Chemother.,, 58: 266 - 272. 
Farid A, Abdel Ghani MM, Oof F (1975). Bacterial and Mycotic flora of 

apparently normal and mastitic buffaloe milk samples. Egypt. Vet. 

Med. J., XXIII.No.23 (B), 265. 
Farnsworth RJ, Sorensen DK (1972). Prevalence and species 

distribution of yeast in mammary glands of dairy cows in 

Minnesota.Can. J. comp. Med., 36:329-332. 
Feio SS, Barbosa A, Cabrita M, Nunes L, Esteves A, Roseiro JC, Curto 

MJ (2004). Antifungal activity of Bacillus subtilis 355 against wood-

surface contaminant fungi. J. Ind. Microbiol. Biotechnol., 31:199-203. 
Ferreiro L, Bangel JJ, Fernandes RE, Costa M (1989). Mamite bovina 

Fflngica causada por Aspergillus fumigatus (Sartorya fuinigata). 

Arquivos Faculta Veterinaria UFRGS, Porto Alegre, 17: 81-85. 
Galán A, Veses V, Murgui A, Casanova M, Martinez JP (2006). Rapid 

PCR based test for identifying Candida albicans by using primers 

derived from the pH-regulated KER1 gene. FEMS Yeast Res., 
6:1094-1100. 

Garcia ME, Blanco JL (2000).Principales enfermedades fungi casque 

afectan a los animals domesticos. Rev. Iberoam. Micol.,17: S2–S7. 
Garcia ME, Caballero J, Alvarez-Perez S, Blanco JL (2008). 

Seroprevalence of Aspergillus fumigatus antibodies in bovine herds 

with a history of reproductive disorders. Veterinarni Med., 53: 117-
123. 

Garcia ME, Duran C, Cruzado M, Andrino M, Blanco JL (2004). 

Evaluation of molecular and immunological techniques for the 
diagnosis of mammary aspergillosis in ewes. Vet. Microbiol., 98: 17-
21. 

Gaudie CM, Wragg PN, Barber AM (2009). Outbreak of disease due to 
Candida krusei in a smalldairy herd in the UK. Veterinary Record, 

165: 535-537. 
Haugland RA, Varma M, Wymer LJ, Vesper SJ (2004). Quantitative 

PCR analysis of selected Aspergillus, Penicillium and Paecilomyces 

species. Syst. Appl. Microbiol., 27: 198–210. 
Holmes AR, Cannon RD, Shepherd MG, Jenkinson HF (1994). 

Detection of Candida albicans and other yeasts in blood by PCR. J. 

Clin. Microbiol., 32:228-31. 
Jensen H E, Aalbek B, Lind P, Krogh HV (1996).  Immunohistochemical 

diagnosis of systemic bovine zygomycosis by murine monoclonal 
antibodies. Vet. Pathol., 33:176-183. 

Karakousis A, Tan L, Ellis D, Alexiou H, Wormald PJ (2006). An 

assessment of the efficiency of fungal DNA extraction methods for 
maximizing the detection of medically important fungiusing PCR.J. 
Microbiol. Methods, 65: 38– 48. 

Kawazu M, Kanda Y, Nannya Y, Aoki K, Kurokawa M, Chiba S, 
Motokura T, Hurau H, Ogawa S (2004). Prospective comparison of 
the diagnostic potential of Real-Time PCR, Double-Sandwich 

Enzyme-Linked Immunosorbent Assay screening for invasive 
Aspergillosis in patients with hematological disorders. J. Clin. 
Microbiol., 2733-2741. 

Kirk JH, Bartlett PC (1986). Bovine mycotic mastitis. Comp. Food Anim., 
8: 106-110. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Feio%20SS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barbosa%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nunes%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Esteves%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Roseiro%20JC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Curto%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Curto%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Curto%20MJ%22%5BAuthor%5D


5732          Afr. J. Microbiol. Res. 
 
 
 
Krukowski H, Lisowski A, Rózański P, Skórka A (2006). Yeasts and 

algae isolated from cows with mastitis in the South eastern part of 
Poland. Pol. J. Vet. Sci., 9:181-4. 

Krukowski H, Tietze M, Majewski T, Rózański P (2000). Survey of yeast 
mastitis in dairy herds of small-type farms in the Lublinregion, Poland. 
Myco-pathologia, 150: 5–7. 

Lagneau PE, Lebtahi K, Swinne D (1996). Isolation of yeast from bovine 
milk in Belgium. Mycopathologia, 135: 99-102. 

Lakhtin M, Alyoshkin V, Lakhtin V, Afanasyev S, Pozhalostina L, 

Pospelova V (2010). Probiotic Lactobacillus and Bifidobacterial 
Lectins against Candida albicans and Staphylococcus aureus Clinical 

Strains: New Class of the Pathogen Biofilm Destructors. Probiotics 

Antimicro. Prot., 2:186-196. 
Las Heras A, Dominguez L, Lopez I, Paya M J, Pena L, Mazzucchelli F, 

Garcia LA, Fernandez- Garayzabal JF (2000). Intramammary 
Aspergillus fumigatus infection in dairy ewes associated with 

antibiotic dry therapy. Vet. Record, 147: 578-580.  
Magnusson J, Ström K, Roos S, Sjögren J , Schnürer J (2003). Broad 

and complex antifungal activity among environmental isolates of 
lactic acid bacteria. FEMS Microbiol. Lett., 219: 129–135. 

Malinowski E, Lassa H, Klossowska A, Kuzma K (2001). Enzymatic 

activity of yeast species isolated from bovine mastitis. Bulletin of the 
Veterinary Institute in Pulawy, 45: 289-295. 

Millar BC, Xu J, Walker MJ, Boyd NA, McMullan R, Moore JE (2003). 
Isolation of Alternaria alternata from an emollient cream: implications 

for public health. Mycopathologia, 156: 273-277. 
Mirhendi SH ,Kordbacheh P, Kazemi B, Samiei S, Pezeshki M , 

Khorramizadeh MR (2001). A PCR-RFLP Method to Identification of 
the Important Opportunistic Fungi: Candida Species, Cryptococcus 
neoformans, Aspergillus famigatus and Fusarium solani. Iranian J. 

Publ. Health, 30:103-106. 
Morcos MB, Soliman S Sh E, El-Yas AH, Seham M. Ali, Amer AA 

(1990). Studies on mastitis in cows and buffaloes with reference to 

Mycotic infections of udder. Assiut Vet. Med. J., 22: 51-61. 
Nebbia P, Robino P, Zoppi S, De Meneghi D (2006). Detection and 

excretion pattern of Mycobacterium aviumsubspecies 

paratuberculosis in milk of asymptomatic sheep and goats by Nested-

PCR. Small Ruminant Res., 66: 116-120. 
Pengov A (2002). Prevalence of Mycotic mastitis in cows. Acta 

Veterinaria (Beograd) 52: 133-136. 
Perez V, Corpa JM, Garcia Marin JF, Aduriz JJ, Jensen HE (1998). 

Mammary and systemic aspergillosis in dairy sheep. Veteritnary 

Pathol., 35: 235-240. 
Perez V, Corpa JM, Garcia Marin JF, Aduriz JJ, Jensen HE (1999). 

Generalized aspergillosis in dairy sheep. J. Vet. Med., B 46: 613-621. 

Pham AS, Tarrand JJ, May GS, Lee MS, Kontoyiannis DP, Han XY 
(2003). Diagnosis of invasive mold infection by real time quantitative 
PCR. Am. J. Clin. Pathol., 119: 38-44. 

Plockova M, Chumchalova J, Tomanova J (1997a). Antifungal activity of 
Lactobacillus acodophilus CH5 metabolites. Food Sci., 15: 39-48. 

Plockova M, Tomanova J, Chumchalova J (1997b). Inhibition of mould 
growth and spore production by Lactobacillus acidophilus CH5 

metabolites. Bull. Food Res., 36: 237-247. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Polanco A, Mellado E, Castilla C, Rodriguez-Tudela JL (1999). 

Detection of Candida albicans in Blood by PCR in a Rabbit Animal 

Model of Disseminated Candidiasis. Diagn. Microbiol. Infect. Dis., 

34:177–183. 
Romeo MG, Romeo DM, Trovato L, Oliveri S, Palermo F, Cota F, Betta 

P (2011). Role of probiotics in the prevention of the enteric 

colonization by Candida in preterm newborns: incidence of late-onset 
sepsis and neurological outcome. J. Perinatol., 31: 63-69. 

Scheuller MC, Murr AH, Goldberg AN, Mhatre AN, Lalwani AK (2004). 

Quantitative analysis of fungal DNA in chronic rhinosinusitis. 
Laryngoscope, 114: 467-471. 

Şeker E (2010). Identification of Candida Species isolated from Bovine 

mastitic milk and their in vitro hemolytic activity in Western Turkey. 
Mycopathologia 169:303-308. 

Sgouras D, Maragkoudakis P, Petraki K, Martinez-Gonzalez B, Eriotou 

E, Michopoulos S, Kalantzopoulos G, Tsakalidou E, Mentis A (2004). 
In vitro and in vivo inhibition of Helicobacter pylori by Lactobacillus 
casei strain shirota. Appl. Environ. Microbiol., 1: 518-526. 

Shin EJ, Guertler N, Kim E, Lalwani AK (2003). Screening of middle ear 
effusion for the common sinus pathogen Bipolaris. Eur. Arch. 
Otorhinolaryngol., 260: 78- 80. 

Spanamberg A, Wünder Jr EA, Brayer Pereira DI, Argenta J, Cavallini 
Sanches EM, Valente P, Ferreiro L (2008). Diversity of yeasts from 
bovine mastitis in Southern Brazil. Rev. Iberoam Micol., 25: 154-156. 

Ström K, Sjögren J, Broberg A, Schnürer J (2002). Lactobacillus 
plantarum MiLAB 393 produces the antifungal cyclic dipeptides cyclo 
(L-Phe-L-Pro) and cyclo (L-Phe-trans-4-OH-L-Pro) and 3-phenyllactic 

acid. Appl. Environ. Microbiol., 68:4322-4327. 
Tarfarosh MA, Purohit SK (2008). Isolation of Candida spp. from 

Mastitic cows and Milkers. Vet. Scan 3:14-18. 

Tserovska L, Stefanova S, Yordanova T (2002). Identification of Lactic 
Acid Bacteria Isolated From Katyk, Goat's Milk and Cheese. J. 
Culture Collections, Volume 3, 48-52. 

Yamakami Y, Hashimoto A, Tokimatsu I, Nasu M (1996). PCR detection 
of DNA specific for Aspergillus species in serum of patients with 

invasive aspergillosis. J. Clin. Microbiol., 34: 2464-2468. 

Yeo G, Choi WP (1982). Studies on yeast-like fungi associated with 
bovine mastitis, 1: Epidemiological study; 2: Sensitivity of yeast-like 
fungi to antifungal agents. Korean J. Vet. Res., 22: 121-124. 

Zur G, Shimoni E, Hallerman E, Kashi Y (2002). Detection of Alternaria 

fungal contamination in cereal grains by a polymerase chain reaction-
based assay. J. Food Prot., 65: 1433- 1440. 

Zwolinska-Wcislo M, Brzozowski T, Mach T, Budak A, Trojanowska D, 
Konturek PC, Pajdo R, Drozdowicz D, Kwiecien S (2006). Are 
probiotics effective in the treatment of fungal colonization of the 

gastrointestinal tract? Experimental and clinical studies. J. Physiol. 
Pharmacol., 57: Suppl 9, 35-49. 

Μennink-Kersten MASH, Donnelly JP, Verweij PE (2004). Detection of 
circulating galactomannan for the diagnosis and management of 

invasive aspergillosis. Lancet, Infect. Dis., 4: 349-357. 

 
 
 
 
 
 
 
 
 


