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A total of 102 fungal strains obtained from fresh cow and buffalo milk as well as
from yoghurt, kareish cheese and soft cheese were screened from their abilities to
produce proteolytic and lipolytic enzymes. The tested strains comprised 52 yeasts
and 50 filamentous fungi. The most active producers of both lipases and proteases
were Candida paragosa, C. zeylanoides, Cryptococcus curvatus, Fusarium oxysporum
(from baffalo milk), Magnesiomyces capitatus, Trichosporon jirovecii (from cow
milk), Candida tropicalis, Geotrichum candidum, Lecythophora sp., Pichia
kudriavzevii, Aspergillus flavus (from kareish cheese), P. cactophila, T. insectorum
and Yarrowia lipolytica (from soft cheese), A. niger and Fusarium verticillioides
(from yoghurt). Among the 50 mold strains tested for mycotoxin production in
broth cultures 30 (60%) proved to be toxinogenic. Aflatoxins B;and G; were
detected in cultures of A. flavus (17 strains) and A. parasiticus (4 strains) obtained
from various samples of milk and milk products. Sterigmatocystin was produced
by 5 strains of A. nidulans. Fumonisin and zearalinone were detected in cultures of
F. verticilliodes and F. oxysporum, respectively.
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INTRODUCTION

Lipolytic and proteolytic enzymes are extracellular enzymes produced
by spoilage mycobiota resulting in off-flavour due to lipid and protein
degradation (Downey 1980; Conesa et al. 2001), which adversely affects
the quality of milk products (Cormie 1992) leading to economic losses
and reduction of the shelf-life time of the products. Filamentous fungi
belonging to various species of Aspergillus, Rhizopus, Penicillium and
Trichoderma are described as important sources of lipolytic and
proteolytic enzymes (Lima et al. 2003; Kashmiri et al. 2006; Karanam
and Medicherla 2008).
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The contamination of raw milk and milk products with various fungal
species, especially those belonging to Aspergillus, Fusarium and
Penicillium constitutes a public health hazard. These fungi produce
different types of mycotoxins that are dangerous to human health
(Sengum et al. 2008; Khalifa et al. 2013). Aflatoxins (B, B2, G1 & G5)
are often produced by Aspergillus flavus and A. parasiticus (Frisvad et
al. 2005). Aflatoxin B; represents the highest degree of toxicity for
humans, followed by Gi, B, and G, (Gourama and Bullerman 1995;
Sweeney and Dobson 1998). About five billion people in developing
countries are at high risk of chronic exposure to aflatoxins during
consuming contaminated food (Shephard and Sewram 2004).

The present investigation was designed to study the potential of some
fungi previously isolated from milk and milk products to produce
lipolytic and proteolytic enzymes as well as mycotoxins.

MATERIALS AND METHODS

1- Collection of samples

A total of 200 samples of raw milk (cow milk and buffalo milk),
yoghurt kareish, and soft cheese (40 samples for each) was collected
randomly from different supermarkets, groceries, street vendors and dairy
shops in Assiut Governorate during the period from October 2013 to
December 2015. Samples (500 g each) were transferred immediately to
the laboratory and kept in a deep freezer (-20°C) for mycological
analysis.

2-Media used during the current study

a) Yeast extract, malt extract agar (YM) has the composition of (g/l):
yeast extract, 3; malt extract, 3; peptone, 5; glucose, 10; agar, 20
(Wickerham 1951).

b) Dichloran Rose Bengal Chloramphenicol agar (DRBC): has the
composition of (g/l):  Peptone, 5; Glucose, 10; KH2PO4, 1;
MgSO04.7H20, 0.5; Dichloran (0.2% in ethanol), 1ml; Rose Bengal,
0.025; Chloramphnicol, 0.1; Agar, 15.
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c) Czapek's Dox Agar (Cz) has the composition of (g/l): sodium nitrate,
2; potassium chloride, 0.5; magnesium sulfate, 0.5; dipotassium hydrogen
ortho-phosphate, 1; zinc sulfate, 0.01; copper sulfate, 0.005 and agar, 20.

d) Potato Dextrose agar (PDA) has the composition of (g/l): potato
infusion, 200; dextrose, 20 and agar, 20.

3- Mycological analysis

The dilution plate technique recommended by Pitt and Hocking (2009)
was employed to isolate fungi contaminating kareish and soft cheese using
DRBC and YM media. Cultures were incubated at 28+2 °C for 10 days to
filamentous fungi and for 3 days to yeast isolate after which the developing
fungal colonies were counted, identified and preserved.

4- Identification of fungal isolates

The following references were used for phenotypic identification; Raper
and Fennell (1965) for Aspergillus and its teleomorphs; Leslie and
Summerell (2006) for Fusarium. Molecular characterization of some
yeast isolates was done with the help of Solgent Company, Daejeon,
South Korea as mentioned by Zohri et al. (2014).

A total of 102 fungal strains (50 of filamentous fungi and 52 strain of
yeast) obtained from (fresh cow and buffalo milk as well as from yoghurt,
kareish cheese and soft cheese) were screened from their abilities to
produce proteolytic and lipolytic enzymes and for mycotoxin production.

5-Microorganisms and preparation of inoculums

A 7-day-old pure cultures of Aspergillus strains grown on Czapek's
Dox agar at 28 °C, 5-day-old cultures of Fusarium strains grown on PDA
at 28 °C, and 3-day-old cultures of yeast species grown on YM at 28 °C
were harvested in 10 % tween 80 to form a spore suspension had the
concentration of 1 x 10" spore/ml. The spore suspensions were used for
inoculation of enzyme production media and mycotoxin production
medium.

6-Lipolytic activity



Enzymes and toxins produced by fungi isolated from milk... 135

It was carried out on the medium described by Ullman and Blasins
(1974). The medium has the composition of (g/l): peptone, 10; MgSO,
.7TH,0, 0.2; CaCl,.2H,0, 0.2; Tween 20, 10 ml; and agar, 15). Tween 20
was autoclaved separately and added to the sterile and cooled basal
medium. The medium was dispensed aseptically into 15-cm test tubes (10
ml each). The tubes were inoculated, individually, with 50 pl spore
suspension and incubated at 28 °C for 10 days. The lipolytic ability was
observed as a visible precipitate due to the formation of crystals of
calcium salt of the oleic acid liberated by the enzyme. The depth of each
visible precipitate (in mm) was measured.

7-Proteolytic activity

It was employed using casein hydrolysis medium described by
Paterson and Bridge (1994). The medium has the composition of (g/l):
KH,POy,, 1.0; KCL, 0.5; MgSO,47H,0, 0.2; CaCl,.2H,0, 0.1; glucose, 10,
agar, 15 and distilled water to one liter). After autoclaving at 121 °C for
20 minutes, 25 ml of 15 % skimmed milk (sterilized at 115 °C for 10 min)
was added to the medium and the medium was poured into 15-cm test
tubes (~10 ml each). The tubes were inoculated, individually, with 50 pl
spore suspension and incubated at 28 °C for 7 days. After incubation,
complete degradation of milk protein appeared as clear depth in the tube.
The clear depth below the colony was measured (in mm).
8-Mycotoxin production by fungal strains

Fifty strains related to six species, namely Aspergillus flavus (20
strains), A. niger (10), and A. nidulans (6), A. parasiticus (4), Fusarium
oxysporum (4) and F. verticillioides (6) were screened for their abilities
to produce mycotoxins (Table 1). Potato dextrose broth medium was
dispensed in 250 ml-Erlenmeyer conical flasks (50 ml each). The flasks
were, individually, inoculated with 1 ml spore suspension and incubated
for 10 days at 28 °C in a static condition.

Mycotoxins were extracted from fungal cultures by chloroform as
described by Refaie (2013).

TLC analysis was carried out on commercialized, ready-to use silica
gel plates (20 x20) cm developed in chloroform: methanol (96:4) solvent.
The chromatographic properties of the fungal crude extracts were
compared with appropriate  reference standards  (Aflatoxins,
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Sterigmatocystin, Zearalinone and Fumonisin) as described by Refaie
(2013).

RESULTS AND DISCUSSION

1-Lipolytic and proteolytic activities of filamentous and yeast fungi

Lipolytic and proteolytic activities of one hundred and two strains; 50
of filamentous fungi belonging to seven species and 52 of yeasts related
to 27 species were evaluated.

Lipolytic activity

Forty-one strains representing 82 % of total filamentous fungi showed
positive results from which 10, 15 and 16 strains possessed high,
moderate and low abilities of lipases production respectively. All strains
of A. niger (10 strains) recorded high ability of lipase production (Table
1). Aspergillus flavus (8 strains), A. parasiticus (2), F. oxysporum (2) and
F. verticillioides (3) possessed the moderate lipase production. On the
other hand, the low ability of lipase activity was recorded in 11 strains of
A. flavus, 2 of F. oxysporum and one of each A. parasiticus, F.
verticillioides and A. nidulans. Twenty-five out of 52 yeast strains
represented 48.07 % of total yeasts showed positive results where 18 and
7 possessed moderate and low activities of lipases respectively. The
moderate producers were belonging to Candida (5 strains), Pichia (4),
Trichosporon (3), Magnisiomyces (2) Cryptococcus, Galactomyces,
Lethecophora and Yarrowia (1 strain each). The low producers of lipase
were 3 strains of Trichosporon and one of each of Candida,
Cryptococcus, Kluyveromyces and Pichia. (Table 1).

In agreement with the present findings, Mohawed et al. (1985) found
that 24 strains of Aspergillus had lipolytic activity and the most active
was A. niger. Banwart (1989) reported that species of Aspergillus,
Penicillium, Fusarium, Cladosporium, Geotrichum, Mucor, Alternaria
and Rhizopus were lipase producers. Magan et al. (1993) stated that
species of Aspergillus, Eurotium, and Penicillium could produce lipases
at both 15 °C and 25 °C on tributyrin agar. Savitha et al. (2011) found
only 4 (three of Aspergillus and one of Mucor) out of 32 isolates were
positive for lipase production.
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Working with cow milk and cheese, Chipilev et al. (2016) isolated 122
mold strains and reported that the strongest lipolysis was exhibited by the
representatives of the Geotrichum, Mucor as well as a few species of the
Aspergillus genus. Strong lipolytic activity was exhibited by 17 strains of
Geotrichum, They also observed that 43 (74.1%) of the molds in raw milk
and 47 (73.4%) of the molds in cheese were distinguished by strong
lipolytic activity. Also, Lipolysis of long chain fatty acids has been
demonstrated for Y. lipolytica, C. catenulata, and C. geotrichum and the
activity had the same level for these yeasts (Roostita and Fleet 1996;
van den Tempel 2000).

b) Proteolytic activity

Forty-one strains comprising 82 % of total filamentous fungi tested
showed high abilities of protease production (Table 1). Aspergillus flavus
has been the most potent in protease production since 15 out of 20 tested
strains, were high protease producers while the remaining 5 could
produce the enzyme in a moderate level. A. niger was the runner up of A.
flavus in the protease production and 80 % of its strains (8) could produce
high level of the enzyme. All strains of A. nidulans, F. oxysporum and F.
verticillioides in addition to 2 strains of A. parasiticus were high protease
producers. The remaining 9 strains of filamentous fungi were of moderate
proteolytic activity (Table 1).

With respect to yeast strains 76.47 % of total yeasts tested showed low
to high abilities of protease production. Candida parargosa, C.
zeylanoides, Pichia cactophila, P. kudriavzevii, Cryptococcus curvatus,
Galactomyces candidum and Lethecophora sp. were active producers of
protease (Table 1). Sixteen strains belonging to 15 species could secrete
the protease enzyme in moderate amounts, these were Candida tropicalis
(2 strains), and C. parapsilosis, Clavispora lusitaniae, Cryptococcus
curvatus, C.liquifacence, Galactomyces candidum, Kodamaco ohamire,
Lecythophora sp., Magnsiomyces capitatus, Pichia cactophila, P.
mansurica, Trichosporon asahii, T. insectorum, T. jirovecii and
Yarowiial lipolotica (one strain each). Sixteen strains were low producers
while the remaining 12 strains of yeasts could not produce detectable
amounts of protease enzyme (Table 1).
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Production of proteases by fungi belonging to the genera Aspergillus

(Paranthaman et al. 2009; Vishwanatha et al. 2010 a and b) and F.
verticillioides (Facchini et al. 2015) was reported. The proteolytic
activity of Penicillium, Mucor, Cladosporium and Aspergillus was
observed by Abdel-Rahman and Saad (1989) with Mucor and
Cladosporium spp. showing the highest activity. Chandrasekaran et al.
(2015) reported that Aspergillus flavus and Aspergillus niger showed
highest protease activity during a screening of fungi for the ability to
produce protease enzyme. Grieve et al. (1983) showed that a strain of K.
lactis was able to hydrolyze casein importance maturation of cheese.
Gueguen and Lenoir (1975) examined 30 strains of G. geotrichum and
found that they produced extracellular and intracellular proteinases and
peptidases. Extracellular activity was present in 66% of the strains, which
were divided into two groups of 25% showing high proteolytic activity
and 75% having low proteolytic activity.
Mlimbila et al. (2013) tested 25 yeast strains from yoghurt for protease
production and found that 21(84%) were protease positive. The highest
proteolytic strains were belonging to the genus Candida of which C.
pararugosa and C. tropicalis were the strongest protease producers.

A lot of researchers tested both lipolytic and proteolytic activities for
filamentous and yeast fungal strains. Nasser (2002) and El-Diasty
(2004) found that Aspergillus spp., Penicillium spp. and Candida spp.
possessed proteolytic and lipolytic activities. El-Diasty and Salem
(2007) reported that A. flavus, A. niger, Mucor spp. and Penicillium spp.
exhibited proteolytic activities with different strength, and lipolytic
activities for Geotrichum spp., Yarrowia lipolotica and Candida
parapsilosis. The lipolytic and proteolytic activities of fifty-eight fungal
isolates recovered from camel milk, were tested by Korashy and
Wahbba (2008) who reported that isolates belonging to Aspergillus,
Absidia, Rhizopus, Fusarium and yeasts secreted lipase and protease
enzymes, and the most active producers A. niger and A. flavus. According
to Pitt and Hocking (2009) C. parapsilosis is considered a dangerous
spoilage organism in dairy products due to the ability to produce lipolytic
and proteolytic enzymes. Cardoso et al. (2015) reported that among the
predominant yeast strains contaminating Brazilian cheese, Kodamaea
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ohmeri and Kluyveromyces marxianus showed low lipolytic and high
proteolytic activity.

Nevertheless, proteolysis and lipolysis of milk and milk food
products containing could have a significant impact on their quality,
promoting a rancid flavour and alterations in product texture. Yarrowia
lipolytica has the ability and produce lipolytic and proteolytic enzymes
(Vasileva-Tonkova et al. 1996), which enables it to hydrolyze milk fat
and protein and gives an unwanted texture of cheese due to degradation of
fat. (Corbaci et al 2012, Westall and Filtenborg, 2010).

2-Mycotoxin production by filamentous fungi

In the present study 17 out of 20 strains (85%) of A. flavus isolated
from raw cow milk, raw buffalo milk, yoghurt, Kareich cheese and soft
cheese produced variable levels of aflatoxins B; and G;. Eight of them
were of moderate capability, giving 50 - 100 pg/l and 9 were of low
activity yielding less than 50 pg/l (Table 1). All four isolates of A.
parasiticus, recovered from raw cow and buffalo milk, could produce
aflatoxins B; and G; in moderate (50-100 pg/l) levels. Isolates of A. niger
were not able to produce any detectable amount of mycotoxins. In
agreement with the current results, Chipilev et al. (2016) tested 11 strains
of A. flavus obtained from milk and white cheese and found that only 2
isolates (18.1 %) had the ability to produce aflatoxin B;. Also, El
Bagoury and Mosaad (2002) reported that strains of A. flavus were
AFB; producers. Hoeltz et al (2005) tested 30 isolates of A. flavus
isolated from cheese and found that only 12 isolates (40 %) were positive
for aflatoxin B; production. Also, Ritter et al. (2011) examined 30
isolates of A. flavus from cheese and rice samples and he found that only
8 isolates (27 %) produce aflatoxin B;. On the other hand, Abarca et al.
(1994) reported that strains of A. niger have the ability to secretly
ochratoxin A in milk.

In the present investigation five out of six strains of A. nidulans were
able to produce different levels of sterigmatocystin. Strain No. AUMC
11499 recovered from soft cheese could produce sterigmatocystin in a
high level, Another strain (AUMC 11500) from yoghurt produced
moderate (50-100 pg/l) level. Lower levels of sterigmatocystin were
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detected in culture extracts from strains AUMC 11497, AUMC 11498
and AUMC 11501 isolated from cow milk (Table 1).

No reports are available on the production of sterigmatocytin by A.
nidulans, recovered from milk and milk products. Abdel-Kareem
(2010) extracted sterigmatocystin from A. nidulans recovered from
Egyptian fruit Juices. Lund et al. (1995) isolated sterigmatocystin from
cheese samples contaminated with A. versicolor. In the current work, F.
oxysporum (4 strains) and F. verticillioides (6 strains), were examined
for their ability of mycotoxin production. Two strains of F.
verticillioides (AUMC 11505 and AUMC 11506) isolated from yoghurt
could produce fumonisin at lower (less than 100 pg/l) level, and two
isolates of F. oxysporum (AUMC 11508 and AUMC 11511) recovered
from buffalo and cow milk, respectively, were zearalenone producers at
low levels. Refaie (2013) found that two out of four strains of F.
verticillioides from processed meat produced low levels of fumonisins.
Also, she examined five strains of F. oxysporum for Zearalenone
production and found that only one produced Zearalenone with low
level.

Fumonisins are possibly carcinogenic to humans, and according to the
International Agency for Research on Cancer, they rated as class 2 B
carcinogens (WHO, IARC 1993).
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Table 1: Lipolytic, proteolytic and toxinogenic activities of molds
isolated from milk and milk products.

Lipase activit Protease Mycotoxins
AUMC P Y | activity
Fungal Source
Spectes Depth Depth
Levels Levels Type Levels
(mm) (mm)
114621 Cow ) 5 L 2 (M |- N
milk
11463 Cc_)w i i 18 M B; and G; M
milk
11464 C(_)w 5 L 27 H B, and G, M
milk
11465 Buffalo B, and G;
Aspergillus milk 2 L 20 M M
flavus
11466 Bl_Jffan 5 L 3 H B, and G; L
milk
11467 Bl_Jﬁan 5 L 33 H B; and G; L
milk
11468 Yoghurt | 6 L 27 H - N
11469 Yoghurt | 7 M 28 H B; and G; L
11470 Yoghurt | 8 M 26 H B; and G; L
11471 Kareish | 11 M 16 M B, and G; L
11472 Kareish | 3 L 27 H B, and G; L
11473 Kareish | 8 M 27 H B, and G; L
11474 Soft 6 L 26 H i N
cheese
11475 Soft 7 M 30 H B; and G; L
cheese
11476 Soft 4 L 31 H B; and G, L
cheese
11477 C(_)w 4 L 30 H B, and G, M
milk
11478 BL_Jffan 5 L 28 H B; and G; M
milk
11479 Yoghurt | 13 M 22 M B; and G; M
11480 Kareish | 7 M 33 H B; and G; M
11481 Soft 7 M 26 H B, and G, M
cheese
A. 11482 Cow B; and G;
parasiticus milk 5 M 22 M M
11483 COW ) } 31 H B, and G, M
milk
11484 E}l}]lfljalo 6 L 27 H B, and G; M
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Lipase activit Protease Mycotoxins
AUMC P Y | activity
Fungal
species Source Depth Depth
ep ep
(mm) Levels (mm) Levels Type Levels
11485 BL_Jffan 7 M 19 M B; and G; M
milk
11486 | Cow | g H 27 H - N
milk
11487 | Cow | o4 H 32 H - N
milk
A. niger 11488 BL_Jffan 99 H 15 M - N
milk
11489 Bl_Jﬁan 28 H 30 H - N
milk
11490 Yoghurt | 27 H 35 H - N
11491 Yoghurt | 26 H 32| H - N
11492 Kareish | 26 H 30 H - N
11493 Kareish | 28 H 20 M - N
11494 | Soft 20 H 33 H ] N
cheese
11495 | Soft 26 H 35 Y ] N
cheese
11496 C(_)W ) i 44 H N
milk -
A. nidulans 11497 gw?lvlll - - 45 H Sterigmatocystin | L
11498 :;?I\’i\(/ - - 42 H Sterigmatocystin | L
11499 Soft - - 38 Sterigmatocystin | H
cheese
11500 Yoghurt | 2 L 46 H Sterigmatocystin | M
11501 Kareish | - - 47 H Sterigmatocystin | L
11502 Cow N
Fusarium milk -
verticillioides | 11503 C(_)W 10 M 30 H N
milk -
11504 Bl_Jffan 3 L 43 H i N
milk -
11505 Yoghurt | 12 M 40 H Fumonisin L
11506 Yoghurt | - - 38 H Fumonisin L
11507 Kareish | 10 M 34 H - N
11508 BL.jffalo - - 40 H Zearalenone L
F. oxysporum milk
11509 BL_Jffan 10 M 33 H N
milk -
11510 Cow 6 L 33 _
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Lipase activit Protease Mycotoxins
AUMC P Y | activity
Fungal
species Source Depth Depth
ep ep
(mm) Levels (mm) Levels Type Levels
milk
11511 ﬁ]cl)lle(/ 5 L 43 H Zearalenone L

Mycotoxin: H= High level (more than 100 pg/l medium), M=Moderate level (50 - 100

pg/l medium)

L = Low level (less than 50 pg/l medium and N= Non-producer

Protease and lipase: H= High more than 20 mm, M= Moderate 10-20 mm, and L=Low
less than 10 mm
NT: Not tested

Table 2: Lipolytic and proteolytic activities of yeasts isolated from milk
and milk products.

_ Lipase activity Protease activity
Fungal species AUMC | Source Depth Depth
Levels Levels
(mm) (mm)

Candida catenulata 11069 Buffalo milk - - - -

C. parapsilosis 11090 Soft cheese - - 22 M

C. parargosa 11073 Buffalo milk 9 M 30 H

C. pseudopararogosa 11062 Buffalo milk - - 10 L
11055 Cow milk 5 L 14 M

C. tropicalis 11080 Kareish 11 M 18 M
11101 Yoghurt 7 M - -

C. zeylanoides 11054 Buffalo milk 8 M 26 H
11074 Buffalo milk 11 M 6 L
11078 Yoghurt - - 13 M

Clavispora lusitaniae 11079 Soft cheese - - - -
11106 Kareish - - 4 L

C. curvatus 11114 Buffalo milk 10 M 40
11051 Buffalo milk - - 15

C.liquifacence 11064 Cow milk 6 L 13

Glactomyces candidum 11070 Cow milk - - 3 L
11085 Kareish - - 14 M

Geotrichum candidum 11089 Kareish 12 M 27 H

Kluyveromyces lactis 11095 Kareish - - 10 L
11099 Kareish 6 L 7 L

Lipases activity Proteases activity
Fungal species AUMC Source Depth Levels Depth Levels
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(mm) (mm)
Kluyveromyces marxianus 11097 Yoghurt - - - -
Kodamaco ohamire 11053 Buffalo milk | - - 18 M
Lecythophora sp. 11098 Kareish 8 M 38 H
11059 Buffalo milk | - - 18 M
Magnsiomyces capitatus 11077 Cow milk 7 M 20 M
Magnsiomyces sp. 11081 Yoghurt 11 M - -
Pichia anémala 11093 Kareish i i 10 L
P. cactophila 11083 Soft cheese 12 M 13 M
11067 Cow milk 8 M 29 H
P. mansurica 11104 Soft cheese - - 12 M
P. membranifacenss 11096 Soft cheese - - 10 L
11107 Soft cheese 12 M - -
Rhodotorula mucilaginosa 11117 Soft cheese - - - -
11057 Cow milk - - - -
11091 Kareish 6 L 10 L
T. asahii 11052 Buffalo milk | - - 11 L
11047 Cow milk - - 8 L
11105 Yoghurt - - 13 M
T. insectorum 11048 Cow milk 6 L - -
11092 Soft cheese 12 M 14 M
T. jirovecii 11061 Cow milk 8 M 16 M
11115 Cow milk - - 6 L
T. loubieri 11068 Cow milk 10 M 5 L
11072 Buffalo milk | 6 L 7 L
Yarowiiai lipolotica 11111 Soft cheese - - 8 L
11116 Soft cheese 9 M 15 M

Protease and lipase: H= High more than 20 mm, M= Moderate 10-20 mm, and L=Low
less than 10 mm NT: Not tested
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