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The present investigation included the isolation and identification of

rennin like enzyme fungal producer from different Egyptian food and

soil samples. Only six out of three hundred and ninety five fungal

cultures isolated from cheese, yogurt and soil samples collected from

different localities of Egypt were found to be positive for the

production of clotting enzymes, The six positive isolates were

identified as : 1'aecilomyces variolii, Mucor circinelloides, Aspergillus

niger, Aspergillus flavus, Emericella variecolor and Cochlioholus

specifier.

All isolates were found to be negative for mycotoxin but Mucor

lamprosporus isolate obtained from the CBS, Baam, Netherlands was

the best in the production of the crude enzyme. The highest growth and

production of the crude enzyme were obtained from wheat bran

medium after an incubation period for 7-9 days at 25°C and pH 5.0.

Wheat bran medium could also be used several times to produce the

enzyme. Mucor lamprospours spores were found to be sensitive to

gamma rays since 2.5 kGy completely inactivated the germination of

the spore sand D]o value of the spores was calculated to be only 0.36
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kGy and very low doses of gamma irradiation did not affect the ability

of the isolates to produce the milk clotting enzyme till 100 Gy.

INTRODUCTION

Milk clotting enzymes have been reported to be produced by several

Mucor spp, i n c l u d i n g Mucor miehei (28), M. p u s i l l u s ( ] 1 ) a n d M racemosus (l8).

Also Rhizopus oligosporus and Mucor miehei isolate No. (3169) produced the

most active milk clotting enzyme (MCE) as compared with the other fungal

cultures (4).

M. pusillus at 30°C for 92 hours was grown in a medium containing

different sources(1). The most favorable medium for the production of enzyme

with rennet activity was 3% com steep liquor containing 1% glucose. The

conditions of milk clotting enzymes production by M. pusillus isolates No.

(I17&113) was studied (2) and found that both strains showed better enzyme

production on 5% wheat bran medium at pH 5. Me also reported that the optimum

milk temperature for the Milk Clotting Activity (MCA) was 60°C in both

proteases produced by M. pusillus CIAM 171 andM. pusi/lus CAIM 113. He

added that their maximal stability was at a pH range of 6.0-6.5 and the MCA

tended to decrease with the increase of the pH of the milk.

The chymosin was inactivated in gelled milk at pH 6.5 at 33°C (3). The

maximum relative MCA for crude MCE was at 45°C for calf rennet, 55°C for M.

miehei rennet enzymes, 60°C for R. oligosporus and 65 °C for B. subtil is and B.

mego(erium^A\ He added that milk clotting enzyme preparation showed a

decrease in their MCA with increasing pH values and become inactive at a pH

value of 7.0 or higher in case, of calf, M. miechei and R. oligosporus rennet, while

in case of bacterial rennet, they lost their activity at a pH value of 8. or higher.
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It was found that the enzyme activity of AspergiI'lus ochraceus rennet was

improved greatly by increasing the calcium ion concentration in the standard

assay mixture(5).

MATERIALS AND METHODS

1-Source of samples :

Sixteen samples of milk, cheese, yogurt and soil collected from different

localities of Egypt were used for the isolation of fungi producing rennin-like

enzyme.

2- Source of rennin-like enzyme producer fungi :

Three hundred and ninety five fungal isolates isolated from the above

samples were examined for their milk collecting activities according to Sidney (6).

The milk-clotting activity rate was determined by the tube method technique

described by Berridge (7) and by the slide method according to Edclsten (K), Six

out of the 395 isolates were found to be producers of rennin like enzyme, beside

Mucuor lamprosporus slant obtained from culture collection from the Nerthelane

CBS 11808. The fungi producing rennin-like enzymes were examined for the

possible production of mycotoxins by the methods described by Horwitz(9).

Culture media :

Eleven media were chosen in order to find the optimum medium for the

growth and production of milk clotting enzyme of the selected microorganisms.

The composition of these media were as follows : •

- Heat bran medium (g/L): lOOg wheat bran and one gram yeast extract.

- Barley medium (g/L) : lOOg crushed barely and one gram yeast extract.

- Barley broth (g/L) lOOg barely .

- Com broth (g/L): 50g grind shed-corn.
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- Whey broth : 50 ml whey and 0.05/inl or 0.1 /ml NaCI,

- Malt extraction broth (g/L): lOg malt, and 20 g glucose.

- Yeast malt extract broth (g/L): 4g yeast extracted, lOg.malt and 4g dextrose.

- Starch nitrate broth : (g/L). Oxoid(l0).

- Czapke's Dox (g/L): Oxoid.

- Sabourand-dextrose broth (g/L): Oxoid.

The pH of all the above media was adjusted to 5.0-5.4.

Factors affecting growth and enzyme production :
i

Each of the following experiments was carried out in triplicates.

1- Effect of temperature :

Cultivation was carried out in 250 ml capacity conical flasks, each

containing 50 ml of sterile Czapek's Dox medium and Petti dishes containing 50g

moist wheat bran medium. Flask and Pelri dishes were inoculated with 0.5 ml of

standard spore suspension and incubated at different temperatures ranging from

10 to 35°C for 9 days.

2- Effect of incubation period :

Conical flasks containing 50 ml Czapek's Dox liquid medium and Pelri

dishes containing 50g wheat bran medium were inoculated with standard inocula

and incubated at 25°C for 2, 4, 5, 7, 9 and 10 days.

3- Effect of initial pH days :

Petri dishes containing 50g wheat bran medium adjusted at pH 4.0, 4.5,

5.0, 5.5, 6.0, 7:0, 7.5 and 8.0 before sterilization were incubated with the tested

organisms and incubated for 9 days at 25°C.

4- Effect of gamma irradiation :
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Cobalt-60 gamma cell 220 located at National Center for Radiation

Research and Technology, Nasr City, Cairo, Egypt was used to irradiate the

selected isolates. The dose rate was 5.5 rad/sec. during the experimental time.

a- Determination of D l 0 value :

Heavy spore suspension of selected fungal isolate was prepared and

divided into several sterile test tubes, then exposed to increasing doses of gamma

irradiation. Viable counts of each suspension was determined. Dose response

curves were obtained therefrom and their D ! 0 values were calculated.

b- Effect on the enzyme production :

Spore suspensions were exposed to increasing doses of gamma irradiation

up to 2.5 kGy and then were used for detecting the production of the enzyme at

each irradiation dose.

RESULTS AND DISCUSSION

1- Isolation of rennin-like enzyme producer fungi:

Sixteen samples of milk, cheese, yogurt (curdled milk) and soils collected

from different localities of Egypt were used for isolation of fungi producing

rennin-like enzyme. A total of 395 fungal isolates from the mentioned samples

were screened for their ability to produce milk clotting enzyme by growing on

wheat bran medium for 9 days at 25°C. The results indicated that six out of 395

isolates were able to produce rennin-like enzyme representing only 1.5% of the

total isolates. Of these isolates two were isolated from milk samples and four

from soil samples. The selected isolates were also tested for mycotoxin producing

but were found to be negative on Czapek's Dox broth medium. In a previous

study ( l l ) it was reported that out of 48 fungal isolates only, 28 (including one

1'enicillium and three Aspcrgillus) secreted milk clotting enzymes. Also, it was
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reported that out of 21 strains of genus Bacillus and 56 strains of fungi only 9

fungal strains were found to produce milk clotting enzymes(2),

Mucor lamprosporus was chosen for further studies because of its high

productivity of the rennin-like enzyme and negative for mycotoxins production,

beside it grows quite satisfactory and is able to produce high level of milk

clotting enzyme on wheat bran medium which is an economic and cheap raw

material.

2- Effect of different culture media :

In order to find the optimum medium for the growth and production of milk

clotting enzyme by the selected strain of Mucor lamprosporus, eleven media

where chosen. Two of the media were semi-solid, (he first consisted mainly of

wheat bran, and the second crushing barley, The other nine media were liquid.

Six of them consists mainly of natural substances which are barely, crushing corn,

com steep liquor, whey product from cheese industry, malt extract and yeast malt

extract. Three synthetic broth media were also used, starch nitrate, Czapck's Dox

and Sabouraud broth.

Heavy mycelial growth appeared on both of the semi-soiids; three of the

broth media also gave excellent growth for Mucor lamprosporus namely barley

broth, yeast malt extract broth and starch-nitrate broth. The fungus could not

grow on whey broth and poor growth were obtained on the other broth media.

Regarding to the production of rennin-like enzyme, the chosen fungus

produced the enzyme on three of the selected media, two of them were the semi-

solid media i.e. wheat bran and barley media. The enzyme was extracted only

from barley broth. It is clear from the data in Table (2) that wheat bran medium

was the best medium which gave the highest amount of the protein and also
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showed the highest value of enzyme activity. Hence, this medium was chosen in

all the proceeding experiments. It was reported that the best milk clotting enzyme

production by M pusillus isolates No. (117 and 113) was obtained on 5% wheat

bran medium^ and the powerful milk clotting activities were obtained in culture

supernatants of A. ochraceus grown on salted whey (up to 10% ) ( l 2 ) .

The inability of the tested fungus to produce rennin-like enzyme on other

media, especially natural media, may be due to the unfavorable nature of

components of the media and/or the presence of some inhibitors in these natural

media which might have retarded enzyme activity as previously found in other

enzymes (13).

3- Effect of different environmental factors on the production of enzymes

Studies have been carried out in an attempt to increase and optimize the

activities and yield of rennen-like enzyme produced cxtracellularly by the

selected isolate M. lamprosporus. For achieving this object, the effect of some

environmental conditions on growth and production of the clotting enzyme by M.

lamprosporus were examined. The investigated factors included incubation

period, incubation temperature and the initial pH of the medium. The data in

Table (3) indicated that the highest growth and production of crude enzyme by M.

lamprosporus were obtained after an incubation period ranging between 7-9 days

at 25°C, thereafter, both the mycelial dry weight and the enzyme production

sharply decreased. In the meantime the highest activity of the obtained enzymes

was observed after 9 days of incubation. It is worth to mention that the tested

fungus could not produce any amount of the enzyme till the fifth day of the

incubation. At the sixth day, small amount of the crude enzyme was obtained, but

its activity was negative and failed to curd the milk. This pattern of rennin-like
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enzyme production is in commitment to that of M. muccdo and A. flavids, where

maximum activities were recorded after 8 days of growth (l4>15).

The relationship between cell growth and production of milk clotting

enzyme in submerged cultures of Ehdothia parasitica. was investigated*l6). They

found that the enzyme production rate increased in the exponential and constant

growth phases and continued to increase even when the growth rate entered the

declining phase and thereafter decreased rapidly. Rennin-like enzyme produced

by M. lamrosporus wds markedly affected by the incubation temperature of the

culture medium. Maximal production was obtained with cultures incubated at

25°C. Temperature above or below 25°C decreased productivity. The present

results are in harmony with that results recorded(l7). But for other fungal species

(Mucor spp.). It is well known that hydrogen ion concentration has an important

effect on the growth and production of enzymes by microorganisms, Many

extracellular enzymes are mostly produced in the range of pH 6 to 7, However,

intracellular enzymes show maximum production in the acid or alkaline range

according to the microbial species. In the present study the maximum growth of

M lamprosporus was obtained at pH 5.5 while the maximum crude enzyme were

obtained at pH 5.0. Below pH 5.0 the growth and consequently the production of

the enzymes of the tested organism were completely inhibited. Above pH 6.5 the

dry weight of M. lamprosporus and rennin-like enzyme sharply decreased and

the growth was completely inhibited above pH 7.5. The data indicated that the

selected organism can grow and produce rennin-like enzyme in a pH range from 5

to 7.5. It was reported that the milk clotting enzyme by a mutant of M. racemosus

No. 50 was rapidly produced in wheat bran semi-soild culture but its activity

rapidly decreased after reaching maximum enzyme production*18). They added

that the decrease in enzyme activity was prevented by adjusting the initial pH of
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the medium to 5.0 with Macllvian buffer and keeping the pH below 6.4 during

incubation at 20°C.

4- Effect of gamma radiation on the production of enzyme.

Among the methods which can be used for changing the metabolic activity

of living cells is ionizing radiation. The response of microorganisms to radiation

is dependent upon many factors as type of radiation, kind of microorganism,

atmosphere in which irradiation takes place, physical and chemical properties of

the medium etc.It is worth to note that molds are relatively sensitive to radiation

as compare to the other microorganisms especially spore former bacteria(1'J).

In the present study, data in Table (4) show that gamma rays greatly

affected the viable counts of M, lamprosporus spores where 0.5 kGy was enough

to decrease the viable spores more than one log cycle. Exposure of fungal spores

to 2.5 kGy completely inactivated all the spores indicating the highly sensitive of

the tested fungus to gamma radiation and its calculated D ] o value was 0.36 kGy

indicating the sensitive of M. lamprosporus to gamma rays. Molds were reported

to be an intermediate resistance, the dose required to inhibit most molds was

investigated to be less than 10 kGy(20>21). The effect of radiation on living cells

was described (22) by the summation of the direct effect of radiation on the vital

centers in the cells plus the indirect effect on the same centers caused by chemical

changes outside these centers.

It was difficult to find in the literature any review about the effect of

ionizing radiation on the production of the rennin-like enzyme by microorganism.

However, it was reported that low doses of gamma radiation enhanced the

activities of microorganisms and may be stimulative for their growth(23). In the

meantime, increase doses of gamma radiation exerted an inhibitory effect on the

enzymatic activities of microorganisms. Gamma irradiation mutant ofAlternaria
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alternata was investigated to produce high levels of Cx-cellulose and (5-

glucosidase enzymes when grown on cellulose medium(24). Also, it was recorded

that the maximum production of cellulase enzymes and metabolic activity of

Trichoderma koningu and Aspergi/lus niger were obtained after exposure to

irradiation doses of 0.1 and 0.25 kGy and at the higher irradiation doses reduced

the production of cellulase enzyme of both tested organisms were reduced(25).

It was investigated that, uricase enzyme produced by Streptococcus

orientalis was completely inhibited by all irradiation doses used (0.1-4.0 kGy)

while for Strep, alboniger and Strep, citreus were gradually inhibited by low

irradiation doses(26). In another study it was reported that irradiation of

Kmarxianus nwrxianus EMCC 75 strain before milk permeate inoculation caused

an increase in lactose utilization, ethanol yield and cthnnol conversion coefficient

and the increase was proportional to irradiation dose up to 1.5 kGy, above which,

the strain productivity decreased. The present study revealed that gamma

irradiation at very low doses (0.05-0.15 kGy) has almost no effect on the

production of rennin-like enzyme reduced by M. lamprosporus, above which

gradual decreases in the enzyme production was observed as the radiation dose

increased. This revealed the highly sensitivity of M. lamprosporus starin to

gamma radiation (27).

5- Competence of reusing wheat bran medium :

This experiment was carried out to investigate the ability of reusage of

wheat bran medium to grow and produce the enzyme by the same fungus

compared with grinding barley medium. After the enzyme had been obtained the

media were sterilized again, inoculated with the fungus and incubated for another

9 days at 25°C and pH 5.0. The results in Table (5) show that a slight decrease in

the quantity of the enzyme occuned after reusing wheat bran medium for the third
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time, but the activity of the enzyme decreased from 85 su/ml to 50 su/ml. The

fungus could not grow on wheat bran medium after five times of inoculum.

Meanwhile, the fungus failed to grow on the barley medium at the third time of

reusing. The results revealed that wheat bran medium beside its ability to produce

high amount of active milk clotting enzyme by hi. lamprosporium may be reused

for more than one time supplemented with some nutrient elements.
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