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Summary. Investigations have been carried out on 
the production of fungal rennet using a thermo- 
philic strain of Mucor miehei under solid state fer- 
mentation conditions. A high milk clotting en- 
zyme activity (58000 Soxhlet units/g) was 
achieved when optimum conditions were used. 
Further, a high ratio of 6.6:1 between milk clot- 
ting and proteolytic activities for this enzyme was 
obtained. Cheese prepared using this enzyme was 
also found to be acceptable in organoleptic quali- 
ty. Large scale production of the enzyme in trays 
using the optimum conditions gave milk-clotting 
enzyme activities comparable to those in flask ex- 
periments. 

Introduction 

Calf rennet has been traditionally used for 
cheese-making all over the world. However, in re- 
cent years its shortage has necessitated a search 
for alternatives such as microbial production. 
Fungal rennets have received wide acceptability 
and in some countries 50%-60% of the market has 
been replaced by these substitutes for calf rennet 
(Birkkjaer and Johnk 1985; Crewford 1985). 
These enzymes are mainly produced by strains of 
Mucor miehei, M. pusillus and Endothia parasiti- 
ca. 

Solid state fermentation (SSF) is an economi- 
cal and simple method for the production of in- 
dustrial enzymes, traditional foods, toxins and 
some fine chemicals. Several fungi have been cul- 
tivated using the SSF technique for the produc- 
tion of rennet substitutes (Pozsar-Hajnal et al. 
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1974; Krishnaswamy et al. 1976; Yuan and Ochi 
1986; Higashio and Yoshioka 1982). 

Earlier work in this laboratory had resulted in 
the production of a satisfactory calf rennet substi- 
tute using the fungus Rhizopus oligosporus by 
SSF. However, the cost of the product was too 
high and a search was made for more potent mi- 
croorganisms. A strain of M. miehei gave excel- 
lent results upon solid state cultivation. While 
some information exists on the cultivation of M. 
miehei by submerged fermentation, no informa- 
tion is available in tlhe literature on protease pro- 
duction as a fungal ,rennet by this microorganism 
under SSF. Work was therefore undertaken to 
study the parameters influencing the production 
of the enzyme and the results are presented in this 
paper. 

Materials and methods 

Culture. The microorganism employed in this study was a ther- 
mophilic strain of M. miehei gifted by Professor P. Tauro of  
Haryana Agricultural Un~Lversity, Hissar, India. The stock cul- 
ture was maintained on potato dextrose agar slants. 

Acidic mineral salt solution (100 ml) was prepared con- 
taining (in g/l) :  ZnSO4-7H20, 0.07; MgSO4.7HzO, 0.07; 
CuSO4.7HzO, 0.07; FeSO4.7H~O, 0.09; 0.2 N HCI. Ten millil- 
itres of this solution was diluted to 1 1 and 60 ml was used to 
moisten 100g raw wheat bran (8%-10% moisture). One 
hundred grams of this moist wheat bran per flask was distri- 
buted in 1-1 erlenmeyer flasks and autoclaved for 1 h at 15 psi. 
After cooling, the flasks were inoculated with a spore suspen- 
sion prepared from M. miehei culture slants using sterile dis- 
tilled water containing 0.1% Tween-80 and mixed thoroughly. 
Cultivation was carried out for 96 h in an incubator at differ- 
ent temperatures in the range 300-50 ° C, with humidity con- 
trolled at 90%. 

Large scale cultivation for enzyme production. The medium 
used for inoculum preparation described above was also used 
for large-scale cultivation of the culture. The standardised 
wheat bran medium with 70% moisture content was evenly dis- 
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tributed in a luminium trays (16" x 33" × 12") to a depth of 1". 
Each tray containing about  2 kg moist bran  was sterilized in an 
autoclave at 121°C for 60rain.  The medium was inoculated 
(20% w/w) with the actively growing starter cultures of M. mie- 
hei and cultivation was carried out in a koji room at 42 ° _+ 1 ° C 
with humidity controlled at about  90%. Fifty trays on each of 
two separate racks were loaded at a time for cultivation for the 
production of protease. 

Extraction and recovery of the enzyme. After completion of  fer- 
mentat ion the moist  bran  was dried at 55 ° C in a drier until the 
moisture content  reached 12%-15%. A modified four-stage 
countercurrent extraction procedure involving solid liquid 
contact and pressing was employed to obtain a relatively high 
enzyme concentrat ion in the product  broth without further 
processing. The solvent used was tap water. 

For preparat ion of liquid enzyme, the crude enzyme pre- 
parat ion was clarified in a Sharples (Surrey, UK) centrifuge 
and vacuum concentrated in a forced circulation evaporator. 
It was then stored at 8°-10°C after the addit ion of 0.1% so- 
dium benzoate. This enzyme was not  purified further. For pre- 
paration of powdered enzyme, the extract obtained was par- 
tially purified using absorbent  clay, heat treatment and pH ad- 
justment for eliminating enzymes such as lipases and non-spe- 
cific proteases. This partially purified extract was treated with 
cold ethanol for precipitating the milk-clotting enzyme which 
was dried and powdered. 

Assay of enzyme activities. Milk clotting activity was deter- 
mined according to the method of Arima (1972) and expressed 
in terms of Soxhlet units (SU). One SU is defined as the 
amount  of enzyme which clots 1 ml of a solution containing 
0.1 g skim milk powder and 0.00147 g calcium chloride in 
40 min at 35 ° C. The proteolytic activity was determined at pH 
6.0 by the casein digestion method described by Kunitz (1947). 
Protein in the enzyme preparation was estimated by the use of 
Folin-Ciocalteau reagent according to the method of Lowry et 
al. (1951). 
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Fig. 1. Milk clotting enzyme production by Mucor miehei un- 
der solid state fermentation; S U =  Soxhlet units. Carbon sup- 
plements:  A, wheat flour; B, rice bran;  C, rice flour 

Results and discussion 

Three different media were used for the initial ex- 
periments, all containing wheat bran as the main 
carbon source, but augmented (in the ratio 1 : 3) by 
different supplements (medium A, wheat flour; 
medium B, rice bran; medium C, rice flour). The 
cultivation was carried out at 37 ° C. The variation 
in milk clotting activity with time for the three 
media is shown in Fig. 1. Medium A was the best, 
giving an activity of 26 000 (SU)/ml in 96 h. 

Table 1. The comparison of Mucor miehei (Mm) rennet with commercial enzymes: milk clotting and proteolytic activities 

Enzyme Form Milk clotting Ratio of 
activity milk clot- 
(Soxhlet unit) ring to 

proteo- 
lyric activ- 
ity 

Rennilase Liquid 112 800/ml 3.9:1 
Rennilase Granular  660 000/g 5.2:1 
Noury rennet Powder 800 000/g 4.5 : 1 
Sure curd Powder 169000/g 1.6:1 
Meito-rennet Powder 662 000/g 3.4:1 
Hansen 's  rennet Powder 363 500/g 13.2:1 
Calf rennet Liquid 9 600/ml 12.8:1 

Mm rennet (cultivated o n  S S F  a) Liquid 38 400/ml 3.5:1 

Mm rennet (SSF) after purification b Liquid 67 000/ml 6.7:1 

Mm rennet (SSF) after purification b and precipitation Solid 220000/g 6.6:1 

Mm rennet, submerged fermentation Liquid 1400/ml 0.63:1 

a The cultivation medium for solid state fermentation (SSF) contained wheat b ran :whea t  flour (90:10); skim milk powder, 1%; 
moisture content,  70%; initial pH of  mineral solution, 1.0; temperature for growth, 42°C 
b Purification involves treatment with adsorbants,  pH adjustment  and heat t reatment  as referred to in Materials and methods 
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Since the ratio of milk clotting to proteolytic 
activity of rennets is an important factor for com- 
mercial cheese manufacture, this ratio for M. mie- 
hei protease cultivated under SSF conditions was 
compared with some of the commerical fungal 
rennets and the data are presented in Table 1. The 
M. miehei protease had a ratio of  milk clotting to 
proteolytic activity similar to other commercial 
products. 

However Table 1 also shows that M. miehei, 
when grown in submerged fermentation, pro- 
duced more proteolytic enzyme than milk-clotting 
enzyme. This behaviour is similar to that of  M. pu- 
sillus, which gave higher proteolytic activity when 
grown in submerged culture (Krayushkina et al. 
1973; Poszar Hajnal et al. 1974). Cheese samples 
were prepared in the laboratory with 5 1 of cows' 
milk and pilot scale studies with 100 1 of  milk us- 
ing calf rennet, commercial substitutes and M. 
miehei rennet. Organoleptic evaluations con- 
ducted with ripened cheddar cheese made with 
these rennets indicated that cheddar cheese pre- 
pared with M. miehei rennet was quite compara- 
ble to that prepared with animal rennet and its 
market substitutes. 

Effect o f  operational parameters 

The effect of  temperature on the milk clotting ac- 
tivity produced was studied at 30 ° , 40 ° , 42 ° , 45 ° 
and 50 ° C and the results are shown in Fig. 2. The 
organism used in this study is a thermophilic fun- 
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gus and maximum enzyme activity was seen at 
42 ° C. At higher and lower temperature ranges, 
there was a considerable decline in activity. 

In another set of  experiments the influence of  
the moisture content of the solid substrate me- 
dium on the protease activity was examined (see 
Fig. 3). Highest milk clotting activity was ob- 
tained at 70% moisture level and above and below 
this level a marked decrease was noticed. 

Experiments on the effect of  the initial pH of 
the mineral solution indicated that maximum pro- 
tease activity (33456 SU/g)  was obtained when 
the basal medium pH was 1.0. These optimum op- 
erational parameters were used for further stud- 
ies. 

Effect of  nutritional parameters 

Source o f  starch. Experiments were conducted us- 
ing wheat-bran medium supplemented (30% 
based on total weight) with different sources of  
starch including the flours of rice, wheat and 
sorghum, tapioca and wheat starches as well as 
starch hydrolysate. Compared to the medium 
without starch supplementation which gave a 
yield of  19 000 SU/g  of  milk clotting activity, var- 
ious starch and flour supplements gave reasona- 
bly higher enzyme activities (23 000-24 500 SU/g). 
The starch hydrolysate however, was detrimental 
to enzyme activity, probably due to the catabolite 
repressive effect. 
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Nitrogen source. Experiments were carried out 
with different nitrogen sources, both inorganic 
and organic. Inorganic (sodium nitrate, urea and 
ammonium nitrate -- media A, B, C) sources were 
added to give a nitrogen concentration of 0.5% 
and organic sources (skim milk powder, gelatine, 
defatted soybean and groundnut flours -- media 
D, E, F, G) were added at a 1% (w/w) concentra- 
tion. The results are shown in Fig. 4. Sodium ni- 
trate and urea in the medium gave very poor 
yields of enzyme but ammonium nitrate sup- 
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Fig. 4. Effect of  nitrogen sources on the production of milk 
clotting enzyme. The cultivation medium contained wheat 
bran and wheat flour (90:10), 70% moisture content, tempera- 
ture 42°C, time of  cultivation 120h. A, sodium nitrate; B, 
urea; C, ammonium nitrate; D, skim milk powder; E, gelatine; 
F, defatted soybean; G, groundnut flour; H, no added ni- 
trogen 

M. S. Thakur et al. : Production of rennet by M. miehei 

j x  

x ,,x 
~ ~o,0oo 
N 

.-- 
.~ 

u 

_ ~  

-- 30,0 O0 

~ 2o,o00 
0 

0 SKIH HILK POWDER 
X GELATIN 

Of the different supplements tried above, 
wheat flour was found to be the best. From ex- 
periments varying the extent of this supplementa- 
tion, a composition of wheat bran and wheat flour 
in the ratio 90:10 gave the highest yield (34000 
SU/g) of milk clotting enzyme and this medium 
was used for further studies. 
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Fig. 5. Effect of concentration of skim milk powder ( O - - - ( 3 )  
and gelatine ( x - -  - × ) on the production of  milk clotting en- 
zyme. Fermentation parameters are a,s given in Fig. 4 

ported good growth and moderate enzyme forma- 
tion. Organic nitrogen sources favoured good en- 
zyme yields, the maximum being 40287 SU/g 
with gelatine, followed by skim milk powder, de- 
fatted groundnut cake and soybean flour respec- 
tively. The control experiment with wheat bran 
and wheat flour in the ratio of 90:10 but no exter- 
nally added nitrogen (media H in Fig. 4) gave a 
milk clotting enzyme activity of 34000 SU/g. 

On the basis of the above results, skim milk 
powder and gelatine were chosen as nitrogen 
sources for a study of the effect of their concen- 
tration (0.25%-5%) on enzyme production and the 
results are depicted in Fig. 5. Gelatine showed lit- 
tle effect on enzyme activity up to a concentration 
of 1%, after which it showed a decline. In the case 
of skim milk powder there was a fairly steep in- 
crease in activity as the concentration increased to 
1%, after which the activity very gradually in- 
creased to reach a maximum of 42 900 SU/g at a 
concentration of 5%. Based on these results and in 
view of the cost of the raw material, 1% skim milk 
powder appears to be the one of choice. 

From the results discussed above, the opti- 
mum conditions giving maximum yield of milk 
clotting enzyme can be summarised as follows: 
wheat bran and wheat flour (90:10); skim milk 
powder (1%), pH 1.0 (initial pH of mineral solu- 
tion); temperature 42°C; moisture content 70%. 
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Fig. 6. Time course of enzyme production using optimised cul- 
tural and nutritional parameters in flasks (A, O - - - © )  and 
large-scale production in a koji room (B, x - - - x  ) 

Small and large scale studies with optimized 
parameters 

Selecting the optimum cultural and nutritional 
parameters determined earlier, experiments on a 
small scale at flask level were carried out and the 
time course data for a typical run is shown in Fig. 
6. The milk clotting activity increased sharply 
during the period 24-48 h and then at a declining 
rate to reach a maximum (58 000 SU/g) at 72 h. 
After remaining more or less constant until 96 h, 
it decreased gradually up to 120 h and then fell 
sharply. 

Large-scale production of the enzyme was car- 
ried out in a koj~ room with the optimised param- 
eters and the time course of enzyme activity ob- 
tained is also shown in Fig. 6. The activity profile 
with time was sharper than the flask experiment 
and maximum activity was obtained at 72 h fer- 
mentation time but the highest activity reached 
was lower at 45 262 SU/g. 

A comparison with the published results of  
other workers on the production of milk clotting 
enzyme under submerged fermentation and SSF 
can be made. Higashio and Yoshioka (1981, 1982) 
screened several fungi and found that M. racemo- 
sus under SSF could produce a milk clotting en- 
zyme activity of 6500 SU/g but a low 600-800 
SU/ml  in liquid medium. Ismail et al. (1984) re- 
ported that milk clotting enzyme production was 
favoured by surface cultivation in comparison 
with submerged fermentation. Pozsar-Hajnal et 
al. (1974) reported that M. pusillus ladt. produced 
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20 000-60 000 SU/g in wheat bran medium under 
SSF condition. 

The milk clotting enzyme activities obtained in 
the present experiments with M. miehei under 
SSF are promising from the point of view of the 
development of a commercial process. The yields 
obtained compare favourably with the highest 
milk clotting activity reported so far (Poszar-Haj- 
nal et al. 1974) under SSF conditions. Further, a 
ratio of milk clotting to proteolytic activities of  
3.5:1 has been achieved in the crude extract and 
6.6:1 in the purified enzyme which is comparable 
to commercial rennet substitutes on the market. 
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