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Abstract:Mucor miehei NRRL - 3420 was cultured to produce microbial rennet using two types of media, both
with micronutrients: one with glucose and another with lactose from deproteinized cheese whey as carbon
sources. A factorial experimental design was used to evaluate the results, studying the following variables: pH,
glucose, lactose and casein concentrations. The experiments were carried out in a bioreactor for up to a 40-h
fermentation period at 380 rpm, aeration of 1 vvm and temperature of 30±1°C. The response parameters were
cell growth and enzyme activity. Maximum enzyme activity was 1200 Soxhlet Units (S.U.) and 631 S.U.,
respectively, when glucose and lactose were used as carbon sources. 
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INTRODUCTION Among these microorganisms, it was discovered that

Cheese production using rennet is the oldest use of produce a coagulant with characteristics that are very
milk [1]. The production of countless different types of similar to commercial rennet, producing high coagulation
cheese use proteolytic enzymes, of which rennin is the and production rates [5] and [6].
most widely used. Commercial preparations based on the filamentous

Rennin is extracted from the gastric mucous fungus Mucor miehei are currently replacing animal
membrane of bovines. Milk coagulation is irreversible and rennin in the production of more popular cheeses and
has two phases. In the first phase or enzymatic phase, the already represent about 33% of the production process
colloid that protects the casein (K-casein) dissociates the [7].
glycomacropeptides (part of K-casein, integrated by non- The aim of the present study was to investigate
proteinic nitrogen), thereby making the protective effect growth conditions of the microorganism Mucor miehei
disappear. The second stage or coagulation phase NRRL 3420 in submerged fermentation and the production
involves the formation of saline bridges at favorable of the milk clotting enzyme using a lactose concentration
temperatures between the calcium-sensitive casein from cheese whey and glucose as carbon sources. The
micelles, thereby quickly producing coagulation [2]. study was carried out using a factorial experimental

The increasing global cheese production (4% a year) design in order to provide an appropriate tool to
in the last twenty years, in association with a decrease in determine the effects of the independent variables on
bovine rennet production, has raised the price of the enzyme synthesis.
traditional rennet. This situation has stimulated the search
for milk clotting enzymes from alternative sources [3] and MATERIALS AND METHODS
[4]. Microorganisms such as Endothia parasitica, Mucor
pussilus, Cryptococcus albidus, Baccilus cereus and Microorganism and Culture: The microorganism used for
Mucor miehei are known to produce rennet, such as the production of the clotting enzyme was Mucor miehei
proteinases, which can substitute calf rennet [3] and [5]. NRRL  3420,  obtained from the Fundação André Tosello

the zygomicetes Mucor miehei and Mucor pussilus
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and  maintained  on  Sabouraud  Agar (DIFCO 0003)
slants at 15°C.

Cheese Whey: Whey  from  skimmed   powdered  milk
was  purchased  from Vigor S. A., located in the city of
São  Gonçalo do Sapucaí, state of Minas Gerais, Brazil.
The whey contained approximately 80% lactose.

Pre-treatment of Cheese Whey: In this procedure, the
cheese whey solution was heated to 90°C. Lactic acid was
then added until the pH reached 4.5. The cheese whey
solution was then filtrated, following the procedure
described by Holslnger et al. [8].

Culture: To recover the spores, Roux flasks containing
100 mL of Sabouraud Agar were inoculated at 37±1°C.
After 72 h, the inoculum was obtained by scraping the
agar surface in the presence of 200 mL sterile water. The
spore suspension (10  spores/mL, determinated by a6

Neubauer Chamber) was transferred to 500 mL erlenmeyer
flasks containing sterilized (121°C for 15 minutes) growth
medium.

Growth  Medium  and  Conditions:  Erlenmeyer  flasks
(500 mL) containing 100 mL of sterilized growth medium
were inoculated with a spore suspension (10% v/v). The
flasks were incubated in a rotary shaker (News Brunswick,
USA) at 170 rpm for 48 h at 30±1°C. Submerged
Fermentation was also carried out in a 5.0 L Biostat B.
Fermentor (B. Braun Biotech International, USA)
containing  2.0  L  of  production medium. The inoculum
(5×10  spores/mL) was 10% (v/v) of the reactor medium.6

The conditions in the reactor were maintained at 37±1°C,
aeration of 1 vvm and agitation of 380 rpm for a period of
48 h. The pH in the bioreactor was maintained at 4.0 or 4.5
by the automatic addition of 0.1 N NaOH or 0.1 N HCl
solutions intermittently starting from the inoculation
stage. The growth medium is as follows (in g/L): glucose,
40.0; casein, 4.0; malt extract, 4.0; bacteriological peptone,
4.0 and KH PO , 2.0. The production media consisted of2 4

the same salts used in the growth medium with added
glucose (g/L) between 20.0 and 50.0; casein (g/L) between
4.0 and 8.0; lactose (g/L) between 20.0 and 50.0. 

Complete Factorial Experimental Design: Carbon and
nitrogen  sources  usually  play  a  critical  role  in  the
rennet performance production by filamentous fungus
Mucor miehei [3], [4] and [9]. To investigate the effects of
glucose, lactose, casein and pH on enzyme activity, was
used for the complete factorial experimental design. The
concentration  range  of the four factors, indicated in
Table 1, was estimated according to the preliminary tests

Table 1: Coded and actual levels of the four variables in the factorial
experimental design 

Code level of variable
------------------------------------------------

Variable -1   +1

Glucose (g/L) 20.0 40.0
Lactose (g/L) 20.0 40.0
Casein (g/L) 4.0 8.0
pH 4.0 4.5

data, as well as the results indicated in the literature [5],
[10], [11], [12] and [13]. The statistical calculations were
done through the Statistic software (version 5.1, Statsof
Inc, USA). 

Analytical Methods
Biomass   Measure:  Samples  from  the  culture medium
(30 mL) were filtered through dry paper filters [Filtrak
GmbH paper filter (Æ 90 mm)]. The mycelial dry-mass was
determined after drying at 80°C for 24 h.

Sugar Determination: Total reducing sugars were
determinated as a glucose [14].

Enzyme Activity: Milk clotting activity (MCA) was
determined following the method described by Arima and
Iwasaki [15] and expressed in terms of Soxhlet Units
(S.U.).

RESULTS AND DISCUSSION

Preliminary Experiments Performed in Rotary Shaker:
The production media was used in all preliminary
experiments performed in rotary shaker varying the pH
and casein, glucose and lactose concentrations.

Influence  of  pH  on  Enzyme Activity:  At  pH  values  of
4.0, 4.5, 5.0, 6.0 and 8.0 the enzyme activity reached values
of 667, 480, 240, 70 and 40(S.U.) respectively.

This study revealed lower milk clotting activity when
the pH was increased. At pH values above 8.5, the
protease becomes unstable. [5], [11] and [12], observed
the same results. As the fermentation had to take place in
an acidic medium in order to minimize enzyme activity loss
(pH 5.0), pH values of 4.0 and 4.5 were chosen.

Influence of Casein Concentration on Enzyme Activity:
Maintaining pH at 4.5, the casein concentration (g/L) was
ranged from 4 to 9. The enzyme activity results (S.U.) were
774, 750, 705 and 667, respectively.

Using 4 g/L and 9 g/L of casein resulted in the
highest  and  lowest  milk  enzyme  activity, respectively.
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According to the literature [11], the use of casein above
8 g/L does not produce high concentrations of the
clotting enzyme. Consequently, seeking the best
condition  for  enzyme  activity,  initial  concentrations  of
4 g/L and 8 g/L of casein were chosen for factorial
experimental design.

Influence of Glucose Concentration on Enzyme Activity:
Using glucose concentrations with 20, 30, 40 and 50 g/L
the  enzyme activity obtained were 1090, 800, 667 and
461.5 (S.U.), respectively.

These results demonstrate that the amount of
glucose in the medium has considerable influence on the
production of the clotting enzyme and, in lower initial
glucose concentrations, enzyme activity was higher.
According to Beyenal et al. [12] and Seker et al. [13], a
higher glucose concentration is a preponderant factor in
the inhibition of enzyme activity, as it stimulates biomass
production rather than rennin synthesis.

Based   on  this,  initial  glucose  concentrations  of
20 g/L and 40 g/L were adopted in the factorial
experimental design.

Influence of Lactose Concentration on Enzyme Activity:
The skimmed powdered milk whey used in this study
contains about 80% lactose. The filamentous fungus
Mucor miehei has the ability to break this disaccharide
into glucose through the -galactosidase enzyme.
Therefore, the initial lactose concentration was calculated
according to this ratio to achieve the same initial glucose
concentration used above (Item 3.1.3). Thus, the cheese
whey  concentrations  (g/L) studied were 25, 38, 50 and 63,
equivalent to lactose concentrations (g/L) of 20, 30, 40
and 50. The enzyme activity results (S.U.) were 545, 320,
289 and 273, respectively.

A higher initial lactose concentration resulted in
lower enzyme activity. The best result was 545 S.U., using
20 g/L of initial lactose concentration.

Based on this result, lactose concentrations of 20 g/L
and 40 g/L were chosen for the factorial experimental
design.

Experiments Performed in Bioreactor
Enzyme Activity Results Using Lactose as the Carbon
Source: Table 2 displays the results obtained in factorial
experimental design from the pH (X ), casein1

concentration (X ) and lactose concentration (X ) and2 3

using the Filamentous fungus Mucor miehei NRRL 3420.
Table 2 shows the influence of pH, casein

concentration and lactose concentration on rennin
production. The highest activity (631 S.U.) was reached
when the initial concentration of casein and lactose were

Table 2: Enzyme activity production using lactose as substratum

Casein Lactose Enzyme activity Biomass

Experiment pH (g/L) (g/L) (S.U.) (g/L)

L-1 4.0 4 20 631 13.11

L-2 4.5 4 20 510 13.23

L-3 4.0 8 20 545 13.18

L-4 4.5 8 20 436 13.08

L-5 4.0 4 40 369 15.07

L-6 4.5 4 40 289 14.90

L-7 4.0 8 40 275 15.46

L-8 4.5 8 40 266 15.93

4 g/L and 20 g/L, respectively. Low pH had a positive
effect on enzyme production and stability. High pH
appeared to repress enzyme activity, as observed by
Beyenal et al. [12]. The use of 40 g/L of lactose and 8 g/L
of  casein  in  the  medium  resulted  in  lower  activity
(266 S.U.) and high biomass production, revealing a
probable metabolic deviation for biomass synthesis in the
metabolism. Seker et al. [13] observed this when a high
carbon concentration was used. Table 2 shows that the
best enzyme activity results were obtained when using
the lowest casein concentration (maintaining the same pH
conditions). This demonstrates that a high concentration
of amino acids has a negative influence on enzyme
synthesis, as observed [10] and [11]. It can also be
inferred that the low concentration of casein allied to low
pH contributed positively to enzyme production and
stability.

Analysis and Discussion of the Best Result Using
Lactose: Figure 1 displays the results of cell growth,
enzyme  activity  and  consumption  of  reducing  sugars
(as  a  measurement  of glucose) for Experiment L-1, with
pH at 4.

Figure 1 shows that cell growth reached a maximum
of 13.11 g/L at 24 h of fermentation. In Experiment L-1, the
highest activity (631 S.U.) was reached when the initial
lactose concentration (20 g/L) and casein concentration
(4 g/L) were used. The low pH had a positive effect on
enzyme production and stability. At 32 h of fermentation,
the amount of substratum (measured as reducing sugar)
was exhausted. The enzyme activity also followed the
microbial growth phase. When growth ceased-entering
the stable phase-enzyme activity decreased,
characterizing the association of the microbial rennet
synthesis to cell growth.

Regression Analysis for the Response: Based on the
data presented in Table 2, a multiple regression was
performed on the enzyme activity response. The
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significant parameters were determined through a
Student’s t-test and those with a significance level greater
than 5% were discarded. This allowed the adjusted
empiric equation to be determined. Thus, Eq. (1)
represents enzyme activity (EA1) as a function of the
variables studied.

EA1 = 415.12-39.87X -34.62X -115.37X (1)1 2 3

The value obtained for the squared correlation
coefficient of this equation was 0.947, which means that
94.7% of the data variability in the enzyme activity is
explained by Eq. (1). The variable with the most influence
on enzyme activity was lactose concentration. 

The response surfaces for enzyme activity are shown
in Fig. 2-4. 

The response surface in Figure 2 shows that an
increase in lactose concentration causes a decrease in
enzyme activity. Contrarily, a decrease in pH causes an
increase in enzyme activity.

Figure 3 show that a decrease in lactose
concentration and casein concentration causes an
increase in enzyme activity. 

Figure 4 shows that enzyme activity may increase
with a decrease in casein concentration and a decrease in
pH.

Enzyme Activity Results Using Glucose as the Carbon
Source: Once the maximum and minimum concentrations
were defined, the factorial experimental design (2 ) wasK

applied, resulting in 8 experiments. Table 3 displays the
results obtained from the glucose concentration (Y ),1

casein concentration (Y ) and pH (Y ).2 3

Table 3 shows that the greatest cell growth occurred
in the experiments that began the fermentation process
with greater glucose concentrations. However, these
experiments resulted in lesser enzyme activity. Seker et al.
[13]  studied  the  production  of  microbial  rennin by
Mucor miehei in fermentation with continuous feeding of
glucose and found that, in high glucose concentrations
(30 g/L), the microorganism used the substratum
predominantly for the cell growth rather than for the
synthesis of the enzyme, revealing once again a probable
metabolic deviation for biomass synthesis in the
metabolism. Using 4 g/L of casein (maintaining the same
pH conditions), an increase in enzyme activity was again
observed in all experiments. Silveira et al. [16] obtained
high enzyme production (1117 S.U.) during 48 h of
fermentation when values between 1 and 2 g/L of casein
were used. This value is close to the submerged
fermentation. However, a decrease in enzyme production
was observed when more than 2 g/L of casein was used,

Table 3: Results of enzyme activity and biomass obtained in the
experiments

Enzyme
Casein Glucose activity Biomass

Experiment  pH (g/L) (g/L) (S.U.) (g/L)
G-1 4.0 4 20 1200 13.94
G-2 4.5 4 20 1090 14.05
G-3 4.0 8 20 895 15.24
G-4 4.5 8 20 810 15.09
G-5 4.0 4 40 774 17.60
G-6 4.5 4 40 667 17.21
G-7 4.0 8 40 571 19.21
G-8 4.5 8 40 480 19.01

probably due to catabolic repression. Preetha et al. [17]
studied the influence of the inclusion of powdered skim
milk in a solid medium and found that concentrations of
more than 2% resulted in an 3.5-fold increase in coagulant
activity over the control. Thakur et al. [9] found that the
greatest coagulant activity was obtained when using 5.0%
powdered skim milk. Casein is the most expressive
component in powdered skim milk, proving its role in the
induction of enzyme synthesis.

Analysis and Discussion of the Best Result Using
Glucose: Figure 5 shows the variation in glucose and
biomass concentrations along with milk-clotting activity
during the fermentation in Experiment G-1.

In Figure 5, milk-clotting activity was detectable after
4 h, increased steadily and reached its highest value of
1200 S.U. at 24 h. Enzyme activity decreased after a
maximum biomass concentration (13.65 g/L), implying
growth-associated enzyme production in the fermenter. At
32 h of fermentation, the glucose concentration (measured
as reducing sugar) was exhausted. Using the same
microorganism and 7.5 g/L of glucose, Beyenal et al. [12]
reached maximum enzyme activity of 1240 S.U. after 575 h
of fermentation. Using 18, 25 and 35 g/L of glucose,
Silveira et al. [16] reached maximum enzyme activity of
1066, 86 and 357 S.U., respectively, after 120 h of
fermentation.

Regression Analysis for the Response: According to the
response values obtained from the designed experiments
(Table 3), a regression equation was generated for the
response surface as follows.

EA  = 810.87-49.12Y -121.87Y -2 1 2

           187.87Y +5.12Y Y +21.66Y Y (2)3 1 2 2 3

Where, EA represents the response value (enzymatic2

activity). The regression model, Eq. (2), fits the
experimental date quite well with a high R value the 0.999.2
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Fig. 1: Results obtained  for  Experiment  L-1, with the following concentrations: 20 g/L of lactose, 4 g/L of casein, 
4 g/L of malt extract, 4 g/L of bacteriological peptone and 2 g/L of KH2PO4

Fig. 2: Response surface for enzyme activity (S.U.) as a function of lactose concentration (g/L) and Ph

Fig. 3: Response surface for enzyme activity (S.U.) as a function of casein concentration (g/L) and lactose
concentration (g/L)
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Fig. 4: Response surface for enzyme activity (S.U.) as a function of casein concentration (g/L) and pH

Fig. 5: Results  obtained  for Experiment G-1, with the following concentrations: 20 g/L of glucose, 4 g/L of casein, 
4 g/L of malt extract, 4 g/L of bacteriological peptone and 2 g/L of KH2PO4
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Fig. 6: Response surface for enzyme activity (S.U.) as a function of concentration glucose (g/L) and pH

Fig. 7: Response surface for enzyme activity (S.U.) as a function of glucose concentration (g/L) and casein
concentration (g/L)

Fig. 8: Response surface for enzyme activity (S.U.) as a function of casein concentration (g/L) and pH
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The empirical model obtained for the enzyme activity- 3. Fox, P.F., 1991. Food Enzymology, London: Elsevier
containing only parameters with significance levels lower Appl. Sci., 2: 636.
than 5%. The three-dimensional response surfaces were 4. Escobar, J. and S. Barnett, Effect of agitation speed
plotted in Fig. 6-8 based on Eq. (2). on the synthesis of Mucor miehei acid protease,

The response surface in Figure 6 shows that an Enzyme Microb. Technol., 15: 1009-1013.
increase in glucose concentration causes enzyme activity 5. Bailey, M.J. and M. Siika-Aho, 1988. Production of
to decrease. On the other hand, enzyme activity increases microbial rennin, Biotechnol. Lett., 10: 161-166.
with a decrease in pH. 6. Nagodawithana, T. and G. Reed, 1993. Enzymes in

Figure  7 shows that, independent from the casein Food Processing, 3rd Edn. Academic Press, San
concentration,  as  the  glucose  concentration  increases Diego, Calif.
the  enzyme  activity decreases. Moreover, enzyme 7. Neelakantan, S., A.K. Mohanty and J.K. Kaushik,
activity increases when the casein concentration Production and use of microbial enzymes for dairy
decreases. processing, Current Sci., 77: 1-6.

The response surface in Figure 8 reveals that enzyme 8. Holslnger, V.H., L.P. Posati and E.D. DeVilbiss, Whey
activity increases with a decrease in casein concentration Beverages: A Review. J. Dairy Sci., 57: 849-859. 
and a decrease in pH. 9. Thakur, M.S., N.G. Karanth and K. Nand, 1990.

CONCLUSIONS solid state fermentation. Appl. Microbiol. Biotechnol.

The factorial experimental design proved to be an 10. Lasure, L.L., 1980. Regulation of Extracellular Acido
appropriate tool for determining the effects of the Protease in Mucor miehei, Mycol., 483: 493-72.
independent variables on enzyme synthesis. The variable 11. Escobar, J. and S. Barnett, 1995. Syntesis of Acid
with the greatest influence over enzyme activity was the Protease from Mucor miehei: Integration of
sugar source. The greatest enzyme activity was 1200 S.U., Production    and    Recovery,   Process   Biochem.,
obtained with the combination of 20 g/L of glucose, 4 g/L 30: 695-700. 
of casein and pH at 4. When compared to glucose, lactose 12. Beyenal, L.H., S. Seker, B. Salih and A.Tanyolaç,
was considered an inferior source of carbon for the 1999. The effect of D-glucose on milk clotting activity
production of microbial rennin. Enzyme production of Mucor miehei in a chemostat with biomass
kinetics was associated to and closely accompanied cell retention. J. Chem. Technol. Biotechnol., 74: 527-532.
growth. Graphical analysis, together with the response 13. Seker, S. and H. Beyenal, 1999. Production of
surface technique, allowed the present study to achieve microbial rennet from Mucor miehei in a
optimum and well-defined ranges of operation for the continuously fed fermenter. Enzyme Microb.
fermenter parameters, thereby contributing to future Technol., 23: 469-474.
projects that seek to optimize the clotting power 14. Miller, G.L., 1959. Use of dinitrosalicylic acid reagent
production of rennin using Mucor miehei NRRL 3420. for  determination  of  reducing  sugar.  Anal.  Chem.,
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