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Abstract—The present study describes the biosynthesis dfka m
clotting protease by solid state fermentation (S®F)a locally
isolated mould Rhizopus stoloniferThe production medium was

In this paper we have studied a number of factangchv
influence the protease production Whizopus stolonifer
through SSF.

prepared usingvheat bran at 50% (w/v). The production conditions

are optimized by varying 7 parameters: carbon atrdgen sources,
medium moisture, temperature, pH, fermentation tina@d

inoculum’s size. The maximum enzyme synthesis weasured after
96 h of incubation time at temperature of 28°C. Dipgimum pH

determined was 6 and the inoculum size was ®8pidbes/ml. The
optimum initial moisture content is comprised betwes0 to 70%.
The formation of milk clotting protease is enhanedten galactose
and peptone are used at 10% (w/v) and 1% (w/v) exunations
respectively. The maximum production of milk clogi protease is
120 US/ml.

Keywords—Milk clotting activity,
Rhizopus stolonifeiSolid state fermentation.

protease production,

I. INTRODUCTION

A

processing industry. They have isolated and charaed
from plants [10], [12], [24], fungi, yeasts, andchaxia [2], [5],
[31]. However, attention has focused on the pradocbf
milk-clotting enzymes (MCE) from microbial sourcis use
as rennin substitutes. Although there are many
microorganisms that can produce MCE; actually, csdyne
strains are used for industrial productiéthizomucor miehei
[33], [36], Rhizomucor pusillug4], [18], Rhizopus sg15],
[23],[34], [35] andEnthothia parasiticd28].

Industrial enzyme production by molds is usuallyries
out by solid state fermentation (SSF) because st ddetter
productivity [1], [20], [21], [26], good yields cgdnzymes, the
products in fermentation are relatively dilute ahdrefore the
downstream process results in high vessel [1],.[11

However, the metabolic processes of the microosyasi
are influenced by the temperature, pH variationgtew
content, inoculums concentration, and carbon, gémo
sources. These conditions vary considerably froecigs to

species [1], [9], [30], [38] So, it becomes very important to

know the environmental conditions of the microoligam for
maximum production.

Food Technology Laboratory, Engineer Sciences Bacwniversity of
Boumerdes, 35000 Algeria. (E-mail: ffazouane@yafnpBadiobiology
Department, Nuclear Research Center of Algiers, 29§eria (E-mail:
sgais2001@yahoo.fr).

Biology and Environment Laboratory, S.N.V. Facultyniversity of
Mentouri-Constantine, Algeria. (E-mail: mazicha@hai.fr).

. MATERIALS AND METHODS

A. Microorganisms and conservation

The mould is isolated from Boumerdes forest (Alggrit is
maintained on potato-dextrose-agar (PDA) plates @t

B. Inoculum preparation

The cultures of 7 days old are wetted by addingnl®f
sterile water containing solution of tween 80. Eiperes were
scratched by sterile wire loop to break clumps aitain
homogeneous spore suspension. One ml of sporersispas
used for inoculation.

C. Fermentation procedure

cIp proteases are a well known group of proteolytic Erlenmeyer flasks of 250 ml containing 5 g of whiein
enzymes; it plays an important role in the foodnoistened with 10 ml of salt solution [24], thesks are

autoclaved at 121°C and after cooling; each flaskaculated
with 1 ml of spore suspension (3x ®16pore/ ml) then
incubated for 5 days. The enzyme of each flaskxigaeted
with 50 ml of distilled water, which are taken atator shaker
for 1h at 200 rpm and then filtered through Whatnfiker

paper. The extract is centrifuged at 5000 rpm forniin at
4°C, the clear supernatant constitute the crudaetxt

D. Enzyme assay

Milk-clotting activity is determined according to the method
of Arima [4]. The amount of enzyme that clotted Lah10%
skim milk containing 10 mM Cag,|lpH 6.0, in 40 min at 35°C
is defined as one milk-clotting unit.

E. Protein Assay

The protein concentrations of the samples are dynthe
method of Bradford [7]. Bovine serum albumin is diges the
standard.

Optimization of process parameters for the producof
protease

Various process variables are studied to monitairth
effects on acid protease production in SSF. These a
incubation temperature (20, 25, 30, 35, 40, 45%9H; of
medium (4, 4.5, 5, 5.5, 6, 6.5, 7); incubation p&r{24, 48,
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72, 96,120,144, 168, 192, 116, 240 h); initial water cohi® Rhizopus stolonifers studied. The data on Fig. 2 shows that

the substrate (1, 2, 3, 4, 5, 6, 10 ml), inoculime ¢1, 2, 3, 4, the organism is an acidophilus and produced maximum

5 ml) of 3x10 spore suspension, carbon sources (galactosenount of protease (6.033 US/ml) at pH 6.0.

glucose, fructose, mannose, sucrose, starch, &ctts 1% Changes in external pH optima alter the ionizatmn

concentration. To investigate the effect of nitnog®urces on nutrient molecules and reduce their availability tbe

the MCE production, experiments are carried outhwitorganism.

different organic nitrogen sources namely: peptoyeast Our results are similar to Tunga [38] and Cavalicgsit

extract, malt extract, casein at 1% concentratiwh different who report thaRhizopus oryzaandMucor pusillusprotease

inorganic nitrogen sources, namely ammonium sulfatect optimally at pH 6.00. However, Ul-Haq [35Fport an

(NH3SQOy), ammonium nitrate (NFNOs), ammonium chloride optimum activity at pH 5.0 foRhizopus oligosporus

(NH4CI), calcium chloride (CaG) and dihydrogene phosphate

potassium (KHPO;) at 1% concentration. Effect of water content and inoculums size for gase
production

IV. RESULTSAND DISCUSSION

Effect of incubation temperature on protease sysishie SSF
6
The enzyme production bighizopus stolonifeat 25-43C =
temperature range revealed that there is an ineiagwotease % 5
production when the incubation temperature is iasee from i .
25°C (11.3US/ml) to 38C (10.5 US/mL), the optimum =
incubation temperature for the production of preees found < 3
as 28C (13.05 US/ml).The enzyme production is sudden %
decrease when the incubation temperature is inedeism o 21
30°C to 45C (Fig. 1). s 4]
3,5 4'O 4'5 5'() 5:5 GIO 6'5 7'0 715
14 4 pH
= 12
% Fig. 2 Effect of medium pH on milk-clotting activity
S of Rhizopus stolonifg{28°C).
2 e
3 6 Moisture content and inoculums size are the ketofadhat
g strongly influence microbial growth and activity i8SF.
s Filamentous fungi, cultivated on agro-industrialsideles
g 29 during SSF, grow best when the substrate moistoméeat is
0 ; ; ; ; ; . . generally between 50 and 75% [30].The fermentatias
1’ 20 25 30 %40 45 50 carried out under various initial relative moistucentent
Température (C) (22.5-70%).

The results represented in figure 3, show thatotemum

Fig. 1. Effect of incubation temperature on milk-clogfiactivity of activity production (62.41 US/ml) is obtained whitre water
Rhizopus stolonifer content is 50. 6 %.

This result is reported by Ul-Haq [34, 35], so fahg
proteases are usually thermolabile and show redactdties
at high temperatures which have some adverse effect
metabolic activities of microorganism and causehition of
the growth of the fungus [38]. However, Sathya [&%)orted
that the optimal temperature for the production Mdicor
circinelloidesproteasés 30°C.

The enzyme is denatured by losing its catalytipproes due
to breaking of weak hydrogen bonds within enzymmacstire
[37]. 0
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Effect of initial pH on protease synthesis in SSF

Productivity of the enzyme by mould culture is venuch
dependant on pH of the fermentation medium [6].réfwe, Fig 3.Effect of water content on milk-clotting activity
the effect of initial pH (4-8) on the production pfotease by of Rhizopus stolonifef28°C, pH 6).
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Rhizopus stoloniferprotease are galactose,

This result is in agreement with those of authawbo tréh
described the requirement of 55 and 63% initial stuwe
content for maximum protease production Benicillium

LPB-9 [19] andA. flavus[3, 13]. Higher moisture levels are A

lactose and

alose. However, forBacillus subtilis and Mucor

circinelloides proteases, lactose and sucrose are the best
carbon sources [16, 29].

ddition of nitrogen sources to the medium showed

not suitable for enzyme productidmecause it caused themaximum production with peptone (125 US/ml) follavby

decrease of enzyme activity, due to scum formatonl
decreased aeration [34, 35]. and
Importance of inoculums size on microbial fermeotat and

casein (109.31 US/ml) as organic nitrogen sourdg §F Malt

beef extract have no effect on protease primfu?6.49
61.63 US/ml) respectively compared to contitd.42

processes is widely studied. An inoculums size oill US/ml). However, the addition of inorganic nitrogsources
containing 3x19 spores is found to be optimal for proteasguch as ammonium chioride and potassium nitrate8{41

production byRhizopus stolonifewith 102.12 US/m(Fig 4).

prot
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Fig. 4.Effect of inoculums size on milk-clotting activity
ofRhizopus stolonifef28°C, pH 6, 50.6%).

A decrease in enzyme production is noted when the
inoculums size increased, which is due to the sigertof
nutrients available for the larger biomass andefagtowth of
the culture [34].

The results are similar to that found by Ul-Haqg][3Bhich
reports that the milk clotting activity d®hizopus oligosporus
is optimal when the inoculums volume is between 5l
containing 18 spores/ml.

However, the studies of El-Safey [16] and Sathya Ehow
that Bacillus subtilis and Mucor circinelloides protease
production are optimal for inoculums size of 7x&pores/ml
and 3x 18 spores/ml respectively.

- Effect of supplementation of carbon and nitrogearces
The impact of supplementation of external carbord an
nitrogen sources on protease production are stualedthe
results are shown in Fig 5 and Fig 6.

All the carbon sources are found to enhatiee protease
production, butRhizopus stolonifehad a preferential choice
toward galactose, lactose and glucose wich produdgd
titers of enzyme (58.53 US/ml., 52.74 US/ml and948.
US/ml) respectively.

Addition of starch resulted in decrease on proteasizity
(362.59 UP/ml) against control (418.44 UP/ml).

The result is similar to that report by Odeniyi [2&hich
found that the best carbon sources for the produoctf

Milk clotting activity (US/nl)

US/ml and 26.26 US/ml) respectively cause a deerdas

ease production compared to control (77. 424)S/

Our results are similar to those reported by Dua#];
Sathya [29] and Phadatere [27] that showed thatiraand
pepton are inducers of the protease productioBaxillus
subtilis, Mucor circinelloidesand Conidiobolus coronatus
respectively.

Effect of incubation time of fermentation

L
th
th
(7]

52,74

4897 4809
- 43,08 42,10

Carbon source (1%)

Fig. 5. Effect of carbon sources on milk-clottingjiaty of
Rhizopus stolonifg(28°C, pH 6, 50.6%, 3 x £&pores/ml).
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Fig. 6. Effect of nitrogen sources on milk-clottiagtivity
of Rhizopus stolonifer (28°C, pH 6, 50.6%, 3 x HEp@res/ml,
10% galactose).

Time course for the production of protease Riyizopus

) o . 4
stolonifer was studied in solid state flasks. The enzym%]

production was gradually increased with the passdgéne
and highest enzyme activity (124.67 US/ml) was ioleth
after 96 h of incubation, it's obviously prolongattubation
time decreases after this time, the enzyme actinggches
53.69 US/ml (see figure 7).
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Fig. 7.Effect of incubation time on milk-clotting activigf Rhizopus
stolonifer(28°C, pH 6, 50.6%, 3 x $@pores/mI10% galactose, 1%
peptone).

Our results are consistent with work reported bynkadez-
Lahore [18] and Barnett & Escobar [17], fducor sp
protease that optimal activity is achieved aftedays of
incubation.

However, optimal production ofNocardiopsis spand

Mucor circinelloidesis observed after 56 hours and 5 dayg8l

respectively [8, 29].

The incubation period is directly related with f@duction
of enzymes and other metabolites up to a certaienexafter
that the enzyme production and growth of the nugganism
decreases, which can be attributed to the reducaithhility
of nutrients and the production of toxic metabdi&g

IV. CONCLUSION
Rhizopus stolonifeproved potent producer of protease by
solid state fermentation. The enzyme production was
considerably enhanced under the set of conditignisnzed
in this study and remarkable milk-clotting activis/obtained
at 124.67 US/ml.
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