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F USARIUAN subglutinans has a low potency towards production of
mtracellular rennet substitute in liquid cultures. In this work. solid
state fermeatation (SS9 1echnique was found 1o be suitabic {or
enhancing mitk-clotting activity (MCA) of such preparation.  The
fungus had got the power o produce 19.36 FU/g maize bran when
tortified with 1% NFH(SO,0-, atter 7 days under SSF at 300 The
produced renmpet  preparation. however. was  found 1w conmain
anfavourebie coniwminalion of proteoivice (PAY and celivlolviic 1 CA)
activities. Inactivation of these enzvme impuritics by heai-reatment at
TOPC for 10 min nopresence of 0.3% (wiv) NaClimproved to a great
axient charactensues of s tracelindar rennet where nrost P and
A were eliminzed at the time that most MCA was preseryed.
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Production of microbial rennet attracted the interest of many investigators ablover
the world since the sixties of the last century. This trend of research has been
raised due to the progressive decrease of the rennet normaily employed in the
production of cheese that derived from the abomasums of unweaned calves. Most
research works on production of fungal rennet were achieved using the liguid
state fermentation either surface or submerged especially those concerned with
the extracellular rennets. Two species of the genus Mucor were reported to be the
most potent sources of this rennet substitute. They are M. michei (Bailey and
Siika-aho, 1988: Blatnik ef ol., 1994; Seker ef al., 1998: Beynal ef af.. 1959:
Mariani er o/, 2003: De Silveria ef of/., 2005 and De Lima e/ /., 2008) and A7
pusilfus (Heeazi, 1985 and Jwo e al.. 1992). Endothia parasitica (Evdelevi and
Kiss. 1981 and Barkholt, 1987) 15 also recorded as promising producers. QOthe
fungal genera and species were recorded as good producers in this regard,

Nevertiless, funer and the other microcrganisms are ravelv reviewed as
producers for the intracelluiar vennet substitutes including those o1 Menezes and
Menezes (19711 Abdei-Rabhman e af. (1992) and Ghareib or /0 20010 are
recorded.
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In this work, a trial was performed to enhance the potentiality of F
subglutinans as a producer for the intraceliular rennet preparation through SSF
technique. Quality of the produced enzyme preparation was also tried to be
improved.

Matereial and Methods

Organism

F. subglutinans (Wollenweber & Reinking) Nelson et al. used in this work
was previously isolated from the Egyptian soil and identified by Centraalbureau
Voor Schimmelculiures, Netherlands. The organism was grown on Czapek’s
solid medium at 30°C, maintained at 4°C and monthly subcuitured.

Solid state fermentation (SSF) of different brans

Three types of bran i.e. wheat, maize and rice bran were obtained from cereals
store in Zagazig, Egypt. Known weight of each bran (5 gm) was added to a 500
ml Erlenmeyer flask and moistened with a little amount of water (10ml) to
achieve the SSF conditions .The bran was vsed simultaneously as nitrogen and
carbon source. Different nitrogen sources were also added (in weights equivalent
to 0.1 gm (NH4),SO, / flask) in a subsequent step to test its effect on production
of rennet.

The flasks were sterilized at pressure of 13 Lib/inch’z,_left to cool, inoculated
with spore suspension of 7-day-old culture of the investigated fungus and finally
incubated at 30°C. At the end of the incubation period, mixtures of the fungal
growth and remainder of the bran were thoroughty washed with 0.2 M phosphate
buffer (pH 6) until the washings were free of any of the investigated enzyme
activitiy. The washed mixtures were then utilized for extraction of the cell-free
extract using 100 mtl of the previous buffer as described by Ghareib et al. (1988).

Enzyme assays

The intracellutar MCA was determined by measuring the time required to clot
a reconstituted milk substrate (12% skim milk in 0.01 M CaCl,) as suggested by
Kawai and Mukai (1970) and expressed as international units (IU). One 1U is
defined as the amount of enzyme which clots 10 m! of milk in T min under the
assay conditions.

Proteolytic activity (PA) was measured by the method of Nomato and Narashi
(1959). One unit of protease enzyme was defined as that quantity of enzyme
which liberates a product not precipitated by TCA and gave the colour of Folin
reagent equivalent to 1ug of tyrosine min™' at 40°C.

Cellulolytic activity {CA) was assaved as exo-f-(1-»4)-glucanase (C,) by
measuring the release of reducing sugar by dinitrosalicylic acid reagent (Miller,
1959). One unit of cellulase activity was defined as the release of one  mole of
¢lucose equivalent min™' at 40°C.
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Statistical analysis

Results are expressed as the mean values of three different readings along
with standard deviation. T-test and least significant difference (LSD, P > 0.05 =
non significant, NS; P: 0.05 to > 0.01 = significant, S and P <0.0! = high
significant. HS) were used in comparison to the control (e) according to the
method of Glantz (1992).

Results and Discussion

F. subglutinans was found previously (Ghareib et o/, 2001) to produce
intracellular MCA at a rate of 0.195 lU/mg dry biomass in submerged liquid
cultures. Low yield of the intracellular activity of this organism and all other
organisms may be the reason for the little global interest of this tvpe of rennet
substitutes.

SSF holds tremendous potential for the production of enzymes. It can be of
special interest in those processes where the crude fermented product mayv be
used directly as the enzyme source. This system offers numerous advantages over
submerged fermentation system, including high volumetric productivity.
relatively higher concentration of the products and less effluent generation and
requirement for simpie fermentation equipments (Sharma ef a/., 1991).

SSF was observed suitable for production of extraceliular rennet (Jiao e af..
1992; Thakur et al., 1993; icetha and Poopathy, 1994; Tubesha and Al-Delaimy.
2003 and Da Silveria, 2005), so this technique was tried throughout this work
aiming at production of the intracellular MCA of /. subglutinans at suitable rates.
The results indicate that the fungus had got the power to grow on both wheat and
maize bran but not on rice bran. Yields of the intracellular enzyme preparation
(Tables 1 a & b) reached 12.3 and 9.81 [U/gm maize and wheat bran after 7 days
of SSF, respectively.

TABLE 1a. Solid-state fermentation of intracettular MC cnzyme of F. subglutinans
grown on wheat bran medium.

MCA: Milk Clotting Activity
PA  : Proteolytic Activily
R-factor is the ratio of MCA / PA
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_:;;:‘0 bd“:ii‘:‘ys) MCA (IU/g bran) | PA (IU/g bran) R-factor
> [ 41+000-01 487 +031H 029+ 0.02 —11
3 2.00+0.02—H 6534061 -S 031003 -H
4 2.98 +0.05—H 753+ 0.50 NS 0.40 = 0.03 11
5 439 % 0.06 - H 873+ 0.81 NS 0.50 £ 0.05 —11
6 6.82 4 0.16 ~H 933 £0.11 -H 0732 009-5
7a 9.81 + 0.28 887+ 0.81 010
8 8.09 + 034 —H 7401 0.72 NS P95 011 NS
9 5795015 -1 6.20 1 0.60 11 093- 009 NS |
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TABLE 1b. Solid-state fcrmentation of intracellutar MC enzyme of F. subglutinans
grown on maize bran medium.

lnc?batlon MCA (IU/g bran) PA (IU/g bran) R-factor
period {days)

2 191 +0.14 - H 320+ 0,40 -H 0.60+0.08 -H
3 283 +0.08-H 413 +0.12 -H 0.69+0.02 -H
4 361 +007-H 6.33+ 031 -H 0.37+0.03 -H
5 480 +0.14~-H 7.67 +0.30 -1t 0.63 +0.04 -H
6 8.35+026-H 353 +0.61 NS 0.88 + 0.06 -S
Te 1230+ 0.57 10.60 +0.72 1.16 + 0.08

8 999 + 0.46 -H 10,13 + 0.42 NS 0.99 + .04 -S
9 721 +0.24 8.67+0.70 -5 0.83 +0.07 -H

In order to improve the enzyme production, different nitrogen sources were
added to the more suifable bran-containing medium {maize medium), , in a trial to
optimize the conditions required for production of relatively high milk clotting
enzyme (MCEF) yield. The resuits (Table 2) demonstrate that addition of
{NH):SOY ro the maize bran medium enhanced production of the intracellular
MCA of /. subigiutinans 1o reach 16.72 [i/g bran with R-factor of 2.28 1U/PU/g
bran {(R-tacter MCA/PA must be taken into consideration as an important index
in produection of MCE, Gharetb ef af., 2001). Different concentrations of
(NH,),SO; were separately added to the maize bran-containing media (Table 3).
The results show that the highest production was obtained when the nitrogen
source was added at a level of 0.1 gm /flask.

TABLE 2. Effect of different nitrogen sources on the production of intracellular
MCE by F. subgiutinians grown on maize bran medium.

Added nitrogen MCA 0
sources (1Ujg bran) PA (IU/g bran) R-factor

T Controle 12.22 + 0.001 10.42 + 0.009 1170013
(NH,).SC, 1672+ 0.004+H | 73240003-H | 228+0043+H
NH, (i 1307 £ 0.004 + H 123040003 + H 1 .06+ 0029 ~-H
NHNG, 1118 +0.063 - H 1053020004+ 106+0026-H
NaNO, 8700001 -H | 520+0008-H | 167+0015+H
{lrea £20+0002-H 1 310+0007-H 122+ G030 NS
Asparagin l 3820002 -H 632 +0.006 - H . 0.89+0.024 -H

| Peprone 19500004 -H | 73030002-H - 130+0055+S
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TABLE 3. Effect of different concentrations of (NH),SO, on the production of
intracellular MCE of F. subgiutinans grown on maize bran medium.

(NH4)ZSOQ MCA

concentrations (1U/g bran) PA (IU/g bran) R-factor

(g/flask)
0.050 11.30 + 0.001 - H 540+ 0.008-H 209+0011-H
0.075 1420+0.001 -H - | 6.12+0.002-H 232+ 0.004 NS
0.100e 16.24 + 0.004 7.00 + 0.007 2.32 +0.037
0.125 12.90 + 0.006 - H 6.82+0.004 - H 1.89+0.050-H
0.150 9.50 +0.003 - H 592+0.009-H 1.60 + 0.009 — H

The next step was planned to study the influence of changing Solid: Liquid
ratio at the time that the bran weight was fixed. Table 4 reveals that the
intracellular MCA attained its maximum amounting to 19.36 1U/g maize bran
with R-factor of 2.82 when the ratio of solid: liquid was 1:1.5 (w/v). Weight of
bran and volumes of water were then changed at the time that their ratios were
fixed at the previous optimum level. Table 5 shows that highest accumulation of
the intracellular MCA of F. subglutinans was obtained when 5 g maize bran
fortified with 0.1 gm (NH,),S0O, and moistened with 7.5 ml of water was used for
SSF. These results throw the light on the suitability of SSF for production of the
present intracellular MCA and these results support those of Tubesha and Al-
Delaimy (2003) who recommended the SSF as a very convenient technique for
the production of MCE on large scale in industries.

TABLE 4. Solid-state fermentation of intracellular enzyme by F. subglutinans as a
function of changing solid/liquid ratio on maize bran medium.

Solid : liquid MCA

(wiv) (1U/g bran) PA (IU/g bran) R-factor
I:1 1399+ 0.050-S 5.00+053-S8 2.79+0.09 NS
1:1.5e 19.36 + 0.42 6.87+0.50 2.82+0.08

1:2 16.18 + 0.61 - H 7.00 + 0.50 NS 2.31+0.050-H
1:2.5 12.29 + 0.31 NS 6.53 + 0.42 NS 1.88+0.03-H
1:3 10.25+0.20—-H 547+042-S 1.87 +0.03 — H

TABLE 5. Solid-state fermentation of intracellular enzyme by F. subglutinans as a
function of changing weights and volumes at ratio 1: 1.5 on maize bran

medium.

Weight : volume MCA

| (g bran /ml) (IU/g bran) PA (1U/g bran) R-factor
1:1.5 9.20+0.00-H 4.00+2.65NS | 230+001-H
2:3 12.76 + 0.16 - S 550+ 1.50 NS 232+002-H
3:45 14.76 + 0.79 NS 6.11 + 0.38 NS 242 +0.03 -H
4:6 1671 + 1.04 - H 6.51 + 0.63 NS 257+003-H
5:7.5 19.36 + 0.47 6.85 + 0.81 2.83 +0.08
6:9 16.55+048-S 6.22 + 0.59 NS 2.66 + 0.22 NS
7:105 11.21 +036—H 452+ 044 -H 2.48 + 0.14 NS
8§:12 862+0.15-H 354+007-H 243 +0.47 NS
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It is worthy to note that the produced intracellular rennet preparation was
found to contain impurities of both PA and CA, which are unfavourable for the
process of cheese-making. It is advised to remove these impurities without
involving costly chemical treatments (Thakur ef a/., 1993). It was suggested to
perform heat-treatment at the highest possible temperatures for the longest period
of time, unless the MCA 1s disadvantageously reduced. The rennet was subjected
to heat-treatment at temperatures of 50-80: /C. The data (Table 6) reveal that the
intracellular MCA of F. subglutinans was more resistant to heat-treatment than
both PA and CA. Furthermore, the CA was more sensitive than the PA. Heat-

treatment for 10 min at 70[JC was found to be the most suitable one for
elimination of the highest content of CA (58% of the original activity has been
eliminated) with 88.1% of MCA was retained.

TABLE 6. Improving quality of the produced rennet by heat treatment.

Temperature Time Remaining intracellular activity (%)
(°C) {min) MCA PA CA
1 100.00 100.00 160.00
3 100.00 99.00 99.30
50 5 100.00 97.00 95.20
7 99.93 9434 90.10
10 98.70 50.10 82.64
1 100.00 99.60 100.00
3 100.00 94.95 99.30
60 5 100.00 90.00 95.20
7 99.00 87.10 90.10
10 97.25 83.20 82.64
| 100.00 89.00 97.10
3 99.00 90.00 88.25
70 5 96.18 82.10 81.16
7 93.00 77.00 67.00
10 88.10 70.16 42.00
1 98.00 96.46 94.00
3 87.90 81.00 72.55
80 5 79.40 69.10 50.060
7 58.28 43.00 31.18
10 49.80 26.90 17.00

Although these encouraging results, it was decided to search for additional
treatment leading to activation of MCA {or at least preservation of its activity)
and inhibition of the remaining PA and CA to obtain enzyme preparation more
suitable to be used in cheese-making. Heat-treatment at 70 C was performed in
presence of different concentrations of NaCl for different periods. The results
(Table 7) revealed that 88.9% of F. subglutinans intracellular MCA was retained
after 10 min of heating at 70 °C in presence of 0.5% (w/v) NaCl. Worthy of
menticning is that CA was greatly inhibited where it is only retained about 22.1%

Egypt. J. Bot.. 48 (2008)
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of its initial activity. Similar results were abtained by Kokusho of &/ (1976}
using heat-treatment in presence of 5% NaCl.

TABLE 7. Improving quality of the produced rennet by combined treatment with
temperature and NaClL '

NaCl . Remaining intracellular activity (%)
conc. T"F]e
(%) {min.) N
MCA PA CA

] 100.00 99.55 99 00 —!
0.1 5 98.02 73 11 69.18

10 94.15 49.93 36.13

1 100 00 96.14 94.01 B
0.5 5 97.01 67 11 63.00

10 88.90 40.02 22.16

I 8727 8356 8472
1 3 79.61 56.32 5092

10 6499 32.60 17.35

[ 82.16 65.46 61.76
2 5 59.29 41.29 35.18

10 48.18 28.92 10.82
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