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ABSTRACT
The influence of the addition of Amaranthus cruenthus seed meal to the medium, as nutrient and growth
factor, on protease production by Bacillus subtilis 3411 was studied. Tests were carried out in a rotary
shaker and in mechanically stirred fermenters. The influence of aeration was also evaluated. The addition
of amaranth in a concentration of 20 g/L resulted in 400% increase in protease production. Aeration up to
750 r.p.m. and 1 L/L.min had a favorable effect.
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INTRODUCTION
The bacterial proteases have found wide scale industrial
application. Industries in which proteases are used include the
pharmaceutical industry, the leather industry, the manufacture of
protein hydrolizates, the food industry and the waste processing
industry. The aim of this work was to improve the production of
alcaline protease by Bacillus subtilis 3411. Using a recommended
medium (1, 8, 9), the effect of amaranth seed meal at different
aeration rates on the enzymatic protease levels achieved in rotary
shakers and stirred fermenter was studied. Amaranth seed meal is
a pseudocereal which contains a good aminoacid distribution and
a high level content of several vitamins, (2, 3, 4, 7, 11). Addition
of amaranth seed meal as growth factor in the culture medium can
be an important procedure for optimization of the process.
Finally, using a balanced amaranth seed meal medium, the effect
of aeration conditions on the protease formation was evaluated.
MATERIALS AND METHODS
Microorganism
A strain of Bacillus subtilis NRRL 3411 kept in the medium
Nº 1 (Table 1) as spores in peat was used. The peat, 200 mesh,
was adjusted to a 12% humidity content. Five gram portions

were put into tubes and sterilized at 121ºC for 3 hours. Once the
sterilization process was over, the mixture was impregnated with
3 mL spore suspension obtained in medium Nº 1 (Table 1). Tubes
were hermetically sealed by either a threaded cap or a plastic
film cover upon cotton caps. Tubes were stored at 5ºC.
Media
Culture media are shown in Table 1. The medium used in
process, Nº 3, was modified with the addition of Amaranthus
cruenthus seed meal, 200 mesh. This material was used in
different concentrations (g/L): 10; 20; 40; 60, 80.
Inocula
Each flask was inoculated with a peat-kept spore suspension
in 5 mL sterilized distilled water, previously exposed to 10 minute,
100ºC thermal shock. (5, 13, 15).
Operating conditions
Inocula were developed in 250 mL Erlenmeyer flasks
containing 50 mL of culture medium. Processes were carried out
in 500 mL Erlenmeyer flasks containing 100 mL of culture
medium incubated for 72 hours in a rotary shaker (250 r.p.m.
and eccentricity 2.5 cm). In all these experiments culture media
and containers were sterilized at 121ºC for 20 minutes. Assays
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in fermenter were carried out at different stirring conditions, namely:
350; 750 and 1000 r.p.m., the aeration rate was 1 L/L. Min.
Fermentation studies were performed in a 5 liter New Brunswick
stirred fermenter using 3 L of culture medium. A connection to
monitors allowed the following measurements and control
measures to be obtained, namely: pH, temperature and stirring,
dissolved oxygen partial pressure, and foam control by means of
an automatic addition process of an antifoam silicone agent
through a peristaltic pump.
Amaranthus cruenthus seed meal was used, previously milled
to 200 mesh.
Cell growth
Microbial growth was determined by optical density units
(650 nm) and by dry weight. A 10 mL sample was taken and
centrifuged at 5000 g for 20 minutes. Precipitate was washed
with distilled water twice. Precipitate was then resuspended in
water and dried at 100ºC until constant weight.

Oxygen absorption rate
The oxygen absorption rate (OAR) was measured by the
sulphite method (10).
Dissolved Oxygen
The dissolved oxygen was measured with a sterilizable
silver-lead galvanic probe.
RESULTS
For tests carried out in rotary shaker, cell oxygen demand
was in the order of 240 mL O2/L.h for dry weight concentrations
of 8.4 g/L and oxygen dissolution values were in the order of
500 mL O2/L.h

Table 1. Composition of culture media.

Determination of alcaline protease activity
To determine the alcaline protease activity of culture media,
ANSON modified method was used (8). ANSON modified
enzyme unit, uAPAM, is defined as that quantity of enzyme which
produces soluble fragments in tricloroacetic acid 0.2 M equivalent
to 0.5 µg tyrosine at 37ºC in 10 minutes.
Consumption of lactose
To determine lactose concentration in the culture medium,
Miller’s spectrophotometric method, which measures reducing
sugar, was used (10).
Determining cell oxygen demand and Q02 respiratory
coefficient
The oxygen demand was measured in a Warburg respirometer
at 28ºC (14).

Table 2. Influence of different concentrations of amaranth seed meal on proteases production, as determined in experiments
performed in erlenmeyers on a rotary shaker at 250 r.p.m. and eccentricity 2.5 cm, for 72 hours.
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The considerable increase (400%) in production of
proteases in rolary shakers, should be assigned to the important
contribution of amino acids and vitamins from amaranth seed
meal (3).
The protease synthesized by Bacillus subtilis NRRL 3411
has a molecular weight of 27400 d and 275 amino acid residues,
with a large proportion of aspartic acid, serine, glicine, alanine
and valine (8). With reference to the amaranth composition,
the components of the material used in our studies in g/100 g
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Table 3. Effect of aeration condition on the protease production
in stirred fermentor.

DISCUSSION

Dry weight (g/l), Lactose (g/l)

Table 2 shows results obtained in tests carried out in stirred
erlenmeyers. In these experiments the influence of adding
different concentrations of amaranth seed meal: 10; 20; 40;
60 and 80 g/L to a medium Nº 3, as shown in Table 1, which
is used in turn as control, was considered.
It was observed that highest values of protease were
obtained when a concentration of 20 g/L was added to the
medium. Higher concentrations of amaranth seed meal showed
lower enzyme activity, specific production and productivity,
whereas biomass concentration, yields and specific growth rate
were similar.
On the basis of results obtained in rotary shaker stirred
erlenmeyers flasks, using the process medium with the
addition of 20 g/L amaranth seed meal, new experiments
were carried out in a stirred fermenter. The influence of
aeration over process productivity was studied, using different
stirring conditions and an air rate of 1 L/L min (Table 3).
Oxygen dissolution rates used were similar and higher than
those determined by rotary shaker, 529 mL O2/L.h. Those
values were for 350 r.p.m. = 562.43 mL O2/L.h; for 750 r.p.m.
= 2691 mL O2/L.h and for 1000 r.p.m. = 5011 mL O2/L.h.
Fig. 1 show results obtained in these series of experiments.
Table 3 also shows that the highest value of enzyme
production was obtained at 750 r.p.m. with a protease level
in the order of 11600 uAPAM/mL of culture, a specific growth
rate of 0.029 1/h, a yield of 0.43 grams of biomass for lactose
gram consumed, a biomass of 7.8 g/L of culture, specific
production of 1487179.5 uAPAM for biomass gram,
productivity of 161111.1 uAPAM for litre of fermented culture
for hour. In all processes the evolution of pH values was
almost near pH 7.
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Figure 1. Production of proteases by Bacillus subtilis 3411,
growing on seed meal amaranth (20 g/L medium), in
mechanically stirred fermentor (750 r.p.m. and 1 L/L.min).
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of protein were: aspartic acid, 2.8; serine, 2.3; glycine, 2.7;
alanine, 1.3 and valine, 1.5. Thus, in the presence of amaranth
seed meal, there will not be a limitation for these amino acids
as might occur in media obtained from traditional sources.
Besides, the content of vitamins (mg/100 dry weight) was
thiamine, 0.07; riboflavin, 0.19; folic acid, 43.80 and ascorbic
acid, 4.90 (4).
Adding amaranth seed meal in concentrations higher than
20 g/L did not produce an increase in enzyme production.
This could be due either to the increase in the viscosity of the
fermenting medium, limiting transference phenomena both
of oxygen and metabolites, or to the fact that under such
conditions, an inhibitory effect might occur due to an increase
in amino acid concentration provided by amaranth.
If the results obtained in fermenters for similar oxygen
dissolution rates are compared to those obtained in rotary
shakers, 350 r.p.m., they will correspond, as expected, to equal
rates of specific production. The highest enzyme values,
obtained at 750 r.p.m., may be assigned to a greater oxygen
availability in the culture medium where oxygen pressure
was never below 30% of the saturation value as can be seen
in Fig. 1.
However, higher agitation rates, 1000 r.p.m., increased the
system’s oxygen pressure but did not bring about production
increase due, probably, at a high agitation rate, enzyme structure
would be altered (12).

foram realizadas em Erlenmeyers com agitador em fermentador
de laboratório. Além disso, considerou-se a influência da
aeração sobre a produção enzimática. A adição de amaranto
em uma concentração de 20 g/L produziu um aumento de 400%
no nível de proteases. A aeração das culturas teve um efeito
favorável até valores de 750 r.p.m. empregando um fluxo de
ar de 1 L/L. min.
Palavras-chave: Proteases, Bacillus subtilis, amaranto, fermentação
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