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Summary

This study evaluated the use of three solid brewery wastes: brewer’s spent grain, hot
trub and residual brewer’s yeast, as alternative media for the cultivation of lactic acid bac-
teria to evaluate their potential for proteolytic enzyme production. Initially, a mixture ex-
perimental design was used to evaluate the effect of each residue, as well as different mix-
tures (with the protein content set at 4 %) in the enzyme production. At predetermined
intervals, the solid and liquid fractions were separated and the extracellular proteolytic
activity was determined. After selecting the best experimental conditions, a second experi-
ment, factorial experimental design, was developed in order to evaluate the protein con-
tent in the media (1 to 7 %) and the addition of fermentable sugar (glucose, 1 to 7 %).
Among the wastes, residual yeast showed the highest potential for the production of extra-
cellular enzymes, generating a proteolytic extract with 2.6 U/mL in 3 h. However, due to
the low content of the fermentable sugars in the medium, the addition of glucose also had
a positive effect, increasing the proteolytic activity to 4.9 U/mL. The best experimental con-
ditions of each experimental design were reproduced for comparison, and the enzyme
content was separated by ethanol precipitation. The best medium produced a precipitated
protein with proteolytic activity of 145.5 U/g.
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Introduction

Beer is the most consumed alcoholic beverage in the
world. During the beer production, four solid wastes are
generated: the brewer’s spent grain (derived from the
grain processing), hot trub (protein coagulation that oc-
curs during the boiling of the wort), residual brewer’s
yeast (microbial fermentative activity) and the diatoma-
ceous earth (result of the beer clarification process) (1).

The world beer market is characterised by the pro-
duction on large scale, resulting in the generation of sig-
nificant amounts of these wastes. It is estimated that for
every 100 litres of beer produced, 14 to 20 kg of brewer’s
spent grain (2), 0.2-0.4 kg of hot trub (3), and 1.5-3 kg of
residual brewer’s yeast are generated (1). Considering
only the three largest producers (China, USA and Brazil),
the world production of beer reaches almost 84 billion li-
tres per year, which results in the generation of approx.
143 million kg of spent grain, 2.5 million kg of hot trub,
and 19 million kg of residual yeast.

Such wastes, called brewery solid or wet wastes, have
high water content, between 80 and 90 %. They also have
a high content of organic matter and are rich in carbohy-
drates, proteins, amino acids, minerals, vitamins and phe-
nolic compounds. Therefore, their final disposal in the
environment is difficult, suggesting their use for applica-
tions in industrial bioprocesses (4-6). In previous studies,
Mathias et al. (1,7) have studied the characteristics and
composition of these wastes and their potential applica-
tions in biotechnology.

Lactic acid bacteria are microorganisms widely used
in the food industry to obtain lactic acid, cheese and milk-
-based or whey-based fermented drinks (8). These micro-
organisms have high nutrient demand, requiring media
rich in nitrogen and vitamins for their full activity and de-
velopment. Furthermore, their metabolisms are sensitive
to changes in temperature and pH (9). Thus, lactic acid
bacteria have a complex system of proteases and pepti-
dases to supply their needs for essential amino acids.
These enzymes also allow them to grow rapidly in pro-
teinaceous foods, such as milk (10).

The proteolytic systems of lactic acid bacteria isolated
from different sources have been extensively studied by
many researchers for many years (11-13). These systems
have also been applied in protein hydrolysis and fermen-
tation of cereal grains and leguminous seeds (14-16). Fur-
thermore, the use of bioacidified malt in addition to base
malt is common in countries that follow the Beer Purity
Law, which may not include additives in the process (3),
like in Germany. For example, lactic acid can be added to
adjust the pH of the mash. The malt is acidified naturally
by the action of lactic acid bacteria, especially of genus
Lactobacillus, including L. delbrueckii ssp. delbrueckii, L. del-
brueckii ssp. lactis and L. fermentum (17).

Considering all the above-mentioned factors, this
work aims to evaluate the behaviour of lactic acid bacteria
in complex media formulated with the three brewery
wastes (brewer’s spent grain, hot trub, and residual brew-
er’s yeast) for the potential production of proteolytic en-
zymes.

Materials and Methods

Materials

Three solid residues of brewing process, brewer’s
spent grain, hot trub and residual yeast, were donated by
a commercial brewery, Noi Cervejaria Artesanal, located
in Niterdi, Rio de Janeiro (Brazil). The content of moisture
(18), minerals (19), total carbon, total nitrogen and free
amino nitrogen (20,21) in the residues was determined in
a previous work (8) (Table 1). All reagents used were from
Sigma-Aldrich, Rio de Janeiro, Brazil.

Table 1. Composition of the brewery wastes (8)

pontgran Hottrub RO
w(moisture)/% 82.6:0.1 86.9:0.1 86.00+0.05
w(ash)/% 3.85+0.00 2.00+0.08 5.86+0.05
w(total carbon)/% 52.3+0.9 50.5+0.2 45.6+0.6
w(crude protein)/%* 26.89 48.78 52.74
w(FAN)/(mg/g) 0.36+0.03 0.22+0.02 4.09+0.04

*total nitrogen determined by Kjeldahl method using appropriate
factor; FAN=free amino nitrogen in soluble fraction, in glycine
equivalents

Microorganisms

A lyophilised culture of Lactobacillus delbrueckii ssp.
delbrueckii (INCQS 383/ATCC 9649, Rio de Janeiro, Brazil)
was used. This strain was previously selected due to its
higher proteolytic activity than of six microbial cultures,
namely: Lactobacillus delbrueckii ssp. delbrueckii, L. acido-
philus, L. casei, L. paracasei (pure cultures), L. acidophilus,
Bifidobacterium animalis ssp. lactis and Streptococcus ther-
mophilus, and S. thermophilus and L. bulgaricus (mixed cul-
tures). Selection was made by observing the growth and
halo formation on casein agar (12,22,23).

The lactic acid bacteria were activated in MRS broth
(de Man-Rogosa-Sharpe; Hi-Media, Rio de Janeiro, Bra-
zil), with a final pH=6.5 (PHS 3B; PHTEK, Curitiba, Pa-
rand, Brazil) at 37 °C under microaerophilic conditions.
The microaerophilic conditions were achieved by burning
a candle to consume the excessive oxygen and to release
CO, (24), which are important factors for its activity (25).

After the cell growth, the media were centrifuged un-
der refrigeration (model RB7-R;, Biovera, Rio de Janeiro,
Brazil) at 4 °C and 8000xg for 15 min to precipitate the
cells (15,16). The supernatant was removed, and the cells
were suspended in a cryoprotectant medium containing
20 % (by volume) glycerol (Sigma-Aldrich) and stored at
—20 °C (11,12). Before each inoculation, the stock culture
was activated until the exponential growth phase was
achieved.

Mixture experimental design

The behaviour of lactic acid bacteria in the crude
brewery wastes was evaluated by a mixture experimental
design with three components (x, — brewer’s spent grain,
x, — hot trub, and x, — residual yeast), as described by Cor-
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nell (26). The mixture experimental design comprised a
matrix totalling 7 experiments. All the experiments (Table
2) had fixed protein content (4 % by mass per volume),
similar to the protein content in milk (8). Only the source
of the protein varied (the waste or the mixture) and the
protein composition of each waste (Table 1) was used to
determine the mass to be added to the medium. In this
experimental design, the pH value was adjusted to 6.5
and there was no pH control.

Table 2. Experiment formulations for the mixture and factorial
experimental design

Mixture design* Factorial design

k=

9] Factors

é Molar fraction

5 w/%

3 H Residual

= Spe.nt ot esidua Protein  Glucose
grain trub yeast

El 1 0 0 7+ 7+

E2 0 1 0 10) 7 (+)

E3 0 0 1 7 (+) 1(-)

E4 12 12 0 109 1()

E5 1/2 0 1/2 4 (CP) 4 (CP)

E6 0 1/2 1/2 4 (CP) 4 (CP)

E7 1/3 1/3 1/3

*w(protein fixed)=4 % (mass per volume), CP=centre point

The results were used for testing a cubic reduced mo-
del:

}A7=b1x1+b2Xz+b3X3+b12X1X2+b13X1X3+b23X2X3+b123X1X2X3 /1/

where y is the measured response (proteolytic activity), x;
is the component (brewery waste) and b; is the coefficient
calculated for model building.

Factorial experimental design

The best conditions determined by the mixture de-
sign were used as a starting point for a new experimental
design for modelling and optimisation of proteolytic en-
zyme production. The effects of two quantitative factors,
protein content (1 to 7 %) and glucose addition (1 to 7 %)
were evaluated. These parameters were chosen according
to the literature for cultivation of lactic acid bacteria in
different media (15,16,27) and for protease production by
other microbial species (28-30). In order to determine the
mass of each added waste, the protein composition in-
dicated in Table 1 was considered. For this experimental
design, phosphate buffer medium (using reagents from
Sigma-Aldrich) was used to minimise the effects of the re-
sulting pH reduction.

Factorial design of the experiments (Table 2) was per-
formed with two centre point runs. The results were sub-
mitted to regression analysis by a quadratic model:

}A7=1.30 +b1x1 DX tb 1213 b1 x DX, 12/

where y is the measured response (proteolytic activity), x;
is the variable (protein or glucose content) and b, is the
coefficient calculated for the model building.

Fermentation and protease production

Fermentations with industrial wastes were carried
out at laboratory scale using 500-mL flasks. The formulat-
ed media were autoclaved (5.07-10* Pa, 121 °C, 20 min;
Prismatec, Itu, Sao Paulo, Brazil) and the pH value was
adjusted to 6.5, ideal for the cultivation of lactobacilli. The
prepared media were inoculated aseptically with 10 %
(by volume) lactic culture in its exponential growth phase
(A ,=0.300-0.840).

The same inoculum was used for all experiments of
the same experimental design. The flasks were incubated
and homogenised in rotational shaker (model CT-712R;
Cientec Equipamentos para Laboratdrio, Belo Horizonte,
Minas Gerais, Brazil) with the temperature controlled at
37 °C and 100 rpm. For each formulation, samples were
taken and the solid and liquid fractions were separated
by centrifugation (centrifuge model RB7-R; Biovera) at
2500xg and 4 °C for 15 min. The proteolytic activity was
measured by the azocasein (Sigma-Aldrich) method (31)
at 6, 12 and 18 h. The productivity was also calculated, by
dividing the obtained value for proteolytic activity by the
fermentation time.

Determination of productivity and enzyme recovery

The best fermentation condition for each experimen-
tal design that was set to obtain the proteolytic extract
was repeated to verify the enzymatic activity after 3 h of
fermentation. The first purification step of the crude en-
zyme extract was performed by ethanol precipitation (32).
Ethanol 95 % (Sigma-Aldrich) was added at the ratio 2:1,
stirred for 30 min at 4 °C, then the material was vacuum
filtered through a 3-um membrane and oven dried. A
known mass was suspended in acetate buffer (Sigma-
-Aldrich) and the proteolytic activity was determined.

Statistical analysis

The results were statistically evaluated through re-
sponse surfaces generated from mathematical models
built for proteolytic activity, and the Tukey’s test was used
to compare the mean values when necessary. The soft-
ware used was Microsoft Excel v. 14.0 (Microsoft Corpo-
ration, Redmond, USA).

Results and Discussion

Table 3 summarises the results of the maximum pro-
teolytic activity that was obtained after 6 h of microbial
activity in each medium using both experimental designs.
The mathematical models used for the determination of
the proteolytic activity values shown in the following two
equations were built based on the presented results.

PAMD =0.0X1+0.0X2+2X3+0.0X1X2+
+3.0x1X3+3.6X2X3+2.7 X1X2X3

13/

where PA,;, is the proteolytic activity obtained in mixture
design (expressed in U/mL), x, is brewer’s spent grain, x,
is hot trub, and x, is residual yeast.

PA;;,=0.440+0.568x,+0.333x,+

4
+0.330x:%+0.00%;>+0.130x,” Ml
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Table 3. Proteolytic activity results

Proteolytic activity/(U/mL)

Experiment
Mixture design Factorial design

El 0 1.8

E2 0 0

E3 1.98 0.5

E4 0 0

E5 0.19 0.5

E6 0.08 0.4

E7 0

t(lactic fermentation)=6 h

where PA, is proteolytic activity obtained in mixture de-
sign (expressed in U/mL), x, is protein (%) and x, is glu-
cose (%).

Proteolytic activity obtained using mixture
experimental design

Protease release occurred in the first 6 h of microbial
activity in some of the experiments (Table 3). The major
proteolytic activity values were obtained from the experi-
ments containing 50 % or more of residual brewer’s yeast
(E3, E5 and E6 in mixture design), which indicates that
this residue had the strongest effect on the lactic acid fer-
mentation and on protease production.

The presence of hot trub appears to have an opposite
effect on the proteolytic activity in the medium. It is note-
worthy that the hot trub contains significant amount of
hop resins, which are not solubilised during the wort
boiling. These compounds have bacteriostatic properties,
which may have an inhibitory effect on the activity of
lactobacilli during fermentation of the medium contain-
ing this waste in excess. At this point, no carbon source
besides those already available in the waste composition
was added to the medium. Moreover, the content of crude
protein was chosen as the basis for the formulation of
each medium, which contained 4 % protein. Soluble
crude protein content was chosen assuming that the pro-
teolytic activity of lactic acid bacteria (10) has some effect
on the insoluble fraction, hydrolysing proteins that could
be used as a carbon source. This assumption was con-
firmed when no added sugar led to the production of pro-
teases by the microbial culture. However, this factor re-
sulted in lower production of lactic acid in the medium.
Both the brewer’s spent grain and the hot trub are deplet-
ed insoluble residues generated in the brewing process.
The first one is formed after the exhaustion of the soluble
fractions in the preparation of sweet wort, and is com-
posed mainly of structural insolubles and of high molecu-
lar mass proteins (4). The hot trub is formed due to the
insolubility of coagulated proteins during boiling. None-
theless, the residual brewer’s yeast has significant chances
of suffering lysis at the end of its active phase, releasing
soluble compounds in the medium (7).

The model obtained for the calculation of proteolytic
activity (Eq. 3) allowed the construction of the response
surface shown in Fig. 1. The maximum activity was ob-

Proteolytic
activity
U/mL

m20-21

[l
o]

m152.0
m10-15
m0.5-1.0
m0.0-0.5

[
o

Proteolytic activity/(U/mL)
o
w

02 03 g s ;
X“’Ottrub} ’

6
0.7
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Fig. 1. Surface response for proteolytic activity of crude extract
with different molar fractions of hot trub and brewer’s spent
grain

tained in the medium containing residual brewer’s yeast
as the single source of nitrogen, with a reduction of the
content of any other waste. Additionally, in order to have
some proteolytic activity, the medium should contain hot
trub molar fraction close to zero.

The experiment E3, which contains residual yeast, led
to increased proteolytic activity (1.98 U/mL) after 6 h of
process, generating a productivity of 0.33 U/(mL-h), as
seen in Table 3.

Proteolytic activity using factorial experimental design

The coefficients calculated for the model of factorial
design (Eq. 4) allowed the evaluation of the influence of
each independent factor on the expected answers. The
higher the modulus of each coefficient, the greater its par-
ticipation in the response calculation. The coefficient
signs, positive (+) or negative (-), indicate increase or de-
crease in expected values, respectively. The highest coeffi-
cient and positive signal were calculated for the x, factor
(protein content), indicating a significant share of the
measured response (proteolytic activity). The interaction
between factors x, (protein content) and x, (glucose con-
tent) is considered as significant as the effect of the factor
x,. The major influence of factor x, (protein content) can
be observed, due to the higher calculated coefficient. The
model obtained for the proteolytic activity (Eq. 4) allowed
the construction of response surface shown in Fig. 2.
There is an increased proteolytic activity with the increase
of the two evaluated factors (protein and glucose content)
since the darker colour region (indicative of the maxi-
mum enzyme activity) is located closer to the upper right
side. The region of maximum proteolytic activity is locat-
ed for values above 6 % protein and 6 % glucose.

Productivity and enzyme recovery results

The experiment E1 in factorial design had higher val-
ues, almost double the proteolytic activity after 3 and 6 h
(4.9 and 4.6 U/mL, respectively) than the experiment E3
in mixture design (2.6 and 2.8 U/mL). Consequently, the
enzymatic activity productivities were higher (1.63 and
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Fig. 2. Surface response for proteolytic activity of crude extract
in the factorial experimental design

0.78 U/(mL‘h) in the experiment E1 in factorial design
than in experiment E3 in mixture design (0.85 and 0.46 U/
(mL-h)). According to the Tukey’s test for mean compari-
son, there was no significant difference at the 5 % level of
significance in both experiments between the proteolytic
activity after 3 and 6 h, which resulted in increased pro-
ductivity over 100 % in the shorter time, 3 h. In the experi-
ment E1 in factorial design, the protein mass was separated
by precipitation with ethanol followed by centrifugation
and filtration (32). The precipitate was suspended in 50
mM acetate buffer, pH=5.0, and the determined proteo-
lytic activity was 145.5 U/g of precipitated protein.

The results of proteolytic activity obtained in this
work were very interesting when compared with other
studies in the literature of the production of proteases
from different media and microorganisms (Table 4; 28,33—

the formulation of the fermentation medium. There is a
great potential after pretreating brewer’s spent grain, a
lignocellulosic material, to generate fermentable sugars,
as proposed in the literature (38,39). Another potential
use of beer residues is their use as a support for immobili-
sation of microorganisms to conduct fermentation (40,41).

The obtained proteolytic extract was submitted to a
preliminary separation by ethanolic precipitation. How-
ever, downstream processes must be better evaluated for
improving the efficiency of recovery and purification of
proteases. Several methods of enzyme purification in-
clude separation by precipitation with sulfate or ethanol,
or chromatography and dialysis (28,34,35).

The residual brewer’s yeast, apparently the most
promising alternative nitrogen source among the tested
wastes, is generated as a result of microbial growth dur-
ing fermentation of brewer’s wort (3). This biomass can be
reused for a limited number of times, a common practice
in breweries (42). However, when it can no longer be re-
used, this biomass must be removed from the process.
The amount of generated residual microbial biomass de-
pends on the fermentation parameters, yeast species, and
wort composition (2,4). Due to the high moisture content
and rich nutritional composition, the storage of the waste
requires care, generally involving a drying process and
the addition of preservatives.

Final pH value

The pH value at the end of 24 h of lactic acid fermen-
tation in each experiment of the respective experimental
design is shown in Table 5.

Table 5. Final pH value after 24 h of fermentation

36). Some authors evaluated the extract obtained from the Experiment Final pH
cultllva.tlon Qf l.actlc acid bacteria in rich synthetic medlé, Mixture design Factorial design
obtaining similar or lower values (37). However, this
work presents interesting factors, such as the exclusive El 52 64
use of waste as nitrogen and carbon sources, the use of E2 5.5 6.2
lactic acid bacteria, which is generally recognised as safe E3 54 6.3
(GRAS), and the short fermentation time. E4 5.7 6.1

The addition of glucose as a source of fermentable su- E5 5.7 6.3
gar goes against the waste recovery idea, and so it was used E6 49 63
only for the initial verification of the feasibility of using - 50
residual brewer’s yeast as the sole source of nitrogen for ’
Table 4. Summary of literature data for protease production
Material Microorganism  PA/(U/mL)  t/h QPA/(U/(mL‘h))  Reference
Soybean meal B. licheniformis 177 72 24 (33)
Waste and synthetic medium* B. cereus 180** 72 2.5 (28)
Synthetic medium B. subtilis 236** 72 3.3 (34)
Wheat, soybean, cottonseed, glucose and nitrogen sources A. oryzae 41* (U/g) 48 0.85 (35)
Wheat, soybean, cottonseed, glucose and nitrogen sources A. oryzae 58.87 (U/g) 48 1.23 (36)

PA=maximum proteolytic activity, t=fermentation time, QPA=proteolytic activity productivity. *Carbon source: rice bran, wheat bran,
rice husk, maize bran or crushed barley; nitrogen source: sesame cake, mustard cake, soybean cake, chickpea bran, cotton cake, urea).
**Enzymes recovered and purified by precipitation, dialysis and HPLC
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There was a reduction in the pH value, mainly in the
experiments in which the medium was not buffered. Even
then, the proteolytic activity was probably not affected;
thus, there was no reduction of pH below 5.0 (pH value of
the buffer solution used in the proteolytic activity deter-
mination). The pH reduction results in a decrease in the
activity of lactic acid bacteria, so the addition of a neutral-
ising agent, such as calcium carbonate, is common in the
industrial production of lactic acid (43,44).

Conclusions

Brewery wastes are presented as potential media for
the cultivation of lactic acid bacteria, which promoted the
medium acidification due to their fermentative metabo-
lism that releases lactic acid. The presence of proteins in
the medium and the absence of extra carbon source led
the microorganisms to release extracellular proteolytic
enzymes. The experiment containing only residual yeast
showed the highest potential for producing proteases,
generating an extract, purified by ethanol precipitation,
with proteolytic activity of 145.5 U/g of precipitated pro-
tein.

Acknowledgements

The authors thank the National Council for Scientific
and Technological Development (CNPq, Brazil) for finan-
cial support.

References

1. Mathias TRS, de Mello PPM, Sérvulo EFC. Solid wastes in
brewing process: a review. ] Brew Distilling. 2014;5:1-9.
https://doi.org/10.5897/]BD2014.0043

2. Fillaudeau L, Blanpain-Avet P, Daufin G. Water, wastewater
and waste management in brewing industries. ] Clean Prod.
2006;14:463-71.
https://doi.org/10.1016/j.jclepro.2005.01.002

3. Briggs DE, Boulton CA, Brookes PA, Stevens R. Brewing sci-
ence and practice. Cambridge, UK: Woodhead Publishing
Limited and Boca Raton, FL, USA: CRC Press LLC; 2004.

4. Aliyu S, Bala M. Brewer’s spent grain: a review of its poten-
tials and applications. Afr ] Biotechnol. 2011;103:324-31.
https://doi.org/10.5897/A]Bx10.006

5. Yamada EA, Alvim ID, Santucci MCC, Sgarbieri VC. Centes-
imal composition and protein nutritive value of yeast from
ethanol fermentation and of yeast derivatives. Rev Nutr.
2003;16:423-32 (in Portuguese).
https://doi.org/10.1590/51415-52732003000400006

6. Pandey A, Soccol CR, Nigam P, Soccol VT. Biotechnological
potential of agro-industrial residues. I: sugarcane bagasse.
Bioresour Technol. 2000;74:69-80.
https://doi.org/10.1016/S0960-8524(99)00142-X

7. Mathias TRS, Alexandre VMF, Cammarota MC, de Mello
PPM, Sérvulo EFC. Characterization and determination of
brewer’s solid wastes composition. ] Inst Brew. 2015;121:400—
4.
https://doi.org/10.1002/jib.229

8. Walstra P, Wouters JTM, Geurts TJ. Dairy science and tech-
nology. Boca Raton, FL, USA: CRC Press; 2006.

9. Panesar PS, Kennedy JF, Gandhi DN, Bunko K. Bioutiliza-
tion of whey for lactic acid production. Food Chem. 2007;

10.

11.

12.

13.

14.

15.

1e.

17.

18.

19.

20.

21.

22.

23.

24.

25.

105:1-14.

https://doi.org/10.1016/j.foodchem.2007.03.035

Savijoki K, Ingmer H, Varmanen P. Proteolytic systems of
lactic acid bacteria. Appl Microbiol Biotechnol. 2006;71:394—
406.

https://doi.org/10.1007/s00253-006-0427-1
Kabadjova-Hristova P, Bakalova S, Gocheva B, Moncheva P.
Evidence for proteolytic activity of lactobacilli isolated from
kefir grains. Biotechnol Biotechnol Equip. 2006;20:89-94.
https://doi.org/10.1080/13102818.2006.10817347

Kirilov N, Petkova T, Atransova J, Danova S, Iliev I, Popov Y,
et al. Proteolytic activity in lactic acid bacteria from Iraq, Ar-
menia and Bulgaria. Biotechnol Biotechnol Equip. 2009;23:
643-6.

https://doi.org/10.1080/13102818.2009.10818506

Takafuji S, Iwasaki T, Sasaki M, Tan PST. Proteolytic en-
zymes of lactic acid bacteria. In: Charlambous G, editor. De-
velopments in food science, vol. 37: Food flavors: generation,
analysis and process influence. Amsterdam, The Nether-
lands: Elsevier Science; 1995.
https://doi.org/10.1016/S0167-4501(06)80194-9

Abasiekong SF. Effects of fermentation on crude protein con-
tent of brewers dried grains and spent sorghum grains. Bio-
resour Technol. 1991;35:99-102.
https://doi.org/10.1016/0960-8524(91)90088-2

Aguirre L, Garro MS, de Giori GS. Enzymatic hydrolysis of
soybean protein using lactic acid bacteria. Food Chem. 2008;
111:976-82.

https://doi.org/10.1016/j.foodchem.2008.05.018

Di Cagno R, De Angelis M, Lavermicocca P, De Vicenzi M,
Giovannini C, Faccia M, Gobbetti M. Proteolysis by sour-
dough lactic acid bacteria: effects on wheat flour protein
fractions and gliadin peptides involved in human cereal in-
tolerance. Appl Environ Microbiol. 2002;68:623-33.
https://doi.org/10.1128/ AEM.68.2.623-633.2002

Lowe DP, Arendt EK, Soriano AM, Ulmer HM. The influence
of lactic acid bacteria on the quality of malt. ] Inst Brew. 2005;
11:42-50.

https://doi.org/10.1002/.2050-0416.2005.tb00647.x

AOAC Official Method 935.28-29. Moisture in malt: gravi-
metric method. Rockville, MD, USA: AOAC International;
1990.

AOAC Official Method 923.03. Ash of flour: direct method.
Rockville, MD, USA: AOAC International; 1990.
Analytica-EBC, 7th ed. Sections 3.3.1 and 4.3.1. European Brew-
ery Convention (EBC). Niirnberg, Germany: Fachverlag Hans
Carl; 2008.

Wort-12. Free amino nitrogen (international method). St. Paul,
MN, USA: American Society of Brewing Chemists (ASBC);
1976.

Moshlehishad M, Mirdamadi S, Ehsani MR, Ezzatpanah H,
Moosavi-Movahedi AA. The proteolytic activity of selected
lactic acid bacteria in fermenting cow’s and camel’s milk and
the resultant sensory characteristics of the products. Int J
Dairy Technol. 2013;66:279-85.
https://doi.org/10.1111/1471-0307.12017

Moulay M, Aggad H, Benmechernene Z, Guessas B, Henni
DE, Kihal M. Cultivable lactic acid bacteria isolated from Al-
gerian raw goat’s milk and their proteolytic activity. World ]
Dairy Food Sci. 2006;1:12-8.

Nguyen CM, Kim JS, Nguyen TN, Kim SK, Choi GJ, Choi
YH, et al. Production of r-lactic acid from waste Curcuma
longa biomass through simultaneous saccharification and
cofermentation. Bioresour Technol. 2013;146:35-43.
https://doi.org/10.1016/j.biortech.2013.07.035

Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST. Ber-
gey’s manual of determinative bacteriology. Baltimore, MD,



224

T.R.S. MATHIAS et al.: Protease Production from Brewery Waste, Food Technol. Biotechnol. 55 (2) 218-224 (2017)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

USA: Williams & Wilkins; 1994.
https://doi.org/10.1001/jama.1924.02650280079041

Cornell JA. Experiments with mixtures: design models and
the analysis of mixture data. New York, NY, USA: John Wil-
ley & Sons, Inc.; 1990.

https://doi.org/10.1002/9781118204221

Gonzalez L, Sacristan N, Arenas R, Fresno JM, Tornadijo ME.
Enzymatic activity of lactic acid bacteria (with antimicrobial
properties) isolated from a traditional Spanish cheese. Food
Microbiol. 2010;27:592-7.
https://doi.org/10.1016/j.fm.2010.01.004

Bajaj BK, Sharma N, Singh S. Enhanced production of fibri-
nolytic protease from Bacillus cereus NS-2 using cotton seed
cake as nitrogen source. Biocatal Agric Biotechnol. 2013;2:
204-9.

https://doi.org/10.1016/j.bcab.2013.04.003

Dincer S, Ozdenefe MS, Unal MU, Arkut A, Mercimek HA,
Kayis F. Optimization of medium components for alkaline
protease production by Bacillus megaterium from waste
breads. ] Biotechnol. 2014;185:569.
https://doi.org/10.1016/j.jbiotec.2014.07.235

Rathod MG, Pathak AP. Wealth from waste: optimized al-
caline protease production from agro-industrial residues by
Bacillus alcalophilus LW8 and its biotechnological applica-
tions. J Taibah Univ Sci. 2014;8:307-14.
https://doi.org/10.1016/j.jtusci.2014.04.002

Charney J, Tomarelli RM. A colorimetric method for the de-
termination of the proteolytic activity of duodenal juice. ]
Biol Chem. 1947;171:501-5.

Waglay A, Karboune S, Alli I. Potato protein isolates: recov-
ery and characterization of their properties. Food Chem.
2014;142:373-82.
https://doi.org/10.1016/j.foodchem.2013.07.060

Maghsoodi V, Kazemi A, Nahid P, Yaghmaei S, Sabzevari
MA. Alkaline protease production by immobilized cells us-
ing B. licheniformis. Scientia Iranica. 2013;20:607-10.
https://doi.org/10.1016/j.scient.2013.01.007

Pant G, Prakash A, Pavani JVP, Bera S, Deviram GVNS, Ku-
mar A, et al. Production, optimization and partial purifica-
tion of protease from Bacillus subtilis. ] Taibah Univ Sci.
2015;9:50-5.

https://doi.org/10.1016/j.jtusci.2014.04.010

de Castro RJS, Sato HH. Production and biochemical charac-
terization of protease from Aspergillus oryzae: an evaluation
of the physical-chemical parameters using agroindustrial

36.

37.

38.

39.

40.

41.

42.

43.

44.

wastes as supports. Biocatal Agric Biotechnol. 2014;3:20-5.
https://doi.org/10.1016/j.bcab.2013.12.002

de Castro RJS, Sato HH. Synergistic effects of agroindustrial
wastes on simultaneous production of protease and a-amy-
lase under solid state fermentation using a simplex centroid
mixture design. Ind Crop Prod. 2013;49:813-21.
https://doi.org/10.1016/j.indcrop.2013.07.002

Piraino P, Zotta T, Ricciardi A, McSweeney PLH, Parente E.
Acid production, proteolysis, autolytic and inhibitory prop-
erties of lactic acid bacteria isolated from pasta filata cheeses:
a multivariate screening study. Int Dairy J. 2008;18:81-92.
https://doi.org/10.1016/j.idairy;j.2007.06.002

Djuki¢-Vukvi¢ A, Mojovi¢ LV, Joki¢ BM, Nikoli¢ SB, Pejin JD.
Lactic acid production on liquid distillery stillage by Lacto-
bacillus rhamnosus immobilized onto zeolite. Bioresour Te-
chnol. 2013;135:454-8.
https://doi.org/10.1016/j.biortech.2012.10.066

Mussato SI, Fernandes M, Mancilha IM, Roberto IC. Effects
of medium supplementation and pH control on lactic acid
production from brewer’s spent grain. Biochem Eng J. 2008;
40:437-44.

https://doi.org/10.1016/j.bej.2008.01.013

Kopsahelis N, Agouridis N, Bekatorou A, Kanellaki M. Com-
parative study of spent grains and deligniwed spent grains
as yeast supports for alcohol production from molasses. Bio-
resour Technol. 2007;98:1440-7.
https://doi.org/10.1016/j.biortech.2006.03.030

Plessas S, Trantallidi M, Bekatorou A, Kanellaki M, Nigam P,
Koutinas AA. Immobilization of kefir and Lactobacillus casei
on brewery spent grains for use in sourdough wheat bread
making. Food Chem. 2007;105:187-94.
https://doi.org/10.1016/j.foodchem.2007.03.065

Vieira E, Brandao T, Ferreira IMPLVO. Evaluation of brew-
er’s spent yeast to produce flavor enhancer nucleotides:
influence of serial repitching. ] Agric Food Chem. 2013;61:
8724-9.

https://doi.org/10.1021/jf4021619

Ghaffar T, Irshad M, Anwar Z, Aqil T, Zulifqar Z, Tariq A, et
al. Recent trends in lactic acid biotechnology: a brief review
on production to purification. ] Radiat Res Appl Sci. 2014;7:
222-9.

https://doi.org/10.1016/j.jrras.2014.03.002

Castillo Martinez FA, Balciunas EM, Salgado JM, Domin-
guez Gonzalez JM, Converti A, Oliveira RPS. Lactic acid pro-
perties, applications and production: a review. Trends Food
Sci Tech. 2013;30:70-83.
https://doi.org/10.1016/j.tifs.2012.11.007





