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ABSTRACT 

Proteases are enzymes that participate in the hydrolysis of peptide bonds and exhibit specificity and selectivity in protein modification. The 

yeast Yarrowia lipolytica can be used in the production of this enzyme, and because it is non-pathogenic, its products can be considered safe 

for use in the food industry. Therefore, the aim of this research was to study the feasibility of producing protease by Y. lipolytica, using the 

malt bagasse, a brewing industry waste, and test media supplementation with different nitrogen sources. Submerged fermentation was carried 

out in Erlenmeyer flasks with medium containing 25 g/L of malt bagasse, with and without different organic and inorganic nitrogen sources at 

a concentration of 2 g/L. All tested media exhibited proteolytic activity, but the highest protease productivity (0.87 U/L.h) was detected in 

medium composed of urea (2 g/L) and malt bagasse (25 g/L). Therefore, culture media composition is essential for Y. lipolytica (IMUFRJ 

50682) protease production, and production parameters can be adjusted for large-scale protease production. 
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1 INTRODUCTION 

In recent years, studies on enzyme production from microbial origin have been explored to optimize processes and increase 
productivity because the use of enzymes, especially proteases, in the industrial sector still faces limitations due to high production 
costs.¹ One of the factors that significantly influences protease production costs is the raw material used in the fermentative 
process. Thus, the search for cheaper substrates, mainly from agro-industrial residues, is being explored. ²  

Proteases are enzymes that participate in the hydrolysis of peptide bonds and exhibit specificity and selectivity in protein 
modification. They are important for both metabolic processes and their use in various industries, such as the food industry. The 
yeast Yarrowia lipolytica can be used in the production of this enzyme, and because it is non-pathogenic, its products can be 
considered safe for use in food and consumption. ¹ 

Brazil is one of the countries with the highest agricultural production, and many residues from this production, such as peels, 
seeds, cakes, and pomaces from fruits, vegetables, and cereals, can be used as raw materials and carbon sources in fermentative 
processes, contributing to more sustainable production and development. One of these byproducts is malt bagasse, derived from 
beer production, both in large-scale and small-scale industries. Since this residue is rich in carbon source compounds 
(hemicelluloses, celluloses, and carbohydrates in general), ³ its application as a substrate in fermentative processes would be a 
way to utilize this byproduct and reduce the storage difficulties and quality control challenges already identified by the brewing 
industry. 

A supplementation with malt bagasse in media to produce lipase and other enzymes such as glucanases provided higher enzyme 
activities in previous studies and became an agro-industrial residue with good viability as a substrate for large-scale fermentative 
processes.4,5 However, this waste material has never been tested for protease production with Y. lipolytica. Therefore, the aim of 
this study was to assess the feasibility of protease production by Y. lipolytica in submerged fermentation with malt bagasse and 
different nitrogen sources. 

2 MATERIAL & METHODS 

The malt bagasse used was provided by a brewery located in the city of Rio de Janeiro. The collected material, already dried, 
was stored frozen until its use. For the fermentation process, the residue was milled in a Wiley-type knife mill (TE-680), sieved 
using a mesh sieve with a 0.50-mm mesh size and stored at -20 °C in polyethylene bags until the time of use. 

A wild strain of Y. lipolytica (IMUFRJ 50682), isolated from the Guanabara Bay, Rio de Janeiro (Brazil), was used. The cells were 
precultured in YPD medium (w/v: yeast extract 1%; peptone, 2%; glucose, 2%) at 28ºC, 160 rpm, for 72 hours. The precultured 
cells were used in sufficient quantities to initiate protease production with 1 g of cells (dry weight)/L. 

Protease production was performed in 500 mL Erlenmeyer flasks (submerged fermentation) with 200 mL of medium containing 
25 g/L of malt bagasse and 2 g/L of different organic and inorganic nitrogen sources (urea, ammonium chloride, ammonium 
sulfate, corn steep liquor, yeast extract, tryptone, soy tryptone, peptone, peptone/yeast extract, and urea/yeast extract), based on 
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preliminary studies. 7 The flasks were incubated at 28 °C, 250 rpm for 96 h. Samples were collected every 24 h, centrifuged (4000 
rpm, 20°C, 10 min), and the resulting supernatants (enzyme extract) were stored at -20 °C. 

For protease activity, 1.0 mL of the supernatant was mixed with 1 mL of 0.5% azocasein solution in glycine-NaOH buffer (0.05M, 
pH 9.0). The mixture was incubated at 40°C for 30 min, and then 1 mL of trichloroacetic acid (10%) was immediately added to 
stop the reaction. The reaction mixture was centrifuged at 3,000 rpm for 10 min. The supernatant was mixed with 2 mL of 0.5 N 
NaOH solution, and the absorbance at 428 nm was determined. The blank was obtained by mixing TCA with the substrate before 
adding the enzyme extract. One unit of enzymatic activity (1U) is defined as the increase of 0.01 in absorbance compared to the 
blank per minute under the reaction conditions. 

3 RESULTS & DISCUSSION 

Protease production by Y. lipolytica (IMUFRJ 50682) with malt bagasse was detected in the absence or the presence of all 
nitrogen sources tested (Figure 1). The highest protease activity was identified for the medium supplemented with yeast extract 
and urea after 72 h (27.13 U/L ± 1.25). However, higher productivity was found for the medium supplemented with urea only (0.87 
U/L.h) after 24 h, similar to that of medium supplemented with yeast extract and urea after 24 h (0.76 U/L.h).  

 

 

 

Figure 1: Extracellular protease activity during submerged cultivation of Y. lipolytica (IMUFRJ 50682) in Erlenmeyer flasks with malt bagasse 
with and without supplementation of nitrogen sources. 

 

The culture medium composed solely of distilled water and malt bagasse did not result in high protease production. This is possibly 
due to deficiencies in some essential elements for yeast growth and enzyme production, primarily vitamins and nitrogen. On the 
other hand, media containing tryptone, peptone, peptone + yeast extract, as well as media enriched with chloride, sulfate, and 
corn steep liquor, were not effective in protease production. 

Protease production with mushrooms of the Lentinus crinitus lineage (L.) was also observed in all the media studied. However, 
the highest activity (190 U/mL ± 1.33) was observed in the medium composed of 2% glucose (w/v) + 0.5% gelatin (w/v) + 0.5% 
yeast extract (w/v), while the medium containing ammonium sulfate (0.5%) and starch (2%) showed lower activity (77.33 U/mL ± 
2.31). 11 The composition of the medium substantially affected protease production by Bacillus sp. EBTA6, especially yeast extract, 
which was identified as the most significant factor (190 U/mL ± 1.33). 12 Crude extracellular alkaline protease production from 
Yarrowia lipolytica (YlTun15) was influenced by the addition of specific metal ions, such as Ca2+, Mn2+, and Mg2+, which also 
increased and stabilized protease activity. This could be a strategy in this research to achieve more significant protease activity 
results in media containing malt bagasse. 

 

4 CONCLUSION 

A culture medium composed solely of malt bagasse was not sufficient for protease production by Yarrowia lipolytica (IMUFRJ 
50682). It is concluded that the composition of the culture medium with carbon and nitrogen sources is essential for Y. lipolytica 
(IMUFRJ 50682) protease production. Media containing yeast extract, and especially urea and malt bagasse as substrates, 
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showed the best proteolytic activities, indicating that malt bagasse, as a byproduct of beer production, can be reused in the 
production of an enzyme that can still return as an ingredient in the industry for beer production. Additionally, production protocols 
and parameters can be adjusted for large-scale protease production.  

REFERENCES 

1 RAZZAQ, A., SHAMSI, S., ALI, A., ALI, Q., SAJJAD, M., MALIK, A., & ASHRAF, M. (2019). Microbial Proteases Applications. Frontiers in 
Bioengineering and Biotechnology, 7. https://doi.org/10.3389/fbioe.2019.00110 
2 SINGH, P., RANI, A., AND CHAUDHARY, N. (2015). Isolation and characterization of protease producing Bacillus sp from soil. Int. J. Pharma 
Sci. Res. 6, 633–639. 
3 MASSARDI, M. M., MASSINI, R. M. M., & SILVA, D. DE J. (2020). Caracterização Química Do Bagaço De Malte E Avaliação Do Seu Potencial 
para Obtenção de Produtos de Valor Agregado. The Journal of Engineering and Exact Sciences, 6(1), 0083–0091. 
https://doi.org/10.18540/jcecvl6iss1pp0083-0091 
4 EICHLER, Paulo et al. Lipase production by Aspergillus brasiliensis in solid-state cultivation of malt bagasse in different bioreactors 
configurations. Anais da Academia Brasileira de Ciências, v. 92, p. e20180856, 2020. 
5 AITA, BRUNO C. et al. Production of cell-wall degrading enzymes by solid-state fermentation using agroindustrial residues as substrates. 
Journal of Environmental Chemical Engineering, v. 7, n. 3, p. 103193, 2019. 
6 LIU, H.H.; JI, X.J.; HUANG, H. Biotechnological applications of Yarrowia lipolytica: Past, present and future. Biotechnol. Adv. 2015, 33, 1522–
1546. 
7 DINIZ, M.M.; PEREIRA, A.D.S.; ALBAGLI, G.; AMARAL, P.F.F. Simultaneous Production and Immobilization of Lipase Using Pomegranate-
Seed Residue: A New Biocatalyst for Hydrolysis Reactions and Structured Lipids Synthesis. Fermentation 2022, 8, 651. 
https://doi.org/10.3390/fermentation8110651 
8 J. CHARNEY AND R.M. TOMARELLI. A colorimetric method for the determination of the proteolytic activity of duodenal juice. The Journal of 
Biological Chemistry, vol. 171, no. 2, pp. 501–505, 1947 
9 COÊLHO DF, SATURNINO TP, FERNANDES FF, MAZZOLA PG, SILVEIRA E, TAMBOURGI EB. Azocasein Substrate for Determination of 
Proteolytic Activity: Reexamining a Traditional Method Using Bromelain Samples. Biomed Res Int. 2016;2016:8409183. doi: 
10.1155/2016/8409183. Epub 2016 Jan 27. PMID: 26925415; PMCID: PMC4748065. 
10 BESSADOK B., MASRI M., BREUCK T., SADOK S. Characterization of the Crude Alkaline Extracellular Protease of Yarrowia lipolytica 
YlTun15. J. Fish. 2017;11:19–24. doi: 10.21767/1307-234X.1000137. 
11 DA SILVA MAGALHÃES, A., SILVA, T., TEIXEIRA, M. F., CRUZ FILHO, R., DA SILVA, S., GOMES, D. M., & PEREIRA, J. (2019). Produção 
e caracterização de enzimas proteolíticas de Lentinus crinitus (L.) Fr. 1825 DPUA 1693 do bioma amazônico (Polyporaceae). Boletim Do Museu 
Paraense Emílio Goeldi - Ciências Naturais, 14(3), 453-462. https://doi.org/10.46357/bcnaturais.v14i3.231 
12 AKÇAY, F., & AVCI, A. (2020). Screening and Selection of Media Components for Protease Production by Bacillus sp. EBTA6 Using Plackett–
Burman Design. Turkish Journal of Agriculture: Food Science and Technology, 8, 1250-1255. https://doi.org/10.24925/turjaf.v8i6.1250-1255.2986. 

https://doi.org/10.3389/fbioe.2019.00110
https://doi.org/10.18540/jcecvl6iss1pp0083-0091
https://doi.org/10.46357/bcnaturais.v14i3.231

