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APRESENTACAO

Empresas do segmento de alimentos e bebidas que adotam inovacédo e
tecnologia em seus produtos, processos e servigos sao reconhecidas e valorizadas
pelo consumidor, consequentemente competitivas no mercado. A area industrial
alimenticia é apenas uma das inUmeras op¢des que 0 engenheiro quimico tem como
campo de trabalho. Mas dentro desta, suas atribuicbes sé&o variadas, formando um
profissional capaz de atuar em multiplas tarefas.

A necessidade de novas tecnologias na industria de alimentos requer otimizacéo
dos processos de transformacéo e fabricacdo, desenvolvimento de novos produtos,
avanco da biotecnologia, garantia no controle da qualidade dos produtos, andlise
econbmica dos processos, além da garantia do controle ambiental dos rejeitos e
efluentes industriais.

A inovacéo é fundamental para o desenvolvimento de qualquer empresa. No
setor de alimentos ndo é diferente, e cada vez mais os consumidores desejam
consumir novos produtos que consigam aliar sabor, nutricdo, qualidade e seguranca.
Assim como uma destinacao correta de residuos e uso de subprodutos que favorecem
consumidor e meio ambiente.

Neste segundo volume, apresentamos inovagdes tecnologicas na Engenharia
Quimica no setor de alimentos e residuos de alimentos com estudos estatisticos
de controle e processos, modelagem matematica, estudo cinético, sinteses,
caracterizacdes, avaliacdo de propriedades, rendimento e controle analitico.

A Industria Alimentar esta em evolugcédo constante e a tecnologia desempenha
um papel cada vez mais importante neste setor. Os avancos cientificos e técnicos
permitem hoje produzir alimentos e bebidas que se adaptam melhor a procura dos
consumidores de uma forma segura, com processos produtivos mais sustentaveis e
eficientes, cobrindo a procura dos mercados globais.

Convidamos vocé a conhecer os trabalhos expostos neste volume relacionados
com alimentos, bebidas, residuos de alimentos com utilizagdo tecnoldgica de novos
recursos para o produto ou processo.

Bons estudos.

Carmen Lucia Voigt
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CAPITULO 12

EXPERIMENTAL DESIGN FOR OPTIMAL
PRODUCTION OF ALKALINE PHOSPHATASE UNDER
LIQUID FERMENTATION WITH Aspergillus sp

Juliene Medeiros De Marco

University of the State of Amazonas, Superior
School of Technology, Department of Chemistry
Engineering

Manaus — Amazonas

Jennifer Salgado da Fonseca

HUB Technology and Innovation, University of the
State of Amazonas

Manaus — Amazonas

Ricardo Lima Serudo

HUB Technology and Innovation, University of the
State of Amazonas and University of the State

of Amazonas, Superior School of Technology,
Department of Chemistry Engineering

Manaus — Amazonas

RESUMO: No presente estudo, a enzima
fosfatase alcalina foi produzida utilizando o
residuo da borra de café. O fungo utilizado foi
Aspergillus sp. para arealizacdo da fermentacao
liguida. Os testes foram realizados variando
diversas condi¢cdes Otimas de pH, substrato,
temperatura, fermentacdo e tempo, usando
0 método de planejamento fatorial. Ao fim, a
analise estatistica mostrou resultados notaveis,
obtendo dois grupos de condicbes oO6timas,
onde se levou em conta o tempo e substrato
analisados.

ABSTRACT: In this study, the enzyme alkaline

Impactos das Tecnologias na Engenharia Quimica 2

phosphatase was produced using wasted coffee
grounds. The fungi specie used was Aspergillus
sp.to promote liquid fermentation. The tests were
taken diversifying several optimal conditions of
pH, substrate, temperature, fermentation and
time using the method of factorial planning.
In the end, the statistical analysis showed
great results, obtaining two groups of optimal
conditions, when it comes to time and substrate
available.

KEYWORDS: factorial planning; coffee ground;
alkaline phosphatase.

11 INTRODUCTION

The alkaline phosphatase is an enzyme
that belongs to the hydrolases’ group acting on
phosphorus compounds on alkaline pH. Known
as a biological marker for osteoporosis in
humans, performs bone mineralization and it has
application on agriculture also, producing and
synthesizing phosphate to regulate the richness
and soil pH. When it comes to cosmetics, studies
have shown that the alkaline phosphatase can
increase the fibroblasts proliferation, smoothing
expression lines and wrinkles, promoting the
skin anti age (Bon, 2008; Esposito et al, 2004;
Vieira, 1999; Zimmer et al, 2009).

A common and useful method to produce
them is making use of various species of
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microorganisms allied to the reuse of organic wastes (used as carbon source), main
matter that has areally low cost. This scheme is highly cogitated, given that the enzymatic
branch is a sustainable and cheap alternative and the carbon source consumes 30 to
40% of the process investments (Santana, 2012). On this scene, coffee ground comes
as a massive opportunity, knowing that Brazil is currently one of the biggest in the
world, with 54.4 million bags per year (CONAB, 2018).

The present study seeks to find the optimal conditions of alkaline phosphatase
production, evaluating the range of pH, temperature, rotation, substrate and time using
factorial planning.

2| MATERIALS AND METHODS

2.1 Growth media and conditions

The microorganism utilized in this study was the Aspergillus sp., isolated at the
Superior School of Technology, University of the State of Amazonas, kept and growth in
HUB — Technology and Innovation, in the Biotechnology Lab, where the whole project
was developed. The fungi was preserved according to the Castellani method (1967),
kept under distillated and esteril water and reactivated with 50 pL of stock suspension
in a Petri dish with Sabouraud (40% dextrose, 10% peptone and 10% agar), and later
inoculated into plastic tubes for extraction, at 30°C for 7 days. For the experimental
design, different amounts of coffee were weighted, placed into Erlenmeyers and
sterilized in the autoclave. The microorganism was inoculated using 1mL/Erlenmeyer

of distillated water and gently scraping to favor detachment and create the spores
suspension. The suspension was transferred to the Erlenmeyer with a sterile pipette.

2.2 Coffee ground

The coffee ground was used as carbon source of the microorganism. The ground
was drought in the heater at 100°C for 2 hours and stored in a screw lit pot, to prevent
humidity and other microorganisms.

2.3 Experimental design

All experiments occurred under liquid fermentation to better evaluate the effects
of temperature (28-37°C), pH (8-12), substrate (2-5%), shaking (0-150 RPM) and time
(3-8 days) using the fractional factorial planning (2°").

2.4 Enzymatic measurement

To dose the enzymatic activity, 10 puL of p-Nitrophenilphosphate (4mM) were
used, associated to 135uL of Tris buffer pH 10 and 35uL of the enzymatic extract. The
samples were tested in triplicate on microplates and heated for 30 minutes at 37°C in
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a thermoblock. To block the reaction, 20uL of NaOH 1M were used. The reading was
made by the Microplate spectrophotometer Mindray MR-96A at 405 nm.

2.5 Protein measurement

The protein dosage (Bradford, 1976 adapted) was made using 18,3uL of water,
15uL enzymatic extract and 266,6uL of Bradford reagent reacting for 5 minutes. The
reading was made by a Shimadzu UV-1800 Spectrophotometer on wavelength of 595
nm.

2.6 Data evaluation

The results were analyzed in Statistica 12.0 with ANOVA and T test using a
significance level of p = 0.05.

3 | RESULTS AND DISCUSSION

At Figure 1, was possible to verify the factors and interactions that most influenced
the enzymatic activity on the process.

awys | D < s
(5)substract (%) | | 4.260019
2bya | _]-3.43036
(2)Agitation (rpm) | ]3.310896
(3)pH | |2.540244
2by3 | |2.314093
(1)Temperature (°C) | |2.26082

() Time(days) | ]-1.53959
s3bys | 1035472
wbys F ]103338
2bys | ]-462342
1by3 | -,018235

p=.05
Standardized Effect Estimate (Absolute Value)

Figure 1 — Pareto chart showing the variables and more significant interactions to alkaline
phosphatase production for Aspergillus sp.

The variables agitation and substrate and the interactions between time and
substrate (4by5), temperature and time (1by4) and agitation and time (2by4) are most
significant factors to the alkaline phosphatase production. It is important to emphasize
that the interaction between several factors can present more influence in the results
than the parameters studied isolated (Perecin et. al, 2008)

By analyzing the interaction between pH and substrate (Figure 2) under different
conditions of agitation, temperature and time, it is possible to visualize the impact on
alkaline phosphatase activity.
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Figure 2 — Fitted surface graph showing alkaline phosphatase activity of Aspergillus sp. at (A)
150 rpm, 37 °C and 3 days and at (B) 0 rpm, 28°C and 8 days against pH and substrate.

For both cases, pH 12 stands out as the most suitable, but the amount of substrate
is proportional to the temperature increase, since at a temperature of 37 °C, 5% of
substrate is required, while at 28 ° C, 1.5% is sufficient.

According to Fonseca (2011), an alkaline phosphatase produced by A. tamarii
has 0,479 U/mg and 1,57U/mL, higher than the result of 0,07 U/mg obtained on this

study. However, when it comes to enzymatic activity (U/mL), Aspergillus sp. produces
+27,5 U/mL, higher than that obtained in the aforementioned previous study.

4|1 CONCLUSION

The optimization of liquid fermentation showed great results in terms of alkaline
phosphatase production. Based on the surface graphics, it was possible to determinate
the optimal region of production, setting factors for two conditions group. The first one
(A) (150 rpm, 37 °C and 3 days), obtained values over 0,07 U/mg in the region of
highest pH (pH 12) and substract (range of 4,5% to 5%). This group of conditions
can be applied to situations where the consumption of resources can be high, looking
forward a reduced time of response.

When it comes to the second block of conditions (B) (0 rpm, 28°C and 8 days),
they proved to have good results either. The factors were set to lowest, as well as
the amount of substract (range of 1% to 2,5%), but pH 12 still is the best range to
enzyme production with activity over 0,04 U/mg. This time, the conditions were ideal
for situations where the response time isn’t priority, and the looking forward a minimal
resource usage.

The second block of conditions showed up to be more stable than the first case,
when the surface graphic is more inclined, indicating vast variations of results according
to the range chosen. On the other hand, the first block obtained highest results in
terms of specific activity. The other variables hardly varied with the increase of enzyme
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activity in each case, showing that weren't significant in the development and enzyme
production. In consequence, were held stable.
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