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APRESENTAÇÃO

Avanços Científicos e Tecnológicos em Bioprocessos é uma obra que reúne 
vinte e três capítulos com temas em pesquisas científicas realizadas no campo da 
biotecnologia, e que envolve agentes biológicos e bioquímicos na geração de produtos 
ou processos. Nesta obra se concentram diversos avanços descritos nas metodologias 
e nos resultados, distribuídos em quatro tópicos principais, envolvendo: processos 
químicos e biotecnológicos no aproveitamento de resíduos; produção de metabólitos 
e enzimas; métodos analíticos e de simulação; e biotratamentos envolvidos na 
geração de energias. Esta obra foi escrita por jovens pesquisadores brasileiros que 
estão desenvolvendo suas teses e/ou dissertações em instituições nacionais. Por este 
motivo, os aspectos inovadores e o alcance dos resultados apresentados podem ser 
um grande estímulo para aqueles que visam conhecer com maior amplitude alguns 
dos aspectos biotecnológicos estudados em algumas das instituições de nosso país. 

Alberdan Silva Santos
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ABSTRACT: The development of reliable 
analytical methods for the control and monitoring 
of the quality of the final product is a requirement 
of the consumer market and inspection and 
regularization bodies, it is essential for the 

industry that they are also convenient from the 
point of view of technique and cost. Is simple 
and quick to apply, considerably reducing 
production stages and losses. The objective of 
this work was the development of a method for 
the determination of the ethanol content and 
other byproducts, such as aldehydes, esters 
and acids, in a green, fast and cheap way, in 
distilled fraction of fermented pulp manure 
using spectroscopy in the region of the medium 
Infrared and multivariate calibration.
KEYWORDS: Fermentation. Quantification of 
Ethanol. Infra-red.

1 | 	INTRODUCTION

The production of alcohol from the 
fermentation of raw materials rich in carbohydrates 
is one of the most important routes to obtain 
alcoholic beverages and alcohol products with 
high added value (anhydrous alcohol, flavored 
alcohol, brandy, etc.). Important sector of the 
alcohol industry. Modern analytical techniques 
incorporate a number of methodologies, being 
those based on gas chromatography (GC) the 
most widely used by industry and regulators in 
the quality control of these products. However, 
it is time-consuming and requires pre-treatment 
of the sample to be able to be applied with good 
results. Infrared spectroscopy has often been 
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applied as an analytical method that provides sufficient results in determining the 
functional aspects of organic molecules and qualitative parameters of agricultural and 
food products. Recent applications have been made in the oil, textile, coal, cosmetics, 
polymers, chemistry, paints, pharmaceutical industries, being also applied in the 
restoration of decorative images of historical paintings. Methods based on MID are 
environmentally clean because they do not require the use of solvents, they do not 
generate chemical residues, they may not require any pretreatment of the sample, 
however, their use must be accompanied by the application of chemometric methods 
that allow the resolution of selectivity problems Interference without compromising 
accuracy and accuracy. The development of these methods requires a robust calibration 
model that incorporates all the possibilities of variation sources, thus improving the 
quality control of the products. (FERREIRA, BRAGA and SENA, 2013).

2 | 	METHODOLOGIES

2.1	The collection of the material

The botanical material, mango (Mangifera indica L.) variety Bacuri were collected 
in Bethlehem - PA in the experimental campus EMBRAPA - Eastern Amazon in the 
X coordinates: 01º14,42S - Y: 48º26’35 “O, Being chosen for sanity and absence of 
injuries.

2.2	Processing, pulping and characterization of pulp and fermented material

The fruits were baked and sanitized by immersion in 2% (v / v) sodium hypochlorite 
solution for 15 minutes, rinsed in distilled water. Peels and seeds were removed by 
hand, the pulp was cut into cubes and ground in a blender, stored in plastic bags of 
polyethylene (2L) and cooled - 20 C until the analyses and preparation of the must 
for fermentation were carried out. For characterization, the following analyses were 
performed: Titratable Total Acidity (ATT) and Total Soluble Solids (TSS) according to 
IAL (2008); Total Reducing Sugars (TRS) according to MILLER (1959) and Hydrogen 
Potential-pH AOAC (2007) 

2.3	Preparation of pulp mango for the fermentation

A mixture of pulp and water (1:1) had added sucrose until the total soluble solids 
(TSS) be adjusted to 15 °Brix, and sterilized at 121 °C (1Kgf/cm2) for 15 minutes.

2.4	Fermentation

The fermentation was performed using a semi-closed, static system, in a 5L 
polypropylene drum equipped with a mechanism to promote the release of CO2. For the 
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fermentation process, it was added 9 g/L of dry cells of Saccharomyces cerevisiae. The 
fermentation took place at 30 °C for 15 hours, according to the methodology described 
in Alvarenga et. al., (2013).

2.5	Distillation

The fermented material was filtered in a cotton tissue and the distillation was 
processed in a fractional distillation glass column of 1.20 m height. The steam distilled 
operated at 93 to 98 ° C for 120 minutes. 

2.6	Quantification of ethanol by Mid-Infrared Spectroscopy

The concentration of ethanol was determined from the linear relationship between 
concentration and absorbance (Lambert-Beer Law) of the spectra recorded in the mid-
infrared region. For the construction of the analytical curve, standard solutions of ethanol 
were prepared in the ethanol percent concentrations (V / V) of 10, 50, 90 and 100%. 
The spectra of standards and samples were recorded on a spectrometer of BRUKER 
brand, vertex 70v model Fourier transform (FT-IR) and accessory of attenuated total 
reflectance (ATR) at 23 C °, with 32 scans in the spectral range 4000-400 cm -1 and a 
resolution of 4 cm -1.

2.7	Treatment of spectral data and quantification of model construction by partial 

least squares (PLS)

For calculation and construction of multivariate calibration models (PLS) will 
use the Unscrambler 9.1.7 software. Regarding the pre-processing, the vector 
normalization and centralization of the data will be tested separately, derived (first 
and second) to improve the spectral resolution. The adjustment, expressed by the 
coefficient of determination (R2) along with the number of latent variables (LVs), these 
two parameters are inverse, although express the model fit, the lower the number of 
LVs, better and more adjusted is the fashion model; Square root mean squared error 
(RMSEC), square root mean square error prediction (RMSEP) express the accuracy 
of the model.

3 | 	RESULTS AND DISCUSSION

Table 1 shows the profile data TSS,TRS, acidity and pH. Analyzing the obtained 
results, it was verified that at the end of the fermentation there was a decrease in the 
concentration of TSS and TRS, respectively 77% and 83%, caused by the action of 
microorganism. It was also found that subtle increase in pH and acidity for the samples, 
which shows that there was no excess acid production. A high acidity index imparts an 
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unpleasant taste of vinegar to the product.

Pulp Fermented Distilled
Titratable Acidity (g / 100 mL) 0.31 0.33 -
Total Soluble Solids (SST) (° 
Brix) 13 3 -
Total Reducing Sugars (ART) 
(g / L) 6.58 1.17 -
PH
Ethanol% (v / v)

3.49
-

3.78
3,80

-
91

Table 1. Characterization Table

The fermentation occurred satisfactorily to the point where the yeast can not 
ferment the available sugars due to lack of nutrients, and the excess of alcohol in the 
medium. After filtration, 2800 mL of fermented material was obtained and the ethanol 
obtained in the distillation reached a volume of 106 mL. The Figure 2 illustrates the 
infrared spectra for the standard ethanol solutions prepared for the construction of 
the analytical curve and the sample. The prominent bands at 1150 and 1100 cm -1 
respectively correspond to symmetric and asymmetric stretches of OCC coupling 
connections in ethanol with absorbance proportional to the concentration. It will be used 
the wave number selection method of the spectral data in the range of 1120-1000 cm 
-1 to build the mathematical model to quantify partial least squares (PLS). The quality 
of the constructed models will be evaluated according to the parameters described in 
section 2.7 and applied in the determination of the alcohol content of the samples.

Figura 2: Espectros de infravermelho das soluções padrão e etanol obtido do mosto 
fermentado da manga por destilação.
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4 | 	CONCLUSIONS

The methodology for obtaining alcohol is fast and satisfactory when applied to 
the pulp of the mango using commercial yeasts (Saccharomyces cerevisiae), resulting 
in a final product of high alcohol content. IR spectroscopy proved to be an accurate 
technique, which was quickly and simply applied to determine the alcohol content of the 
product obtained by the distillation of fermented mango from the mango. The spectral 
data recorded for standard solutions and samples will be used in the construction of 
multivariate quantification models for ethanol and other byproducts produced by the 
fermentation and that their levels are indicative of quality parameters of the final product. 
Due to the simplicity of the process, the alcoholic fermentation of the mango is a viable 
practice for the small producers, aiming to manufacture the mango and consequently 
to provide a new source of income. The optimization of the manufacturing process is 
under development to obtain a satisfactory alcoholic degree in order to classify the 
product as fruit spirits.
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