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1. Introduction

Brazil is responsible for 1/3 of the world’s sugarcane 
production (Saccharum offificinarum L.) and the second 
largest ethanol producer, in 2016, only behind the US 
(Fernandes et al., 2020; Rigotti et al., 2017). It currently has 
418 sugar and alcohol mills, of which 73.20% are located in 
the central-south region comprising the state of SP, MG, 
GO, PR and MS (NovaCana, 2021).

The production of first generation ethanol from 
sugarcane is popular due to its high yields and low costs 
(Raza et al., 2019). However, it is important to understand 

the conditions of the process and factors that can affect 
production, such as environmental changes and bacterial 
contamination. Bacterial contamination reduces the 
sugar available for conversion to ethanol and essential 
micronutrients needed for optimal yeast growth, resulting 
in reduced ethanol production (Ceccato-Antonini 2021; 
Fernandes et al., 2020; Rich et al., 2018). Contamination 
reaching 107-108 CFU per mL causes these losses, with 
homofermentative lactobacilli being more inhibitory 
on yeast when present in an equal number of cells, and 
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Grande Dourados, located in Dourados in the state of Mato 
Grosso do Sul, Brazil (22°11’43.7”S and 054°56’08.5” W 
and altitude of 430 m) in the morning. A sample of each 
plant was identified by Dr. Arnildo Pott and an exsiccate 
was deposited at the Herbarium of the Federal University 
of the Mato Grosso do Sul, Brazil.

The fruits and leaves of S. terebinthifolius Raddi (voucher 
specimen No. 5566) were collected and the essential oils 
of the fruits and the hydroethanolic extract of the leaves 
were obtained. Leaves and fruits of C. adamantium (voucher 
specimen No. 5678) were collected, extracting the essential 
oils from both parts separately. From S. erecta (voucher 
specimen No. 4678), S. marginata (voucher specimen No. 
5561) and S. cumini (voucher specimen No. 3494) the 
hydroethanolic extracts were obtained from the leaves. 
The essential oil extraction was performed by Clevenger-
type apparatus according to the method recommended by 
the European Pharmacopoeia and by Soxhlet apparatus 
with ethanol and concentrated in vacuum .

The collected leaves were washed and sanitized, dried 
in a circulation oven at 40 oC for approximately 48 h, in 
the portion of 158 g of S. erecta, 152 g of S. marginata, 60 g 
S. teribinthifolius and 83 g of S. cumini.

For hops, processed grains were used in a portion of 
6.892 g. Being crushed, separately, with 250 mL of water 
and 250 mL of ethanol 95% P.A. Then it was stirred by 72 h, 
in a shaker. The extracts were filtered and concentrated in 
a rotary evaporator at 55 oC until completely dehydrated, 
then macerated to powder.

For each treatment, fresh fruits or leaves were dried at 
60 oC in fixed bed dryers, with ascending air flow, consisting 
of removable trays, which had a screened bottom.

For extraction in the Clevenger apparatus, a portion of 
100 g of S. teribinthifolius and 200 g of C. adamantium were 
crushed with 500 mL of water, and were later hydrodistilled 
by 4 h, adapted method of Pacheco et al. (2021).

For the Soxhlet system 140 g of crushed leaves and 200 g 
crushed fruits of S. teribinthifolius, and 200 g of crushed 
fruits of C. adamantium were used. The distillation process 
was carried out with hexane and lasted 4 h.

The excess solvent was removed on a rotary evaporator 
at 40 oC.

2.2. Microbiological analysis

2.2.1. Microorganisms

At the Microbiology Laboratory of the State University 
of Mato Grosso do Sul (UEMS), the antimicrobial effect of 
contaminating bacteria isolated from the fermentation 
process at the São Fernando Sugar and Alcohol Plant 
(USFAA), Dourados, MS, Brazil, was investigated. The species 
of bacteria belongs to the genus Bacillus and is genetically 
related to Bacillus toyonensis, B. thuringiensis, B. cereus, 
B. proteolyticus. The analysis method used was genetic 
distance based on the partial sequence of the 16S ribosomal 
RNA gene from the Multidisciplinary Center for Chemical, 
Biological and Agricultural Research (CPQBA) at UNICAMP.

The industrial yeast S. cerevisiae Pe-2 was kindly 
provided by the São Fernando Sugar and Alcohol Plant 
(USFAA), Dourados, MS, Brazil.

heterofermentative lactobacilli being more deleterious 
due to their success in competing for sugars during 
fermentation (Basso et al., 2014).

A variety of antimicrobial agents are used to treat 
contamination, including antibiotics such as erythromycin, 
penicillin and tetracycline, but their cost is high (Rich et al., 
2018). Nobre et al. (2007) have already raised the hypothesis 
that bacteria have the ability to acquire resistance to 
antibiotics, but a study demonstrating this in alcoholic 
fermentation has never been carried out. Despite the use 
of antibiotics to combat contaminant bacteria populations 
in Brazilian sugarcane mills, there are many market-based 
factors pressuring ethanol manufacturers to reduce the use 
of these substances. For example, yeast biomass, which 
is a by-product of the ethanol industry, has high added 
value as supplement for animal feed (Rigotti et al., 2017).

The problems with antimicrobial resistance are well 
known, and most antibiotics are used unnecessarily, both 
in disease treatment and in agriculture, resulting in the 
generation of resistant microorganisms (Laxminarayan et al., 
2013; Béjar-Serrano et al., 2019; Venturieri et al., 2019). 
Waste and effluent from activities where antibiotics are 
used to control contamination may contain both these 
antimicrobials and resistant bacteria. Thus, they are 
potential environmental routes through runoff to the soil 
by fertilization resulting in the contamination of surface 
waters, harming the microbial dynamics in the soil, as well 
as reaching humans, animals raised for consumption and 
even wildlife (Laxminarayan et al., 2013; Yan et al., 2013).

The ethanol production industry is seeking alternatives 
to antibiotics due to their harmful effects on the 
environment. Plant-based antimicrobials like hops and 
bacteria are being considered as substitutes for large-scale 
use (Rich et al., 2018).

The present work aimed to evaluate the viability of using 
plants grown in the Cerrado that already showed evidence 
of antimicrobial activity, such as Schinus terebinthifolius 
Raddi, Serjania erecta Radlk, Serjania marginata Casar, 
Syzygium cumini Linnaeus and Campomanesia adamantium 
Cambess. for antimicrobial control during alcoholic 
fermentation in the sugar-energy production process.

2. Materials and Methods

2.1. Obtaining extracts and essential oils

The extracts and essential oils were obtained from 
cultivated and/or native Cerrado plants that showed 
evidence of antibacterial activity in previous works. 
The following species were used: Schinus terebinthifolius 
Raddi (Brazilian pepper) which was cited in the works of 
Nocchi et al. (2016) and Uliana et al. (2015), Campomanesia 
adamantium Cambess. (guavira) rated by Sá et al. (2018), 
Serjania erecta Radlk (“Cipó-cinco-folhas”) quoted by 
Cardoso et al. (2013), Serjania marginata Casar (“Cipó-
timbó”) which was cited in the works of Périco et al. (2015) 
and Leitão et al. (2021) and Syzygium cumini Linnaeus 
(jambolan) quoted by Anas and Malik (2021), Singh et al. 
(2016), Yadav et al. (2011). The plants were collected at 
the Medicinal Plants Garden of the Federal University of 
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2.2.2. Inoculum preparation

The text describes the storage and activation process 
for bacteria and yeasts. The microorganisms were kept in 
sealed tubes in an ultra-freezer at -80 °C and were thawed 
when needed. To activate the bacteria, they were streaked 
on Man, Rogosa and Sharpe agar (MRS - Sygma-Aldrich) 
and incubated for 24 hours at 35 °C.

The process of activating yeast by streaking it on Yeast 
Extract Peptone Dextrose (YEPD) and incubating it for 
48 hours at 28 °C. For tests with diffusion discs, both yeast 
and bacteria inocula were obtained by scraping the surface 
of the activation agar with a 0.85% aqueous solution, and 
the suspensions were adjusted to turbidity equivalent to 
the 0.5 McFarland standard.

2.2.3. Preparation of disk diffusion test

For both hydroalcoholic extracts and essential oils, stock 
solutions were prepared at a concentration of 0.1 gL-1, a 
concentration equal to 1x10-1 gL-1 (called the 10-1 dilution), 
and then proceeded the preparation of other dilutions: 
10-2 (0.01 gL-1); 10-3 (0.001 g.L-1); 10-4 (0.0001 g.L-1) and 
10-5 (0.00001 g.L-1). The tests were conducted in petri 
dishes with a 1:10 dilution difference between the disks 
(Chaves et al., 2018).

For all dilutions tested, filter paper discs of 5 mm 
in diameter and with a weight of 80 g/m2 and 0.2 mm 
thick were impregnated with 0.5 μL of essential oil or 
hydroethanolic extract followed by drying under study 
at 40 °C.

The discs with the preparations were applied at the 
inoculation 2.5 cm from the center of the plate in a circular 
shape (5 discs per plate). The inoculations were incubated 
over 24 h at 35 °C for bacteria and 30 oC for yeast. Once 
incubated, the uniform microbial lawn around the disks 
facilitated the formation of zones of complete and partial 
inhibition of bacterial growth. The findings were counted 
by measuring the diameter of the growth inhibition zones.

Analyzes were performed in triplicate. Hops extract 
was used as a positive control.

2.3. Statistical analysis

The given text discusses the analysis of variance of 
results using the F test at a 5% probability level. The means 
for plants grown in the Cerrado were compared using the 
Tukey test with a p-value of 0.05. The concentrations of 
essential oil and hydroethanolic extracts were adjusted to 
polynomial regression equations, with significant effects 
determined by the F test at a 5% probability level and 
coefficients of determination measured by the SISVAR 
5.3 program.

3. Results and Discussion

3.1. Hydroethanolic extracts from leaves

Although the literature reports that the extract from S. 
marginata presents evident antimicrobial effects against 
Helicobacter pylori, Staphylococcus aureus, Escherichia 
coli, Salmonella setubal, and the yeast Candida albicans 

(Périco et al., 2015), the tests performed did not show 
inhibition against Bacillus sp. nor against the yeast 
S. cerevisiae Pe-2. A hypothesis raised in the literature is that 
bacteria of the genus Bacillus have resistance mechanisms 
to various stressful conditions related to a protein DPS 
(“DNA-binding protein from starved cells”). In fact, the 
presence of DPS increases bacterial survival from many 
stresses, including starvation, heat shock, oxidative stress, 
and iron overexposure (Karas et al., 2015). Altowayti et al. 
(2019), when studying arsenic adsorption mechanisms 
with B. thuringiensis attribute the resistance of the species 
to this mechanism given the similarity between this and 
the studied species.

This difference in inhibitory behavior between the 
bacteria studied by Périco et al. (2015) and in the present 
study shows the degree of resistance of the bacteria studied, 
justifying quite fully the need to study specific inhibitors 
for contaminating bacteria in alcoholic fermentation. 
It is noteworthy that the conditions of the fermentation 
process in plants is very stressful (Fernandes et al., 2020) 
and the selective pressures suffered by the microorganisms 
involved in these processes elevate them to a greater 
degree of resistance.

On the other hand, S. erecta showed a halo of inhibition 
in all tested dilutions.

The halos obtained with the extracts of S. erecta 
had the highest mean with 12 ± 0 mm, in the extract of 
S. terebinthifolius the highest mean was 10 ± 0 mm (Table 1). 
The extract of S. marginata did not show inhibitory activity. 
Considering that this genus, Serjania, has antimicrobial 
properties, it is possible to suppose that these results 
indicate activity only in the five-leaf vine species. Studies 
carried out found that different Serjania species have 
compounds with antibacterial and anti-inflammatory 
activity (Gomig et al., 2008).

Regarding the use of S. cumini extract, it was observed 
that the greatest inhibition halo was 16 ± 12.53 at the 
concentration of 0.1 g.L-1 against bacteria. However, in 
yeasts, the halo was approximately 15.00 ± 3.54 L of 
inhibition, at the highest concentration of 0.01 g.L-1 (Table 1). 
It can be said that the S. cumini extract would not be 
viable for industrial use, as the positive results observed, 
both in bacteria and yeast, make its use in the alcoholic 
fermentation process unfeasible.

The hydroethanolic extract extracted from the leaf 
of S. terebinthifolius showed a halo of inhibition only at 
the concentration of 0.1 g.L-1, against the bacteria, when 
observing the halo in the Petri dish, it was absent (-), 
there was normal growth of yeasts in all the dilutions 
tested around the disc. In the test with the hydroethanolic 
extract extracted from the fruits of S. terebinthifolius 
against bacteria and yeasts, there was no halo of inhibition. 
Although some studies indicate antimicrobial activity 
against microorganisms (Nocchi et al., 2016), the bacterium 
Bacillus sp. and the yeast S. cerevisiae Pe-2 were resistant to 
the hydroethanolic extract of the fruit of S. terebinthifolius.

Nobre et al. (2007) studied the influence of the genus 
Bacillus and Lactobacillus in reducing the cell viability of 
the yeast S. cerevisiae, cultivating the bacteria B. subtilis, 
B. coagulans, B. stearothermophilus, L. fermentum and 
L. plantarum with the yeast S. cerevisiae, for 72 h under 
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stirring at 32 oC, with influence of acidity and pH in the 
culture media, resulting in loss of yeast viability only by 
L. fermentum e B. subtilis. Compared to the hydroethanolic 
extract of the fruit of the S. terebinthifolius the bacteria 
Bacillus sp. proved to be resistant.

According to the analysis of variance, there was a 
significant difference (p≤0.05) between the Cerrado 
plants and the doses of hydroethanolic leaf extracts tested 
(Table 2). According to Uliana et al. (2015) the extract from 
the leaves of S. terebinthifolius have strong antimicrobial 
activity against bacterial strains S. aureus and E. coli.

The hydroethanolic leaf extracts tested against the 
studied bacteria showed satisfactory results with the use of 
the plants S. terebinthifolius, S. erecta and S. cumini (Table 3).

The results of the test of means presented in 
Table 3 show that there was a significant difference 
(p ≤ 0.05) in the concentrations of 1x10-1 g.L-1 to 1x10-3 g.L-1, 
where S. cumini stood out in relation to S. terebinthifolius 
and S. erecta, with a halo of inhibition statistically superior 

to the other plants studied, and among the concentrations 
tested, the Minimum Inhibitory Concentration (MIC) level 
was equal to 1x10-3 g.L-1.

The variable halo of inhibition was adjusted to the linear 
regression model, with decreasing results as the dilution 
of the hydroethanolic extract of leaves increased, in both 
plants evaluated (Figure 1).

Note that the halo of  inhibition values for 
S. terebinthifolius and S. erecta showed no halo of 
inhibition in the concentrations of 1x10-2 g.L-1 and 
1x10-3 g.L-1, showing a significant difference between 
these plants in relation to the S. cumini, which obtained 
higher values in the inhibition halos according to the 
concentrations, in line with (MIC) of the antimicrobial 
activity tested in this work. The MIC is the Minimum 
Inhibitory Concentration, corresponding to the last 
dilution in which the presence of bacterial growth in the 
measured inhibitory halos of the different concentrations 
tested was not verified.

Table 1. Means and standard deviation obtained from hydroethanolic extract of leaves of plants grown in the Cerrado against bacteria 
and yeasts.

Plant
Bacteria (b)/Yeast (y) Concentration (g.L-1)

Abs. Pres. 1x10-1 1x10-2 1x10-3 1x10-4 1x10-5

S. terebinthifolius + - 10 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b

Leaf extract 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

S. Terebinthifolius 
Fruit extract

- - 0 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b

0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

S. cumini + + 16 ± 12.53b 12.89 ± 7.49b 4.67 ± 7.07b 0 ± 0 b 0 ± 0 b

Leaf extract 13.22 ± 2.33y 15.00 ± 3.54y 8.56 ± 8.47y 4.22 ± 6.33y 0 ± 0 y

S. marginata - - 0 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b

Leaf extract 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

S. erecta + - 12 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b

Leaf extract 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

Hop (reference) + - 24 ± 0b 24 ± 0b 24 ± 0b 24 ± 0b 24 ± 0b

0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

Absence of halo: (-); Presence of halo: (+); bacteria (b); yeast (y).

Table 2. Summary of analysis of variance for antimicrobial tests of hydroethanolic extracts from leaves of plants grown in the Cerrado.

Source df SS MS Fc Pr > Fc*

Plant 2 3936.88 1968.44 610.90 ≤0.001

Extract concentration 2 1536.88 768.44 238.48 ≤0.001

Extract concentration 4 137.77 34.44 10.69 ≤0.001

Residue 72 232.00 3.22

Total 80

CV (%) 20.89

Overall Average 8.59

df: degree of freedom; SS: sum of squares; MS: mean square; Fc: F calculated; Pr>Fc: Exact significance; CV: coefficient of variation.
*Significant at 5% of probability by the test F.
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For the S. cumini plant there was a significant difference 
between the concentrations of the hydroethanolic 
leaf extract against yeast with a probability of 5% of 
significance (Table 4). Statistically this result indicates 
high variations.

Singh et al. (2016) when performing the phytochemical 
analysis of the compounds present in S. cumini, showed 
that the variation was significant and when studying 
the polyphenol compounds present, it was concluded 
that they exerted a strong antioxidant and antimicrobial 
activity against the microorganisms Staphylococcus aureus, 
Klebsiella pneumonia sub sp. pneumoniae, E. coli and the 
yeast Candida albicans, similarly to the results of this 
study, where S. cumini obtained halos of inhibition against 
industrial microorganisms, S. cerevisiae Pe-2, and Bacillus sp.

It can be said that despite the excellent results in tests 
with the S. cumini, it would be unfeasible for industrial use, 
as it presents levels of inhibition up to 1x10-4 g.L-1 against 
yeasts (Figure 2). Albuquerque et al. (2017), when 
evaluating the antimicrobial activity of the hydroalcoholic 
and alcoholic extracts from the leaves of some species 
of the Myrtaceae family, including the S. cumini against 
bacteria S. aureus, S. pyogenes, P. aeruginosa, E. faecalis, 
concluded that all extracts studied showed activity against 
strains of S. aureus. Martins et al. (2016) documented the 
antimicrobial effects against Beauveria bassiana fungus. This 
effect was ascribed to the existence of tannins, flavonoids, 
anthocyanins alkaloids, and other compounds which also 
exhibit established antibacterial properties.

The halo of inhibition as a function of the concentrations 
of the hydroethanolic extract of leaves of S. cumini against 
yeast, was adjusted to the decreasing linear regression 
model, since with the reduction of the tested extract 

Table 3. Results of means of halo of inhibition of the antimicrobial activity of the hydroethanolic extracts of leaves against the tested 
bacteria.

Plants
Inhibition halo (mm)

1x10-1 1x10-2 1x10-3

S. therebinthifolius 10.00 b 0.00 b 0.00 b

S. erecta 12.00 b 0.00 b 0.00 b

S. cumini 22.22 a 17.56 a 15.56 a

In the column, the same letters = no statistical significance, different letters = statistically significant.

Table 4. Summary of analysis of variance for antimicrobial tests of hydroethanolic extracts of S. cumini leaves against yeast.

Source df SS MS Fc Pr > Fc*

Extract concentration 4 1316 329 76 ≤0.001

Residue 40 174 4

Total 44 1490

CV (%) 19.54

Overall Average 10.66

CV: coefficient of variation; NS: not significant; df: degree of freedom; SS: sum of squares; MS: mean square; Fc: F calculated. Pr>Fc: Exact 
significance: *Significant at 5% of probability by the test F.

Figure 1. Antibacterial activity of hydroethanolic extracts from 
leaves of plants grown in the Cerrado against Bacillus sp. ▲ = 
S. cumini, ♦ = S. terebinthifolius, ● = S. erecta (1 = 0.1 g.L-1; 2 = 0.01 g.L-1; 
3 = 0.001 g.L-1).

Figure 2. Antibacterial activity of the hydroethanolic extract 
of S. cumini leaves (♦) against yeast (1 = 0.1 g.L-1; 2 = 0.01 g.L-1; 
3 = 0.001 g.L-1, 4 = 0.0001 g.L-1; 5 = 0.00001 g.L-1).
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concentrations there was a reduction in the size of the 
inhibition halo (Figure 2).

It is observed in Figure 2, an absence of inhibition halo 
in the concentration 10-5 of dilution of the hydroethanolic 
extract of the leaves of the S. cumini against yeast, with 
the results of inhibition halo size in the other extract 
concentrations being statistically higher than the dilution 
of 10-5, not differing statistically from each other, showing 
results of 13.22 mm, 15 mm, 12.44 mm and 12.67 mm, 
respectively, in the dilutions of 1x10-1, 1x10-2, 1x10-3 e 
1x10-4 g.L-1. Thus, S. cumini extracts are also not viable for 
use in alcoholic fermentation.

Carvalho-Netto et al. (2015) clarify that contaminating 
microorganisms present in the industrial process, especially 
in distilleries, produce particles of cell coaggregation 
and adhere to equipment by flocculation of the yeast, 
harming the fermentation process and reducing the 
yield of bioethanol, which consists of the fermentation 
of sucrose present in sugarcane and yeast strains adapted 
from S. cerevisiae, lineage highly adapted to the process.

3.2. Essential oil from leaves and fruits of plants grown in 
the Cerrado

As for the essential oil of the fruit of the guavira species 
against bacteria, the formation of inhibition halos was 
present in all dilutions, being higher in the 10-1 g.L-1 dilution, 
which presented a halo of 33.33 ± 8.66 mm, surpassing the 
result of the largest halo present in the standard extract 
(hop extract), which obtained 24 ± 0 mm. It is important 
to compare the results with those of hop extract, as these 
have been used to replace antibiotics because hop extract 
products can significantly reduce the bacterial load at doses 
from 5.10-3 mg.L-1 (Rigotti et al., 2017; Maia et al., 2019).

In yeasts, the halo formed was 0.1 mm, considered to 
be of little significance, as shown in (Table 5). Analysis of 
the essential oil of the species C. adamantium performed 

by Oliveira et al. (2016) showed antibacterial activity, the 
essential oil showed moderate activity against bacteria 
Streptococcus mitis, Streptococcus mutans, Streptococcus 
sanguinis, Streptococcus sobrinus and Bacteroides fragilis.

In the tests using the essential oil of the guavira leaves, 
the greatest inhibition halo was 16.00 ± 4.50 mm in the 
dilution 10-2 g.L-1 against bacteria. For yeasts the halo 
was negative in all dilutions, so there was no inhibition, 
a desirable characteristic for application in the sugarcane 
industry.

Table 5 presents the mean and standard deviation of 
each plant against the tested bacteria and yeasts, and 
compares the results in the different methods used in 
the production of essential oil. Where (+) presence of 
halo (-) is absence of halo in bacteria/yeasts. Values of 
0 mean no halo.

As the results show, the EO of the fruit de S. terebinthifolius 
performed by the Soxhlet appliance had the best result 
with a halo that exceeded the size of the plate, with 120 ± 
0 mm and 0 for yeast negative result (-) absence of halo. 
The same plant species did not obtain a positive result by 
the EO extracted from the leaf in the Clevenger apparatus. 
Salem et al. (2018) demonstrated good activity against 
the growth of A. baumannii, P. aeruginosa, M. luteus, and 
S. aureus using EO at 1.000 μg.mL-1 (equivalent to 1 g.L-1).

The results obtained with the essential oil of the specie 
S. terebinthifolius fruits showed the greatest inhibition 
halo against the bacteria by the Soxlhet method, not 
being possible to measure them, except in the dilution 
10-5 g. L-1. When testing pure EO against bacteria, the halo 
was 44 mm (Table 5). When testing it against yeast, the 
result was negative, with no halo of inhibition, the yeast 
grew normally in the entire Petri dish.

The essential oil of fruits has a higher yield by the 
Soxlhet method and has antibacterial activity on both 
gram-negative and gram-positive bacteria (Barrales et al., 

Table 5. Means and standard deviation obtained from essential oils (EO) against bacteria and yeasts in different extraction methods.

Plant
Bacteria (b)/Yeast (y) Concentration (g.L-1)

Abs. Pres. 1x10-1 1x10-2 1x10-3 1x10-4 1x10-5

S. terebinthifolius 
EO Sox Fruit

+ - 120 ± 0 b 120 ± 0 b 120 ± 0 b 120 ± 0 b 44 ± 2 b

0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

S. terebinthifolius 
EO Sox leaf

- - 0 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b

0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

S. terebinthifolius 
EO Cle leaf

- - 0 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b 0 ± 0 b

0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

C. adamantium 
EO Cle Fruit

+ - 33.33 ± 8.66 b 23.33 ± 8.66 b 16.67 ± 10 b 13.33 ± 5b 10 ± 0b

0.1 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

C. adamantium 
EO Cle leaf

+ - 15.89 ± 4.68b 16.00 ± 4.50b 15.67 ± 0.50b 15.44 ± 5 b 3 ± 4.50b

0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

Hop (reference) + - 24 ± 0 b 24 ± 0 b 24 ± 0 b 24 ± 0 b 24 ± 0 b

0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y 0 ± 0 y

EO cle: Essential oil Clevenger apparatus; EO Sox: Essential oil Soxhlet apparatus; Absence of halo: (-); Presence of halo: (+);  bacteria (b); 
yeast (y).
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2015) as well as the hop extract used by plants in the 
countryside of São Paulo, Betatec hop products showed the 
effects of Isostab and Lactostab are quite effective against 
gram positive bacteria present in fermentation (LNF, 2017).

Thus, the use of essential oil can be considered for 
the control of sucroenergetic bacterial contamination 
in both species, S. terebinthifolius and C. adamantium, for 
presenting, in these times of crisis in the industrial sector, 
an alternative against the use of antibiotics, as natural 
biocides would result in cost reduction and would add less 
economic value, also helping to preserve the environment.

The search for natural biocides as a way to control 
contamination is increasing due to the growing number 
of bacterial resistance to various antibiotics, and medicinal 
plants represent an important source of obtaining new 
substances (Chen-Lung et al., 2012).

According to the analysis of variance, there was a 
significant difference (p≤0.05) between the concentrations 
of essential oil in the fruits of the C. adamantium (Table 6). 
This plant proved to be promising for presenting inhibition 
halos at all concentrations tested against contaminating 
bacteria in the alcoholic industrial fermentation process.

There was a decrease in the size of the inhibition halo 
with increasing dilution of the concentration of the essential 
oil of C. adamantium fruits, and the results were adjusted 
to the decreasing linear regression model (Figure 3). 
However, it is observed positively satisfactory values in 
the size of inhibition halos with the concentration levels of 
the essential oil of C. adamantium fruits against Bacillus sp. 
bacteria, which surpassed the results of the hop extract.

The results obtained by the analysis of variance 
demonstrate that there was a significant difference with 
a probability of (p5>0.05) significance in the samples of 
essential oil from the leaves of C. adamantium (Table 7). 
Studies of antimicrobial activity carried out with essential 
oils from plants are increasingly common as they are 
promising in the control of bacteria.

Sá et al. (2018) tested the antimicrobial activity of 
the essential oil of guavira leaves by hydrodistillation 
using the Clevenger apparatus, the phytochemical 
analysis showed new compounds, including the hexane 
fraction, antibacterial potential against bacteria, and the 
concentrated fraction of aqueous tannin and valoneic acid, 
against the yeasts.

Analyzing Figure 4, it is observed that the size values 
of the inhibition halo were adjusted to the decreasing 
linear regression model with the increase in the dilution 

of the concentration of the essential oil in the leaves of 
the C. adamantium. The halo of inhibition values range 
from 15.89 mm for 10-1, 16 mm for 10-2, 9.67 mm for 10-3, 
9.44 mm for 10-4 and 3 mm for 10-5.

In the study by Santos et al. (2019) with the 
multiresistant bacteria Acinetobacter baumannii when 
evaluating the action of the essential oil of unripe and 
ripe fruits, they found that the S. terebinthifolius has 
antimicrobial activity extracted from the ripe fruits of 
the plant against this bacteria, confirming its promising 
potential with C. adamantium in the control of these 
multiresistant bacteria, which are also present in the 
sugar-energy industrial process.

Table 6. Summary of analysis of variance for antimicrobial testing of fruit essential oil (EO) C. adamantium.

Source df SS MS Fc Pr > Fc*

Fruit EO concentrations 4 3083 770 14 ≤0.001

Residue 40 2200 55

Total 44 5280

CV (%) 38.36

Overall Average 19.33

df: degree of freedom; SS: sum of squares; MS: mean square; Fc: F calculated; Pr>Fc: Exact significance; CV: coefficient of variation. *Significant at 
5% of probability by the test F.

Figure 3. Antimicrobial activity of essential oil from C. adamantium 
fruits (●) against Bacillus sp. (1 = 0.1 g.L-1; 2 = 0.01 g.L-1; 3 = 0.001 g.L-1, 
4 = 0.0001 g.L-1; 5 = 0.00001 g.L-1).

Figure 4. Antibacterial activity of the essential oil of C. adamantium 
leaves (▲) against the Bacillus sp. (1 = 0.1 g.L-1; 2 = 0.01 g.L-1; 
3 = 0.001 g.L-1, 4 = 0.0001 g.L-1; 5 = 0.00001 g.L-1).
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4. Conclusion

Given the above, it can be concluded that the 
hydroethanolic extracts of the leaves of the species 
S. terebinthifolius and S. erecta, and the essential oils of 
the fruits of S. terebinthifolius and C. adamantium can be a 
viable alternative for the control of bacterial contamination. 
The hydroethanolic extracts of the S. marginata did not 
show antimicrobial activity and S. cumini extract promoted 
the inhibition of bacterial and yeast growth, therefore 
it would be unfeasible for the proposed objective, as it 
inhibits yeast growth. The extracts of the S. terebinthifolius, 
S. erecta and C. adamantium can be used as an alternative 
to the use of hop extract, as they promote the reduction of 
economic costs in the industrial sector, helping to preserve 
the environment. The use of natural extracts obtained 
from native species can be an alternative to hop extract. 
The control of bacterial contamination in fermentation from 
antibiotics is already prohibited in some countries because 
it causes resistance in bacterial strains. The sugarcane 
industry uses hop extract as an alternative, but the high 
cost makes it unfeasible for this sector.
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