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ABSTRACT: The quality of the raw material defines the industrial potential production. The harvest of raw
sugarcane promoted a favorable environment for the increase of Mahanarva fimbriolata (Stil, 1854) pest that
affects the plant development. This research was undertaken to evaluate the effects of M. fimbriolata on
sugarcane quality and fermentation process. For the technological analysis, four damage levels and two
evaluation periods were evaluated, while four fermentation cycles and two evaluation periods were tested for
microbiological analysis, with three replications. The determined parameters were Brix (soluble solids), Pol
(apparent sucrose), Purity, reducing sugars (RS), total reducing sugars (TRS), Total Acidity, pH and Total
Phenolic Compounds in juice. In the fermentation process cellular viability analysis, yeast sprout and bacterial
concentration were carried out. The wine was submitted to alcohol content, TRRS (total residual reducing
sugars) and fermentation efficiency. The treatment with 60% of damage steams exhibited the lowest averages
of Brix, Pol, Purity and TRS of the juice. An increase of the RS% of the juice and content of total phenolic
compounds was observed. The cellular and sprouts viability were reduced with the increase in the damages
caused by M. fimbriolata. The fermentation process exhibited larger quantities of contaminators. With the
damages, the wine TRRS quantity was superior and, consequently there was a decrease of the alcoholic content
and fermentation efficiency. The damages caused by M. fimbriolata affected the quality of the raw material,
compromising the fermentative process, and increase the production of phenolic compounds and contaminators.
Key words: Mabanarva fimbriolata infestation, Saccharum spp., ethanolic fermentation

Danos promovidos por cigarrinha-das-raizes na qualidade da cana e
processo fermentativo

RESUMO: A qualidade da matéria-prima define o potencial de produg¢io da indistria. A colheita de cana sem
queima proporcionou um ambiente favoravel ao aumento da infestagio da Mabanarva fimbriolata (Stil,
1854), que suga a planta e afeta seu desenvolvimento. Avaliaram-se os danos promovidos pela M. fimbriolata na
qualidade da cana e no processo fermentativo. Os tratamentos utilizados foram quatro niveis de danos e duas
épocas de avaliagdes para as analises tecnoldgicas, e quatro niveis de danos, quatro ciclos fermentativos e duas
épocas de avaliagdes para as analises microbioldgicas com trés repeticdes. Foram determinados Brix (sélidos
solaveis), Pol (sacarose aparente), Pureza, agticar redutor total (ART), agticar redutor (AR), Acidez Total, pH,
e teor de compostos fendlicos totais no caldo. No processo fermentativo foram realizadas analises de viabilidade
celular, brotos de leveduras e concentragio de bactérias. Determinaram-se aglicar redutor residual Total (ARRT),
teor alcodlico nos vinhos e a eficiéncia da fermentagio. Os tratamentos com 60% dos colmos danificados
apresentaram menor média de Brix, Pol, Pureza e ART do caldo. Verificou-se aumento do AR% caldo e dos
teores de compostos fendlicos totais. A viabilidade celular e de brotos foram reduzidas com o aumento dos
danos provocados pela M. fimbriolata. O processo fermentativo apresentou maiores quantidades de
contaminantes. Com os danos a quantidade de ARRT dos vinhos foi maior, houve reducio do teor alcodlico,
assim como na eficiéncia da fermentacdo. Os danos causados pela M. fimbriolata afetaram a qualidade da
matéria-prima, comprometendo o processo fermentativo, além de aumentar a produgio de compostos fenélicos
e contaminantes.

Palavras-chave: Mahanarva fimbriolata, Saccharum spp., fermentacio etandlica

Introduction trial processing, sugarcane is a highly efficient source

of sugar and the biofuel ethanol. All occurrences that

The production of sugarcane (Saccharum spp.) is a could limit the development of sugarcane can, as a re-
matter of worldwide importance because through indus- sult, diminish its quality as raw material, and therefore
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may affect the industrial process which results in these
important bioproducts (Ravaneli et al., 2006). The inci-
dence of pest in these crops, such as that caused by the
insect Mahanarva fimbriolata (Stal, 1854) (Hemiptera:
Cercopidae) is one of the most important causes of di-
minished sugarcane growth.

The emergence of M. fimbriolata as an occurring pest
in sugarcane resulted from environmental conditions
that were found to be adequate for the insect’s develop-
ment. Among these conditions, the presence of straw on
raw sugarcane is one of the most important. When sug-
arcane is infested by nymph and adult stages of M.
fimbriolata, it suffers damage to its stalks, which become
thinner and drier than those from non-infested areas
(Dinardo-Miranda et al., 2000). Sugarcane infested by this
pest constitutes raw material for industrial processing
with reduced levels of sucrose (Mendonga et al., 1996) and
of soluble solids (Brix) (Gongalves et al., 2003). The pest
causes a state of hydric stress, with the stalks frequently
presenting cracks that may originate deterioration, which,
in turn, can make the plant susceptible to contaminants.
When these contaminants occur in high levels, they in-
hibit the process of fermentation and impair the extrac-
tion of sugar, thus diminishing the results obtained by in-
dustrial processing (Dinardo-Miranda, 2003).

When attacked by pest, plants can produce sub-
stances such as phenolic compounds which act as a de-
fence since these can interfere negatively in the metabo-
lism of yeasts (Polakovic et al., 1992). Since yeasts play
an active part in the fermentation process, when the raw
material is of reduced quality the viability of yeast cells
in this process is diminished (Gongalves et al., 2003 and
Ravaneli et al., 2006).

With the purpose of contributing with more infor-
mation regarding this problem, the present study was
carried out to assess losses in sugarcane quality,
microrganism content of the juice and in the fermenta-
tion process caused by the spittlebug.

Material and Methods

Assay set up and conduction

The present assay was conducted in Guariba, state
of Sio Paulo, Brazil. The sugarcane variety used in the
assay was the SP80-1842 from a 5th cut, which would be
susceptible to pest infestations, and whose last cut had
been done through mechanical harvest with no trash
burn. Plant evaluation was carried out at two seasons of
the year, with one assessment performed at the end of
the rainy season in May/June (winter), and the other in
October (springtime), after the dry season of 2007.

The method proposed by Gongalves et al. (2003) was
used to set up the two treatments used in the assay. This
method establishes a classification of stalks based on the
degree of damage sustained after a pest infestation. In
the present study all stalks that did not show damage to
its external layer and presented a live apical meristem
were classified as “apparently healthy”; those which pre-
sented apparent external damage and a dry apical mer-

istem but which lower meristem was still green were
classified as “damaged”, whereas those which were still
attached to the stalk clump, although completely dry,
were classified as “dry” stalks.

Each treatment was composed of a bundle of 20 stalks
which represented one of the following levels of dam-
age: 0% damage (20 apparently healthy stalks), 15%dam-
age (17 apparently healthy stalks + 2 damaged stalks +
1 dry stalk), 30% damage (14 apparently healthy stalks
+ 4 damaged stalks + 2 dry stalks) and 60% damage (8
apparently healthy stalks + 8 damaged stalks + 4 dry
stalks).

Technical analysis of the sugarcane juice produced
was carried out using random sampling with a facto-
rial 4 x 2 design, with the primary treatments being
considered the levels of damage promoted by pest in-
festation (0, 15, 30 and 60%), and the secondary treat-
ments the two different periods of assessment (May/
June and October), with three replications. Regarding
the fermentation process, an additional factor was con-
sidered, completing a 4 x 4 x 2 design, with the pri-
mary treatments being the damaged caused by the
spittlebug (0, 15, 30 and 60%), the secondary treatments
four fermentation cycles (1%, 4", 7" and 10") and the
third treatments the two periods of assessment (two
seasons), with three replications.

Stalks harvested at each determined season were
cleared of straw and cut off at the height of the apical
bud. Afterwards, the treatments were composed, iden-
tified and the stalks were transported to the site of juice
extraction, which was done according to method de-
scribed by Tanimoto (1964). Brix (soluble solids) and
Pol (apparent sucrose) values were determined as de-
scribed by Schneider (1979) and Apparent Purity of the
juice according to Consecana (2008). The pH values
were determined by direct reading using a digital pH
meter, with temperature corrected at 25°C. The
reducting sugars (RS) were calculated according to
Consecana (2008) and the total reducting sugars (TRS)
according to the volumetric method by Lane and
Eynon (1934). Total acidity was determined by titra-
tion of the juice when being mixed with a standard
NaOH 0.05N solution (Copersucar, 2001). Total phe-
nolic compounds were determined according to Folin
and Ciocalteau (1927).

Characterization of the fermentation process

To obtain the must, the extracted juice was clari-
fied by the addition of 300 mg L™ phosphoric acid
(H,PO,), with posterior adjustment of pH to 7.0 by add-
ing Ca(OH), (6°Bé). The treated juice was heated until
attaining temperatures of 100 to 105°C and then 2 mg
L™ of the polymer (Mafloc 985) was added. The juice
was then transferred to a 1L beaker for decantation of
impurities (mud or lees). The decanted lees was sepa-
rated by filtration and then discarded. The clarified
juice was brought to standard at 13° Brix at the first
period and 14° Brix at the second period of assessment.
Afterwards, pH was brought to standard at 3.5 (+ 0.3)
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using sulfuric acid and then the juice was heated to
32°C, thus obtaining the must for the fermentation pro-
cess.

The inoculum used for the fermentation process was
composed of pressed yeast (Fleischmann) at 30 g L.
Must was added twice to the juice, with a 30 min inter-
val, getting a final volume of 500 mL in each beaker.
These were stored in germination incubators, with in-
ternal temperatures stabilized at 32°C, and the fermen-
tation process was monitored (every 4 h) by a °Brix
densimeter. The end of the process was determined
when the Brix values attained 1 or less, or when the
readings at 30 min intervals were stable.

At the end of each fermentation cycle, the yeast was
recovered by centrifugation at 1650 x g for 5 minutes
at 25°C. The recovered yeast was then washed with a
sterile 0.85% saline solution and submitted to agitation
for 1 h at 32°C, with 0.5% glucose and was acidified
with H,SO, to reduce pH when this was found to be
higher than 3.5. This process produced the inoculum
that was then used in the next cycle of fermentation.

Samples of the wine were taken at the beginning and
again at the end of the fermentation process for micro-
biologic evaluation. A hemocytometer was used for as-
sessing cells and sprout viability and the concentration
of bacteria present (Ravaneli et al., 2006). A digital den-
sitometer was used to assess alcoholic levels in the
wine (Amorim, et al. 1979), and the total residual
reducting sugars (TRRS) were determinate as accord-
ing to Lane and Eynon (1934).

Results obtained were submitted by analysis of vari-
ance by the F Test and the mean values were compared
according to Tukey’s test (p = 0.05) (Banzatto and
Kronka, 2006).

Results and Discussion

When the raw material used presented damage, a re-
duction of the technological quality of sugarcane juice
was observed (Table 1). A significant effect was observed
regarding the levels of damage and the moment (season)
of harvest. Brix, Pol and Purity of juice values were
found to be lower, with the lowest average result when
using the raw material from the treatment that presented
60% of the stalks damaged. For the TRS, the treatment
with 60% of damage already presented a mean value that
was smaller than those from the other treatments (Table
1). Gongalves et al. (2003) also found lower Brix and Pol
values in raw sugarcane material attacked by this pest
when the damage was extensive. These results could be
due to plant stress, which would give it a scorched ap-
pearance because of the dry stalks (Mendonga, 1996).
Furthermore, when assessing the originated juice’s RS%
values, these were found to be increased when the raw
material presented damage (Table 1).

When a plant suffers injury, due to pest for example,
it alters its metabolism and initiates the production of
more compounds which are used as a mechanism of de-
fence against the attack. This production requires the use
of extra amounts of energy which are attained from glu-
cose breakdown. In the present experiment, sugarcane
attacked by the pest produced more glucose and amassed
a smaller sucrose content, thus presenting lower Brix,
Pol, Purity and TRS values (Table 1).

At the time of the second assessment the sugarcane
had matured. Normally, after this process, sugarcane
will present a higher content of sugar in the form of su-
crose and, thereafter, juice will present higher Brix, Pol,
Purity and TRS values and smaller RS values. The re-

Table 1 - Analysis of variance for Brix, Pol, Purity, TRS, RS, pH, total acidity and total phenolic compounds.

Variation causes Brix Juice  PolJuice Purity Juice RS Juice TRS Juice pH Juice Total Acidity Phenol Juice
% gH SO, L~ ug mL-!
Damage levels (A)
0% 20.16 a 17.33 a 85.41 a 0.71b 18.66 a 527 a 1.09 b 392.03 b
15% 20.04 a 17.15a 85.16 a 0.72b 18.38 ab 5.26 ab 1.13 ab 412.31 ab
30% 19.86 a 16.78 a 84.11 ab 0.76 b 17.96 b 5.20 b 1.19 ab 434,14 ab
60% 19.06 a 15.89 b 82.66 b 0.81a 17.39 ¢ 5.09 ¢ 1.25a 457.05 a
F 5.46%* 11.50%* 5.06%* 5.10%* 13.97%* 18.84%* 4.45%%* 3.71%%
DMS (Tukey) 0.78 0.7 2.05 0.07 0.55 0.07 0.12 53.73
Periods (B)
May/June 1523 b 1196 b 7941b 0.92 a 1297 b 5.26 a 1.23 a 32333 b
October 2433 a 21.61 a 89.26 a 0.58 b 2322 a 5.15b 1.11b 524.44 a
I8 1841.1%*%  2596.6%* 315.1%* 317.8%* 4743.7%%* 30.1%% 13.8%* 191.1%%*
DMS (Tukey) 0.42 0.37 1.09 0.04 0.29 0.04 0.06 28.82
A xB 0.18 0.19 1.01s 1.020 1.99ns 8.28n 2.56m 0.73m
CV (%) 5.87 6.18 3.6 13.89 4.5 2.02 15.11 18.8

Identical letters do not differ (Tukey, p < 0.05) by the column. ns = non significant; *significant at 5%; **significant at 1%; TRS =

Total reducting sugars; RS = Reducing sugars.
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sults obtained in the present study were found to be in
accordance to this expectation (Table 1).

The assessment of pH values of found in the sugar-
cane when harvested and of the significant relation be-
tween these values and the level of damage sustained
by the plant showed that the longer the damaged stalks
remained in the field, more intense was the reduction
of pH (Table 1). Dinardo-Miranda et al. (2008) found
that a delayed harvest of sugarcane infested by M.
fimbriolata would originate a reduction in production
(t ha™ cane) with a consequent reduction of apparent
sucrose (pol ha') in the raw material delivered to the
industry. pH values in sugarcane from the treatments
with the highest percentages of damage were close to
5.0, indicating deterioration, since deteriorated sugar-
cane normally presents pH values lower than 5.0
(Stupiello, 1999).

When damage caused by the pest was greater, total
acidity of the juice was also higher (Table 1), probably
because of the production of acid compounds by the
plant. When no pest control is done, a greater amount
of contaminants are found in the plant, which causes loss
of sugars which are used by these in the production of
such compounds (Taiz and Zeiger, 2004). Ravaneli et al.
(2006) observed an increase in acidity directly related
to the increase in levels of sugarcane infestation by M.
fimbriolata.

In the present experiment, higher concentrations of
phenolic compounds were observed in the sugarcane
with higher levels of damage (Table 1). Silva et al. (2005)
verified that an expressive infestation of M. fimbriolata
in sugarcane caused a rise in the phenol content of the
juice produced from these plants, with the presence of
these compounds being related to plant stress. To pro-
tect itself from the attack, the plant synthesizes defense
biomolecules by modifying its secondary metabolism,
which results in the production of compounds respon-
sible for protection (Taiz and Zeiger, 2004).

During the long process of maturation, the plant ac-
cumulates these compounds, which concentrations cul-
minate at the period in which the plant is harvested
(Simioni et al., 2006). These findings corroborate the re-
sults found in the present experiment, in which the con-
centration of total phenolic compounds was found to be
higher in the second period of evaluation. Presotti et al.
(2007) observed the same tendency regarding this in-
crease in concentrations of phenolic compounds in stud-
ies of plants infested by this pest.

Both initial and final viability of cells were reduced
with the increase of damage caused by M. fimbriolata
(Figure 1A). Viability of cells and sprouts at the end of
the fermentation process is generally diminished when
compared to that presented at the beginning, since in the
initial phases of fermentation there are more nutrients
and substrate available (Ravaneli et al., 2006). During the
process, an exhaustion of the sugars found in the envi-
ronment occurs naturally, as well as a reduction in all
available nutrients and an accumulation of metabolites

produced by the microorganisms that fuel the process.
Another common effect is caused by the elevated con-
centration of ethanol resultant of the process, which
causes a negative effect on the yeasts. Ravaneli et al.
(2006) observed a decrease in these viabilities when
nymph infestation of sugarcane increased and found that
damage caused by this pest affected the quality of the
must used for fermentation.

During the fermentation process, the presence of
phenolic compounds can inhibit yeast reproduction,
which results in diminished viability of cells and sprouts,
making a difficult reutilization of cells (Ravaneli et al.,
2006). In the present experiment an increase of these
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Figure 1 - Microbiologic analysis of the damage levels caused by
M. fimbriolata on sugarcane. (A) - Cellular viability.
(B) - Cellular viability of the sprouts. (C) - Bacterial
concentrations.
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compounds in tandem with the increase in the level of
damage to the plant was observed (Table 1).

The concentration of bacteria found in fermentation
in the present study increased proportionally to the in-
crease of damage of the stalks, results which were seen
in the beginning as well as at the end of the process (Fig-
ure 1C). The degradation of sucrose and the formation
of acid compounds that cause diminishment of sugar con-
tent and intoxication of yeasts would be the cause to the
greatest loss in sugarcane production due to bacterial
contamination (Oliva-Neto and Yokoya, 1997). In this
study an increase in total acidity in the raw sugarcane
material was observed when this had suffered an infes-
tation by this pest (Table 1).

A reduction of viability regarding cells and sprouts
was observed in the beginning and at the end of the fer-
mentation process when assessing reutilization of yeasts
in the different cycles (Figures 2A and 2B). This would
probably be caused by an accumulation of stress in the
yeasts, which in turn would be caused by the presence
of bio-molecules that inhibit the fermentation process
(Amorim et al., 1996) such as contaminants and phenolic
and acid compounds, all of which were found in higher
concentrations when the plant presented damage due to
pest. Metabolites in the raw sugarcane and toxic com-
pounds produced during the fermentation process, the
presence of which are undesirable, can accumulate in
yeasts, causing reduction in viability and reducing in-
dustrial efficiency (Okolo et al., 1987).

The concentration of bacteria increased during fer-
mentation cycles, at the beginning as well as at the end
of the process (Figure 2C). This increase in bacteria
population and the presence of metabolites produced by
these compromised the yeasts, because the environment
in which these are found at the ending of the fermenta-
tion process is very harsh from a physical, chemical and
biological point of view, weakening the yeasts and even
causing the death of thousands of cells before the begin-
ning of the next cycle (Novaes, 1992).

The amount of total residual reducing sugars (TRRS)
in the wine increased with the increase in damage suf-
fered by the plant (Figure 3A). This indicates that the
yeasts were not capable of using all the sugars available
to them in their environment, since compounds that im-
paired their metabolism were present in the damaged
raw sugarcane.

A reduction of alcoholic content (Figure 3B) and a
decrease in the efficiency of the fermentation process
(Figure 3C) was observed when the damage to the sug-
arcane increased. Ravaneli et al. (2006) observed a de-
crease in the alcoholic levels of wine when spittlebug
infestation was greater then 2.5 nymphs m™. Further-
more, Gongalves et al. (2003) found that the less damage
suffered by the sugarcane plants, the better is the effi-
ciency of the fermentation process.

When observing the cycles of fermentation, an in-
crease of TRRS could be observed (Figure 4A). This
could be caused by the difficulty of yeasts in promoting

the process after a few cycles due to stress caused by
the environment. This stress accumulated during the
successive cycles of fermentation could also be respon-
sible for the reduction found in alcoholic content (Fig-
ure 4B) of the raw material and in the efficiency of fer-
mentation (Figure 4C) of this substrate.

When collected at the second period (season) of as-
sessment, sugarcane presented higher sugar content
(TRS) due to accumulation of sucrose that occurs in the
maturation process (Table 1). Because of this, the alco-
holic content of the wine process of the raw material
from this period were increased but the values of effi-
ciency of the fermentation were lower (Figures 5B and
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Figure 2 - Microbiologic analysis of the evaluated fermentation
cycles. (A) - Cellular viability. (B) - Cellular viability
of the sprouts. (C) - Bacterial concentrations.
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Fermentation efficiency.

5C). When assessing the TRRS, this was also found to
be increased in the second assessment period/season
(Figure 5A). Levels of phenolic compounds (Table 1) and
the bacteria population (Figure 2C) were also increased
compared to initial values, and these probably exerted
a negative affect on the yeasts, impairing their capabil-
ity of using the sugars available in the environment caus-
ing a lower efficiency of the fermentation.

Conclusions

Damage caused by M. fimbriolata has a negative af-
fect on sugarcane quality. Raw material composed of raw
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Figure 4 - Wine analysis of the evaluated fermentation cycles.
(A) - Total residual reducing sugars. (B) — Alcoholic
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sugarcane that sustained damage presents higher levels
of contaminants and higher levels of phenolic com-
pounds which interfere and impair the fermentation pro-
cess. Sugarcane afflicted with pest presents reduced yeast
viability, wine with a reduced alcoholic content and re-
duced efficiency of the fermentation process.
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