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RESUMO

O residuo liquido gerado no processamento de mandioca, especialmente
aquele conhecido com o nome de “manipueira’, pode causar muitos problemas no
binémio economiax ecologia devido ao seu contelido em amido e em linamarina.
O tratamento correto pode ser muito dispendioso e assim 0 seu impacto ecol 6gico
nas redondezas é bastante forte. Algumas pesquisas rel acionadas a utilizagdo desse
residuo agro-industrial ainda estéo em desenvolvimento visando transformé-1o em
subproduto passivel de ser usado em um processo economicamente viavel. A
possibilidade de us&-lo como ingrediente na composi¢do de um meio de cultura
para uma cepa de Trichosporon sp. visa a producdo de biomassa, tanto protéica
[SCP] quantolipidica[SCL], unicelulares. O agente microbiano é reconhecidamente
produtor de gordurae poderespirar napresencados glicosidios cianogénicos. Como
leveduras ndo sdo, usualmente, amiloliticas, algumas investigacdes sobre a
assimilacé@o de carboidratos precisam ser feitas. Uma cepa isolada de residuo
industrial esta sendo estudada em experimentos em nivel de laboratério com
fermentacéo em superficie com meios de composicéo definida. Nafase estacionéria
a biomassa produzida foi de 11,60 g/L e ao final do experimento o nivel de
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carboidrato consumido foi de 99,25%. A taxa de conversdo [biomassa produzida
por agucar consumido] foi de 0,67 [adimensional]. Na presenca de dextrina obtida
apartir deamido comercia de mandioca, a producéo de biomassa e a utilizacéo de
carboidrato foram atipicas. A cepaestudadafoi capaz de crescer de maneiraatipica
em um meio contendo amido hidrolisado, e o perfil de producdo de biomassamostrou
ser dependente do grau de hidrélise dos agUcares. Os resultados demonstram ser
necess&ria uma hidrdlise preliminar do amido se o consumo total de aglcar for
desgjavel.

Palavras-chave: Trichosporon sp, biomassa, residuo liquido, fermentacdo em
superficie

1. Introduction

Cassavaroots have been used both asfood and as raw material to be
processed into several products of economic value. Nowadays, the
production of cassava roots shows aremarkable growth in this agricultural
sector. In the processing of cassava flour or starch, several wastes can be
generated and among them, themanipueira [in the Brazilian Indian language,
tupi — guarani, this means “can be extracted”].

This industrial waste water is highly inconvenient considering
environmental pollution and toxicity related to starch and linamarin,
respectively. Theamount of starchin theindustrial wasteisvariesaccording
the traditional batch processing and to the technological level. The amount
of linamarin, acyanide glycoside that can befound in all parts of the plant,
from the roots up to the leaves, is dependent on the raw material and is
especially high in some varieties considered bitter (Cereda, 1994).

It has already been said that manipueira contains from 5% to 7% [w/
w] as a sediment fraction and even more in acolloidal suspension, from 44
to 120 g/L of the total sugar; after decanting the level of sugar may be
reduced to around 35 g/L. The reduction of the amount of sugar isthemain
responsiblefor the high chemical oxygen demand —COD —intheindustrial
wastes, which are dispensed into rivers in the neighborhood without any
treatment or exploitation (Cereda, 1972).

In order to equilibrate the economy and the ecology losses it is
necessary to increase the knowledge about this waste water and to study
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some possibilities focusing its use as by-products in the industry. The
possibility of using it as a basis for a fermentation process aiming the
microbial production of protein (Single Cell Protein - SCP) or lipids (Single
Cell Lipids- SCL) for human or animal nutrition, or even for energy purpose,
seems to be particularly interesting.

Thereare several academic scientistsinvolved in thiskind of research
and many experiments were conducted in order to study the utilization of
manipueira as a fertilizer (Fioretto, 1994), a herbicide and a nematocide
(Ponte & Franco, 1994) and as a basis to promote microbial growth and/or
secondly in the production of metabolites (Wosiacki et al., 1994); as
examples of biotechnological opportunities it is possible aso to include
biogas (Kennedy et al., 1987; Cereda, 1994; Ratledge, 1979; Ratledge &
Boulton, 1985) or the production of aroma (Damasceno, 1998).

The production of amicrobial biomasswith starchy raw material, as
waste or by-products from cassava processing lead the academic
investigation to process and product engineer aiming to contribute in the
agricultural industrial sector with technological innovations. This is done
mainly in order to equilibrate the binomial ecology/economy but also to get
information about the quality and commercial impact of new products.
Kennedy et al. (1987) listed morethan 400 yeast strains as potential microbial
agents able to produce biomass; 100 strains were indeed able to grow by
using starch as the sole carbon source. These selected strains were able to
synthesize amylase, to reduce sugar through fermentation and to produce
unicellular proteins.

Yeasts from the genus Trichosporon, recognized lipogenic
microorganisms (Ratledge, 1979), in this case isolated from manipueira,
were ableto utilize aspecial cyanideinsensiblerespiratory pathway (Brasil
et a., 1982; Cereda et a., 1981). This fact enables the strains to generate
the energy necessary for primary and secondary production of metabolites
using soluble sugars from the wastewater. However, as yeasts are, usualy,
non-amylolytic microorganisms, a previous starch hydrolysis step seemsto
be necessary to alow its utilization as a source of carbon (Fioretto et al.,
1985; Sichieri et al., 1986; Wosiacki et al., 1994).

The microbia growth in this waste is due to the capability of some
microorganisms to assimilate carbohydrate even in the presence of cyanide
and to ferment starch dextrins or free sugars obtained either by itsmicrobial
enzyme system or by enzymes produced in the environmental microbial
system. On the other side, according to the results of several fermentation
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procedures, like the cultivation of the mold in a semi solid substance
containing manipueira and cassava flour or in a submerged or surface
fermentation, the best results were found in the latter procedure (Fioretto,
1987) which strongly suggests the use of this technique in laboratory
conditions.

Due to the experimental facilities and also because it represents the
natural conditions, thisinvestigation was conducted in amedium of synthetic
growth with surface fermentation conditions aiming at the identification of
the effect of several starch hydrolysis degreesin the production of biomass
and in the consumption of carbohydrates.

2. Material and methods

Microorganism and culture conditions. Asafermentative microbial
agent was used a strain isolated from soil typified as Trichosporon sp.
(Lodder, 1970), stored in asolid agar medium at 8° C in the presence of 20
ppm KCN. To start the experiment, the strain was adapted to the liquid
medium during 24 hours and then the assays were conducted at 20°C in
stationary flasks. Details of the experimental procedure are availablein the
literature (Efing, 1991; Efing and Wosiacki, 1998).

Culture media. A synthetic culture medium was used with achemical
composition similar to that of manipueira(Sichieri, 1986), containing 16.52
g/L ammonium sulfate, 3.71 g/L magnesium sulfate, 3.19 g/L potassium
chloride, 0.48 g/L potassium phosphate, 0.62 g/L calcium chloride, 0.11 g/
L iron sulfate, 0.01 g/L zinc sulfate, 0.008 g/L cobalt chloride, 0.005 g/L
manganese sulfate, 0.004 g/L copper sulfateand 0.14 g/L potassium cyanide
(Efing, 1991), enriched with 5.0 g/L of yeast extract. The solution was
adjusted to pH 5.0 and sterilized (1 atm; 121°C; 20 min.). As a carbon
source commercial dextrin and cassava starch were used. Commercial
dextrin, with 13.38g% of reducing sugar, was hydrolyzed according to the
process enzyme : enzyme and the sugar level were adjusted to 20.0 g/L.
Commercia cassava starch was hydrolyzed with 0.1 N HCI in water at
boiling temperature and 6 samples were collected during the experimental
period which reached up to 330 minutes in order to obtain dextrin with
different degrees of hydrolysis. After thermal treatment, the samples were
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adjusted to 30.0 g/L.

Surface fermentation. The assays, each one with three repetitions,
wereincubated at 20 °C and the sampleswere similarly collected, followed
by filtering through a paper filter; the liquid fraction was used to analyze
sugars and the solid one, to analyze biomass production, according to Efing
& Wosiacki (1998).

Chemical Analysis. Dry weight of mycelium was determined
gravimetrically. The carbohydrate contents were determined considering
sugar totals (ART) - with the phenoal - sulfuric acid technique (Duboiset al.,
1956), reducing sugars (AR) with Somogyi and Nelson colorimetric
procedures (Plummer, 1981) and specifically glucose (GL C) with theenzyme
technique (Dalquist, 1961). All the results were expressed as glucose, in g/
L. The parameter used to evaluate fermentation performance was the ratio
of the mycelium dry weight and theresidual sugar, both in g/L. The magni-
tude of these adimensional figuresreveal s both the biomass production and
theresidual sugar and it riseswhen biomass production is high and/or when
residual sugar islow (Efing, 1991). Other parameters can be used in order
to define the fermentation process more precisely and investigate the yield
[amount of biomass produced by the amount of carbohydrate consumed],
in the consumption of carbohydrate. These results were analyzed through
simple statistical descrition so that each parameter could be discriminated;
when necessary the statistical zero was used [0.01].

3. Results and discussion

The programmed investigation aiming at identifying nutritional
requirements in toxic conditions concerning quality and quantity of
carbohydrate by a Trichosporon sp. strain was done in a synthetic culture
medium with several sources of carbon, including monosaccharide and
dextrin, all derived from cassavastarch. It was considered ascientific report
about the utilization of glucose (Sichieri, 1986) and also the information
that the products from enzymatic hydrolysisof starch were partially utilized,
which suggests that the selected microorganism is not able to completely
utilize cassava starch as the carbon source (Efing, 1991).
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Figure 1, structured with results obtained from the specialized
literature (Efing & Wosiacki, 1998), shows the results of a surface
fermentation experiment with enzyme : enzyme hydrolyzed starch and
clearly shows that on the 10" day the process is already over, leaving a
residual sugar level of around 10% of the initial content. Thisresidua su-
gar level strongly suggests the presence of dextrin still not used in the
fermentation process and also that apparently the original starch was not
completely hydrolyzed with the enzyme: enzyme procedure.

Fermentation with hydrolyzed dextrin. The results of the
fermentation conducted with commercial dextrin completely hydrolyzed
with amylolytic enzymes are shown in Table 1, including the figures
concerning biomass production, residual sugar and the proposed indicator
of fermentation performance. Theresultsrelated to sugar consumption and
the degree of conversion (biomass/consumed sugar) were also taken to
account.

Thefirst samplewas collected after 113 hours of fermentation, when
it was possible to see biomass in the flask. The increase of biomass was
practically observed in the period from 113 up to 185 hours of incubation.
By graphic interpolation it was possible to observe that microbial growth
began after the 3 day, which means, around 72 h. The stationary phase,
characterized by the stabilization of biomass production [shadowed area
A], could be observed after 185 hours; the mean val ue of biomass production
was 11.6 = 0.3 g/L, with a variation coefficient of 2.58%, very stable if
compared with the variability of all the processing (46.73%). According to
the level of residual sugar, arapid utilization can be observed from 161and
185 h. —just 24 h. [shadowed area B], when around 52.9% was consumed.
After thisstep, the sugar level decreased to 0.2 g/L, which represents 99.25
% frominitial figures. It isinteresting to observethat the ratio of amount of
biomass produced by the amount of sugar consumed shows the great
variability of the fermentation (73.68%) but if only the results concerning
the stationary phase were considered thisratio would have low figures, low
variability, amean value of 0.67 + 0.07 (w/w), which indicates a variation
coefficient of 10.0% [shadowed area C].

InFigure2itispossibleto observethe experimental dataconsidering
biomass production and decrease in the sugar level. The results obtained in
this experiment strongly suggest that this microbial strain is able to
metabolize all the reducing sugar available.
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Fermentation in the presence of dextrin. In the experiment planned
to observe the utilization of commercial dextrin as a source of carbon, the
culturemediacontained 20.0 g/L of total sugar, including 13.83% of reducing
sugars; in thisamount there are 2.13% of glucose. Theresultsare shownin
Table 2, including the same parameter.

Mycelium appears on the surface of the culture media only after the
7" day of incubation, making evident the long lag phase and showing an
atypical fermentation profile. The stationary phase wasvery long and began
only after the 10" day — in the last experiment it began after seven days.
The results shown in this experiment comprehend a set of irregular figures.

The mean value concerning biomass productionwas6.62 + 1.90 g/L,
which explains a variation coefficient of 28.63% [shadowed area D], too
high when compared with the 2.52% from the former experiment. Theresults
concerning the production of biomass may be explained practically because
the biomass fell down in the flask many times during all the 18 days of the
experiment; after each precipitation, the production of biomass went on,
always with the formation of new colonies. The residual sugar level
decreased slowly before reaching aminimum value of 11.11 g/L at theend,
which indicates amaximal utilization of 44.5%.

In Figure 3 the surface fermentation process is illustrated, when
commercia dextrin wasused asthe carbon source, with emphasison biomass
production, residual sugar. It is possible to observe the long lag phase and
the instahility of al the fermentative process, already shown in the Table 2
by the high variation coefficients, although each assay in this experiment
has been conducted threetimes. The results suggest that the microbial strain
isunableto promote both the substrate hydrolysis and the dextrin utilization.

Effect of the degree hydrolysis of cassava starch. Theinfluence of
the hydrolysis was investigated and the data related to the input variable -
thetime of cassavastarch hydrolysisand the degree reached, and theresults
of the effect in biomass production, in carbohydrate consumed, in the degree
of conversion, in thelevel of residual sugar and in the indicator are shown
in the Table 3.

The culture medium composed with ions and with native cassava
starch had al so reducing sugars athough there was no hydrolysistreatment.
The hydrolysis degree for each assay was defined as the ratio between
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reducing and total sugar content. The mean value of total sugarsin each
assay was 31.60 + 1.70 g/L at the beginning and the content of reducing
sugar was dependent on the degree of hydrolysis, and automatically on the
reaction time. The correlation of the reaction time and the degree of
hydrolysisis high (+ 0.97) and statistically significant at a 5% level. In the
assay's the biomass production reached an average value of 13.36 + 2.54 g/
L. (C.V.=19.01%) and it isvisiblethat thesefiguresincrease proportionally
with the degree of hydrolysis; the correlation between them is — 0.94
statistically significant to the 5% level. The mean value of residua sugar
foundinthe assay was19.78 + 7.23 g/L (C.V. = 36.55%) and theresults are
inversely correlated (— 0,93) to the level of 5%; so the higher the degree of
hydrolysis, the lower the residual sugar; this statement implies that mold
utilizes more frequently soluble carbohydrate with low molecular weight.

The performance of the fermentation process shows that the lowest
value [0.40] isdirectly related to the minimum starch hydrolysis [42.56%]
and the highest value [1.73], to the maximum starch hydrolysis [100%)]. A
statistical analysis shows a positive correlation of 0.92 significant at 5%
level (Figure 4). The results clearly indicated the preference of the
microorganism for low molecular weight soluble sugar, which can be seen
by comparing initial and final values. The figures are shown in Table 4,
where initial and final contents of total sugar can be seen, reducing sugar
and glucose, specifically.

Theresultsalow usto observe the consumption of different kinds of
dextrin in the culture media, from starch [observed by extrapolation] down
to glucose; they show that sugar consumption is directly influenced by the
degree of starch hydrolysis. The consumption of glucose reaches the mean
value of 80%, while reducing sugar including glucose is around 70%.

The degree of hydrolysis of cassava starch positively influences the
fermentative process both increasing biomass production and decreasing
residual sugar; this influence can also be observed in the conversion of
sugar in biomass, which decreases when the availability of reducing sugar
increases.

The behavior of Trichosporon sp. considering the utilization of
dextrin was irregular and atypical: the microorganism shows a cyclical
behavior concerning growth and the consumption of sugar was dependent
on bath the quality and quantity of carbohydrate available in the culture
media Thissituation reflectslow figures of the processing quality indicator.

Thisstrain of Trichosporon sp. showsthe ability to utilize the source
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of carbon availablein manipueirabut aprevious hydrolysis step is necessary
to increase the consumption of sugar. The results of the programmed
experiment showed that the selected strain hasno ability to hydrolyze dextrin
and has a preference for low molecular weight soluble sugar.
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Figure 2. Evolution of fermentation with enzyme-hydrolysed dextrin
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Time, Biomass, Residua Performance Sugar Yield Consumed
Hours gL sugar, g/L indicator consumption sugar %
gL
0 0.01 20.00 0.01 0.01 0.01 0.01
113 2.90 17.70 0.16 2.30 129 11.40
137 5.60 17.20 0.33 2.80 1.99 14.00
161 9.60 B 16.10 0.60 3.90 247 19.35
185 A 1130 5.50 2.05 14.50 C 078 72.25
209 11.60 4.10 2.83 15.90 0.73 74.70
233 11.90 3.80 313 16.20 0.73 81.15
257 12.10 2.00 6.05 18.00 0.67 89.90
281 11.60 1.60 725 18.40 0.63 91.80
305 11.20 1.40 8.00 18.70 0.60 93.25
329 11.50 0.20 [57.50] 19.80 0.58 99.25
Average 9.03 815 7.99 11.87 0.95 58.82
Deviation 4.22 7.80 16.67 7.81 0.70 38.83
V.C, % 46.73 %70 0 - 65.80 73.68 66.01
Table 2. Evolution of fermentation process with commercial dextrin.
Timg, Biomess, Residud Performence Sugar Yidd Consumed
hours gL sugar, gL indicator  consunyption ugar, %
gL
001 0.01 20.00 001 001 0.01 0.01
161.00 180 19.00 0.09 100 180 5.00
209.00 350 1850 019 150 233 750
233.00 530 E 1850 029 150 353 750
32000 D 700 12.70 055 7.30 0.96 36.50
353.00 810 13.00 0.62 7.00 116 35.00
377.00 6.80 12.80 053 6.80 1.00 34.00
409.00 9.00 11.10 081 890 101 4450
433.00 520 11.10 047 890 058 4450
Average 519 15.19 040 a477 138 2383
Deviation 296 370 027 367 14 18.37
V.C,% 57.03 24.36 67.50 76.94 75.36 77.09
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Table 3. Effect of the starch hydrolysis degree in the fermentation process

Hydrdyss Resduel Paformence  Sugar Yied Comaumed
------------ - Biotess s, gl indcator conauntion g
time deyee gL gL %
mn %

50 425 120 2800 560 16.67 200 040
100 6145 11.80 2530 7.9 2380 149 047
150 6648 1180 1960 1090 3H74 108 060
20 8437 1490 1960 1590 4974 0A 093
330 10000 17.10 990 2190 6887 078 173

Average 1336 19.78 124 3896 126 083

Devidtion 2% 723 654 2090 0.49 04

CV.% 1901 36.55 5257 5364 3888 65.06

Tade4. Bfett of thedayeedf tarch hydrdysisinthemicrabid utilization
Input varidbles Initid vaues Find Vdues Sugar consunption,
ing200mL_ ¢/100m %

Timeh Deyee % ART ARS G.C ART ARS GC ART ARS GC
50 4253 3B 1430 1000 2800 670 160 1667 6716 8400
100 6145 3B20 2040 1580 B3I 620 10 238 6060 872
150 6688 3050 2040 1320 1960 830 330 HB74 5031 B0
20 8437 300 2700 1830 1620 78 480 4974 718 7377
30 10000 318 3120 2080 990 700 540 6887 7% 7404
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ABSTRACT

Cassava processing wastewater, known as “manipueira’, causes many
problems concerning economy and ecology dueto its starch and linamarin contents.
The ecological impact on the agricultural industry is usualy very strong, and a
proper treatment is yet unknown and would be very expensive. Much research
concerning the utilization of this industrial residue is still in progress, aiming at
transforming it in a by-product that can be used in an economic process. The
possibility of using it asaculture medium for Trichosporon sp. in order to produce
single cell protein or single cell lipid isinteresting because this microorganism is
known to grow inthe presence of cyanide glycoside and al so to produce high amounts
of intracellular lipids. This yeast is generally known to be a non-amylolytic
microorganism, but some investigation about the assimilation of carbohydrate had
to be done. A strain isolated from industrial wastewater was studied in laboratory
experiments with surface fermentation in synthetic media. In the stationary phase
the biomass produced was 11.60 g/ and at the end of the experiment the carbohydrate
consumed was 99.25%. Inthe presence of commercial cassavadextrin the production
of biomassand the utilization of carbohydrate were atypical. The strain under study
was ableto grow in amedium containing hydrolyzed starch and the growth profile
proved that thisstrain is dependent on the degree of hydrolysis. Theresults suggest
that a preliminary starch hydrolysis procedure is necessary if atotal utilization of
the carbohydrate from the wastewater is expected.

Key words: Trichosporon sp., biomass, liquid waste, agricultural technology, surface
fermentation

Endereco para contato: wosiacki @centerline.com.br
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