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Resumo

Diferentes combinacdes de melacgo e vinhaga de cana-de-acUcar foram utilizadas como substrato para
producao de biomassa protéica e lipidica por cinco microrganismos: quatro linhagens de leveduras:
Candida lipolytica, Rhodotorula mucilaginosa, Saccharomyces cerevisiae, uma levedura isolada das

lagoas de vinhaca (denominadaf98) e uma bactéri&orynebacteriumglutamicum. Os meios utilizados

foram: a) 50% de melacgo e 50% de vinhaca; b) 25% de melaco e 75% de vinhaca e c) 75% de melaco e 25%
de vinhaca. O objetivo deste trabalho foi estudar o crescimento celular e a producao de proteinas e
lipidios na biomassa obtida a partir desses subprodutos. A maior produc¢édo de proteina na biomassa foi
obtida porS. cerevisiae, 50,35%, seguida p&t. mucilaginosa, 41,96%, em 25% de melaco e 75% de
vinhaca. As menores produgdes de proteina foram obtid& ghrtamicum. A melhor produgéo de

lipidios totais, acima de 26%, foi obtida no meio de 50% de melaco e 50% de vinhagam@oisiac e

C. glutamicum.

Palavras-chave Vinhaca.Melaco. Biomassa. Proteina. Lipidios. Mgaoismos.

Abstract

Different molasses/ vinasse ratio were used as substrate to investigate single cell protein and total lipids
production by five microorganisms: four yeasts stralasidida lipolytica, Rhodotorula mucilaginosa,
Saccharomyces cerevisiae, a yeast isolated from vinasse lake (denominatéddBl) and a bacterium
strain,Corynebacterium glutamicum. The media utilized were: a) 50% molasses and 50% vinasse; b)
25% molasses and 75% vinasse and c) 75% molasses and 25% vinasse. The objective of this work was
to study the growth of microorganisms and also evaluate protein and lipids content in the biomass
obtained from these by-products. The highest single cell protein production was obt&Snetidvysiae,

50.35%, followed byR. mucilaginosa, 41.96%. The lowest productions were obtaine@lytutamicum.

The higher total lipids productions, more than 26%, were founded in molasses plus vinasse at 50%/50%
by S. cerevisiae andC. glutamicum.
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Introduction The vinasse is the major effluent from the ethanol

Interest in industrial wastes as substrate for sindRfUsStry and represents a major environmental
cell protein production has increased recentffoblém. This black liquidis produced at a rate of
(EMTIAZI; ETEMADIFAR; TAVASSOLI, 2003) Oto 15 liters for each ethan_ol liter an_d itis a mixture
for application as protein sources of high nutritioR! Water and organic and inorganic compounds
value and for environmental pollution controfMENEZES, 1980; ANCIAES, 1981; POLACK;
(NAVARRO: SEPUNEDA: RUBIO, 2000; DAY: CHO, 1981).

PARASKEVOPOULOU et al., 2003). Many by- ) _

products or wastes, such as cheese whe In Brazil, most of the vinasse that results from
(PARASKEVOUPOLOU et al., 2003), e%anol production is being used as fertilizer due
wastewater from glutamate fermentatiof© its oganic matter content and nutrients like

(ZHENG et al., 2005) and cellulosic material ar8!9N Potassium and nitrogen contents (30 g Kg

abundant in several countries and can be usefl’y Weight) Diaz et al. (2003). The problem

as raw material for developing biotechnologicdl€CUrs when some soils do not respond positively
process of industrial interest (BAF et al., 2005) © the' appllcatlo'n of this acid material ARD,
by many microoganisms as yeasts, bacterial,ggl’ CORTEZ; BROSSARD PEREZ, 1997)

algae and fungi (ARNOLD: KNAPP; JONHSON reducing the alkalinity of the soil, destroying the
2000; ANURMA; RAVINDRA, 2000). ‘crops (KUMAR; VISWANATHAN, 1991), causing
’ ’ ’ manganese deficiency in the soil (AGWRAL;

Furthermore, the interest for new sources & NDEY, 1994) and inhibiting seed germination

essential fatty acids has increased. Recghity (KANNABIAN; PRAGASAN, 1993).
attention for yeasts and other micrganisms ) o
which are called oleaginous or “oil bearing”, has " this work, our objective was to study the

been renewed, as source of oils and fa@{oWth of microoganisms in a mixture of

(RUPCIC: BLAGOVIC; MARIC, 1996; D¥L; molasses and vinasse and also evaluate protein
NARINE, 2005), ’ ’ "~ and lipid content in the biomass obtained from

these by-products.

Molasses is an agro-industrial by-product
often used in alcohol distilleriedue to the paterial and Methods
presence of fermentative sugars, being a good ) _ _ N
carbon source for the microganism Microorganisms: Microorganisms utilized

metabolism. Sugar cane molasses and vinadégré Candida lipolytica, Rhodotorula
are an abundant agro-industrial materidlucilaginosa, Saccharomycescerevisiae, a yeast
produced in Brazil and other tropical countrie!$Clatéd from vinasse lake (denominateYBE)
and their low cost is an important factor for th@"d bacteriunCorynebacterium glutamicum.
economical viability of substances produced by ) ) _
fermentation. Its composition is rich inganic T érmentation medium: For fermentation

salts like nitrogen, phosphates, calcium arigedium sugar cane molasses and vinasse were
magnesium as well as micronutriemts zinc, utilized with different rates: a) 50% molasses and

manganese, copper and iron, besides maﬁg% vinasse, b) 25% molasses and 75% vinasse
amino acids(WALISZEWSKI; ROMERO: and c) 75% molasses and 25% vinasse. Molasses

PARDIO. 1997 COREZ: BROSSARD-PEREz. @nd vinasse were obtained from Cooperativa
1997). Agricola de Rolandia - COROL - Parana, Brazil.
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Fermentations: Fermentations were carried outResults and Discussion
in 250 mL Erlenmeyer flasks containing 50 mL
fermentation medium, in duplicate, af@& 2°C
and agitation rate of 180 rpm.

Analytical methods: The single cell proteinwas  This culture condition was unfavorable for
assayed for its moisture content by drying of th@iomass production by both yeastM98 andC.
sample at 10% until constant weight and againsglutamicum, achieving concentrations lower
standard curve of dry mass x optic denkgyrotein than 1.00 g/LRhodotorula mucilaginosa also
content was determined by applying the Kjeldalshowed low biomass production, 2.63 g/L.
method (N x 6.25) (ASSOCIAON OF Highest biomass were obtained by b@&h
OFFICIAL ANALYTICAL CHEMISTS, 1984). cerevisiaeandC. lipolytica, 7.49 g/L and 6.90 g/

L, respectively Saccharomyces cerevisiae

Determination of reducing sugars. The obtained highest biomass protein yield, 2.55 g/L
reducing sugars from cultures were firstly hydrolyzeaind highest productivityd.15g/L.h (figure 1).
by HCI 2M and boiled during 5 minutes. After thatSugar consumption was low for all
the solution was neutralized with NaOH 2Mmicroorganisms, except f@& cerevisiae, which
Reducing sugars were determined by Somoggnsumed 98.25% &ble 1 and figure 2).

(1945) and Nelson (1944) method.

a) Fermentationin 50% molassesand 50% vinasse

The total lipid content analysis showed that
Determination of total lipids: Lipids were molasses and vinasses at 50%/ 50% stimulated lipid
extracted with a mixture of chloroform-methanoproduction by bothS. cerevisiae and C.
(1:1, v/v) according to ASSOCTAON OF glutamicum, which obtained more than 26%. Lipid
OFFICIAL ANALYTICAL CHEMISTS method values obtained by bot8. cerevisiae andC.
(1975). The total lipids content in the extract waglutamicumin this culture condition are close to
quantified by Frings e Dunsimethod (1971). described for oleaginous microorganisms.
described by Murphy (1991) and Ratledge
(1996), yeasts and fungi that contain more than

Table 1- Biomass yield (g/L), total lipid yield (%) and substrate consumption (%) in molasses 50% and vinasse
50% after 48 hours.

Microorganism Biomass Substrate Total lipids
consumption
(g/L) (o) (7o)
Candida lipolytica 6.90 30.05 17.68
Yeast LLV9S 0.41 14.50 8.98
Rhodotorula mucilaginosa 2.63 37.48 19.50
Saccharomyces cerevisiae 7.49 98.25 26.90
Corynebacterium glutamicum 0.51 14.02 26.50
5
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Jyeast LIV98 andR. mucilaginosa produced about

5] . vV - 5.0 g/L whileC. lipolyticaachieved 4.14 g/L and
: C. glutamicum?2.78 g/L. The highest protein yield
207 . was obtained b$ cerevisiae (2.52 g/L) followed
g s 7 . by R. mucilaginosa (1.80 g/L), whileC. lipolytica
£
8 . : A A A
o [ | m— Candida lipolytica
y * o Yeast LLVO8 o1 _
A— Rhodotorula mucilaginosa ' ®— Candida lipolytica %
0.5% v— Saccharomyces cerevisiae E=VoastLIVoG: ’
#— Corynebacterium glutamicum 1,84 g gg:gﬁ::gﬂigz%fgxf;
0,0 ? ? — T ? ; — ? . 15 —— Corynebacterium glutamicum
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. o)
Time (h) g 1,2 R .
£ 094 a
Figure 1. Protein production (g/L) in 50% molasses an & o
50% vinasse after 48 hours. 06

. x—R
0,3% e B &
0,0 v - —— : . g
45 - 0 10 20 30 40 50
~ 40 O o — — o Time (h)
D 35- A o
o o
é 30+ A A A Figure 3. Lipid productions (g/L) in molasses 50% and
£ 25- vinasse 50% after 48 hours
8 204 O Candida lipolytica
3 o Yeast YVL98
9 15 A— Rhodotorula mucilaginosa
g v— Saccharomyces cerevisiae
@ 10 <©— Corynebacterium glutamicum . .
3 .l b) Fermentation in 25% molasses and 75 %
O Y T T 1! T T T T T Vi nm
6 12 18 24 30 36 42 48 54 . . .
Time (h) Biomass production in 25% molasses and 75%

vinasse ranged from 4.0 to 7.0 g/L.
Figure 2. Substrate consumption (g/L) in 50% mo'asseélorynebacterium glutamicum, R. mucilaginosa
and 50% vinasse after 48 hours. L .

and yeast LV98 reached higher biomass

production than in the previous experiment.

25% of their biomass in the form of lipids are define andldg I|polyt|ga showed S|m|Iar. biomass
roduction than in molasses and vinasse 50%/

as oleaginous microorganisms. These results w - ) .

) : . %; for S. cerevisiae the biomass production
higher than those obtained using molasses and

. : decreased 22.3 %.
vinasse separately (unpublisiesults. . : . .

. Highest protein production was obtainedRy
The values reached by bathmucilaginosa mucilaginosa, 2.54 g/L (Figure 4) but the highest

andC. lipolyticavaried from 17 to 19.5%, which 9 254 g/L (Fig ) 9

are higher than those obtained by Rupcic, BlagO\F_éﬁ_ ?lf:l'i\;'t%g:;regzlli?i\?cxziaeeégrﬁ: gé the
and Maric (1996), who produced 14% of lipidsin” b b ty

glucose at 1%. &ast LIV98 obtained 8.9%. _?_gfnfi(;:gg Iggt;g%e)é)ngrzne?cilor;izzgci:uﬂrumel TZO ¢
Saccharomyces cerevisiae showed best total lipid ( ). 0. 9

yield and productivity2.0 g/L and 0.12 g/L:h Aspergillus niger andPenicillium fellutanumin
respectively (Figure 3) ' ' " vinasse plus molasses at 50 gZlcude protein

content was 50% of tH& cerevisiae dry weight,

o) Fermentationinmol 7506 and vinasse 25% which was similato values described b¥efir
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microflora (54%) in cheese whey whileC. lipolytica and yeast LW/98 was about
(PARASKEVOPOULOU et al., 2003). 33.5% andC. glutamicum, 25.18%.
Saccharomycescerevisiaeis classified amongthe  Substrate consumption was higher than
most interesting microorganisms for their proteiprevious assays, except $ cerevisiae that
content, which can account 50% of the dry weiglshown slight decrease (from 98% to 90%@{[&
(ZIINO etal., 1999)Rhodotorulamucilaginosa 2 and Figure 5).

achieved 41.96% of biomass protein percentage,

Table 2

Biomass yield (g/L), total lipid yield (%) and substrate consumption (%) in molasses 25% and vinasse 75% after 48 hours.

Microorganisms Biomass Substrate Total lipids
(g/L) consumption(%) (%)
Candida lipolytica 7.00 93.50 8.92
Yeast LL.V9S8 6.88 94.93 10.64
Rhodotorula mucilaginosa 7.56 73.93 10.32
Saccharomyces cerevisiae 5.82 90.48 8.83
Corynebacterium glutamicum 4.20 18.95 14.40
- A The total lipid production b§. glutamicumwas
. ' 14,4%:; bothR. mucilaginosa and yeast L\/98
_ “ S produced about 10%, whifé. lipolytica andS.
D 15 . Le ) . cerevisiaeachieved little more than 8%. This lipid
£ v, a—WF . .
2ol v A " content was lower than that obtained in molasses
- et %~ Panililpalis plus vinasse at 50%-50%, except to yeas9a.
0oy . o Shocpteranmecieanes | that obtained slight higher values. It seems that this
. il ‘ + Conmebactenumgliamedm| - yinasse concentration caused a decrease in the lipid
0 10 20 30 40 50 . . . . .
Time (h) synthesis, so that its availability for biomass
Figure 4. Protein productin (g/L) in 25% molasses andPfoduction increased. The decrease in lipid synthesis
75% vinasse after 48 hours. did not occur for yeast 98 because it was
60% already adapted to the vinasse.
i e o The highest lipids yields, 0.78g/L and 0.73 g/L,
Candida lipolytica . i .
40 A a Yeast LLV98 in such culture condition, were obtained Ry

Rhodotorula mucilaginosa

e e MUCIlaginosa and yeast LY98, respectively
CandidalipolyticaandC. glutamicum produced

w
o
1
o4 pB>ono

N
(=)
1

Substrate consumption (g/L)

o R 0.50 g/L whileS cerevisiae, 0.34 g/L (Fig. 6).
104
SERE e
6 12 18 24 30 36 42 48 54
Time (h)

Figure 5. Substrate consumption (g/L) in 25% molasses
and 75% vinasse after 48 hours.
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Figure 7. Protein production (g/L) in 75% molasses and

. - . . 0
Figure 6.Total lipid production (g/L) in 25% molasse325% vinasse after 48 hours.

and 75% vinasse after 48 hours.

and yeast L1/98 produced abodt65 g/L andC. ~ When comparing the protein productions, one
glutamicumonly 0.50 g/L. can observe tha&®. cerevisiae showed the best

. . results in this matterOn the other handC.
The sugar consumption was high onlySo lutamicum showed the lowest protein
cerevisaeand yeast LI/98 (more than 80%); on g P

the other hand, it was low @ lipolytica (about production in all culture media. In general, the
30%) reachin’ approximatelv 10% to b&th yeast LIV98 did not reach satisfactory results,
mucilr;lgi nosa ar? q Cpgl utam cumy(Figure 8) except at 25% molasses and 75% vinasse where

Total lipids contents ranged from 10.69 tthls microorganism showed a protein production only

i wer th isiae.
19.62%. These values were slightly lower than those ¢ thars cerevisiae

obtained in 50% molasses and 50% vinasse. On

the other hand, these values were higher than thosx?lt:2 egardlng the I|p|_d production percentages, the
: . . . culture medium using 50% molasses and 50%
obtained in experiments using 25% molasses and

. : . o Vin w h ndition for all
75% vinasse bg. lipolytica, R. mucilaginosa, S asse was the best condition for a

cerevisiae andC. glutamicum. The highest total microoganisms, except yeast VQ 8 that was
o not influenced by culture mediums showing
lipid contents, 0.86 g/L and 0.76

0,94

Table 3- Biomass yield (g/L), total lipid yield (%) and 0.8 ) .
substrate consumption (%) in molasses 75% and vinasse 7. S v
25% after 48 hours. 3 o6 y

= ®

8 0] & é @ Candida lipolytica
Microorganisms Biomass  Substrate  Totallipids 2 o041 B e R biod muclagifoss

(¢/L) consumption(%) (%) g 0,3 . o Gorynabactortum gltamiculn

Candida lipolytica 4.14 30.53 12.48 0 & A ° .
Yeast LLV98 4.96 81.40 10.86 013 —% @
Rhodotorula mucilaginosa 5.34 10.16 14.25 0.0 : : : : : : : : .
Saccharomyces cerevisiae 7.20 95.09 12.48 g L T L
Corynebacterium glutamicum ~ 2.78 11.00 19.68 T (1)

Figure 8. Substrate consumption (g/L) in 75% molasses

and 25% vinasse after 48 hours.
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. . _ i Figure 1Q Total lipid productions (%) in the dérent
Figure 9.Total lipid productions (g/L) in 75% molasses,gjasses and vinasse ratio.

and 25% vinasse after 48 hours

I _— , ANUPAMA, X.; RAVINDRA, P. Value-added
similar productions in all molasses and vinasse ratl%s

(Figure 10). The 25% mo_lasses _ar_ld 75% vi-nas&é \?v \s(::r?(l’evcia glgl przoée:)] 4I?élgfi(;|’|9rjozlgg>cl)fb\dvances,
was the worst culture medium for lipid productions
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