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CO-CULTURE OF AMYLOLYTIC FUNGI Aspergillus niger
AND OLEAGINOUS YEAST Candida orthopsilosis
ON CASSAVA WASTE FOR LIPID ACCUMULATION
[Akumulasi Lipid Oleh Kultur Campuran Kapang Aspergillus niger dan Khamir
Candida orthopsilosis Pada Media Limbah Singkong]

Atit Kanti ® and I Made Sudiana
Research Center for Biology-LIPI
J1. Raya Bogor Km 46, CSC, Cibinong 16911, Bogor, Indonesia
email: atityeast@gmail.com

ABSTRAK

Tujuan penelitian ini adalah untuk mengevaluasi efektivitas kultur campuran antara fungi (4. niger) amilolitik dan khamir pengakumulasi
lipid (Candida orthopsilosis) dalam produksi total lipid, dengan menggunakan substrat limbah singkong. Sepuluh isolat terseleksi dapat
tumbuh pada media yang mengandung 5 % pati, dimana isolat yang mampu tumbuh paling baik adalah 4. niger, sedangkan mikroba yang
lain tumbuh lebih lambat. Saccharomycopsis fibuliger mempunyai kemampuan amilolitik lebih rendah dibandingkan dengan A. niger.
Kedua isolat tersebut dipilih untuk penelitian akumulasi lipid. Aktivitas amilolitik dipengaruhi oleh suhu, pH dan sumber nitrogen. Suhu dan
pH optimum untuk produksi enzim amilase adalah 30 °C dan pH 7.0. Yeast ekstrak dan sodium nitrat merupakan sumber nitrogen yang baik
untuk produksi amilase. Kultur campuran fungi (4. niger) dan khamir (C. orthopsilosis) yang ditumbuhkan pada limbah singkong mem-
berikan hasil yang optimum untuk produksi biomassa dengan kandungan lipid tinggi. Jenis lipid yang dihasilkan didominasi oleh asam oleat
dan asam stearat. Kultur campuran 4 spergillus niger dan khamir pengakumulasi lipid, C. orthopsilosis, yang mempunyai kemampuan untuk
mengakumulasi lipid pada media limbah singkong menunjukkan bahwa mikroba tersebut merupakan mikroba potensial untuk produksi
biofuel.

Kata kunci: Aspergillus niger, Candida orthopsilosis, kultur campuran, khamir pengakumulasi lipid

ABSTRACT

The objective of this study was to evaluate co-culture effectivity of amylolytic fungi 4 spergillus niger and lipid accumulating yeast, Can-
dida orthopsilosis, for lipid accumulation on cassava waste. When grown in 5 % starch medium, ten selected isolates were able to grow, but
best growth was observed on 4 spergillus niger, other microbes grew slower. Moderate growth was observed on Saccharomycopsis fibuliger.
Due to their superiority on starch hydrolyzes and lipid accumulation, both isolates were then selected for further studies. Aspergillus niger
and S. fibuliger were amylolytic microbes. The amylolytic activities were affected by temperature, pH and nitrogen sources. Optimum tem-
perature and pH for enzyme production were 30°C and 7.0 respectively. Both yeast extract and sodium nitrate were good nitrogen sources
for amylase production. On cassava waste, the highest biomass and total lipid content were obtained by co-culture of A spergillus niger and
lipid accumulating yeast C. orthopsilosis. Major lipid composition was oleic acids and strearic acids. The ability of co-culture of
A. niger and lipid accumulating yeast C. orthopsilosis grew and accumulated lipid on cassava waste would suggest that these culture were
potential candidate for biofuel production.

Key words: Aspergillus niger, Candida orthopsilosis, co-culture, lipid accumulating yeast

INTRODUCTION
Concern on petroleum reserve and its environ-
mental impact trigger the search for renewable ener-

the other hand, cassava waste is potential source for
ethanol production (Srinorakutara and Kaewvimol,
2000).

gy resources (Arroyo and Galiana, 2005; Syakti et
al., 2013). Microbial sources for biofuel production
have gained many attentions (Datar et al., 2004;
Singh and Harvey, 2010; Sudiana et al., 2014). Sci-
entist are to explore the possibility of generating bio-
fuel from oleaginous yeast (Johnson ef al., 2011).
However the viable economic biofuel production has
yet under intensive investigation (Abila, 2015). Most
of the production cost is spent for fed material Agri-
cultural waste which mostly contained lignocellulose
is renewable for biofuel production (Santa-Maria et
al., 2013). Cassava (Manihot esculenta Crantz) pulp
is the solid waste produced by starch production.
This pulp contains starch content (50-60% dry basis),
causing an environmental problem with disposal. On

The utilization of this waste for biodiesel pro-
duction will enhance its value. The utilization of
cassava waste for biodiesel at least require 3 steps
that include: saccharification by amylolytic and cel-
lulolytic microbes to produce assimilable carbon
sources (Chen et al., 2012); lipogenesis by which
carbon is absorbed and accumulated into neutral li-
pid, mainly triacylglycerol (Kanti et al., 2013); and
trasmethylation (transesteriphication) of neutral lipid
into biodiesel (Meng et al., 2009).

Previous works on searching potential amyloly-
tic microbes have been conducted by many scientists
(Chen et al., 2012; Ouagadougou and Faso, 2012;
Vihinen and Mantséld, 1989). Filamentous fungi are
important microbe due to their high potential of en-
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zymes production. Many enzymes produced by fungi
related to biotechnological applications in several
industrial sectors. Aspergilus, Penicillium and
Trichoderma produce amylase. All isolates exhibited
enzymatic  potential.  Penicillium  granulatum
(FCBP1080), Aspergillus raperi (FCBP1007) and
Aspergillus speluneus (FCBP1128) were hyper ac-
tive in starch medium and showed the increased
growth in starch medium (Khokharet al., 2011).

To obtain higher amylase production, fer-
mentation technique, which include submerge and
solid state fermentation were introduced. Under solid
state fermentation, Rhizopus microsporus var. rhi-
zopodiformis produce high alpha amylase on various
substrates which include wheat bran, cassava flour,
sugar cane bagasse, rice straw, corn cob and crushed
corn cob. Initial moisture content was adjusted
through humidification with distilled water, tap wa-
ter, or saline solutions Segato Rizzatti (SR), Khanna
or Vogel. The best substrate for amylase production
was wheat bran with SR saline solution (1:2 v/v)
(Peixoto-Nogueira et al., 2008).

In addition to fermentation technique, amy-
lolytic activities are affected by multi factors which
include pH, temperature, initial moisture content,
particle size, and the presence of enzyme production
stimulator and growth inhibitor (Nguyen et al.,
2000).

The strategy to increase lipid accumulation can
be carried out by increasing production of mono-
meric sugar by amylolytic microbes. The excessive
fermentable sugar product was then accumulated by
oleaginous microbes for intracellular lipid accumula-
tion. Polysaccharide substances including starch are
hydrolyzed by amylase which mostly produced by
amylolytic fungi. The enzymes of amylolytic fungi
have been extensively exploited in diverse ethanol
production. Due to the importance of amylolytic fun-
gi in industrial processes, the genes responsible for
amylase production were verified. Amylolytic genes
of 85 strains of fungi from the phyla 4scomycota,
Basidiomycota, Chytridiomycota and Zygomycota
were annotated on the genomic scale according to
the classification of glycoside hydrolase (GH) from
the Carbohydrate-Active enzymes (CAZy) database
(Levasseur et al., 2013). Comparisons of gene abun-
dance in the fungi suggested amylolytic genes

112

arrangement are responded to their respective life-
styles (Battaglia et al., 2011). Amylolytic enzymes in
family GH13 were divided into four distinct clades
identified as heterologous a-amylases, eukaryotic
a-amylases, bacterial and fungal a-amylases and
GH13 a-glucosidases (Chen et al., 2012).

Aspergillus niger is other popular amylase pro-
ducer (Abouzied and Reddy, 1986; Latorre-Garcia et
al., 2005). Several amylolytic yeast have been used
in industrial processes (Ouagadougou and Faso,
2012). In addition to fungi and yeast, bacteria inclu-
ding Bacillus licheniformis (Ruiz et al., 2011) and
Lactobacillus plantarum (Giraud et al., 1991) pro-
duced amylase as well. These data showed that amy-
lolytic microbes are quite divers (Chen ef al., 2012;
Horn et al., 1988).

In general, cassava starch is commonly used for
amylase production. Almost all amylolytic microbes
are effective to hydrolyze starch. Starch from cassa-
va is solid waste, which should not be disposed into
water body due to its environmental impact. There-
fore, utilizing cassava waste for lipid production has
double benefit. This present study described the im-
portance of co-culture amylolytic fungi and oleagi-
nous yeast for lipid production.

MATERIALS AND METHODS
Microbial sources

We isolated ten isolates of yeasts and fungi
from Bali and Sulawesi. These isolates were
maintained in collection of Microbial Biosystematic
Laboratory, Research Center for Biology-LIPI, and
used for this study.

rDNA sequence determination.

Total DNA template was extracted from freshly
-grown cells on the Potato Dextrose Broth (Butinar
et al., 2005). PCR amplification of the partial
Internal Transcribed Spacer (ITS) ribosomal subunit
with primers ITS 4: 5~ TCC TCC GCT TAT TGA
TAT GC — 3"and Primer ITS 5: 5'- GGA AGT AAA
AGT CGT AAC AAG G -3'(White et al, 1990;
O'Donnell, 1993) was performed using GoTaq
master mix (Promega, M7122). PCR products were
visualized on 2% agarose and sequenced with both
primers using Big Dye terminator v3.1. Cycle Se-
quencing Ready Reaction Kit (Applied Biosystems)
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following the manufacturer’s instructions. The par-
tial 26S sequences determined in this study were
compared to those in the EMBL/GenBank/DDBJ
databases using the nucleotide Basic Local Align-
ment Search Tool (BLASTn) (Altschul et al., 1997).

Screening of amylolytic microbes

Ten isolates of fungi and yeast were grown in
PDA for 72 h, at 30 °C. The culture was then trans-
ferred to minimal medium containing 1% starch as
carbon sources and 0.1 % yeast extract as N-sources.
After growing on the second medium, the plates
were refrigerated at 4 °C (1 to 2 days) to convert
dissolved starch into an insoluble and highly turbid
suspension within the agar. The amylolytic isolates
exhibited clear zones around the colonies. Yeast col-
onies and fungi showing a clear zone diameter that
was 1.3 to 4.4 times greater than colony size (ranging
from 3 to 21 mm) were tested for their abilities to
ferment starch using the inverted Durham tube
method.

Determination of amylolytic activity

The extracellular amylolytic activity that was
occured during the fermentation of starch by the am-
ylolytic yeasts and fungi was determined by measur-
ing the reducing sugar by a colorimetric method,
based on the reduction of 3,5-dinitrosalicylic acid.
Each reaction mixture which contained 0.1 mM sodi-
um acetate acetic acid buffer (pH 5.0), 4.6 mM sodi-
um chloride, and 4.5 mg of Lintner starch per ml in a
final volume of 2.2 ml, was incubated for 60 min at
45 °C. Supernatant obtained by centrifugation of
yeast cultures were used as the samples.

The reaction was terminated by adding 2 ml of
3,5-dinitrosalicylic reagent. The reducing sugar was
determined colorimetrically at 546 nm (UV mini
1240, Shimadzu), as described by Liao et al. (2010).
One unit of enzyme activity was defined as the
amount that liberated 1 pmol of reducing sugar
group per min per ml of enzyme sample. A standard
curve for the colorimetric assay was constructed by
using maltose as the reducing sugar.

Evaluation of yeast strains for oleaginous proper-
ties
Determination of oleaginous yeast, purified

strains were initially streaked onto YM plates and
grown for 2 days at 28 °C. Fresh colonies were then
inoculated into 250-mL Erlenmeyer flasks containing
50 mL modified medium containing (in g/L): glucose
20, (NH4),SO4 5, KH,PO,4 1, MgSO,4-7H,0 0.5, and
yeast extract 0.5 (Pan ef al., 2009) and grown using
rotary shaker at 180 rpm, 28 °C, for 2 days. The cul-
ture was then used as inoculum. Five millilitre of
inoculum were transferred to 45 mL (in a 250-mL
Erlenmeyer flask) of screening medium containing
nitrogen-limited medium (in g/L): glucose 40,
(NH4),SO; 2, KH,PO, 2, NaH,PO, 2, MgSO,-7H,0O
1.5 and yeast extract 0.5, supplemented with a 100-
fold diluted trace element solution (Wu ef al., 2010).
The trace element solution contained (in g/L):
CaCl,.2H,0 4.0, FeS0O,.7H,0 0.55, citric acid H,O
0.52, ZnSO4.7H,0 0.10, MnSO4H,O 0.076, and
100 pl of 18M H,SO4 The medium was sterilized at
121 °C for 15 min (Wu et al.,2011). The culture was
incubated on a rotary shaker at 180 rpm and 28 °C
for 5 days. The total lipid of the cultures was deter-
mined following previously described methods by
Sitepu et al. (2012).

Growth and fermentation procedure

All growth and fermentation experiments were
carried out at 25 and 30 °C. Stock cultures were
grown in YPD slants. Firstly, to get enough biomass,
the cultures were grown in 1 % (w/v) medium. In
brief, one loopful culture from a fresh slant was ino-
culated into 6 ml of YPD medium in a test tube and
incubated for 24 h. Secondly, after 24 hours, the
cultures were mixed with 150 ml of media contained
10 % (w/v) cassava waste starch in a 500-ml Erlen-
meyer flask. The medium was incubated on a rotary
shaker (Bioshaker BR 300LF, TAITEC, Japan) at
125 rpm. The biomass and lipid content were deter-
mined.

CFU determination of fungi and yeast

The biomass of fungi and yeast was determined
according Kanti et al. (2013). One mililitre of
samples was poured in PDA incubated at 30 °C for
72 h. The number of colonies were then counted.
Biomass of fungi and yeast was expressed as CFU/
ml.
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Lipid composition analysis

The total lipid concentration was determined by
gas chromatographic analysis of the total fatty acids
directly transmethylesterified from dried cell
(Kumon et al, 2002). Cells Kumon et al,
2002 Kumon, Y., Yokochi, T., Nakahara, T.,
Yamaoka, M., Mito, K., 2002. Production of long-
chain polyunsaturated fatty acids by monoxenic
growth of labyrinthulids on oil-dispersed agar
medium, 60, 275-280. One milliliter of 10%
methanolic HCI and 0.5 ml methylene chloride were
added to the dried biomass cell sand incubated at
60 °C for 3 h for direct methyl esterification. The
reaction was terminated by the addition of 2 ml
saturated NaCl solution and 1 ml hexane. The
resultant methyl esters recovered in the hexane layer
were then applied to a gas chromatograph (GCMS-
QP 2010-Ultra; Shimadzu, Kyoto, Japan) equipped
with a FAMEWAX capillary column (30 mx0.25
mm id., GL Science, Tokyo, Japan) under
temperature programming (150-250 °C at 5 °C/min
increments). Peanut oil (Nacalai Tesque, Kyoto,
Japan) was transmethylesterified and used as the
reference material.

RESULTS
Amylolytic microbes

When grown in 5% starch medium, all mi-
crobes was able to grow. Best growth was observed

on A. niger (Table 1), meanwhile, other microbes
grew slower. Moderate growth was observed on
Saccharomycopsis fibuliger. Clear zone surround-
ing growing colonies was observed after addition of
iodium, indicating starch was hydrolyzed by
microbes, produced reducing sugar. The highest
amylolytic activities was observed on 4. niger, sub-
sequently followed by S. fibuliger (Table 1). The two
isolates were then selected for further studies.

Effect of temperature on biomass growth on
starch

Temperature affected the growth of both
Aspergillus niger and S. fibuliger (Figure 1). Better
growth was observed at 30 °C than 25 °C. A. niger
used easily starch compare to S. fibuliger. Maximum
growth was observed after 78 hours incubation.

Effect of temperature on amylase activities

Likewise growth profile, activity of amylase
was affected by temperature. Higher activity was
occurred at 30 C.

Effect of pH on amylase activities

The highest amylase activity was obtained at
pH 7. Maximum amylase activity (15.2 Unit) was
achieved after 96 h fermentation (Figure 3). Enzyme
production at pH 7 was 15 % greater than at pH 6
and 8.

Table 1. Amylolytic ability of microorganisms grown on 1 % starch at 30 °C for 72 hour (Kemampuan
amilolitik mikroba yang ditumbuhkan pada medium 1 % pati, suhu 30 °C selama 72 jam)

Isolates

Amylolytic ratio

Growth on starch Lipid accumulation

No. (rasio amilolitik) (pertumbuhan pada (akumulasi lipid)®
(Isolat) pati)*
1 Aspergillus niger 43 +++ 23.1
2 Saccharomycopsis fibuliger 23 ++ 11.2
3 Candida orthopsilosis 1.8 + 25.6
4 Rhizopus oligosporus 1.9 ++ 11.1
5 Mucor circinoides 1.9 + 8.9
6 Saccharomyces cerevisiae L.5 + 6.8
7 Neurospora crassa 1.9 + 7.2
8 Neurospora sitophyla 2.1 + 6.8
9 Trichoderma viride 1.9 + 6.3
10 Penicillium sp 1.9 + 6.7

Note (Keterangan): *+++, best growth (tumbuh sangat baik), ++ good growth (tumbuh baik), + fair growth (tumbuh). *%

Cell dry weight (berat kering sel)
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Figure 1. Biomass growth of Aspergillus niger (AN) and Saccharomycopsis fibuliger (EF) grown in 5 %
starch under shaking condition (125 rpm) at 25 and 30 °C. Bar indicate sd, with n=5 (Pertumbuhan
biomassa Aspergillus niger (AN) dan Saccharomycosis fibuliger (EF) yang ditumbuhkan pada 5 %

pati kecepatan shaker (125 rpm) pada suhu 25 °C dan 30 °C. Garis mengindikasikan sd, dengan
n=>5)
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Figure 2. Effect of temperature on Aspergillus niger (AN) and Saccharomycopsis fibuliger (EF) growth
and amylase activity at 25 and 30 °C. Bar indicate sd, with n=5 (Pengaruh temperatur terhadap ke-

cepatan tumbuh Aspergillus niger (AN) dan Saccharomycopsis fibuliger (EF)dan aktivitas amilase
pada suhu 25 dan 30 °C. Garis menunjukkan sd, dengan n=>5).
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Figure 3. Effect of pH (6,7 and 8) on amylase activity of Aspergillus niger (AN) and Saccharomycopsis
fibuliger (EF) grown on 10% (w/v) cassava waste starch under shaking condition (125 rpm), at
30 °C (Pengaruh pH untuk pertumbuhan dan aktifitas amilase Aspergillus niger (AN) dan Saccharo-
mycopsis fbuliger (EF) yang ditumbuhkan pada 10 % (w/v) limbah singkong pada kondisi aerasi
(125 rpm), pada suhu 30° C
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Figure 4. Effect of nitrogen sources on amylase production of Aspergillus niger (AN) and
Saccharomycopsis fibuliger (EF) grown on 10 % (w/v) cassava waste starch under shaking condi-
tion (125 rpm), at 30 °C. Bar indicate sd, with n=5 (Pengaruh sumber nitrogen untuk produksi
amilase pada Aspergillus niger (AN) and Saccharomycopsis fibuliger (EF) yang ditumbuhkan
pada 10% (w/v) limbah singkong pada kondisi aerasi (125rpm), pada suhu 30 °C. Garis menun-
Jukkan sd, dengan n=>5).

Effect on nitrogen sources on amylase activities Oleaginous activities

Nitrogen sources affect the amylase production. Aspergillus niger has the highest amylolytic
In the case of 4. niger, yeast extract was best nitro- activity, meanwhile, Candida orthosilopsis produced
gen sources, however for S. fibuliger sodium nitrate the highest total lipid (Table 1). Therefore, the co-
and yeast extract were good nitrogen sources (Figure culture of both microbes was conducted. As ex-
4). pected, co-culture of amylolytic fungi (4. niger) and
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oleaginous yeast (C. orthosilopsis) produced the
highest neutral lipid (Table 2). Highest biomass was
also observed on co-culture of 4. niger + C.
orthopsilosis

Fatty acid composition of oleaginous yeast

The fatty acid composition of neutral lipid
mostly composed oleic acids and stearic acids (Table
3). Otherwise, fatty acid containing 14 carbon and 22
carbon were minor.

DISCUSSION

Several isolates were able to hydrolyze starch
(Table 1) which suggests that fungi and yeast are
potential for amylase production. Aspergillus niger
and Saccharomycopsis fibuliger consistently hydro-
lyze starch both utilizing pure starch (Table 1) and
cassava waste starch under various temperature, pH
and nitrogen sources (Figure 1-4). The optimal tem-
perature, and pH for growth and amylase synthesis
might be different for amylolytic microorganism (De

Mot et al., 1985; Ouagadougou and Faso, 2012). We
observed that optimal condition for growth and am-
ylase production on cassava waste starch was at
30 °C and pH 7,0 by shaking (Figure 1-4). Previous
works exhibited that amylolytic activity was ob-
tained at pH 5 to 8. (Abouzied and Reddy, 1986).
Aspergillus niger is one of the most important
microorganisms used in industrial biotechnology,
and generally consider as safe organism (Schuster et
al., 2002). It has been used for many decades to pro-
duce extracellular (food) enzymes and citric acid. In
fact, citric acid and many 4. niger enzymes are con-
sidered Generally as Safe (GRAS) by the United
States Food and Drug Administration. In addition, 4.
niger is used for biotransformations and waste treat-
ment. In the last two decades, 4. niger has been de-
veloped as an important transformation host to over-
express food enzymes (Vassilev et al., 1997). Being
pre-dated by older names, the name A. niger has
been conserved for economical and information
retrieval reasons and there is a taxonomical comn

Table 2. Total lipid content of microbes grown on cassava waste (Kandungan lipida total mikroba yang

ditumbuhkan pada limbah singkong)

No. Isolate (Isolat mikroba)

Total lipid* (%/DW)

Biomass (g/L)

(Lipida total) (Biomassa)
1 Aspergillus niger 35,4+3.6 8.8 2.1
2 Saccharomycopsis fibuliger 17,6 £2.9 39+19
3 Candida orthosilopsis 256=+1.9 8.9+1.3
4 Aspergilusniger + Candida orthopsilosis 67,8 +4.2 9.4+1.8

*Total lipid per cell dry weight of culture grown 7 days on cassava waste, under shaking 125 rpm, at 30 °C (Lipida total
per berat kering sel kultur mikroba yang ditumbuhkan pada limbah singkong selama 7 hari dengan kondisi aerasi (125

rpm) pada suhu 30 °C).

Table 3. Fatty acid composition (Komposisi asam lemak)

Relative fatty acid composition (wt/wt)(Komposisi asam lemak )

Isolate (Isolar)

14:0 16:0 16:1 18:0 18:1 18:2 183  20:0 22:0
Palmitic Stearic Oleic

Aspergillus niger 1.3 18.9 6.9 17.2 38.4 11.3 1.6 1.9 1.2
Candida orthopsilosis 1.1 16.9 7.2 24.3 38.5 6.9 1.1 1.1 1.3
Aspergilus niger +
Candida orthopsilosis 1.1 17.2 6.9 24.3 38.5 6.9 1.1 1.1 1.3
Saccharomycopsis
fibuliger 1.1 16.7 7.4 243 38.5 6.9 1.1 1.3 1.1
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sensus based on molecular data that the only other
common species closely related to A. niger in the
Aspergillus series nigri is A. tubingensis. Like other
filamentous fungi, 4. nigers should be treated care-
fully to avoid the formation of spore dust. How-
ever, compared with other filamentous fungi, it
does not stand out as a particular problem concern-
ing allergy or mycopathology (Schuster et al.,
2002).

Aspergillus niger was also exploited to pro-
duce a-amylase for enzymatic hydrolysis of cassava
waste starch for producing glucose syrups (Ruiz et
al., 2011). They observed optimal enzyme reactions
with 100 g of starch per L  were:
a-amylase at pH 5.0, 80 °C and enzyme dosage of
130.5 U g-1 of starch; and glucoamylase, pH 4.5,
70 °C and enzyme dosage of 81.5 U g-1 of starch.
The glucose syrups were then fermented into alco-
hol by a wild strain of Candida sp. isolated from
sugar cane juice, obtaining volumetric ethanol
productivities around 1.8-3.2 g L-1 h-1. The amyl-
ase production optimum at 72 h, the same optimum
fermentation time was also observed by Omemu et
al. (2005) on cassava waste to produce glucose and
maltose.

Nitrogen sources affect amylase production by
S. fibuliger (Figure 4). Yeast extract and sodium
nitrate was good nitrogen source for amylase pro-
duction. Previous research on the amylolytic yeast
S. fibuligera DSM-70554 grown on cassava starch
with  oxygen saturation (50% dissolved oxygen
tension), temperature (34 °C) and pH (5.5) showed
a significant influence on a-amylase and glucoam-
ylase (Gonzalez ef al., 2008).

The production of amylase by Aspergillus
niger on three cassava whey media in liquid shake
culture was compared. The supplemented cassava
whey (SCW) medium exhibited amylase activity of
495 U/ml. Biomass cropped was 1.63 g/l in the
SCW medium (Pothiraj et al., 2006). Yeast extract
employed as a nitrogen supplement increased bio-
mass yield of 4. niger to 2.75 g/l with maximum
amylase activity of 643 U/ml. Sodium nitrate
(NaNOs) as nitrogen supplement had the lowest
biomass yield of 0.77 g/l and amylase activity of
206 U/ml. Thus yeast extract as nitrogen supple-
ment of cassava whey medium supported maximum
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production of amylase and biomass of A. niger
(Oshoma et al., 2010).

Assimilable carbon sources was then convert-
ed into neutral lipid (Table 2). The lipid composi-
tion after esterification was mainly oleic acids and
strearic acids (Table 3). Co-culture of 4. niger and
C. parasilopis produced highest lipid content (67.8
%).

In the same fashion, earlier work also ob-
served that direct fermentation of unhydrolyzed
potato starch to ethanol by co-culture of an amylo-
Iytic fungus A. niger and fermentative yeast
Saccharomyces cerevisiae produced higher yield
(Abouzied and Reddy, 1986). Amylolytic activity,
rate and amount of starch utilization, and ethanol
yields increased several-fold in co-culture versus
the monoculture due to the synergistic metabolic
interactions between the species. Ethanol yields
were maximal when fermentations were conducted
anaerobically.

CONCLUSION

Aspergillus  niger and Saccharomycopsis
fibuliger are amylolytic microbes. The ability of 4.
niger to hydrolyze starch was greater than S. fibu-
liger. Co-culture of an amylolytic fungi A. niger
and oleaginous yeast C. orthopsilosis was effective
for converting cassava starch waste into neutral
lipid. The fatty acid composition was mainly oleic
acids and stearic acids which implies that it can be
used as fed material for biodiesel production.
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