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Lipid Accumulation in Aspergillus niger Cultured in Different Glucose Concentration
Nur Azreen Nareesya Mohd Razali
Resource Biotechnology
Faculty of Resource Science and Technology
Universiti Malaysia Sarawak

ABSTRACT
Many fungi species are increasingly reported as good Triacylglycerols (TAG) producers and they
are able to accumulate lipids above 50% of their biomass on dry basis. In our study we employed
the filamente us fungus Aspergillus niger as the lipid accumulating fungus . The A. niger culture
were grown in different concentration of glucose solution in order to determine the lipid
accumulation. Two different glucose concentrations were used in this experiment namely, 2.5%
(w/v) of glucose solution and 5.0% (w/v) of glucose solution. From our study, we found that the
best concentration for lipid accumulation in A. niger was 5.0% (w/v) of glucose solution because
the increase in glucose solution, induced more lipid production in the A.niger. The result shown
0.075 giL of lipid was collected in 5.0% (w/v) of glucose solution whereas in 2.5% (w/v) of
glucose solution, 0.050 giL of lipid was collected.

Keywords: Triacylglycerols (TAG), biomass, Aspergillus niger, glucose solution, lipid.

ABSTRAK
Banyak :pesies kulat dilaporkan sebagai pengeluar Triacylglycerols baik (TAG) dan mereka
mampu untuk mengumpullemak 50% daripada biomas mereka secara kering. Dalam kajian kami,
kulat Aspergillus niger digunakan sebagai lipid kulat terkumpul. A. niger kultur telah dibesarkan
di dalam kepekatan larutan glukosa yang berbeza untuk menentukan pengumpulan lipid. Dua
kepekalan glukosa yang berbeza telah digunakan dalam eksperimen ini iaitu 2.5% (wl\~/arutan
glukosa dan 5.0% (wlv) larutan glukosa. Daripada kajian, kami mendapati bahawa kepekatan
yang terbaik untuk pengumpulan lipid dalam A. niger adalah 5.0% (wlv) larutan glukosa kerana
peningkalan dalam larutan glukosa, menyebabkan pengeluaran lipid yang lebih banyak dalam
A.niger. Keputusan yang menunjukkan 0.075 g IL lipid telah dikumpulkan dalam 5.0% (wlv)
larutan glukosa manakala dalam 2.5% (wlv) larutan glukosa, 0.050 giL telah dikumpulkan.

Kala kline;: Triacylglycerols (TAG). biomas, Aspergillus niger, kepekatan glukosa, lipid.

CHAPTER 1
1.0 INTRODUCTION

I

The current production of biodiesel is based mostly on plants oils and algal oils. In
particular, soybean, rapeseed, and palm oils are adopted as the major feedstock for
biodiesel production. However, the use of these feedstocks leads to several problems such
as deforestation, impact on water resources, and loss of biodiversity. Furthermore, most of
the feedstocks used are competing with human food sources and are very expensive,
limiting large-scale development of biodiesel (Maddalena et al., 20] 1).

To meet the increasing demand of biodiesel production, other oil sources are currently
being explored. Recently, the development of processes to produce single cell oil (SeQ) by
using heterotrophic oleaginous microorganisms has triggered significant attention (Azocar

et al., 2010). These organisms accumulate lipids, mostly consisting of triacylglycerols
(TAG) that form the storage fraction of the cell.

Usage of oleaginous microorganisms is strongly recommended for biodiesel production

r'

because these organisms do not require specific conditions for growth (Mata, 20 I 0). So, its
use is suitable in Malaysia because the country is an equatorial country and has very
condusive weather conditions. In addition, these organisms do not compete with human
food sources, so it is not expensive and are also quick to grow to produce feedstocks for
biodiesel production.

2
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Currently, many researchers use algae to produce biodiesel. However, algae are not
suitable for use in Malaysia because it requires a large footprint and other expensive
logistics. This is because the growths of algae require external carbon sources and a lot of
sunlight. This is not possible in Malaysia because we lack the infrastructure to provide
sustainable growing condition for algae based lipid production. Therefore, in this research
we propose to use A. niger as the oleaginous fungus to produce myco oil cultured in
glucose solution with different concentration.

The objectives of this project are:

I. To determine the production of myco-oil by the oleaginous fungus.

2. To identify best concentration of glucose solution for the lipid accumulation in

Aspergillus niger.
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CHAPTER 2
2.0 LITERATURE REVIEW

2.1 Biodiesel

Biodiesel i the mono alkyl esters of long fatty acids derived from renewable lipid
feedstock uch as vegetable oils or animal fats, for use in compression ignition (diesel)
engines (Liu and Zhao, 2007). Biodiesel as an alternative fuel has been in the forefront of
the liquid biofuel sector for the last two decades.

The use of vegetable oil as a fuel source in diesel engines is as old as the diesel engine
itself. However, the demand to develop and utilize plant oils and animal fats as biodiesel
fuels has been limited until recently. The use of edible vegetable oils such as soybean,
rapeseed and non-edible oils such as Jatropha in the United States, Europe and India,
respectively, as oil feedstock for biodiesel production needs to be augmented with newer
technologies (Khot et aI., 2012).

The most common method to produce biodiesel is through a process called
"transesterification", which involves altering the chemical properties of the oil by lIsing
methanol (Fangrui and Hanna, 1998). Transesterification of plant oils with methanol is a
relatively imple process that yields high conversions with only glycerine as a byproduct.
One hundred pounds of plant oi ,l is reacted with 10 pounds of methanol to yield 10 pounds
of glycerine and 100 pounds of biodiesel (Conley and Tao, 2006). Ramos et al. (2009)
have shown that the biodiesel quality depends upon the fatty acid composition of the oil
tock.

4

PU5at Khidmnt M2kJU t Ak demik
UNlVERSm MALAYSIA ~ K

1.1 Oleaginous Fungi

The fatty acid profile of microbial lipids is quite similar to that of conventional vegetable
oils. Therefore, oleaginous filamentous fungi are favorable feedstock producers for a
sustainable biodiesel industry (Peng and Chen 2008; Zhao et al., 2011). Some yeast strains,
such as Rhodosporidium sp., Rhodotorula sp. and Lipomyces sp. can accumulate
intracellular lipids as high as 70% of their biomass dry weight (Ravikumar et aI., 2012).
Furthennore, the applications of oleaginous fungi for lipid production have several
advantages over conventional plant and algal resources as they can easily be grown in
bioreactors, have short life cycles, display rapid growth rates and are unaffected by
weather.

Oleaginous fungi such as Mucor rouxii are able to accumulate lipids up to 30% v/w in the
fonn filamentous but in the yeast-like form, only 10% v/w lipids was found, even in the
presence of residual glucose (Somashekar et al., 2003). Other examples of oleaginous is

Lipomyces sp. present a great propensity to accumulate triaclyglycerols (Rossi et aI.,
2011). This genus belongs to the Saccharomycetales order and represents a unique branch
in the evolution of the ascomycetes (Van der Wat, 1992). Lipomyces are true soil
inhabitants and have a worlwide distribution. The oleaginous species Lipomyces starkeyi
has the capabilty to accumulate over 70% of its cell biomass as lipid under defined culture
conditions, and can produce lipid on ethanol or using a mixture of glucose and xylose
(Zhao et al., 2008).

5

2.3 Aspergillus niger

Aspergillus niger is a member of the genus Aspergillus. Aspergilli are ubiquitous in nature
and are geographically widely distributed geographically and have been observed in broad
range of habitats because this species can colonize a wide variety of subtrates. A. niger is
commonly found as a saprophyte growing on dead leaves, stored grain, compost piles, and
other decaying vegetation.

The spores are widespread, and are often associated with

organic materials and soil.

Industrial strains of A. niger are capable of growing on solutions in excess of 20% (w/v)
glucose or sucrose and converting approximately 90% of the supplied carbohydrate to
citric acid (Dai et ai., 2004). These remarkable properties are the reason that A. niger has
been used to produce citric acid for 80 years and is currently the primary source of
commercial citric acid production. A. niger, A. oryzae, and Trichoderma reesei are three
important production organisms used in industrial fermentations (Cynthia, 2004).

6

lA Lipid accumulation in Aspergillus niger

Lipid accumulation by cellulolytic molds, such as A. niger, have extensively studied. The
amount of lipid accumulated usually ranged from 13.6- 16.6% on various carbon sources,
namely glucose. . )'1 se. avicel (microcrystalline cellulose) and bagasse (a natural
lignocellulosic substrate). Neutral lipids, phospholipids and glycolipids of the mycelia
varied from 41.0-46.2%. 34.9-38.4% and 18.7- 22.6% of total lipids, respectively.
Unsaturated fatty acid comprised around 80% of total fatty materials with linoleic and
oleic acid predominating. Of the four nitrogen sources tested, NH4CI was the best source
tor lipid synthesis fr m cellulose (bagasse). Optimum temperature range for growth and
lipid synthesis was 25-30

dc.

A similar growth and lipid production pattern was found in

Trichoderma reesei (Singh, 1992).

In order to detect the presence of microbial lipid, Sudan IV has been used routinely
(Ravikumat et ai., 20t2). Sudan IV is added to a solution along with ethanol to dissolve

any possible lipids. If lipids are present, the Sudan IV will stain reddish-orange and giving
a positive result. Lipids also can be determined by using spetrophotometric analysis for
lipid estimation.

7

1.5 Phenol sulphuric acid assay

Among many colometric methods for carbohydrates analysis, phenol sulphuric acid assay
is the easiest and most reliable method (Masuko et aI., 2005). It has been used for
measuring neutral

sugars

in

oligosaccharides,

proteoglycans,

glycoproteins,

and

glycolipids. This method is used widely because of its sensitivity and simplicity. The
compounds in the sample will react with phenol to produce a yellow-gold color, which can

be measured by using a spectrophotometer. The results are expressed in terms of a single
carbohydrate, usually glucose. This reagent is stable for long periods (Chom and Hugo,

1984).

Phenol in the presence of sulphuric acid can be used for the quantitative colorometric
microdetermination of sugars and their methyl derivatives, oligosaccharides, and
polysaccharides (Dubois et aI., )95). This method is particularly useful for the
detennination of small quantities of sugars. The reagent is inexpensive and stable and a
given solution requires only one standard curve for each sugar (Dubois et aI., 1956).

8

2.6 Dinitrosalicyclic acid (DNS) test

~ining

the sugar concentration of food samples is very important especially in

industries where quality control is monitored. One method to determine the sugar
concentration of reducing sugars is by heating with 3,5-dinitrosalicyclic acid (DNS) which
produce a red brown product (MiIler, 1959). The dinitrosyclic cid reagent were developed
by Sumner and co-worker (Sumner, 1921) and modified by Miller (1959). 3,5
dinitrosalicyclic acid (DNS) reagent is widely used in the estimation of reducing sugars
(Saqib and Whitney, 2011).

This test was used to analyze the content of reducing sugar by using spetrophotometry
(Zhu el al., 2005). The 3,5-dinitrosalicyclic acid is reduced to 3-amino-5-nitrosalicyclic
acid while in the simplest instances, the aldehyde groups appear to be oxidized to carboxyl
groups (Hostettler et ai., 1951). The equivalence between amino-nitrosalicyclic acid
produced and sugar is not exact (Hostettler et ai., 1951) and different sugars yield different
amount ofcolor (Bell et ai., 1952; Hostettler et I., 1951).
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CHAPTER 3
3.0 MATERIAL AND METHODS

I Materials

I.

3,5 Dinitrocyclic acid (Fluka, Switzerland)

2.

70% ethanol

3.

Centrifuge

4.

Distilled water

5.

Glucose-dextrose anhydrous (Daejung, Korea)

6.

Hexane (Merck, Gennany)

7.

Incubater shaker (InnovalFM 4000, New Jersey)

8.

Oil-less vacuum pump (Rocker300, China)

9.

Phenol (Nacalal Tesque, Japan)

10.

Potassium sodium tartrate (QReC™, New Zealand)

II.

Sodium hydroxide (Merck, Gennany)

12.

Sodium metabisulfite (AnalaR®, England)

13.

Spectrophotometer (SP-830 PLUS, Taiwan)

14.

Sulphuric acid (AnalaR®, England)

15.

Yeast malt broth (Difco, USA)
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Preparation for Aspergillus niger stock

VdltIlI!:I'II

mL of double distilled water were added onto each two plates which are cultured
rpergillus niger. By using sterile tips, the A. niger spores was dislodged in order to

make sure the spore have been removed from the plate. Then, 2 mL of the A. niger spore
suspension was pipetted into eppendoff tubes. All of the tubes were stored in the -4°C
hezer for the future used.

3.3 Accumulation of lipid in the yeast isolates

Two hundreds mL of2X Yeast Malt Broth (YMB) solution was prepared for each Schott's
bottles with 2 marbles and sterilized. After cooling to room temperature, 2 mL of the
b pergillus niger spore suspension from the stock was transfered into 200 ml of 2X YMB,
and incubated in an incubator shaker (InnovalFM 4000, New Jersey) at 37°C for 4 days.

After 4 days, 200 mL of 5.0% (w/v) of sterilized glucose solution was added to produce a
final medium of 2.5% (w/v) of glucose concentration. Samples were taken daily for 5 days

at selected time interval. During the sampling process, I ml of supernatant was taken and

stored in 1.5 mL tubes at -20 OC. To perfonn the analyses, the sampks were centrifuged for
14000 rpm for I minute. The steps were repeated for 5.0% (w/v) of glucose solution.

I1

pHng of biomass

S, the biomass was harvested via filtering and left in oven at 80°C for 3-5 days.

igbted again for the dry weight. The dried biomass was then placed in a 50 mL falcon

lUbe and added with hexane. Then, the mixture of hexane and biomass was homogenized
1 minutes.

chat. the solution was stored in the incubator shaker for 1 hour. After 1 hour, the
Iation was centrifuged for 5 minutes. The supernatant was collected and was placed in
empty beaker which is have been weighted for initial weight. Finally, the supernatant
boiled until the hexane was completely evaporated and the oil was left remained in the

beaker. Then, the beaker was weighted again to tabulate the volume of oil collected. The
above were repeated for 5.0% (w/v) of glucose solution.
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...... sulpburic acid assay

samples from the 2.5% (w/v) of glucose concentration set, 500 mL of sample was
diluted with the ratio 1:2 then continued with the ratio I :5. Then, it was followed by

g 0.2 mL of phenol and I mL of sulphuric acid and was diluted again with the ratio

1:5. After that, I mL of sample from each test tube was pipetted into cuvette for reading by
. g a spectrophotometer (SP-830 PLUS, Taiwan).

or the samples from the 5.0% (w/v) of glucose concentration set, 500 mL of sample was

Iy diluted with the ratio 1:5 then continued with ratio I :5. Then, it was followed by
adding 0.2 mL of phenol and 1 mL of sulphuric acid and was diluted again with the ratio

1:5. After that, 1 mL of samp le from each test tube was pipetted into cuvette for reading.
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UJlflllltroldcvclllc add (DNS) test

samples from the 2.5% (w/v) of glucose concentration set, 500 mL of sample was
.dlAlIed with the ratio 1:2 then continued with the ratio I :5. Then, it was followed by
mL of DNS reagent and the samples was placed in the boiling water for 7
• •IS.

After that, it was diluted with the ratio I :6. I mL of sample from each test tube

~._Id

into cuvette for reading by using spectrophotometer (SP-830 PLUS, Taiwan).

pies from the 5.0% (w/v) of glucose concentration set, 500 mL of sample was

diluted with the ratio 1:5 then continued with the ratio I :5. Then, it was followed by
_ _ 1 mL of DNS reagent and the samples was placed in the boiling water for 7
fter that, it was diluted with the ratio I :6. I mL of sample from each test tube

1rtl.;'P1le1kd into cuvette for spectrophotometer reading.
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CHAPTER 4

4.0 RESULTS

. . . . . .. . . of lipid in the yeast

....Sies were conducted by using the Aspergillus niger grown for 4 days, then 5.0%

of......1CO!1e concentration were added into the culture Figure 1A to produce a final
Iv) of glucose concentration. The increment size of the A . niger culture in

of glucose concentration (Figure 1) were only slightly increased compared to
riJger culture in 5.0% (w/v) of glucose concentration shown in Figure 2. However,
~ .t._I" were

A.

increased in size (Figure 2C) with the help of carbon concentration from

mge, culture (Figure 20) were shown

increment in diameter compared to the A.

cuJture from previous day (Figure 2C). At 96 and 120 hours, (Figure 1E and Figure
only slightly increased in size because of carbon starvation. The A. niger

needed carbon from the glucose solution to enhance the growth of this fungi .
increase in carbon content in the culture of A . niger produced larger biomass
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