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Cultured in Sago Effluent

Reynold anak Ramsy
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University Malaysia Sarawak

ABSTRACT

The increase in the world demand for diesel has led to the production of biodiesel from alternatives sources.
One of the example of these alternative is from fungal lipids from oleaginous yeast such as Rhodotorula sp.
Fungal lipid is used as feedstock to replace plant and animal oils as the latter are competitive in terms of food
and feeds. In this study, the growth kinetics of Rhodotorula mucilaginosa MV-5 shows that the culture is at
log phase after 24 h. The highest biomass recorded during propagation stage was 1.63 g/L at 24 h. Next, R.
mucilaginosa MV-5 was supplied with sago effluent as carbon source and the highest lipid extracted during
lipid accumulation stage was 0.23 g/L. However, percentage of lipid by weight was not able to be determine
due to presence of sago hampas particle which interfere with the actual weight of biomass. Phenol-sulphuric
assay was used to determine the amount of starch reduction and the amount of starch reduced over the 168 h
was 0.659 g/L. In conclusion, Rhodotorula mucilaginosa MV-5 can utilise sago effluent as carbon source to

produce lipid.
Keywords: Oleaginous yeasts. Rhodotorula mucilaginosa MV-5, sago effluent, growth kinetics, lipid
accumulation, phenolsulphuric assay

ABSTRAK

Peningkatan permintaandunia untuk diesel telah menyebabkan pengeluaran biodiesel dari sumber alternatif
Salah satu contoh alternatifini adalah dari lipid kulat dariyis oleaginous seperti Rhodotorula sp. Lipid kulat
digunakan sebagai bahan mentah untuk menggantikan minyak tumbuhan dan minyak haiwan sebagai bahan
mentah kerana bahan tersebut adalah kompetitifdari segi makanan dan makanan. Dalam kajian ini, kinetika
pertumbuhan Rhodotorula mucilaginosa MV-5 menunjukkan bahawa budaya berada pada fasa log selepas
24 jam. Biomas tertinggi yang dicatatkan semasa peringkat penyebaran ialah 1.63 g / L pada 24 jam.
Seterusnya, R_mucilaginosa MV-5 dibekalkan dengan sagu efluen sebagai sumber karbon dan lipid tertinggi
yang diekstrak semasa tahap pengumpulan lipid adalah 0.23 g / L. Walau bagaimanapun, peratusan lipid
mengikut berat tidak dapat ditentukan kerana adanya zarah sagu hampas yang mengganggu berat sebenar
biomas. Ujian phenol-sulfurik digunakan untuk menentukan jumlah pengurangan kanji dan jumlah kanji
dikurangkan dalamtempoh 168 h adalah 0.659 g/ L. Sebagai kesimpulan, Rhodotorula mucilaginosa MV-5

dapat menggunakan sagu efluen sebagai sumber karbon untuk menghasilkan lipid.

Kata kunci: Yis berminyak, Rhodotorula mucilaginosa MV-5, efluen sagu, kinetic pertumbuhan, pengumpulan

lipid, ujian asid fenol-sulfur
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CHAPTER 1
INTRODUCTION

Fossil fuels such as crude oils, coals and gas are known for their ‘importance as the main
resources for the world energy supply (Shafiee & Topal, 2009). However, those natural
resources are depletable resources that cannot regenerate naturally (Dieren, 1995). One of
the alternative in overcoming the problem is through the production of biodiesel. According
to the National Biodiesel Board (2017), biodiesels are biodegradable, nontoxic, and
essentially free of sulfur and aromatics compared to the conventional fuel used. Biodiesel
can be produced by using animal oils and plant oils as feedstock however it is controversial

as the production needs large land area, high cost and maintenance (Wang et al., 2014).

To overcome these problems, many researchers suggested using microorganism which
can produce the same lipid compositions with animal fat or plant oil as feedstock. These
microorganisms are usually yeast, fungi, bacteria and microalgae, which can accumulate
lipids of up to 20% of their biomass dry weight in a specific condition (Beopolus, Nicaud &
Gaillardin, 2011). According to Signori ef al (2016), lipids produced by the oleaginous
microorganism are also known- as single cell oils or SCO. Among these oleaginous
microorganisms, yeasts show the best characteristics as they have flexbility i term of
culture conditions (Gohel et al, 2013), unaffected by light and climatic variation (Ami et

al, 2014) and have higher lipid content than oleaginous bacteria (Ochsenreither et al., 2016).



One major obstacle to produce biodiesel from these microbials is high cost of media for
cell culture and the low efficiency of oil production (Wang et al., 2014). To overcome this
problem, researchers have investigated the use of agro-industrial residue and waste as the
carbon source in culture medium. In Sarawak, sago palm (Metroxylon sagu) is a type of
commercial plant that has high economic value especially the production of sago starch. This
industry generates abundant liquid and solid waste that are high in carbon content. Therefore,
by utilizing sago effluent as the carbon source, this will overcome the high cost of culture

media. In addition, this practise may provide alternative ways to dispose the industrial sago

effluent.

In this study, R, mucilaginosa MV-5 was cultured in sago effluent to produce lipid. The
lipid accumulation will involve two main stage. The first stage is the cell propagation éf R
mucilaginosa MV-5 in Yeast Malt Broth (YMB). Next, the cell culture was cultured in sago
effluent as carbon sources to produce biomass. Lipid accumulation and extraction was
conducted and total carbohydrate test using phenol-sulphuric assays was done to quantify
the amount of lipid produced from the dry biomass of R mucilaginosa MV-5 cultured in

sago effluent.

Objectives

The objectives of this project are to:

1. Analyze the growth kinetics of R mucilaginosa MV-5 cultured n YMB
2. Measure the biomass produced from the yeast culture.

3. Quantify the amount of lipid during lipid accumulation stage.



CHAPTER 2

LITERATURE REVIEW

2.1 Lipid for Biodiesel Feedstock

Biodiesel is a mixture of mono-alkyl esters that are derived from triacylglycerides
(TAG) with long fatty acids chain and can be produced from cheap raw materials such as
fats and oil (Leesing et al, 2011). Biodiesel commonly uses plant oil as feedstock where
transesterification method (figure 2.1) is used to change the viscosity of the plant oil (Rao et
al,, 2010). In addition, biodiesel can be easily produced from animal fat or plant oil as
feedstock, but it is deemed controversial as this practice competes with food production
(Wang et al., 2014). Sheedlo (2008) reported that the absence of corrosive polycyclic

hydrocarbon is what makes biodiesel a preferable choice for sources of fuel
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Figure 2.1 Schematic of biodiesel process using transesterification. Image retrieved from https://www.e-
education.psu.edu/egee439/node/684



2.2 Oleaginous yeast

Yeasts are single-celled fungi. As fungi; they are closely related to other fungi which
include edible mushrooms and the common baker's yeast. Olea;.g;inous yeasts are those
species of yeast that are rich in, covered with or produces oil. There are many species of
oleagmnous yeast such as Yarrowia sp., Candida sp., Rhodotorula sp., Rhodosporidium
sp., Cryptococcus sp., Trichosporon sp., and Lipomyces sp. (Agettos, 2010). The common
yeast used oleaginous yeast used in research includes Rhodosporidium toruloides,
Rhodotorula glutinis, Yarrowia lipolytica, and Cryptococcus albidus where they are reported

to accumulate lipids up to 20% of therr dry weight. In general, yeasts and molds can

accumulate much more lipids than bacteria and microalgae (Helwani et al., 2009).

Lipids produced by oleaginous fungi are also called single cell oils (SCOs). These
SCOs can be transformed to FAME (fatty acid methyl esters) by means of both enzymatic
and iorganic catalysis (Li et al, 2010). More importantly, the production of SCOs by
oleaginous yeasts has many advantages due to their fast growth rate, high oil content and the

resemblance of their triacylglycerol fraction to plant oil (Agettos, 2011).



2.3 Rhodotorula mucilaginosa

The genus Rhodotorula consists of a diverse group of pigmented basidiomyce to us
yeast. It is a common environmental yeast isolated ffom a diverse range of habitats and
colonized plants and animals (Albertyn, Pohl & Viljoen, 2017). Rhodotorula glutinis,
Rhodotorula minuta, and Rhodotorula mucilaginosa are the three well known strains that
are pathogenic to humans. Rhodotorula species is commonly isolated from various foods
and beverages and R. mucilaginosa is one of the common suspect that causes food spoilage
(Albertyn, Pohl & Viljoen, 2017). R mucilaginosa are known for its characteristic
carotenoids production (Aksu & Eren, 2004) (figure 2.2) and for its ability to accumulate
lipid for biodiesel feedstock production utilizing various carbon sources, agricultural wastes

and industrial residues (Zhao et al., 2011).

Figure 2.2 Pure colony of R. mucilaginosa MV-5 culture in Yeast Malt Agar (A) and Rose Bengal Dichloran
Chloramphenicol Agar (B)



2.4 Lipid and Lipid Accumulation in Oleaginous Yeast

Lipid can be defined as a mixed clump of compound having séveral similar properties
based on their morphology, mainly of non-polar group and they are partly water-soluble but
readily soluble in organic solutions. (Campbell et al., 2012). According to Wild et al. (2010),
lipid production requires a medium with an excess of sugars or similar components and
limited amount of other nutrients, usually nitrogen and phosphate. Leesing et al. (2011)
reported that some species oleaginous fungi such as Rhodosporidium sp., Lipomyces sp., and
Rhodotorula sp. are able to accumulate lipids exceeding 70% of their dry mass even with

environment that have limited nutrients.

Throughout many years of study done by researchers on oleaginous yeast, it was found
out that oleaginous yeast is able to utilize many substrates such as sewage sludge, sugar cane
bagasse, industrial glycerol and industrial waste. By breaking down glycerol, soluble starch
and other specific components exist in the medium, oleaginous yeasts are able accumulate
lipid (Xia et al., 2011). According to Wild et al, (2010), the ratio of Carbon: Nitrogen
supplied during lipid accumulation phase can affect the amount of lipid accumulated by the
yeasts, where an environment of high carbon sources is preferred with limited concentration
of certain nutrients. These nutrients are usually nitrogen and phosphate. Subhash et al.
(2011) reported that the amount of lipid accumulated can be mfluenced by the condition of
microorganisms, the variety of substrate, and various controllable parameters in the cultures.
In addition, it is reported that lipid accumulation of oleagnous microorganism can be

manipulated through genetic engineering and genetic modification.



2.5 Sago Palm, Sago Starch and Sago Effluent

Sago palm (Metroxylon spp.) or better known as ‘Rumbia”™ is a type of plant that is
native to Sarawak and is widely distributed throughout South East Asia (figure 2.5). An
example of important species of this plant that is widely used by the local population is
Metroxylon Sagu. Ahmad et al., 1999) reported that sago palm has various uses and is crucial
to the local population where the sago starch isolated from the sago palm is often used to
produce either starch, sago flour or sago pearl In South East Asia, sago starch also plays an
important role within the food industry which usually involves i the production of
vermicelli, bread, crackers, biscuits and many other traditional foods. In addition, sago starch
is cheap and is reported to have important properties such as the ability to gelatinized, has

high viscosity and can easily be moulded (Ahmad et al., 1999).

Figure 2.5 A matured sago palm tree (M. sagu). Image retrieved

fromhttp://mydifferentpers pectives.blogspot.my/2009/06/metro xy lon-sagu-sago-palm 28.html



Sago effluent is the wastewater discharged by the agro-industry. The sago processed
water being rich in carbohydrates is usually discharged to the river, near the lake and land.
This untreated effluent caused a serious threat to the environment and affect the life of people
around the industrial area (Elairayaju & Partha, 2012). In addition, a sago mill produced
more than 500 t of effluent that consist of 25 t of fibres and 15 t starch. Also, solid residues
that are found in the effluent usually contain around 3% starch and 5% dry matter (Bujang,

2008). These effluents can be hydrolyzed into fermentable sugars for ethanol production.

2.6 Total carbohydrate test

Total carbohydrate test or phenol-sulfuric acid assay are used to determine total
carbohydrate in solution (Dubois et al, 1956). The phenol-sulfuric acid method is an
efficient colorimetric method to determine total carbohydrates in a sample. This method
basically identifies all classes of carbohydrates, including mono-, di-, oligo-, and
polysaccharides (Nielsen, 2010). The principle for this test is that the carbohydrate was
dehydrated to hydroxymethyl furfural in hot acidic media and a yellow- brownish colored
product was formed. Then, the absorbance test was conducted at 490 nm using UV

spectrometer (Dubois et al., 1956).



CHAPTER 3
MATERIALS AND METHODS «

3.1 Materials

The materials that was used in this study are as follows:

1.  Sago effluent (Pusa, Malaysia)

2, Yeast Malt Broth (HiMedia Laboratories, India)

3. Rose-Bengal Chloramphenicol (HiMedia Laboratories, India)
4.  Hexane (Reagents, USA)

5. Isopropanol (Amresco, USA)

6.  Sulphuric acid (AnalaR, England)

7. Phenol (EMD Millipore, Germany)

8.  Glycerol (HmbG, Germany)

9.  Hydrochloric acid (AnalaR, England)



3.1 Culture Revival and Stock Culture Preparation

Yeast Malt Broth (YMB) was prepared in 250 ml Schott beitle (SCHOTT, Duran,
Germany). Then, the Schott bottle was sterilized using an autoclave (Foundryco Inc., USA)
at 121°C for 15 minutes. After the Schott bottles have cooled down, one vial of 2 ml stock
culture of Rhodotorula mucilaginosa (R. mucilaginosa) MV-5 obtained from the
Microbiology Laboratory UNIMAS collection was poured into the fermentation media
aseptically. Then, it was left for 3 days on a shaker at 150 rpm at room temperature to grow.
At day 3, sample from the culture were streaked on Rose-Bengal Dichloran Chloramphenicol
(RBDC) agar to obtain pure colony. A single colony was retrieved from the RBDC media
culture aseptically and was inoculated in a new YMB media. The growth of the pure colony
in the new YMB media was selected to be propagated for the propagation process and to be
preserved as pure culture stock. For long term storage, glycerol stock was prepared. Stock
culture was aliquoted in YMB supplemented with 20% (v/v) of glycerol and stored at - 80

°C in an ultralow-temperature freezer (Vincent et al, 2011).
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3.2 Propagation of R. mucilaginosa MV-5 in Fermentation Media

R. mucilaginosa MV-5 was propagated in sterile of 2 L Schett bottle, each consisted
of 1.8 L of YMB media. Then, 18 ml (1%) (v/v) of R. mucilaginosa MV-5 innoculum was
added mto each replicate and was propagated for 7 days at ambient temperature. The setup
of the experiment is as shown in figure 1.0 and it was placed on a clean sterile bench with
no air movement and was static. Shaking of the bottles was done before any sampling was

carried out.

A oulet

.1
Y

Sampling tube

y « Air mlet

A J'H Arr filter

Modified cap

Yeast Malt Broth

Air Diffuser

Figure 1.0 Experimental setup for propagation stage

During the sampling period, from day 1 to day 7, 15 ml of the initial sample was
taken out through the sampling tube as waste. The next 100 ml of sample was then stored
into two 50 ml pre-weighed Falcon tubes. This process was done using a peristaltic pump

11



(Masterflex Easyload L/S 7518-00, Cole-Parmer, Malaysia) attached to the bottles. The first
50 ml of the sample was centrifuged, and the supernatant was disc:;rded. Then, the second
50 ml of the sample was poured into the first falcon tube containing the pellet and proceed
to centrifuge at 4,000 rpm (T40385, Kubota Corporation, Japan). After removing the
supernatant, the wet pellet was left to dry in the oven for 48 h at 70 °C. After the pellet have
dried, it was weighed. Data of dry cell weight (DCW) against time (hours) was tabulated in
the form of graph which marks the growth kinetics of the culture. From the graph that was
tabulated, the day with the highest biomass was chosen to be the starting of lipid

accumulation stage.

3.4 Lipid Accumulation in R. mucilaginosa M'V-5

R mucilaginosa MV-5 was propagated in 2 L Schott bottles at day 7 with total
working volume of 1.5 L. Then, 200 mL of the sample was transferred aseptically into four
50 ml falcon tube that has been autoclaved earlier. Then, these falcon tubes were centrifuged
at 4,000 rpm for 10 min to form the pellet. The pellet was retrieved, and the supernatant was
discarded. Each pellet was resuspended with 25 ml of sterile sago effluent. The total volume
of sample used in this experiment was 400 ml therefore this step will be carried out again.
Then, the pellet collected from 400 ml sample was poured into 1.6 L of sago effluent Schott
bottles. This was repeated for triplicates of bottles. Each day, 100 ml of the sample was taken
for sampling process starting from day 0 to day 7 and divided into 2 falcon tubes (50 ml
each) and was centrifuged. The wet pellet was obtained for lipid extraction while the

supernatant left was taken for total carbohydrate test.
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3.5 Acid Pretreatment and Lipid Extraction

After sampling, the first 50 ml of the sample was centrifuged, and the supernatant
was discarded. Then, the second 50 ml of the sample was poured into the first falcon tube
containing the pellet and proceed to centrifuge at 4,000 rpm. After discarding the
supernatant, 10 ml of 4 M Hydrochloric acid was added then it was vortexed to mix the acid
and pellet well. Then, the sample was incubated in a water bath for 2 hours at 75 to 80 °C.
Next, the pellet was homogenized with Hexane:isopropanol (32) (v/v) added into the Falcon
tube. The mixture was then homogenized (Superfine Homogenizer, Fluko, China) for 90
seconds with 30 seconds rest in between for every 45 seconds. The homogenized mixture
was centrifuged at 4,000 rpm for 25 min and the supernatant was collected in pre-weighed -test
tubes. Next, the supernatant was heated to 100 °C until all hexane evaporated. Then, it was

left in the oven overnight at 70 °C for a constant mass. The remaining lipid was weighed.

3.6 Phenol-Sulphuric Assay

0.2 ml of the supernatant from 1 ml sample was pipetted into triplicates of test tubes
respectively. 0.2 ml of 5% (v/v) phenol was added and vortexed, and 1 ml of concentrated
sulphuric acid was added rapidly and vortexed. Lastly, 5.6 ml of distilled water was added
into the test tube and vortexed. 1 ml of each test tube was taken and was pipetted into each
respective cuvette. A blank was prepared by using 0.2 ml of distilled water. Each cuvette was
observed under UV spectrophotometer (SP-880, Metertech Inc., Taiwan) set at 490 nm. A

graph of absorbance against carbohydrate concentration was plotted.
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