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ABSTRACT

Lipomyces maratuensis InaCC Y720 is a potential novel oleaginous yeast. Media-based 
production optimization has never been carried out using this strain. This study aims to 
define an optimized medium from 12 medium component factors, where the Taguchi method 
is used for screening significant factors of medium and the response surface methodology 
(RSM) is used to optimize the concentration of significant factors. According to Taguchi, 
glucose, yeast extract, and magnesium sulfate (MgSO4) have a significant influence on 
lipid accumulation, with their concentrations maintained at optimal levels through RSM 
optimization. Conversely, potassium dihydrogen phosphate, sodium hydrogen phosphate, 
and calcium chloride inhibit lipid accumulation, and copper(II) sulfate has the least 
influence, categorizing them as eliminated factors. The RSM-optimized medium increased 
lipid content by 3.6-fold compared to the initial medium. Glucose and yeast extract showed 
a positive correlation with lipid accumulation, suggesting potential for further optimization, 
while the optimum concentration for MgSO4 was 0.15 g/L. This study is intended to serve 
as a reference for increasing lipid accumulation by L. maratuensis InaCC Y720.

Keywords: Initial media, nutrients, oleaginous yeast, optimized media, response surface methodology, Taguchi 

method

INTRODUCTION

The expansion of microorganisms as 
renewable energy continues to be developed. 
One of them is the development of lipid 
accumulation from microbes. Microbial 
lipids, also known as single-cell oil (SCO), 
show the potential to substitute palm oil 
in biodiesel production due to their rapid 
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production, minimal labor needs, resilience 
to seasonal changes, and ease of industrial-
scale processing (El Kantar et al., 2021; 
Mhlongo et al., 2021). Microbes that 
can accumulate lipids of more than 20% 
from their dry biomass are referred to as 
oleaginous microorganisms (Anandan et 
al., 2016).

I n  t h e  l i p i d  a c c u m u l a t i o n  b y 
microbes ,  the  compos i t ion  of  the 
media (macronutrients, micronutrients) 
and physical factors (temperature, pH, 
production time, and agitation) are crucial 
factors that can influence lipid accumulation 
(Duman-Özdamar et al., 2022; Sarkar et al., 
2023). Lipid accumulation in oleaginous 
microorganisms occurs when nitrogen 
nutrients for cells are limited, and carbon 
is abundant (Qin et al., 2017). Regarding 
media composition, various macronutrients 
(C, N, Mg, P, Ca, Na, K) and micronutrients 
(Fe, Zn, Co, Cu, Mn) are combined to 
determine the effects of enhancement or 
inhibition on lipid production. Therefore, 
there is potential for higher lipid production 
under optimal cultivation media conditions.

In several studies optimizing cultivation 
media for lipid production by oleaginous 
microorganisms, statistical approaches 
such as the Taguchi method and response 
surface methodology (RSM) are utilized. 
The Taguchi method enhances the quality 
and performance of products and processes 
by systematically identifying and optimizing 
factors influencing variation. Meanwhile, 
RSM aims to study the relationship between 
input variables (factors) between input 
variables (factors) and the output response 

in complex systems. Based on the Taguchi 
method, it is known that glycine as an N 
source gives higher productivity (1.5 times), 
followed by urea and cellulose as a carbon 
source, significantly increasing biomass (2.4 
times) and lipid (2.3 times) productivity in 
Desmodesmus subspicatus (Sarkar et al., 
2023). Applying RSM, Duman-Özdamar 
et al. (2022) determined a carbon-to-
nitrogen (C/N) ratio of 175 g/g for maximal 
oil production by Cutaneotrichosporon 
oleaginosus and a C/N ratio of 140 g/g for 
Yarrowiaa lipolytica.

Lipomyces maratuensis InaCC Y720 
is a novel oleaginous yeast. It can produce 
up to 3.7 g/L of fatty acids when grown 
in a medium containing glucose and malt 
extract (Yamazaki et al., 2017). Based on 
its ability to accumulate high lipids, L. 
maratuensis InaCC Y720 has a potential 
for improvement through optimization of 
its growth medium, which has not been 
explored. For that reason, this study aims to 
define an optimized medium and determine 
the influence of component media on 
lipid production by L. maratuensis InaCC 
Y720 using the Taguchi method and RSM 
approach.

MATERIALS AND METHODS

Microorganism and Inoculum 
Preparation 

Lipomyces maratuensis InaCC Y720 
is an Indonesian culture collection 
(InaCC) isolated from Maratua Island, 
East Kalimantan, Indonesia (Yamazaki 
et al., 2017). The strain was grown on 
potato dextrose agar (PDA, Oxoid, United 
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Kingdom) and kept in a refrigerator. Seed 
culture was prepared by subculturing the 
yeast in potato dextrose broth (PDB, Oxoid, 
United Kingdom) at 28ºC with 200 rpm 
agitation for 48 hours.

Screening of Significant Medium 
Component using Taguchi

Medium components are screened using 
the Taguchi method with the “bigger is 
better” for the signal-to-noise ratio (SNR) 
parameter. The design of the experiment 
Taguchi consists of three levels and 11 
factors (Table 1) that result in 27 medium 
variations. Level 2 medium compositions 
were based on the initial medium, according 
to Holdsworth and Ratledge (1988). All 
chemicals used in the medium were 
manufactured by Merck (Germany).

The experiment was carried out by 
inoculating 1 ml seed culture (OD600 = 
0.8) into 50 ml varied medium in a 250 
ml Erlenmeyer flask and then incubating 
at 28ºC with 200 rpm agitation for 72 hr. 
According to Bligh and Dyer (1959), yeast 
biomass and lipids were determined after 
72 hr of incubation. All experiments were 
done in triplicates.

Optimization of Significant Factors 
Using RSM Method

Based on the Taguchi results, three 
significant factors (a, b, and c) were 
selected as independent variables and lipid 
production (mg/L) as dependent variables 
(y). The three significant factors are (a) 
glucose, (b) yeast extract, and (c) MgSO4. 
Their concentrations were optimized using 
Box-Behnken design (BBD) and RSM. 
Each variable was studied in three levels 
(−1, 0, +1), and the experimental design 
included 15 runs with three replicates (Table 
1). The mathematical relationship between 
the response variable (lipid production) 
and variables (a, b, and c) was projected 
according to the polynomial equation:

  

           

            [Eq. 1]

where, y = Dependent variables; x = 
Dependent variables; a = Glucose; b = Yeast 
extract; c = MgSO4. 

The precision of the above polynomial 
model was evaluated by the coefficient 
of determination (parity plot) and normal 
probability, and the F-test determined the 
statistical significance. The experiments 

Table 1
Coded values of response surface methodology using three levels Box-Behnken design

Independent variable 
(g/L) Symbol

Level
Low (-1) Middle (0) High (+1)

Glucose a 30 50 70
Yeast extract b 1.5 3.0 4.5

Magnesium sulfate c 1.5 3.0 4.5
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were carried out by adding 1 ml seed culture 
(OD600 = 0.8) to 50 ml medium in a 250 
ml Erlenmeyer flask and then incubating 
at 28ºC with 200 rpm agitation for 72 hr. 
Biomass and lipids were collected after 72 
hr and determined according to Bligh and 
Dyer (1959).

Growth Profile 

The growth profile was observed by growing 
the yeast in 50 ml optimized medium (1 ml 
inoculum with OD600 = 0.8) at 28ºC and 
200 rpm agitation for 72 hr. Biomass, lipid, 
glucose, and total nitrogen were measured 
every 12 hr. All experiments were done in 
triplicate.

Lipid Extraction and Analysis

Biomass was harvested by centrifugation 
(Hermle-Z326K, Germany) at 1,746 x g 
for 10 min, washed twice with 35 ml of 
distilled water, and dried in the oven at 
70°C. Biomass is measured gravimetrically 
by comparing wet weight to dry weight. 
Lipid extraction was carried out according 
to Bligh and Dyer (1959). The cells were 
disrupted by adding 10 ml of 4 M hydrogen 
chloride (HCl, Merck, Germany) for 2 
hr, then a mixture of chloroform (Merck, 
Germany) and methanol (Merck, Germany) 
(2:1 v/v ratio) was added before incubated 
for another 2 hr. The mixture was then 
centrifuged at 1,746 x g for 10 min, and the 
lower layer was transferred to a new glass 
vial and dried in the oven at 70°C. Lipid 
measured gravimetrically. The content of 
lipids was determined by comparing lipid 

weight to dry biomass weight, and lipid 
yield was determined by a gram of lipid per 
gram consumed glucose.

Analysis of Glucose Content

Reducing sugar is determined by the 
3,5-dinitrosalicylic acid (DNS) method. 
DNS solution was carried out by dissolving 
1 g DNS powder (Merck, Germany), 20 
ml 2 M sodium hydroxide (NaOH, Merck, 
Germany), and 30 g Rochelle salt (Merck, 
Germany), then adding distilled water until 
the volume reached 100 ml. Reducing sugar 
concentration was measured by adding 
1 ml sample, 1 ml DNS reagent (Merck, 
Germany), and 2 ml distilled water in a test 
tube heated for 1 min at 100°C in a water 
bath and then moving it into cold water. The 
absorbance of the sample was measured by 
a spectrophotometer at 540 nm (Wood et 
al., 2012).

Analysis of Total Nitrogen

The total nitrogen (%) in the sample was 
determined using the Kjeldahl method. 
Add 1 ml sample, 0.7 g catalyst (i.e., 
a combination of 250 g sodium sulfate 
[Na2SO4, Merck, Germany] + 5 g copper(II) 
sulfate [CuSO4, Merck, Germany] + 0.7 
g selenium [Merck, Germany]), and 4 
ml concentrated sulfuric acid (H2SO4, 
Merck, Germany) into Kjeldahl flask, then 
destructed at 100°C in a fume hood until 
the color became light green. The sample 
cooled down, and 10 ml of distilled water 
was then distilled by adding 20 ml of sodium 
hydroxide-titanium (II) oxide (NaOH-TiO, 
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i.e., sodium hydroxide [NaOH 40%, Merck, 
Germany] + sodium thiosulfate [NaS2O3 
5%, Merck, Germany]). The distillation 
used boric acid (H3BO3) 4%, which was 
given methyl red-bromo cresol green 
indicator (Mr-BCG, Smart Lab, Indonesia). 
This process ran until 60 ml distillate was 
obtained. 0.02 N hydrochloric acid (HCl, 
Merck, Germany) titrated the distillate. The 
residual nitrogen was measured as follows:

  

     

             [Eq. 2]

Data Analysis

The data was analyzed using Taguchi, 
RSM, and analysis of variance (ANOVA) 
on Minitab software (ver. 18) (Hamzaçebi, 
2021; Roy, 1990).

RESULTS AND DISCUSSION

Screening of Significant Medium 
Component for Lipid Production by L. 
maratuensis InaCC Y720

The Taguchi method was utilized to screen 
significant factors and their concentration 
in the growth medium that affect lipid 
accumulation by L. maratuensis InaCC 
Y720. Subsequently, RSM was applied to 
optimize the concentrations of the identified 
significant factors as determined by the 
Taguchi method. L. maratuensis InaCC 
Y720 was cultured under 12 factors with 
three levels (Table 2) at 28℃ and 200 rpm 
for 72 hr. Biomass and lipids were collected 
for evaluation. Screening by Taguchi is 
presented in the SNR analysis of variance 

(Table 3) and the main effect plot for SNR 
(Figure 1).

SNR analysis of variance (Table 3) 
showed the significance and contribution 
of each factor to lipid accumulation. Three 
significant factors and their contributions 
were shown: yeast extract (16.88%), 
MgSO4 (16.83%), and glucose (14.20%). 
The contribution of other factors is as 
follows: calcium chloride (CaCl2, 10.69%), 
manganese sulfate (MnSO4, 9.6%), zinc 
sulfate (ZnSO4, 8.35%), sodium hydrogen 
phosphate (Na2HPO4, 7.93%), cobalt(II) 
nitrate (Co(NO3)2 , 4.64%), potassium 
dihydrogen phosphate (KH2PO4, 3.61%), 
ammonium chloride (NH4Cl, 3.36%), 
iron(III) chloride (FeCl3, 1.98%), and 
copper(II) sulfate (CuSO4, 1.36%).

C e r t a i n  m e t a l  i o n s  s e r v e  a s 
micronutrients, supporting fungal growth 
and cellular metabolic activity. Zinc (Zn) 
deficiency impacts spore germination and 
fungal cell proliferation. Magnesium (Mg) 
functions as an intracellular divalent cation 
crucial for DNA and adenosine triphosphate 
(ATP) synthesis, as well as stimulating fatty 
acid synthesis. Mg deficiency in yeast can 
lead to distorted cell division, abnormal 
cell shape, and reduced viability, resulting 
in delays or alterations in the cell cycle. 
Mangan (Mn) serves various roles, such 
as acting as an intracellular regulator for 
enzymes, stimulating protein synthesis, 
and participating in thiamine biosynthesis. 
Iron (Fe) and copper (Cu) are recognized 
as cofactors. Phosphorus is a vital element 
in cells, commonly found in nucleic acids, 
phospholipids, and coenzymes, and can be 
stored as polymetaphosphate in cells. 
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Table 2
Factors and levels of experimental design Taguchi

No. Factors Level 1 Level 2 Level 3
1 D-glucose (g/L) 10 30 50
2 NH4Cl (g/L) 0 0.5 1.0
3 Yeast extract (g/L) 0 1.5 3.0
4 KH2PO4 (g/L) 0 7.0 14.0
5 Na2HPO4 (g/L) 0 2.0 4.0
6 MgSO4.7H2O (g/L) 0 1.5 3.0
7 CaCl2.2H2O (g/L) 0 0.1 0.2
8 FeCl3.6H2O (g/L) 0 0.008 0.016
9 ZnSO4.7H2O (g/L) 0 0.001 0.002

10 CuSO4.5H2O (g/L) 0 0.0001 0.0002
11 Co(NO3)2.6H2O (g/L) 0 0.0001 0.0002
12 MnSO4.5H2O (g/L) 0 0.0001 0.0002

Note.  NH4Cl = Ammonium chloride; KH₂PO₄ = Potassium dihydrogen phosphate;  Na₂HPO₄ = Disodium 
phosphate; MgSO₄·7H₂O = Magnesium sulfate heptahydrate; CaCl₂·2H₂O = Calcium chloride dihydrate; 
FeCl₃·6H₂O = Ferric chloride hexahydrate; ZnSO₄·7H₂O = Zinc sulfate heptahydrate; CuSO₄·5H₂O 
= Copper(II) sulfate pentahydrate; Co(NO₃)₂·6H₂O = Cobalt(II) nitrate hexahydrate; MnSO₄·5H₂O = 
Manganese(II) sulfate pentahydrate

Table 3
Analysis of variance of the mean plot for signal-to-noise ratio

Factors df SS Contribution MS F P
Glucose 2 194.025 14.200 97.012 24.630 0.039*
NH4Cl 2 45.915 3.360 22.958 5.830 0.146

Yeast extract 2 230.573 16.880 115.287 29.270 0.033*
KH2PO4 2 49.313 3.610 24.657 6.260 0.138
Na2HPO4 2 108.388 7.930 54.194 13.760 0.068
MgSO4 2 229.999 16.830 114.999 29.200 0.033*
CaCl2 2 146.086 10.690 73.043 18.540 0.051
FeCl3 2 27.118 1.980 57.056 3.440 0.225
ZnSO4 2 114.113 8.350 9.315 14.490 0.065
CuSO4 2 18.629 1.360 31.687 2.360 0.297

Co(NO3)2 2 63.374 4.640 65.465 8.050 0.111
MnSO4 2 130.929 9.600 3.939
Error 2 7.877 0.580
Total 26 1,366.34 100

Note. Df = Degrees of freedom; SS = Sum of squares; MS = Mean squares; * = Significant at P-value 
<0.05; NH4Cl = Ammonium chloride; KH₂PO₄ = Potassium dihydrogen phosphate;  Na₂HPO₄ = Disodium 
phosphate;  MgSO₄ = Magnesium sulfate; CaCl₂ = Calcium chloride; FeCl₃ = Ferric chloride; ZnSO₄ = Zinc 
sulfate; CuSO₄ = Copper(II) sulfate; Co(NO₃)₂ = Cobalt(II) nitrate;  MnSO₄ = Manganese(II) sulfate
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However, an excess concentration of 
metal ions can function as an inhibitor. 
Calcium (Ca) plays a role in metabolic 
responses, cell membrane stabilization, 
budding, and protein synthesis in cell walls. 
Two hypotheses explain the lipid-triggering 
effect of calcium deficiency. The first 
involves antilipolytic pathways mediated 
by the calcium-sensing receptor (CaSR), 
and the other centers on calcium ions’ role 
in the basal sensitivity of the sterol-sensing 
mechanism in the sterol regulatory element 
binding protein (SREBP) pathway. Reduced 
calcium in the endoplasmic reticulum alters 
sterol distribution, enhancing SREBP 
activation and initiating neutral lipid 
synthesis (Arigony et al., 2013; Dzurendova 
et al., 2021; Ouedraogo et al., 2017; Wang 

et al., 2017). Studies regarding the effect 
of manganese on lipid accumulation in 
yeast are still few. Some studies suggest 
a positive impact on lipogenesis in Mucor 
plumbeus (Yoo et al., 1982), Mortierella sp. 
(Šajbidor et al., 1992), and M. circinelloides 
(under phosphorus-limiting conditions) 
(Dzurendova et al., 2020). However, in 
Cunninghamella bainieri 2A1, Mn appears 
to have no significant effect (Manikan et 
al., 2014).

Several studies highlight the influence 
of media components on lipid accumulation. 
A study by Shuib et al. (2014) showed 
tha t  media  con ta in ing  ammonium 
tartrate, glucose, and metal ions (Mg2+, 
Mn2+, Fe3+, Cu2+, Ca2+, Co2+, and Zn2+) 
increased lipid content by C. bainieri 

Figure 1. Main effect plot for signal-to-noise ratios (SNR) of lipid production using Taguchi method

Note. x-axis = Concentration of the factors (g/L) ; y-axis = The ratio of the mean (signal) to the standard 
deviation (noise) ; NH4Cl = Ammonium chloride; KH₂PO₄ = Potassium dihydrogen phosphate;  Na₂HPO₄ 
= Disodium phosphate;  MgSO₄ = Magnesium sulfate; CaCl₂ = Calcium chloride; FeCl₃ = Ferric chloride; 
ZnSO₄ = Zinc sulfate; CuSO₄ = Copper(II) sulfate; Co(NO₃)₂ = Cobalt(II) nitrate;  MnSO₄ = Manganese(II) 
sulfate
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2A1. In addition, it was observed that 
the cessation of lipid accumulation was 
caused by reduced enzyme activity as well 
as depletion of metal ion concentrations 
in the medium. A study by Zhao et al. 
(2016) showed that cobalt significantly 
inhibited the growth of Y. lipolytica but 
led to a slight increase in lipid content. 
Consistent findings from past to present 
studies suggest that phosphate limitation 
consistently increases lipid content. It was 
reported in Rhodotorula glutinis (Granger 
et al., 1993), Rhodosporidium toruloides 
Y4 (Wu et al., 2010), and a recent study by 
Morales‐Palomo et al. (2023) revealed that Y. 
lipolytica ACA DC 50109 under phosphate 
limitation (0 g/L), the lipid content and lipid 
yield increased to 44.4% w/w lipid per dry 
weight. Phosphate ions (PO4

3−) are vital 
for cofactors, phosphorylated proteins, and 
RNA/DNA synthesis. Limitation in PO4

3− 

significantly impact cellular physiology and 
metabolism, hindering biomass production 
while promoting lipid accumulation (Wang 
et al., 2017). Dzurendova et al. (2020) 
studied the effects of metal in phosphorus-
limiting media on lipid accumulation 
by M. circinelloides. Key points include 
Zn2+ enhancing biomass, Mg2+ optimizing 
both biomass and lipid production, Fe3+ 
deficiency causing inhibited growth, and 
reported lipid increase with Ca and Cu 
deficiency.

This study applied the “larger is better” 
approach in Taguchi for the main effect 
plot, where higher points on the horizontal 
axis signify increased lipid accumulation. 

The main effects observe each level 
concentration and offer valuable insights 
for factor and level assessments (Minitab, 
n.d.a). This plot draws trends and shows 
how each level influences L. maratuensis 
InaCC Y720 lipid accumulation. It makes 
this a consideration for this research in 
evaluating and determining the factors and 
their levels that will be optimized in RSM.

This study divides the factors into three 
categories: (1) optimized materials, (2) 
maintained materials, and (3) eliminated 
factors. Based on Figure 1, the higher the 
lipids accumulated, the more significant 
factors showed higher concentrations. 
Therefore, they are optimized with RSM 
and increased by one level (concentration) 
to find the optimum level.  MnSO4, 
ZnSO4, Co(NO3)2, NH4Cl, and FeCl3 were 
categorized as maintained factors. They 
showed a contribution and a trend of 
increasing levels directly proportional 
to the increase in lipid accumulation. 
Therefore, Level 3 of them was applied in 
RSM even for NH4Cl as the main N source, 
except MnSO4 at Level 2. For the factors 
eliminated are KH2PO4, Na2HPO4, CaCl2, 
and CuSO4. Adding KH2PO4, Na2HPO4, 
and CaCl2 in the media showed the highest 
lipid accumulation at the lowest level. 
It means that a higher concentration can 
inhibit lipid accumulation. However, at 
certain concentrations, it may increase 
lipid accumulation. While CuSO4 showed 
the lowest percentage of contribution to 
increasing lipid accumulation.
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Optimization of Conditions to Increase 
Lipid Production in L. maratuensis 
InaCC Y720

Based on our consideration and explanation 
above, the new formula medium for 
optimization in RSM contained (g/L) 0.1 
NH4Cl, 0.0016 FeCl3, 0.00002 ZnSO4, 
0.00002 Co(NO3)2, and 0.00001 MnSO4. 
This study applied the BBD in RSM, 
resulting in 15 variations. The BBD involves 
fitting a second-order polynomial equation 
to experimental data, enabling us to identify 
optimal conditions for the desired outcome. 
The experimental responses are presented 
in Table 4.

In the BBD experimental design, the 
ninth design was predicted to yield the 
highest lipids (1.68 g/L), but both the 
second and ninth designs in the experiments 

produced 1.66 g/L. With small residual 
values and no significant deviation from 
the prediction model, the second design was 
selected as the optimized media composition, 
utilizing less glucose (50 g/L compared to 70 
g/L in the ninth design). Papanikolaou et al. 
(2002) explained that each microorganism 
has a different tolerance level to glucose 
concentrations in the environment. High 
initial glucose concentrations allow 
inactivating enzymes involved in lipid 
synthesis in some microorganisms. Studies 
by Mondala et al. (2012), 40 and 60 g/L 
glucose showed no difference in lipid 
production. In Braunwald et al. (2013), 
after 48 hr of incubation, no significant 
differences were noted among C/N ratios 
(glucose and NH4

+) of 20, 70, and 120 by R. 
glutinis. However, higher lipid accumulation 
was apparent after 120 hr of incubation.

Table 4
Optimizing Lipomyces maratuensis InaCC Y720 lipid content and comparing data with model predictions 

Run Glucose 
(g/L)

Yeast extract 
(g/L)

MgSO4 

(g/L)
Lipid content (g/L)

Experiment Predicted Residues
1 50 4.5 4.5 0.40 0.49 -0.09
2 50 4.5 1.5 1.66 1.61 0.05
3 70 3.0 4.5 0.56 0.45 0.11
4 30 3.0 4.5 0.76 0.73 0.03
5 70 1.5 3.0 0.48 0.54 -0.06
6 50 3.0 3.0 1.03 0.87 0.16
7 50 1.5 1.5 0.45 0.36 0.09
8 30 4.5 3.0 0.99 0.92 0.07
9 70 3.0 1.5 1.66 1.68 -0.02

10 30 3.0 1.5 0.59 0.70 -0.11
11 50 3.0 3.0 0.99 0.87 0.12
12 70 4.5 3.0 1.31 1.33 -0.02
13 30 1.5 3.0 0.27 0.25 0.02
14 50 1.5 4.5 0.24 0.28 -0.04
15 50 3.0 3.0 0.59 0.87 -0.28

Note. MgSO4 = Magnesium sulfate; The highlighted figures = Highest results in the experiments
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The RSM can estimate the equation 
model of the medium concentration to 
obtain the optimum response of lipid 
accumulation. The experiment of the BBD 
was fitted with polynomial regression (Table 
5) as follows:

y

   
                    
            [Eq. 3]

where, y = lipid yield (g/L), a = glucose 
concentration (g/L), b = yeast extract 
c o n c e n t r a t i o n  ( g / L ) ,  c  =  M g S O 4 
concentration (g/L).

Based on the ANOVA of the polynomial 
equation model (Table 5), yeast extract and 
the interaction of glucose*MgSO4 and yeast 
extract*MgSO4 exhibit p-values of less than 
0.05, signifying their significant impact on 
lipid accumulation. The lack-of-fit value 
is crucial for assessing the reliability of 
the regression model derived from the 
experimental design (Minitab, n.d.c). In 
this case, the model’s lack-of-fit p-value is 
greater than 0.05, indicating no significant 
difference. It implies that the response data 
aligns well with the model and that no 
statistically significant difference exists in 
responses.

In the contour plot (Figure 2), the 
correlation between glucose and yeast extract 

Table 5
Analysis of variance for the polynomial model for optimization of lipid production (P<0.05)

Factors df Seq SS Adj SS Adj MS F P
Regression 9 2.811 2.811 0.312 9.000 0.013*
 Linear 3 2.029 0.404 0.135 3.880 0.089
      Glucose 1 0.024 0.029 0.029 0.830 0.403
      Yeast extract 1 1.066 0.296 0.296 8.520 0.033*
      MgSO4 1 0.717 0.182 0.182 5.240 0.071
Square 3 0.106 0.106 0.035 1.020 0.459
      Glucose*Glucose 1 0.015 0.009 0.008 0.250 0.636
      Yeast extract*Yeast extract 1 0.088 0.090 0.090 2.610 0.167
      MgSO4*MgSO4 1 0.003 0.003 0.003 0.090 0.777
Interaction 3 0.676 0.676 0.225 6.500 0.035*
      Glucose*Yeast extract 1 0.003 0.003 0.003 0.090 0.771
      Glucose*MgSO4 1 0.401 0.401 0.401 11.570 0.019*
      Yeast extract*MgSO4 1 0.272 0.272 0.272 7.830 0.038*
Residual error 5 0.173 0.173 0.034   
       Lack-of-fit 3 0.055 0.055 0.018 0.310 0.821
       Pure error 2 0.118 0.118 0.059   
Total 14 2.985     

Note. R2 = 0.9419; df = Degrees of freedom; Seq SS = Sequential sum of squares; Adj SS = Adjusted sum 
of squares; Adj MS = Adjusted mean square; * = Significant at P-value <0.05; MgSO4 = Magnesium sulfate
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Figure 2. Contour plot of the glucose, yeast extract, 
and magnesium sulfate (MgSO4) interaction in 
lipid accumulation. (a) Glucose*Yeast extract, (b) 
Glucose*MgSO4, and (c) Yeast extract*MgSO4

indicated that elevating the concentration 
increases lipid accumulation. While MgSO4 
showed the opposite interaction. Based on 
Taguchi and RSM, 0.15 g/L is the optimum 
concentration for MgSO4. Glucose and 
yeast extract have not reached their peak 
point, meaning they can be increased 
to determine the optimal concentration. 
However, as explained above, longer 
incubation may be necessary at higher 
glucose concentrations. Glucose is a carbon 
source for forming lipid chains, and a high 
C/N ratio has been proven to stimulate 
increased lipid production (Lopes et al., 
2020). Yeast extract contains amino acids 
and trace elements essential for biomass, 
growth, and lipid metabolism. These include 
glycine, proline, histidine, alanine, tyrosine, 
cysteine, arginine, asparagine, glutathione, 
dextran, mannan, trehalose, vitamin B, Fe3+, 
Mg2+, Mn4+, K+, Se2-, Na+, Zn2+, Ca2+, and 
Cu2+ (Ardiyanti & Guntoro, 2019; Tomé, 
2021). In lipid metabolism, B vitamins 
play a role. Pyridoxine (B6) functions as a 
coenzyme, and inositol (B8) is a precursor of 
phosphatidylinositol, the main constituent of 
phospholipid membranes (Perli et al., 2020).

The model’s statistical analysis included 
an assessment of accuracy and the normality 
of the residuals. The R2 value indicates the 
polynomial equation’s suitability to the 
experimental data. The parity plot (Figure 3) 
shows an R2 value of 94.19%, meaning that 
the polynomial model cannot explain only 
around 5.81% of the total variation.

In addition, the residual data were 
analyzed using the Kolmogorov-Smirnov. It 
evaluates whether the residuals’ distribution 
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significantly deviates from a normal 
distribution (Minitab, n.d.b). Figure 4, the 
probability plot of lipids showed a p-value of 
0.085 (> 0.05). It suggests that the prediction 

model is not statistically significant for the 
experiment, indicating that the distribution 
of the residuals does not significantly differ 
from a normal distribution.

y = 1.0001x + 0.0004
R² = 0.9419
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Figure 3. Parity plot of the model to the experiment 
(R2 = 0.9419)

Figure 4. Normal probability plot for lipid production

Note. StDev = Standard deviation; N = Sample sizes or 
number of observations; KS = Kolmogorov-Smirnov

Profile of Lipid, Biomass, and 
Consumption of Carbon and Nitrogen

This study compares the profile of lipid, 
biomass, consumption of carbon and 
nitrogen of L. maratuensis InaCC Y720 in 
both media. The optimized medium by RSM, 
determined as the highest lipid production, 
comprises the following concentrations in 
g/L: 5.0 glucose, 0.45 yeast extract, 0.15 
MgSO4, 0.1 NH4Cl, 0.0016 FeCl3, 0.00002 
ZnSO4, 0.00002 Co(NO3)2, and 0.00001 
MnSO4. The results of this comparison are 
presented in Figure 5.

The optimized medium obtained 5.26 
g/L biomass, 1.57 g/L (31.7%) lipid, with 
a yield of 0.0157, while the initial medium 
obtained 4.96 g/L biomass, 0.43 g/L (8.7%) 
lipids, with a yield of 0.0043. The optimized 
medium exhibited a significant 3.6-fold 
increase in lipid content. This improvement 

is attributed not only to the optimization 
of glucose, yeast extract, and MgSO4 
concentrations by RSM but also to the 
exclusion of KH2PO4, Na2HPO4, CaCl2, and 
CuSO4 based on Taguchi selection.

In this study, a decrease in lipid content 
percentage was observed (despite an increase 
in biomass) in the media after 60 hr, both in 
the initial and optimized media (Figure 5). It 
might be caused by the exhaustion of carbon 
in media that was detected to be depleted 
before 48 hr (Figure 6). Similar findings 
were reported by X. Zhang et al. (2017); 
there was a decrease in lipid content after 48 
hr on glucose and 60 hr on glycerol. At the 
same time, the carbon source was detected 
as exhausting after 36 hr for the glucose 
medium and 48 hr for the glycerol medium, 
respectively.

Experiment

M
od

el
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Th i s  s tudy  measured  n i t rogen 
consumption rates to identify when 
nitrogen limitation triggers accumulation 
(Figure 6). After 72 hr of incubation, 
nitrogen consumption reached 65.21% 
in the initial medium and 23.30% in the 
optimized medium. It assumed that the 
Kjeldahl Method is not suitable for this. It 
only measures nitrogen bound to organic 
components (proteins, amino acids, nucleic 
acids) and ammonium in samples (Muñoz-
Huerta et al., 2013). In media, NH4Cl is the 
main source of inorganic nitrogen, and yeast 
extract is the source of organic nitrogen 
and vitamins. It assumed that NH4Cl was 
depleted in the media and that nitrogen 
was detected from extracellular enzymes 
and yeast extract. It is supported by the 
optimized media, which has a higher yeast 
extract concentration, thus explaining why 
lipid accumulation occurred when nitrogen 
was still present in this study.

L. Zhang et al. (2022) explain some 
effective strategies for enhancing lipid 
yields, such as optimizing parameters, 
employing two-stage systems, metabolic 

engineering, selective mutagenesis, and 
co-culture systems. Parameter optimization 
including physical parameters (agitation 
speed, temperature, inoculum age and size, 
optical density (OD), operation modes, 
feeding strategies, and fermentation period) 
and chemical parameters (concentration 
and source of carbon and nitrogen, C/N 
ratio, pH, micronutrients, and inhibitor 
concentration). In our study, some chemical 
parameters are optimized.

Yamazaki et al. (2017) reported that 
L. maratuensis InaCC Y720 accumulated 
3.70 g/L total fatty acids after ten days in 
the 5G5M medium (50 g/L glucose, 50 
g/L malt extract). This study only achieved 
43% of that amount (1.66 g/L) within three 
days. It has shorter incubation and uses 
fewer carbon sources. Nonetheless, this 
research successfully optimized the Bligh 
Dyer medium for lipid accumulation by L. 
maratuensis InaCC Y720. It has optimized 
the concentration of media components 
and eliminated components considered 
inhibitors of lipid accumulation by L. 
maratuensis InaCC Y720.
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Lipomyces, especially L. starkeyi, 
is a frequently utilized species in lipid 
production research using oleaginous 
yeast. L. starkeyi InaCC Y604 (isolated 
from Indonesia) grown in nitrogen-limited 
mineral medium (-NMM) (MgSO4 1.5 g/L, 
KH2PO4 7 g/L, Na2HPO4 5 g/L, FeSO4 0.08 
g/L, ZnSO4 0.01 g/L, CaCl2 0.1 g/L, MnSO4 
0.1 g/L, CuSO4 0.002 g/L, and CoCl2 
0.002 g/L) containing glucose (50 g/L) 
and xylose (50 g/L) achieved lipid content 
and biomass 17% (w/w) and 25.02 g/L (60 
hr), respectively (Agustriana et al., 2020). 
In a subsequent study, Juanssilfero et al. 
(2021) introduced variations in other carbon 
sources in the design (fructose, galactose, 
mannose, and cellobiose). It showed mixed 
glucose and xylose still the highest even 
compared with a single carbon source (lipid 
content and biomass of 64.19% (w/w) and 
34.49±0.38 g/L [60 hr]).

In contrast, in this study, the attained 
lipid content and biomass were only 31% 
(w/w) and 5.25 g/L (60 hr). Apart from 
genetic differences, variations also exist in 
the C/N ratio, carbon concentration, sources, 
and extraction methods. Nevertheless, the 
potential and lipid production capabilities 
of L. maratuensis InaCC Y720 remain 
unexplored and open to optimization.

CONCLUSION

This study enhanced lipid production by 
L. maratuensis InaCC Y720 by applying 
Taguchi and RSM designs. The optimized 
medium resulted in a 3.6-fold increase in 
lipid production compared to the initial 
medium. Glucose, yeast extract, and MgSO4 

emerged as significant factors influencing 
lipid accumulation. MnSO4,  ZnSO4, 
Co(NO3)2, NH4Cl, and FeCl3 showed a 
positive influence. KH2PO4, Na2HPO4, and 
CaCl2 inhibit lipid accumulation, and CuSO4 
has the lowest contribution. According 
to RSM results, the optimized medium 
comprises the following concentrations in 
g/L: 5.0 glucose, 0.45 yeast extract, 0.15 
MgSO4, 0.1 NH4Cl, 0.0016 FeCl3, 0.00002 
ZnSO4, 0.00002 Co(NO3)2, and 0.00001 
MnSO4.
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