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Abstract

In this study, lipid accumulation and biodiesel production potentials of novel yeast isolates grown in pumpkin peel were
investigated. Effect of some critical parameters on lipid production such as initial biomass loading (5-20%), type and concen-
tration of nitrogen source (cheese whey and (NH,),SO,, 0.25-2 gL.™1), and incubation time (096 h) were also determined.
Furthermore, the effect of biomass loading (0.5-2 gL.™") and catalyst concentration (NaOH 1-3%) with methanol on fatty
acid methyl ester (FAME) yields were optimized with response surface methodology (RSM). One yeast isolate showed the
highest lipid production, and this strain was identified as Candida boidinii. The maximum lipid accumulation of the novel
isolate was observed as 45.6% in the presence of 10% initial pumpkin peel loading, 0.5 gL. ™! cheese whey, and 72-h incuba-
tion time. The highest FAME (C16-C18) yield was 92.3% when 2 gL.~! biomass and 3% catalyst (NaOH) were used. These
results showed that Candida boidinii is a promising microorganism for biodiesel production and pumpkin peel supports the

microbial growth.
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Introduction

Fossil-based fuels have been used for many years at the
fuel transportation primarily, and this situation causes to
increase environmental problems such as greenhouse gas
emissions (GHG), climate change, and global warming.
Transportation sector consists nearly 30% of fossil fuel
consumption, and non-maturated renewable energy sources
cannot be replaced directly with fossil based fuels. Moreo-
ver, existing renewable technologies such as wind or solar
are relatively long-term solutions instead of mid- or short-
term options. Therefore, renewable alternative fuel sources
such as biodiesel, bioethanol, or biohydrogen are the one
of the most promising alternatives because of their ready
availability, eco-friendly, and cheap properties. Moreover,
biodiesel or bioethanol which exploited the microorganisms
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for production has several advantages over other sources
since microorganisms can be cultivated in cost-effective
and abundant carbon sources such as lignocellulosic feed-
stocks. Biorefinery can be identified as transforming the
biomass into value-added products and renewable energy
sources such as biofuels or fine chemicals via sustainable
way. Therefore, this concept can be easily applied during
the biodiesel production process, and this situation is also
beneficial for the process in terms of preventing the disposal
problems of lignocellulosic feedstocks and providing cheap
growth environment for microorganisms. Efficiency of the
processes can also be increased with the usage of the tech-
niques such as exergy, techno-economic analyses, and life
cycle assessment [1, 2].

Among the renewable energy sources, biodiesel (mono-
alkyl esters of long-chain fatty acids) is considered one of
the most promising ones [3, 4]. Biodiesel is mainly produced
by renewable lipid sources such as plant, animal, or micro-
bial fats, and it has several advantages compared to fossil
fuels such as biodegradability or renewability [5].

Biodiesel can be classified into various generations
according to the type of the raw material. For instance, bio-
diesel obtained from edible raw materials such as cattle fat
or soybean oil is called as first generation. Despite its high
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productivity, usage of edible fuels in biodiesel production
has caused increasing food prices [6]. On the other hand,
biodiesel from non-edible raw materials such as food waste or
Jatropha seeds is called as second generation. Second-gener-
ation biodiesel is produced from cost-effective raw materials;
however, 70-80% of the total production cost is related to
processing and harvesting steps. Third-generation biodiesel
is derived from microorganisms such as yeasts, bacteria,
fungi, or algae and has several advantages over other gen-
erations. For instance, microorganisms do not compete with
food sources for biodiesel production, they have high growth
rate, they are not affected by climate conditions, and they can
use different carbon sources. Disadvantages of these genera-
tions are large investment requirements, problems for larger
scale productions, and oil extraction issues. Additionally,
photobiological solar fuels, electro-fuels, synthetic cells, or
genetically engineered microorganisms are the source of the
fourth-generation biodiesel. This generation provides more
lipid accumulation from different sources via eco-friendly
way. However, main disadvantages of the fourth-generation
biodiesel can be stated as high initial investment costs and
immature technologies for industrial scale [7-9].

However, high operating costs or usage of edible sources
such as plant oil are generated ethical concerns about the
biodiesel production [10]. Therefore, lipids from microor-
ganisms are promising alternatives to conventional biodiesel
sources.

Microbial oils that obtain from yeasts have some signifi-
cant advantages over other lipid sources. For instance, cul-
tivation of the yeasts is easy. In general, they do not need
to complex or expensive media for growth, they can utilize
a broad range of fermentable sugars from lignocellulosic
wastes without competing with edible sources and lipids
of the yeasts have similar properties and energy values to
animal and plant oils. Moreover, yeasts have very rapid
growth rate, and some oleaginous strains, i.e., Rhodotorula
sp., Lipomyces sp., and Cryptococcus sp., can accumulate
lipids up to 60—70%. On the other hand, it was reported that
the only 5% yeasts have lipid content above the 25%. There-
fore, investigations about the lipid accumulated yeasts have
importance in terms of sustainability [11, 12]. For these
reasons, comprehensive studies have been carried out with
microbial lipids [13, 14].

Lignocellulosic raw materials are abundant and zero-cost
feedstocks for lipid accumulation and biodiesel production.
They also have high-energy return of investment values
(EROI) compared to algae or plant-derived oil-based bio-
diesel production [15-17].

By-products of the food industry are caused by severe
environmental problems. Therefore, evaluation of these by-
products in renewable energy production is a reasonable
approach for sustainability [18]. Pumpkin peel (PR) is an
essential by-product of the food industry since it is abundant

in carbohydrate and p-carotene content as well as cellulose
and hemicellulose. For these reasons, PR was evaluated as
the production medium of lignocellulolytic enzymes [19] or
the fiber source [20] in some previous reports.

Because of its biotechnological potential, high inhibitor
tolerance, and xylose assimilation capacity, Candida boidinii
is an attractive yeast [21]. For these reasons, C. boidinii has
been used in many studies including biofuel production [22]
or lipid production [23]. Despite its potential, studies about
the biodiesel production from lipids of C. boidinii are very
limited in the literature. Therefore, the main motivation
behind the current study was to investigate the biodiesel
production capacities of novel yeast isolates which were
cultivated in low-cost PR medium for the first time.

Materials and Methods
Isolation and Sequencing of Yeast Cells

The yeast samples were collected from soil samples which
contain sugar factory wastes/Ankara. Samples were centri-
fuged, and 0.1 mL cell was spread on Petri plates containing
potato dextrose agar (Merck-Germany). In order to prevent
bacterial contamination, 600.000 IU penicillin was also
added to Petri plates. The incubation temperature was set
as 30 °C. These steps were repeated, and cells were kept in
slant PDA at+4 °C.

ITS1 and ITS4 primers were used to amplify the ITS
regions [24]. PCR conditions were as follows (each steps
were 30 cycles): denaturation, 94 °C for 1 min; annealing,
55 °C for 45 s; and elongation, 72 °C for 45 s. ABI 3100
Genetic Analyzer device was used for sequencing of the
DNA in an external laboratory namely (REFGEN, Ankara,
Turkey). Strains were identified according to NCBI/BLAST
results of DNA, 18S rDNA gene sequence, and PCR analy-
ses. According to the BLAST results, the isolate was con-
firmed as C. boidinii. The ITS sequence of the C. boidinii
was deposited in the GenBank database (Accession number:
ON409985).

Pretreatment of Pumpkin Peel

PR was supplied from Local Markets Ankara/Turkey and
was kept at —20 °C until experiments. For pretreatment,
H,S0, (1%, vv~') was used, and PR was autoclaved at
121 °C for 15 min immediately after acid addition. Pre-
treated PR hydrolysate was filtered through Whatman No.1
paper, and supernatant of the hydrolysate was used for
experiments as a carbon source.
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Cultivation and Growth Conditions of Yeasts
for Lipid Accumulation

Yeasts were pre-cultured in the YEPD medium (yeast
extract 3.0 gL ™!, peptone 10 gL', and glucose 20 gL~}
for activation. Twenty-four-hour-old pre-cultures were
inoculated to 250-mL Erlenmeyer flasks working vol-
ume with 100-mL contained PR medium. Incubation of
the yeast was performed at pH 5. Batch experiments were
carried out in the orbital shaker (Gerhardt, Thermoshake,
THOS500/1, Germany) at 100 rpm, 30 + 1 °C.

Lipid Accumulation Assays

The effects of some vital parameters for lipid accumulation
such as initial biomass loading (5%, 10%, and 20%), culti-
vation time (24, 48, 72, and 96 h), type (cheese whey and
(NH,),S0O,), and concentration (0.25-2 gL™!) of nitrogen
sources were examined in the study.

Lipid Extraction

To determine the lipid accumulation of the yeasts, lipids
were extracted by chloroform—methanol. Yeasts were har-
vested at 6000 rpm. for 10 min. To calculate the yeasts’
lipid content, cells were dried in an oven at 80 °C for over-
night. Lipids were extracted with 2:1 chloroform—metha-
nol solution. The total lipid was estimated gravimetrically
(Bligh and Dyer 1954).

Transesterification Assays

C. boidinii, which showed the highest lipid accumula-
tion among the tested yeasts, was used for transesteri-
fication experiments. For optimization of transesteri-
fication, response surface methodology was used, and
combined effects of biomass loading (0.5-2 gL.™!) and
catalyst concentration (1-3% vv~') on transesterification
were investigated in the current study. Transesterifica-
tion was carried out at 25 °C for 30 min. Alkali (NaOH)
catalyst and methanol were used for this procedure. Oil
to alcohol ratio was adjusted as 1:5 (wv™1). After trans-
esterification, the supernatant was filtered with 0.45-uM
membrane filter, and FAME analysis was performed at
gas chromatography.

Analytical Methods
The value of dry yeast weight was used in a calculation

which corresponds to the weight of wet biomass, and the
lipid amount of the yeast cells was calculated as mg lipid/
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dry cell weight in % [25]. Reducing sugar concentration
was measured according to DNS method [26].

Lipids extracted at optimal conditions obtained from the
C. boidinii were solved in hexane and transesterified to bio-
diesel in NaOH as a catalyst with methanol. After transester-
ification, 1 pL sample was taken from the supernatant, and
the methylated fatty acids were analyzed by the GC-2010 gas
chromatograph (Shimadzu, Japan). The GC analysis condi-
tion was as follows: flame ionization detector (FID) 240 °C;
column TR-CN100, 60 m, 0.25 mm, and 0.20 mm (Tek-
nokroma). Nitrogen (N,) was used as the carrier gas. Peaks
obtained from analyses were identified against the chromato-
gram of a mixed fatty acid methyl ester standard (37 Comp.
FAME Mix 10 mg/mL in CH,Cl,; Supelco, USA). Experi-
ments and measurements were performed in triplicates.

Statistical Analysis

Statistical analyses were performed with SPSS 25.0 to deter-
mine the significance of the difference of tested groups with
Analysis of Variance (ANOVA).

Design Expert Software program was used for RSM, and
central composite design with two factors with three levels
was used to evaluate the effects of independent variables on
FAME yield of C. boidinii. Total 10 runs were generated for
RSM. Catalyst concentration (1-3% NaOH) and biomass
loading (0.5-2 gL.™") were selected as independent factors
for RSM experiments.

Results and Discussions

Determination of Lipid Accumulated Yeast in PR
Medium

Microorganisms are suitable bioagents for lipid and bio-
diesel production. Furthermore, lignocellulosic wastes cre-
ate serious advantages for sustainable energy production.
For these reasons, lipid accumulation capacities of four dif-
ferent yeasts grown in PR medium were determined in the
current study. Furthermore, one of the main objectives of
the present work was to investigate the lipid accumulation
and biodiesel production potential of different yeasts. By
this context, 4 different yeasts were selected for the experi-
ments. The internal transcribed spacer (ITS) is considered
as powerful tool for the examination of yeast diversity, and
numerous studies in the literature use the ITS regions for the
identification of various yeasts species [27]. Therefore, ITS
regions belong to yeast cells which showed the highest lipid
accumulation capacity were sequenced. Basic Local Align-
ment Search Tool (BLAST) program of NCBI was used for
the identification and verification of the results. According
to the BLAST, the isolate exhibited high identities to C.
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boidinii. Therefore, this strain was identified as Candida boi-
dinii. The ITS sequence of the yeast was deposited into the
GenBank sequence database of NCBI under the accession
number of ON409985. According to Fig. 1, PR hydrolysate
supports all the tested yeasts’ growth, and the highest lipid
accumulation is determined as 0.46 gL.~! day~! in isolate 3.
Lipid accumulation of isolates 1, 2, and 4 were observed as
0.26, 0.19, and 0.39 gL.~! day™!, respectively. These results
show the novel isolate has the lipid accumulation potential
which able to turn into biodiesel effectively. By this context,
since the determination of oleaginous yeast is important for
biotechnological applications, lipid accumulation poten-
tials of novel yeast isolates are frequently investigated. For
instance, lipid yield of C. podzolicus which was cultivated
in glucose as a sole carbon source was found as 31.8%, and
volumetric productivity was observed as 0.09 g L™' h~!in
the same study [28]. Liu et al. [29] reported that the dual cul-
ture system which contained C. vulgaris and different yeast
strains was dominated by the yeasts and the maximum total
fatty acid productivity was obtained as 1.75 g L™! day~.
Because the highest lipid amount was found in isolate 3,
this microorganism was selected for further experiments and
identified as C. boidinii according to sequencing techniques.

The Effect of Initial PR Loading on Lipid Amount
of C. boidinii

Initial biomass loading is an essential parameter for micro-
bial growth and lipid accumulation [30]. To determine
the effect of initial biomass loading, three different PR
loadings (5%, 10%, and 20%, wv~!) were prepared. Sugar

concentrations of PR hydrolysates were 23.72+ 1.3 gL},
39.71+2.9 gL 7!, and 65.03 +2.1 gL}, respectively, for
5,10, and 20% (wv~') PR loading. According to the data
in Fig. 2, 10% PR loading is favorable for the lipid accu-
mulation of C. boidinii, and the maximum lipid amount
is detected as 0.46 gL~! day~! in the same PR loading.
Some previous studies in the literature showed that 10%
initial biomass loading is the optimal choice for lipid
accumulation or microbial growth of various yeasts. At
higher biomass loadings, mass transfer limitation and mix-
ing problems can inhibit the microbial growth and lipid
accumulation [31]. On the other hand, in the presence of
lower biomass loadings, insufficient sugar concentrations
resulted in lower lipid accumulations. For these reasons,
lipid accumulation of C. boidinii were observed as 0.28
and 0.36 gL.=! day~! when initial PR loading was adjusted
to 5% and 20%. Lower lipid amount obtained from 5% PR
loading can be explained by lower sugar concentration of
relevant biomass loading. On the other hand, decreased
lipid accumulation of 20% PR loading may be related to
inhibitory compounds derived from dilute acid pretreat-
ment. Because the highest lipid accumulation was obtained
from 10% PR loading, this biomass loading was used for
further experiments. Similar findings were also reported
by Intasit et al. [16]. Researchers found the optimal palm
biomass waste loading as 10% for lipid accumulation of
various yeast and fungi such as C. tropicalis X37 and A.
tubingensis TSIP 9. In another study, Thangevalu et al.
[32] showed that the lipid accumulation of C. tropicalis
ASY2 was 49% when sago processing wastewater was used
as a feedstock. The highest biomass and lipid productivity
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were also observed as 0.021 gL' h™'and 0.010 g L™' h~!,
respectively.

The Effect of Different Nitrogen Types
and Concentrations on Lipid Accumulation

Nitrogen type and concentration are vital parameters for
lipid production. For these reason, effects of inorganic
(NH,),SO,) and organic (cheese whey) nitrogen sources
and their different concentrations (0.25-2 gL.™!) on lipid
accumulation were examined in this part of the study. The
data in Table 1 depict that the usage of cheese whey (organic
nitrogen source) resulted in more microbial lipid accumu-
lation than (NH,),SO, (inorganic). This positive effect on
lipid accumulation can be explained by the presence of some
additional substances in cheese whey such as vitamins or

Biomass loading (%, w/v)

amino acids [33]. The highest lipid amount was observed
as 0.61 gL™! day™! in the 0.5 gL~! cheese whey. On the
other hand, lipid percentage was obtained as 0.56 gL' day™!
when 1 gL.™! (NH,),SO, was used as the nitrogen source.
Positive effects of organic nitrogen sources were shown
previously. For instance, Poontawee et al. [34] found the
lipid accumulation of R. fluvialis as 29.4% in the presence of
(NH,),SO,. On the other hand, the same value increased to
42.9% when organic (yeast extract) and inorganic (NH,),SO,
nitrogen sources were used together.

Lipid accumulation of microorganism can be affected
by excessive or insufficient nitrogen usage. Therefore,
the determination of optimal nitrogen concentration is an
essential step for microbial lipid production. For this rea-
son, the effects of increasing nitrogen concentrations on
lipid accumulation were investigated in this part of the study.

Table 1 Effect of different

; Nitrogen type Nitrogen concentra-  Lipid accumulation per day Dry weight per
nitrogen ty.pes and . tion (¢/L) (e L' day™) day (g L™" day™)
concentrations on lipid
?CICJUI?U?%O(;I <g C. P?ilfl]i{lii Inorganic (NH,),SO, 0.25 0.44*+0.03 1.25°+0.2

pH, 5; T, 30 °C; initial biomass . .
loading, 10%, w/v). Different 0.3 0.48a10.02 1'26bi0'1
letters in superscript in the same 1 0.56"+0.05 1.44°+0.3
row shows significant difference 2 0.38°+0.01 1.10°+0.2

Organic (cheese whey) 0.25 0.47°+0.02 1.309+0.3
0.5 0.61°+0.03 1.50°+£0.2
1 0.41£0.05 1.25+£0.2
2 0.329+0.04 1.10°+0.1

Control (without nitrogen) - 0.46*°+0.02 1.28*44+0.0
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According to the results in Table 1, increased nitrogen con-
centrations result in lower lipid amounts. Lipid accumula-
tion of C. boidinii significantly increased from 0.32 to 0.61
gL™! day™! when cheese whey concentration decreased
from 2 to 0.5 gL ™! (p <0.05). Similarly, in the presence of
1 gL~! (NH,),S0,, lipid amount of C. boidinii was detected
as 0.56 gL~! day~!. This value was observed as only 0.38
gL~ day™! when (NH,),SO, concentration was adjusted to 2
gL~ which was found as significantly lower (p <0.05) when
compared with 1 gL~ (NH,),SO, loading.

The negative effect of increased nitrogen sources on lipid
accumulation was reported in the literature previously. For
example, the lipid amount of C. albicans increased from 22
to 36% when (NH,),SO, concentration decreased to 50 to
10 mgL~"! [35]. Because the highest lipid was found in 0.5
gL~! cheese whey, further experiments were carried out with
this nitrogen source.

Previous reports in the literature also demonstrated
that PR is rich in nitrogen and protein contents. In a study,
for instance, PR has the highest crude protein amount
(16.5 g/100 g dry matter) among the tested agricultural by-
products including pea husk, banana, and potato peel [36]. In
another study, Mala and Kurian [37] found 12.5% total pro-
tein content in pumpkin peel. Therefore, it can be concluded
that PR hydrolysate has sufficient nitrogen concentrations for
the C. boidinii growth and lipid accumulation, and nitrogen
supplementation is not essential for PR medium.

Effects of Incubation Time on Lipid Accumulation

Incubation time is an important element for microbial
growth and lipid accumulation. Therefore, C. boidinii was
incubated for 96 h to observe the effect of cultivation time
on lipid production. The data in Fig. 3 depicts that the

maximum lipid accumulation was observed at the end of
72 h as 2.38 g L~!. Moreover, the lipid concentration of
C. boidinii decreased to 2.30 g L™! at the end of the 96 h.
One of the advantageous features of the yeasts for biodiesel
production is rapid lipid accumulation when lignocellulosic
raw materials are used as a carbon source. For instance, it
was previously reported that C. curvatus cells produced
12.4 gL=! lipid which was the maximum lipid concentra-
tion at the end of the 72 h in the corn stover medium [38].
Moreover, Intasit et al. [16] showed that lipid content of
the Y. lipolytica reached its highest level at the end of the
96-h incubation time when palm biomass was used as feed-
stock. Lipid content of the same yeast decreased from 52.1
to approximately 38% after 96 h. Because of the highest lipid
accumulation was observed at 72 h, this incubation time was
selected for further experiments.

Optimization of Transesterification Using RSM

Response surface methodology is a useful tool for optimiz-
ing different variables and their interactions with fewer
experiments [39]. Thus, RSM is frequently used in biodiesel
production studies [40—42]. Therefore, the effects of inde-
pendent variables (catalyst concentration and biomass load-
ing) on fatty acid methyl ester (FAME) yield were investi-
gated using RSM. NaOH (1-3%) was used as a catalyst with
methanol, and biomass loadings were tested between 0.5
and 2 gL~!. According to the ANOVA results, the p value
of catalyst concentration and biomass loading was found
significant (0.0006 and 0.0082, respectively). Moreover,
the equation used to predict the correlation between FAME
(C16-C18) and independent variables was given below in

Eq. (1).

Fig.3 Time course of C. —o— Lipid accumulation —e— Dry weight
boidinii during cultivation for 57 r7
lipid accumulation (pH, 5; T,
30 °C; initial biomass loading, = L 6
10%; nitrogen source, 0.5 gL.™! 5 4 A
cheese whey) o s
2 <
© wd
2 ] 4 2
3 =
S K=y
© o
3 =
° |
2 2 >
| a
F2
14
L1
0 hd T T T 0
0 24 48 72 96

Time (hours)
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FAME (%, C16 — C18) = 56.40 + 7.14 = catalyst concentration

+ 5.94 % biomass loading.

ey

It is imperative to determine optimal reactant concentra-
tion since it can enhance transesterification efficiency sig-
nificantly. On the other hand, excessive amounts of these
molecules have negative impact on FAME formation [43].
Moreover, it is possible to obtain higher FAME yields by
employing higher biomass concentrations. Therefore, cat-
alyst concentration and biomass loading were selected as
independent variables in this part of the study. Moreover,

Table 2 Experimental responses for transesterification of C. boidinii
using central composite design of RSM (catalyst, Methanol/NaOH;
initial biomass loading, 10% wv. h)

STD Run Factor 1 catalyst  Factor 2 Response 1 fame

concentration (%) biomass (C16+C18) (%)
loading (g/L)
10 1 2 1.25 82.4
6 2 3 1.25 80.4
3 3 1 2 75.2
8 4 2 2 81.9
2 5 3 0.5 80.1
4 6 3 2 92.3
9 7 2 1.25 77.9
5 8 1 1.25 68.5
1 9 1 0.5 66.2
7 10 2 0.5 76.3

according to the results, the effect of these variables on
transesterification was significant (p <0.05).

NaOH is a commonly used catalyst for transesterification
because of its high effectivity and cost-effectiveness [44].
Therefore, numerous studies in the literature used NaOH for
transesterification purpose. For instance, in a study, the high-
est FAME content of the R. foruloides which was cultivated
in enzymatically hydrolyzed rapeseed meal was found as
97.7% when 0.4% (wv~') NaOH was used as a catalyst [45].
In another study conducted with biodiesel production from
rapeseed oil, usage of NaOH resulted in the highest FAME
yields and shortest reaction duration [46].

FAME yields and response surface plots of C. boidinii are
also presented in Table 2, Figs. 4 and 5. According to the
results, increased catalyst concentration and biomass load-
ing caused higher FAME (C16-C18) yields. The maximum
FAME (C16-C18) was 92.3% when 3% NaOH/methanol
and 2 gL~! biomass were used. The same yield decreased
to 66.2%, which was the lowest FAME yield obtained in
the presence of 1% NaOH/methanol and 0.5 gL.~! biomass.
Moreover, C8:0, C16:0, C17:1, C18:0, C18:1, C18:2n1, and
C20:0 percentages of the C. boidinii were found as 1.1, 38.9,
6.4,43.2 5.9, 4.3, and 2.0%, respectively. There are also
reports which showed that the lignocellulosic feedstocks are
suitable for lipid accumulation of the yeasts. For instance,
Siwina and Leesing [47] found the C16-C18 percentages
of R. mucilaginosa which grown in durian peel hydrolysate
as 19.2, 4.5, 9.5, and 51.2% for C16:0, C16:1, C18:0, and
C18:1, respectively. In another study, FAME profile of R.
taiwanensis was obtained as 24.4, 1.4, 2.9, 46.8, and 6.5%

Fig.4 Effect of catalyst con-
centration and biomass loading
on FAME content of C. boidinii
(initial biomass loading, 10%, 95
wv. ! catalyst, NaOH)

FAME (C16+C18) (%)

B: BIOMASS LOADING (g/L)

08 15 A: CATALYST CONCENTRATION (%)
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Fig.5 Total FAME distribu- 45 -
tion of C. boidinii (catalyst, 3% _I_
NaOH with methanol; initial 40
biomass loading, 2 gL,") _I_
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for C16:0, C16:1, C18:0, C18:1, and C18:2, respectively,
when the yeasts were cultivated in corncob hydrolysate as a
carbon and nitrogen source [48].

It was also previously reported that FAME yields of R.
glutinis rapidly decreased when NaOH concentration excess
1 gL [49]. A possible explanation of this phenomenon may
be related to catalyst concentration which did not trigger
the saponification reaction. Excess usage of alkaline catalyst
(NaOH) can cause more lipid-NaOH interaction by saponi-
fication reaction leading to reduced ester yields [50]. More-
over, in the current study, transesterification was carried
out 25 °C to avoid the excess saponification which mainly
derived from higher transesterification temperatures [51].

Similar to catalyst concentration, increased biomass load-
ings caused higher FAME yield in the current study. Our
results are consistent with the report of Katre et al. [52]
who showed that 2 g Y. lipolytica loading resulted in 0.45 g
FAME yield, while this value was only 0.21 g when 1.05 g
biomass loading was used. In the current study, FAME
(C16-C18) yield increased by 39% and reached from 66.2 to
92.3% when biomass loading increased from 0.5 to 2 gL.~".

Biodiesel properties are strongly depended on distribution
of FAME types. Among them, kinematic viscosity, cetane
number, and density have crucial importance. For these
reasons, biodiesel features of total FAMESs that obtained
from C. boidinii lipids were compared with EN 14,214 and
ASTM D6751 standards in this part of the study. Estima-
tion of biodiesel properties was performed in Biodiesel
Analyzer® software [53]. Kinematic viscosity is one of

the vital parameters that affects the fuel atomization in
engine [54, 55]. Kinematic viscosity value of C. boidinii
FAMEs was 4.25 mm?/s which exhibited a good accord-
ance with EN 14,214 (3.5-5 mm?/s) and ASTM D6751
(1.9-6 mm?/s). Cetane number is directly related to igni-
tion performance of biodiesel. According to EN 14,214
and ASTM D6751, the lowest acceptable value of cetane
number is 51 and 47, respectively. In consistency with the
standards, cetane number of C. boidinii was obtained as
69.54. Moreover, density of the C. boidinii biodiesel was
calculated as 866 kg/m® which is acceptable value for EN
14,214 standard (860-900 kg/m?>).

Conclusions

In the current study, the lipid accumulation potential of
newly isolated oleaginous C. boidinii was optimized in
the medium containing sustainable agricultural waste
PR hydrolysate as a carbon source and cheese whey as
a nitrogen source. The maximum lipid accumulation and
total C16-C18, FAME yields, were found as 0.61 gL_1 and
92.3%, respectively, and the maximum lipid percentage
was observed at the end of the 72-h incubation time. Those
results indicated that lipid accumulation and FAME profile
of C. boidinii are suitable for biodiesel production. Moreo-
ver, kinematic viscosity and cetane number of C. boidinii
biodiesel matched well with international standards EN
14,214 and ASTM D6751. This work showed that usage
of PR for oleaginous yeast growth is a promising and cost-
effective approach for biodiesel production.
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