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Microbial Oils as New Biodiesel Feedstock: Alternative for Renewable Energy
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Abstract

The world is confronting with the crisis of fossil fuel depletion, high energy prices, and environ-
mental problems. Renewable, sustainable and ecologically friendly process to produce energy is required
to replace fossil fuels such as petroleum-based fuels and derivatives. Alternative fuels as biodiesel fuel
is an alternative to diesel and an attractive for its biodegradable, nontoxic and clean renewable charac-
teristics, originating from vegetable oils and animal fats mainly by transesterification of triacylglycerols
(TAGs). Generally, vegetable oils are used for human consumption, the increasing of vegetable oils demand
is turning the cost vegetable oils to rise and biodiesel to become expensive, likewise, animal fat oils need
to feed these animals. To avoid conflict between fuels and food, in such a situation, alternative biodiesel
feedstock from non-edible oil sources as oleaginous microorganisms such as yeast, microalgae, mold
and bacteria may be suitable alternatives, as they have the capacity to convert several raw materials into
oils and fats and their structures and lipid compositions instead of vegetable oils. The paper is an attempt
to review the different of oleaginous microorganisms producing oils and the prospects of such microbial
oils used for biodiesel feedstock.
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wasAnSuauTifudiutlsznanluemnsasade
(Table 1) 18nANT aneilElunnsmnziaesdas
1HuA fnadauszudnemsuaunasluingan (C/N
ratio) uwnaslulnsian quuund Aonudunsnfig
Lﬁmmﬂfaﬂ%mmmzmmL%u%mfam@'ﬁwﬁwuﬁ@ﬂ
utanLflu (trace element) uLazindaausiadniiluade
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Table 1. Different carbon sources used for oil production.

Yeasts Carbon sources Lipid content References
(% wt/wt)
Y. lipolytica Glycerol 54.4 Salinee et al. [10]
R. toruloides Glucose 57 Wu et al. [22]
C. curvatus Waste spent yeast from brewery industry 37.7 Ryu et al. [9]
T. cutaneum Corncob residues hydrolysate 32.1 Gao et al. [13]
R. graminis Raw glycerol 34 Galafassi et al. [14]
L. starkeyi Flour-rich waste streams 40.4 Tsakona et al. [15]

{ = '8 3 s g s
Wednseeedlsznaunsa lusisaesingu

4o vy~ . v .
naraliandadlodugs wunsaluiuniduesd
1senavman WBun namluaiena (C14:0) N3 Nanmn
(C16:0) nsalARTALABA (C16:1) NTIAALALEA
(C18:0) n9alaLadm (C18:1) nanlaluiada (C18:2)

u;a:mmia‘lﬁumﬁﬂ (C18:3) (Table 2) uavinsfufias
AT RN TZLAUNNINI AR AN ST ATI
(transesterification) ﬁwﬁm’@ﬁﬁ%mmuﬂﬁﬁ@
Fonwdululemmald [16]

Table 2.. The fatty acid composition produced by different yeast. [3]

Yeasts Palmitic acid Palmitoleic  Stearic acid Oleic Linoleic acid Linolenic
(C16:0) acid (C18:0) acid (C18:2) acid
(C16:1) (C18:1) (C18:3)
L. starkeyi 33.0 4.8 4.7 551 1.6 ND
R. toruloides 24.3 1.1 7.7 54.6 2.1 ND
C. albidus 16 1 3 56 ND 3
L. lipofera 37 4 7 48 3 ND.
R. glutinis 18 1 6 60 12 2
T. pullula 15 ND 10 57 7 ND
Y. lipolytica 11 6 1 28 51 1

ND. = Not detected
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Table 3. Lipid accumulation by different microalgae. [17]

Microalgae Lipid content (% wt/wt)
B. braunii 25-75
Chlorella sp. 28-32
C. cohnii 20
Cylindrotheca sp. 16-37
D. primolecta 23
Isochrysis sp. 25-33
M. salina >20
Nannocloris sp. 20-35
Nannochloropsis sp. 31-68
N. oleoabundans 35-54
Nitzschia sp. 45-47
P. tricornutum 20-30
Schizochytrium sp. 50-77
T. suecica 15-23

Table 4. Fatty acid composition of microalgal strains [24]

Relative proportion of fatty acids (%, w/w)

Microalgal strains
C12:.0 C14.0 C16:1 C16:0 C18:1 C182 C18:3 C18.0 C20:0 C22:0

Scenedesmus sp. 7.7 4.11 1.57 2915 2441 11.26 11.87 - 3.18 4.67
Chlorococcum sp. 1722 2212 3.39 20.78 8.12 52 5.55 3.91 - -
Chlororella sp. 1.81 12 3.2 36.22 13.25 19.19 14.3 - - -
Ankistrodesmus sp. - 2.68 3.55 46.3 6.76 1238 24.39 3.37 - -
Dictysphaerium sp. - 1.37 1.84 27.82 64.08 Traces Traces 4.47 - -
Coelastrum asteroidum - 0.97 26 3181 4792 206 11.61 5.5 - -
Oocystis pusilla 1.37 1.79 2,57 3993 25.0 Traces 23.21 3.81 - -
Selenastrum gracile 5.58 3.16 Traces 26.58 39.59 4.27 17.11 - 0.56 0.37

Trace = Fatty acids detected less than 0.5% mass fraction of Total FAMEs are considered as traces.
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]
a

16nﬁu17';ﬁqﬁ§mumamq (C14 — C18) Nau13n i
Wugnsmadiulunisudanlulefialdandqe 1
Aspergillus oryzae PinsuiEneelasfumdn 1Eun
N90 lNARERA (4.0%) NIALNAREA (11.6%) N3ALNER
ImaA (15.6%) nIadwdiedA (19.3%) nenalaiadn
(30.3%) ﬂmimﬁum@m (6.5%) waznialaluiaiia
(5.5%) ma?L‘Wﬂ”mmmﬂmhuummmqvmmmv
mluammummmmiﬂmumﬂmqLﬂ@ﬂuuﬂmvl,m [28]
(Table 6) Lme@Lﬂ@ﬂuuﬂmmnmq 1mmmmmﬂm@m
muumnm@i’ﬂmuumvl,ﬂm@mﬂuiuiﬂmm asann
mﬂmﬂmmﬂi?ﬂluwﬂwmnqim@mi‘uimLsmmﬂ
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Anaaanga laluaiavingy 5% waladifiu 12% [29]

Table 5. Oil accumulation produced by different fungal strains.

Strains Carbon sources Biomass Lipid yield References
(glL) (glL)
A. tubingensis Lignocelluloses palm 37.5 mg/gds 31.1mg/g Kitchaa & Cheirsilpa [30]
byproducts
M. isabellina Glucose 27.0 14.0 Fakas et al. [31]
M. isabellina Glucose 22.9 10.2 Ruan et al. [32]
Mucor sp. RRLOO1 Tapioca starch 28.0 5.0 Ahmed et al. [33]
Collectricum sp. (DM06) Glucose 18.4 7.8 Dey et al.[34]
Alternaria sp. (DMQ9) Glucose 15.2 8.6 Dey et al. [34]
A. oryzae Potato processing N.A. 3.5 Muniraj et al. [29]

wastewater

N.A. = Not available
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Table 6. The fatty acid composition of lipid produced (%, wt/wt of total lipid) during growth of fungal
strains on raw glycerol utilized as substrate at several time incubation. [28]

Strains Time C16:0 C16:1 C180 C181 C182 (C18:3
(h)

Mucor sp. LGAM 365 39 31.0 3.7 14.7 28.6 1.2 3.4
124 251 2.8 6.5 26.2 22.7 1.3
147 25.6 2.8 5.6 23.2 24.0 14.6
290 26.0 21 55 31.5 21.9 9.0

Cunninghamella echinulata 64 20.6 2.6 9.1 34.5 20.1 9.9

ATHUM 4411 158 20.3 2.2 4.9 44.5 17.4 8.7
256 20.5 3.1 4.7 49.8 12.5 6.8

T. elegans CCF 1465 54 23.9 24 14.7 42.2 11.3 3.4

154 19.5 1.2 12.6 47.3 12.7 5.0
247 19.2 1.3 1.7 50.4 11.8 3.9
312 19.7 1.4 9.6 52.9 11.3 3.6
M. ramanniana MUCL 9235 31 23.8 3.8 6.2 44.4 15.0 3.0
103 25.4 1.4 5.9 46.8 12.1 3.8
199 25.9 1.5 5.5 45.9 13.0 4.3
240 25.6 2.0 4.3 43.0 16.3 6.1

M. isabellina MCUL15102 24 30.7 2.7 19.1 31.5 3.5 6.5
134 21.0 3.4 6.1 45.6 14.7 4.4
182 20.7 3.4 6.0 44.9 14.5 4.4
Z. moelleri MUCL 1430 50 17.8 1.4 6.4 20.3 47.0 1.3

150 17.0 1.8 5.9 23.5 43.5 3.7
192 15.1 1.4 5.5 21.9 47.5 3.7
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Table 7. Occurrence of TAGs in bacteria. [35]
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29AUsZNAaLYAN [37] Rhodococcus erythropolis
IGTS8 AvantinsuneluTad 45.8% J0nuTinui
wunsalugifeRa nealalAm nsalNdRinaAnuaz
mlm‘[,fam%m Lﬂumﬁﬂizp@wﬁmmnmhﬂu [38]
WaRarsunnsaluduniduesflszneunanaes
u’mumnﬂimmLLummwhuumummmmmm
nummhuu‘wLﬂumﬂﬂi”nﬂumnmmmuuﬁﬂum
[39] mmﬁmum@muumammumu [40] Gt
mmmﬂmmqﬁwlﬂuma‘mmiﬂ@msm

Bacterium

Carbon sources

TAG-content

Dietzer maris
Gordonia amarae
Mycobacterium avian Palmitic acid
Norcardia asteroides
Rhodococcus erythrolis
Rhodococcus sp. strain 20
Rhodococcus opacus
propionate,

Acetate, hexadecane
Glucose, hexadecane

Gluconate, pentadecane, hexadecane
Gluconate, pentadecane, hexadecane, valrarate
Gluconate, hexadecane

valerate,

19.2% (cdw)®
6.1% (cdw)?
5.0% (cdw)”
12.2%(cdw)?
21.0%(cdw)?
8.1%(cdw)®

phenyldecane n-alkane

Streptococcus lividans
Acenetobacter sp. strain 211 Acetate,
heptadecane

Pseudomonas aeruuginosa

Nutrient medium
ethanol,

Glucose, n-alkane, olive oil

Gluconate, fructose, acetate, citrate, succinate, 87%(cdw)®
phenylactate, olive oil,
125mg/I medium
olive oil, hexadecane, 25%(cdw)®
38%(cdw)?

a = Total amounts of cellular fatty acids

b = Total amounts of TAGs
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Table 8. The fatty acid composition of oils from plant, animal yeast and bacterial sources. [35]

Relative proportion of fatty acids (%, wt/wt)

Sources

C12:0 C13:0 C140 C141 C150 C160 C1641 C17:0 C17:1 C180 C181 C182
Bovine tallow - - 3 0.5 26 35 - - 1956 40 45
Cocoa butter - - - - 25 - - - 37 34
lllipe butter - - - - 28 - - - 14 49
Maize seeds - - - - 10.5 0.5 - - 25 325 52
Palm ol - - - - 44 - - - 5 39 1"
R. glutinis - - - - 37 1 - - 3 47
L. starkeyi - - - - 34 6 - - 5 51
R. opacus PD630 0.8 - 4.3 - 6.3 257 95 123 154 35 220 -
Substrate:gluconate
R. opacus PD630 - - 4.7 - 417 14 - - 14.3 37.9 -
Substrate:octadecane
R. opacus PD630 - - 0.7 - 16.8 5.9 - - 28 738 -
Substrate:olive ol
R. opacus PD630 0.8 - 7.1 - 16 471 178 - - 188 6.4 -

Substrate:gluconate

wuIN1In1suantulantdaa nuiiNu
AAUNTEUAUIAR

qawriaeladugauaraafiaddnanmlunig
A5UAZAY auhmumﬂlumﬁimm iy Had R.
toruloides ¥38 wuAEY R. opacus PD630 m‘wm
Lﬂmmnmﬂumm@miﬂi@mnfnmmamﬂumiﬂlm‘m
AUNAR mﬂmuumnmimmn@@um‘ﬂmuummm
ﬂiwnﬂunimhuumnLmvmmmuummqmamwmu
1natlsznnsAdnARTLTN SRS 1 YN d B
Wudngavlunisuanluladimaudo mmmmh
memm@uimumﬂuwmmuvl,ﬂmmmmmmf«u’m
ARANUNIIHUAZINHATNITN ARl TR
tieendn BRINIAI Y QIUATANTOUNWRLUNAL
mmmimim ‘wmmmqwum@mLuumiﬁnm
@mm@Lummmﬂummmmn nsAALAEN nsw
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