FINAL RESEARCH REPORT

OIL PRODUCTION FROM OLEAGINOUS YEAST USING RAW GLYCEROL
FROM BIODIESEL PLANT AND ITS POTENTIAL USE FOR

BIODIESEL PRODUCTION

BY

ASSOC. PROF. DR. BENJAMAS CHEIRSILP
ASSIST. PROF. DR. THANWADEE TACHAPATTAWEAWRAKUL SUKSAROGE
CHANIKA SAENGE

FACULTY OF AGRO-INDUSTRY
PRINCE OF SONGKLA UNIVERSITY



unAanga

a’lu";{ﬂi‘{ﬁnmﬁnzlmwmaaﬁa@ﬁ"lw”uggo Rhodotorula glutinis et lu
nmswdszdvendonndinaw dud ifsanlsesuaiaiidusuussndivesosdy
w‘i‘awﬁﬂﬁwyu'lugﬂmauﬁﬂmm:uﬂkﬁuaU@Tﬁ'ﬁgam 1@y Rhodotorula glutinis TISTR
5159 (ufadnaunsoazaylemadauazualsfivend nmsinwnsRsadadanin
ihfsnlssnusdaidwhsuussndiwesesdvannszuiunsuaaluladios wuiims
din wanlufloudamaioduunssTulasian uss Tween 20 Lﬂimﬂu@ﬁns:@juﬁﬂﬁl%aﬁ
madulamuds uasmansandnddauszualsfinaudlannndu uazsiriodsasunisan
Fladlwinisnnlsssmanainimhduussnsldnaimesas 3nnsansInian1zai
mm:auﬁw?'ﬁ'v{uﬁmauauaa Response Surface Methodology (RSM) LﬁaLgﬂat%aluﬁﬂ
nsnlssnunanaingwihsulasimuasawdsiane de $lad  sasduafuends
Tulavian wazanududusad Tween 20 UATAIRUAAINNTABLARAY AD USUIUTAS
Pinoada uaz Usunmualsiinasd wudrdassnenivendalulasmwdudesofifiug
damindaiaas a0 unzualsfinasd adndinddny wazwuinnsanduaniuauda
Tulastauwviniy 140 Wusnsivanzaslunsndaass lurmsiisangmaiivauda
Tulasiaurindy 180 uar 170 uansimanzsudmsunisuinddauasualsiivase
RPERLT LLam’hé’@mdaums‘uau@iavluT@sLau@‘%ﬁﬁ?aﬂ§uwmvl,uimﬁmﬁgmfummm
RunInaaLmasualvnInaeadauszualsiinasdiay aniusadasdnwinisifsie
wuusasrunanlasluinaawusndmiumsdvlauszduiigs i nsun sHaanaa et
NI INARBINL I MBIV uAaRTINTaNAa T auazualsAina s liAuin
INMIREILULTHAMEIITosa: 50 uazdanas 20 audey Wadeeludinainfiinng
muquﬁtamﬁ 6.0 uazltomef 2 USunasaameadaUsunasermisaaudl vilvnisude
alauazualsfnasdiudn wazanmsBanuuisdaiiion wuindesansoazavada
uszunlsfinasdlutlTanageldiduszozianuin wonniigsmunsoaaadladluinf
laddndas

TumImansimunzasiiedtAniineuaues smnsumsasada R
glutinis TISTR 5159 lagldnfiwaseafuiiudusiasn nan1snaaaInudnansngin
avauselulasion wiaseidnadamaRudSinoess 8o uazualsfivasd agng
fivudaguaztisuiwniinadentindaddada sasdmuarivaudalulasiauiiuny
AT NTUYAINEITaTes wazdATIEInATUBKda lulaTlanIIuALAM T NT U B9

4 d a & & a o [ v
Tween 20 TJLNG?LQSW:%QWﬂW%N?ﬂ’]S@]E]Ua%ﬂ\ﬂﬂUﬂ']“%ﬂl“ﬂ')']ul’ﬂu‘ﬂu’ﬂ3\1 Tween 20

iii



¢y d

AINN 1.5 NTNABRAT WUIENITTLR U ERNAMTUMTINUUS U OMTaa a0 AN N0

waInfiTaTeaseuas 8.5 wazsanainanivauaslulasiowringy 60 luvmzianiieh
wanzsulunsnfaidauazualsfivesdde anudutursInfizotonsonss 9.5 uaz
sanawasuandalulasiauivinny 85 Lf}aLgm'luﬂ”mu”nﬁﬁmsmuquﬁm‘nﬁ 6.0 Uas
TWormedl 2 USuneserniadelSinasamisdawivnlwuSinaddauazualsfinasd
Rudn Lm:mnmstgﬂqu,uuﬁan:ﬁmuqulﬁmmtﬁuﬁumaonﬁmasaamﬁwudﬁmmm
nanadald 6.05 nTudaRnT uaznAnLAlIiuaud e 135.25 daansudadas

lunsudaluladirasnadaandadinnisuiauuusasdwaen lasyin
ﬂﬁﬁ‘%mmama%ﬂLﬂ%ﬂﬂ”mumuaaI@ul’ﬁnsmLﬂu@”ms'aﬂﬁﬁ%nl,a”amu@hUﬂﬁﬁ%mmwu
lamnaifaduiviuninaalasldarndudaissd jAsen wuinluledimadldiug
ssslsznaudulngiiunsaluiulawdnusznsaladudundn Ssadreivlulodiosd
naannihuRsuasiansalndifosivinasgwluledios

nmsfnnsamsswnadumsdsludilfnsoirmne 15 das Yunes
8113 10 das laslfihnsnnlssnuasaiinhdududuaam wuisansondesie
LLﬂ:LLﬂIiﬁ%BUGﬂﬁgdg@]ﬁ' 7.64 NTuGRAT WURT 189.32 AaAnTudedas aud AU
Tuamefinsldniwasesduiindusiam wmﬁNﬁ@\ﬁﬂﬂLLa:LmT'sﬁuaUﬂ“l@Tgoqﬂﬁ 6.76
NIUGRNT URz 162.31 Uadnsudefas ausay

\Wlasanmades R, glutinis TISTR 5159 mmmﬂszqﬂﬁtﬁymlm:uu
ﬁm”m{mﬁy"l@”ﬁﬂﬁ’mmmaﬂﬁunu'lud'swam'imu”mLa:mvlvw%'lun’mgmL%a"lﬁ 7N
msfnmanuduldidmaassgmaas wuhm’unumsmﬁﬁm{umswﬁﬂﬁflmwnﬁwﬁa
Tssomanminsiutnduda 0.036 umaadlansu uszAunumTAdidmIunInEaidain
ndwaseadude 8.5 undanlansy asiud W d s Tanaingu (2.50 Unde
Alatadsalug) 0.006 Lneailansy ﬁﬁlﬁ@i"uvlmaulumswﬁmﬁﬂﬂmnﬁwﬁvamnkwm
sraidu s uuazniioesesdufie 0.042 unedadlaniy uas 8.566 L mdaflansy

MUEIAY



ABSTRACT

This study has shown the potential use of oleaginous red yeast
Rhodotorula glutinis for bioconversion of wastes including palm oil mill effluent
(POME) and crude glycerol to value-added oil in lipid form and carotenoids. An
oleaginous red yeast Rhodotorula glutinis TISTR 5159 that accumulates both lipids
and carotenoids was cultured in POME and crude glycerol. The addition of
ammonium sulfate and Tween 20 improved biomass, lipids and carotenoids
production as well as the removal of chemical oxygen demand (COD) in POME and
glycerol consumption.

Response surface methodology (RSM) was applied to optimize the
medium composition for bioconversion of POME including COD in POME, C/N ratio
and Tween 20 concentration. Among three investigated factors, C/N ratio contributed
a significant effect on lipids and carotenoids production. The analysis of response
surface plots revealed that the optimum C/N ratio for biomass was 140, while that for
lipid content and carotenoids were higher at 180 and 170, respectively. The high level
of nitrogen source (with a low C/N ratio) enhanced the biomass, making the
accumulation of lipids and carotenoids less preferable. Hence, the two-stage process
was attempted as an optimal way for cell growth in the first stage and product
accumulation in the second stage. The lipid yield and carotenoid production obtained
in the two-stage process were increased 50% and 20%, respectively, from those
obtained from the one-stage process. The production of lipid and carotenoids were
further improved in a stirred tank bioreactor with pH controlled at 6.0 and aeration
rate at 2 vvm. In the semi-continuous fermentation, R. glutinis TISTR 5159 was found
successfully accumulated a high lipid content and produced considerable high
concentration of carotenoids during long-term cultivation. Moreover, efficient COD
removal by R. glutinis TISTR 5159 was also observed.

Crude glycerol, a by—product of biodiesel plants, was used as the sole
carbon source for R. glutinis TISTR 5159. Among the factors investigated using
response surface methodology, the C/N ratio contributed a significant effect on
biomass, lipid content and production of carotenoids. The synergic effects of the C/N

ratio and glycerol concentration as well as the C/N ratio and Tween 20 concentration
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were observed in the accumulation of lipids. The analysis of the response surface
plots revealed that when Tween 20 was fixed at maximum level of 1.5 g/L the
optimum condition for biomass was glycerol concentration of 8.5% and C/N ratio of
60, while that for lipid content and carotenoids production was glycerol concentration
of 9.5% and C/N ratio of 85. The production of lipids and carotenoids were further
improved in a stirred tank bioreactor with pH controlled at 6.0 and aeration rate at 2
vvm. In fed-batch fermentation, the highest lipid production of 6.05 g/L with a
cellular lipid content of 60.7 % and carotenoids production of 135.25 mg/L were
obtained when the glycerol concentration was maintained at the optimum level
throughout the fermentation process.

The production of biodiesel from yeast lipids was carried out in two
steps. After hydrolysis reaction, esterification with methanol was carried out using
acid catalysis. The biodiesel derived from yeast lipids was mainly composed of oleic
and palmitic acids, which were similar to those from plants oil, and it also showed the
favorable biodiesel properties.

The scale up of lipids production from POME and crude glycerol in 15
L-bioreactor with working volume of 10 L was performed. The maximum lipids yield
and carotenoids concentration obtained from POME were 7.64 g/L. and 189.32 mg/L,
respectively. While the use of crude glycerol provided lower lipids yield and
carotenoids concentration of 6.76 g/ and 162.31 mg/L, respectively.

Since the cultivation of R. glutinis TISTR 5159 could be applied in
conventional wastewater treatment, the costs for bioreactor and electricity for
cultivation could be reduced. The study of economic feasibility found that the costs of
chemical for lipids production were 0.036 baht/kg from POME and 8.5 baht/kg from
crude glycerol. The costs of electricity for oil recovery (based on 2.50 baht/kw.h)
were 0.006 baht/kg. Hence, the sum of costs for lipids production by R glutinis
TISTR 5159 cultivated in POME and crude glycerol were 0.042 baht/kg and 8.566
baht/kg, respectively.
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