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Research Project Production of Single Cell Protein from Cassava Processing

Wastewater by Mixed Culture of EEndomycopsis Sfibuligera TISTR 5097

and Candida utilis TISTR 5046
Researcher Assoc. Prof. Duangjai Ochaikul
ABSTRACT

Growth of Endomycopsis fibuligera TISTR 5097 in yeast starch and cassava
processing wastewater, found that the highest cell dry weight were 2.66 g/l and 2.96 g/l at
42 hour and 30 hour, respectively. The growth of Candida utilis TISTR 5046 in yeast starch
and cassava processing wastewater, found that the highest cell dry weight were 0.98 g/l and
2.82 ¢/l at 18 hour and 36 hour, respectively. Studied on volume ratio of E. fibuligera
TISTR 5097 and C. utilis TISTR 5046, and begining time of C. utilis TISTR 5046 into the
cultivation after E. fibuligera TISTR 5097, found thata volume ratio to 1:4, cell dry weight
from mixed culture was the highest at 18 hour 3.28 g/l. The optimal conditions for single
cell protein production from mixed culture of E. fibuligera TISTR 5097 and C. utilis TISTR
5046 in Cassava Processing Wastewater studies were as followed : 1.3%(v/v) com steep
liquor (nitrogen source) and pH was adjusted to 4.0 followed by shaking in QSOC shaking
incubator at the speed of 200 rpm, the highest cell dry weight was 4.89 g/l. According to
thesc conditions, the compositions of single cell protein were 0.46 g.Protein/g.Dry weight,
0.15% fat, 2.3% moisture and 7.49% ash. When "the production of single cell protein in 5 1
fermenter at aeration rate 1.5 vvm and agitation speed 300 rpm, the highest cell dry weight
was 6.97 g/l.The compositions of single cell protein were 0.51 g.Protein/g.Dry weight,
0.33%fat, 5.16% moisture and 7.47% ash.
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Pessoa et al. (1996) ﬁ']ﬂﬁﬁﬂ‘]sﬂﬂﬁ!gﬂx‘l Candida tropicalis 1u
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Chlorella
Spirulina
Dunaliella
Euglena
Vromena
Coelastrum
Oscillatoria
Chlamydomonas

Ankistrodesmus
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Ba,

Aspergillus niger

Fusarium graminearum
Rhizopus oligosporus
Trichoderma viride
Neurospora intermedia
Mpyrothecium verrucaria
Pseudomonas ligustri ATCC 15522
Pseudomonas orvilla ATCC 15524
Alcaligenes sp.

Cellumonas galba ATCC15526
Corynebacterium
Saccharomyces cerevisiae
Kluyveromyces marxianus
Candida utilis

C. tropicalis

C. rugosa

C.guilliermondii

C.lipolytica

Endomycopsis fibuligera
Yarrowia lipolytica
Schwanniomyces alluvius
Kluyveromyces fragillis

K. lactis
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5. wafalen (vacuole) Iwaddaneniiafalen 1 WBHMEOU IMUTAIIY
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6. BUAYYU (inclusion) AUV UALH volutin granule C‘]?Q!;J‘L!ﬂﬂu”ﬁ‘llﬂ\i
a LY o a @
Tndveada vrwfiafinryaluiu ariTulamsanselisdu eiiaazan lviudefasas
2’ a L c?dd\. v g A = ar 2 = A
50 weuimiinuds wenemiinilnalaey euled Jmiiu swingdeerniludimies

Y =y [ Y

S = :’ dy Y < a a
Fdu Avunriedimn uenvnlidsernnylylalasy glulnadunazdariu
2.3.4 MIVASWUN Candida utilis

EY Y
o v s 21 Y )
Cutilis wuasasniuileululssaundadadlulsamenesiiu asanld
;’1 P 4 . & =t PPN X Py a od A A A
#9%¥091 Torula wilis Fudvdaanidonldluasnanllsauadinelunnega 189N aINIT0
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w5 1815 Mbmanaze s Idwanesiia nasiysumTisaudige
5 A o o ¢ A A a M
Torula SuseflfiSondaanlmiuesmisdad ¥eil 1d11910015159nT0V04
o o . a Yo a < yo o
e Torulopsis  Coutilis AVMNINITHY Idiilesnngadu lanahmamulamuazianlya
s v =t v ar = v kY s .
an¥uzgUs19ves Cuilis figadnymediuadg Asauantie 1459163 (multilateral
budding) Tidulamien (pscudomyeelium) nat lifidnlofuyiasa (true mycelium)
A w a < ~ ~ 9 a a A 9
Cawtilis 8A5IMITSY UTU5RUE gANAIEIAIULSIY RTINS0 1%

a

9 ¥
Jagaunareria 1wy Migamulan 1anled sulfite  waste liquor mmieianaz
ar ) -t:l Q’l 9 n:?cu 9 ] = ) 9
TaamboanNmManyas Hudy uenvnildedeansmssislumsniydeauin uazly
1) 5 ~ 3/’ v J ; ]

SunnasemsTusanld Felfiduennsasuneluaunasdad esnundse s ilsau
% o’Ad' 9) t"J A ] o o = dy 4‘1 o :1’
luemisdain ldonmaoamdeasazilotiu iUzl A gauasnieInvYus 89 AsuY
' ) P=N H{ uall
SainsnansslfBadfunnatenns TusaumnzlSuags mwsafesdluszoznandy

Y a [ 4 A a o aa
snfnnausimgauazdseniadienlunsnia (35198 A3as. 2529) Bad Candida filonld

°lumsw§ﬂiﬂs?m 195U C.utilis, C.tropicalis , C.lipolytica, C.guiliermondii 1102 C.intermedia

AVSIADMIURN C.utilis

Kingdom Fungi

Phylum Deuteromycota

Class Deuteromycetes
Family Cryptococaceae
Genus Candida

Species utilis



anvazin lves Cuilis Tue1mssuaa139 (Kerger-van. 1984)
¥
1. mstasaluems glucose - yeast - extract - peptone - water WUIHAIIN
o dy o a [ o S @ 9 o
NINTTIAYIN 25 IR UFAFIT UIU 3 U waa%zuanym:gﬂ ly nsanszuenvuIa
(3.5-4.5) X (7-13) im
¥V
2. M51ae31ue1M1s glucose - yeast - extract - peptone - agar HUIINAIIN
4 a4 = A A a A 2 A a o
19N 25 BIAUFATIA UIU 1 1ADU 1FDVINIBIVA (streak) EHAMIUIAAIY !ﬂuumn
a oA
AT
Py - vy = :
3. M31a841u81113 corn- meal - agar llﬂ13ﬁiN!ﬁu[ltlmtlll(pseudomyccllum)

andnvuziumedug wadianyuziugl Ty

3 2.1 nansdnyuYes Cuilis

31 : Barnett et al. (2000)

2.3.5 MV MUN Endomycopsis fibuligera

o ' o 4 a d a
FaaTaeyy I Bannsolsudadudvaain1d nalusssunaiidaauiesiia
v v ¥
fidluman amylolytic ensanfasuntlaliiiuimald (Wickerham er al. 1944)
Guilliermond and Tanner (1920) 516wz Iuflufudumasnuazauania
4 v
voudemoniug E. fibuligera nazdamnamoivinannsaninuilald 5y Saccharomyces
exiguus, S. thermantitonum, S. acetethylicus, Schizosaccharomyces pombe, Sch.mellacei,
Sch. octosporus
2!’ u =S ' zl‘
Lindner (1907) ¥1n15ugm¥e Efibuligera 1a3nyuniladms wuini¥e

E. fibuligera annsaldylasalds 1¥nglaa’ld 195 mifl Tuaiaznan Taaldhuanveo



MIFAWUN Endomycopsis  fibuligera

Kingdom Fungi

Phylum Ascomycota

Class Ascomycetes
Family Saccharomycetaceae
Subfamily Saccharomycoideae
Genus Endomycopsis
Species fibuligera

Snvasinlvestaaludiadifeadraduloiuyiess (e mycelium) @)
w3y liluerd TnsmlesveuduledounazisadondineaTamlasniigilsailuminia:
FRICTR

T o = A w 1 t A ot 9

s WAnYmMEYRe E. fibuligera 1luGaaniaeglunauvadadia i

9 ¥ saa a a 9 o A @ JdA o‘;‘

idule’ld unsesFiavesmnsadanTaszad e iamles (blastospore) MIAUWUTUN

MUY (divide) M3IANKUB (budding) Anydzn1stianmioannsafiuivuialdsend?
v v ¥

(multipolar budding) 315 1eanumMzvesmlesAnuTac 1Y fiviagly phian nazgilifen

wuilu 1 neasa i 14 nealaates  ansmzaedradulohlidaedlumonmsais

4 a : J :’ a o SN
idulennsia3a (true mycelium) @sias anlszmSanaznsAng alizn. 2538)

31U 2.2 naasdnvuzved E. fibuligera

3 : Barnett et al. (2000)
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Snunznalives £ fibuligera TU81mM139%1AR19e (Kerger-van. 1984)
}Y ' EY v
1. m5iReelueIMIs malt extract WU HAINDEIN 25 BIAUNDITY
w2 u sxiimsuanimie nieddnumzzdlvuine 4-8) X (6-8) pm afrudulonuni
¥
WUNNU (septate mycelium)
¥ 4 v
2. M1518891UBM15 malt extract agar cxtract WUI1 HAIMALIN 17
] A g = A 3’ A A w ' =3 EY
paFIFAITeT UIY 1 AU 1¥einsestavzimiimasmvied Yu Unnvuzewanuoy
Wi
e ) ) 3 P
3. 115189118 IMIT potato and com meal agar W01 Anserd1udulonyvil
% u": N I a o : v 3
Aviaf (septate mycelium) AuTnalmmdulainsadunalandes  Fliglieiegy

Tunaznsanay
2.3.6 AMAINIDINISVIBAA

d'l ot =R A 1 =Y
Hessinmelusadsadidindsensnvesaisiazindousnatsriailu
s 4 o 1Y Q =N o o ) 3
USuaun savnedwmsuldduemisesuluemisdal Taamwiz lidsaugunaoudalu
o s =3 :j :’ v
wassaddsenougisldsaudanuadsemndesas 45-50 veshmiaude 1Hulusauuda
¥ Vv
seanonas 40 vearimiinuits ludinvesTsaunmualszneuaisnsassiiluilszana
9 a = aa 9 A9 Ll
Zowar 30 uazdSuimnsetinnasnlszuinsesns 2 sazuenluliesssay 8§ AMAINN
a I ydy s = 3 A L] o =3 14?‘ Yo
pmsdad WldvusudSumsnanuaiiisgluwandsznisiagn LaTUBINIAUN TN
15898 A1 biological value f11 net protein utilization (NPU) 40 protein efficiency ratio

k4 be v
(PER) /739 wenan ferufusiauazalSuinvesniaozi Tunatoriagadaulnapiu

A Ao o @ 1 I3 1 A o ' [ s a
ﬂiﬂﬂ$1lju1ﬂ%11ﬂuﬂ1ﬂ‘§‘ﬂ‘5'lﬂﬂ13 Lmzﬂsmzﬂmmaz‘ﬁuﬂﬂumm\mu'm ANAIT N 2.4

4 =l ~ =y o g o 1 .
ﬂ1§]<‘lﬁ 2.4 l‘iJ'ilell‘VlEJIIﬂ‘iﬂ?J&’iJTuiﬂﬂl‘lfﬁﬂ?lﬂﬂ‘]fu@]ﬂNc] 1182 FAO reference protein

Content in yeast (g/16gN)
- FAO reference
nsaezllu S.cerevisiae 1n C.utilis in sulfite C.utilis in
protein
molasses liquor molasses
laduy 42 8.2 6.70 10.7
218U 42 55 6.3 5.7
AT 4.8 7.9 7.0 8.1
Yo lwdau 42 55 53 73
73 Joliu 2.8 ' 4.8 55 4.8
w15 Tediu 22 2.5 1.3 1.4

37 : AINT AUF 1A (2530)



AN 2.4 (7D)

FAO reference

E
|
|
|

Content in yeast (g/16gN)

nsaeziilu _ S.cerevisiae in C.utilis n sulfite C.utilis in
proten

molasses liquor molasses
Wilaozaiiuy 2.8 4.4 43 4.1
AU 2.0 2.6 0.7 0.3
31 Tandy - 1.2 1.2 0.5
goanu - 4.0 1.9 2.8
InTsdu - 5.0 3.3 1.4
91994iu - 5.0 5.4 47

37 : 99N AUT 1BA (2530)

= o Y J =) 9 o ar 9 v oA A oA A
ﬂﬂ'ﬂu@ﬂ%']ﬂclﬂﬂmﬂ"m'l\ﬂﬂiﬂu!!a?inElﬁlul‘]fﬂﬁEN‘LIS%ﬂﬂﬂﬂ'}]f}!!ﬂﬁ\‘nﬁuju'ﬂS’nﬁ’l

g o = o J o 1
L‘}'Til1$ﬁllﬁ'|1’iS‘U!ﬂuﬂ'lﬂTi!ﬁ‘iMiuﬂTﬂ"ﬁﬂu!!ﬂzﬁﬂ'l ﬂ\Wn'iNﬁ 2.5

d‘ 4 I a oy g a v
MINN 2.5 ﬂ\?ﬂﬂ'jzﬂ@ﬁm@ﬂﬁ@TNuiu!“ﬁﬁﬁﬂﬂ@l‘ﬁuﬂﬂ’lﬂﬂ

o Content in dry product (Llg/g)
Vitamin
S.cerevisiae in molasses | C.utilis in sulfite liquor C.utilis in molasses

Thiamine 165 130 25

Riboflavin 100 45 50

Niacin 585 100 355
" Pyridoxme HC1 20 30 -

Folacine 13 21 20

Calcium-d-

pantothenate 100 40 120

Biotin 0.5 0.8 2

P-aminobenzoic acid 160 11 -

Choline chlonde 2,710 2,860 5,500

Inositol 3,000 4,500 -

137 : QNI AU 1HA (2530)
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2.5 AszIUNsNIFluMsResdadiiieeusad (A9N5 ARBI¥A. 2530)

Y ! .
P a L4
1. Swidish symba process 15150 Endomycopsis  fibuligera Fapdoeu lriuoarh-
¥ 3 ¥V
watesHanmiudiulna swdesndlaldilluriana daude Candida witis 93 1%iharaly
a n e ‘ﬂy a as v =
sy Jdireriandatiuuvaslilsdiu
v djl’ a a o =Y A )
2. Amylo process (1‘]5!‘1565)‘111471581 2 ¥UA AB Rhizopus WDS Saccharomyces cerevisiae
@ s 3 3 3 [] o
Tasldudluduiagdn s1ezdesulaiimharasuiluinasemisvestad IRwodoadu
o
Tsausaniag
3. Waldhof process ¥ C. wilis 110 sulfite waste liquor Iudensinuuusaeiissves
U
Waldhof 14 11Us@usesaz 55 - 60
4. DSM oxanene-water process 4% Candida lipolytica W% Trichosporon cutaneum Tu
3’ gl al] 4 Y s 9
111914910013990F 18 cyclohexane 19 1U5AUSBEAE 54 - 67
5. n-paraffin B8 gas oil process (Petrolium process) 1% Candida lipolytica Tagly
Ll o z 9
Jalasmivouiumsdedu
. 9 d’l’ =} £y :J v A
6. Philipe process 191%® Saccharomyces cerevisiae 13 140 101E1091I0HITNURE
:’ ¥ Jaf a A o =) 4 A =1 AR v
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= ~ L a a o i a o’/’ = ' A
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7. Whey process 1un1siiweandonieInnseuumsnaaiedsihenuan lad
9
a o a
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2.5.1 AIZUIUNISFND (Symba process)
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9 ¥ 14 [] b4
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i audl suzuSiant (2537)

d A a d
2.6 selamivesnsligfunsdlumsadnllshuaaaiie) (Cleanthis. 2000)

3
A4

a =y d A vd? U A A o
1. gnsonaalisausadifen 18 Ias luyvegtuiiunvrseggniounymsavinn
Y 1] A n&
I¥eshsderiioaiunary
2. ansedsudsemednniugassu lade
=Y 9 9 d‘! = ar =y d‘
3. faflymmeduanmeiies Weileuiumsaaneims laenszuaumssu

a

A, fqamﬁ51]5:ﬂ'em@ghﬂﬂ?ﬁmaTﬂsauuazﬂmmmmsémﬁﬁ]uﬂsziﬂsm‘f
(Audl suzuSant. 2537)

5. YaunIdmusaniy lRvuiagAunaosiia 1y youmAeRinAsINYATIAZ
HANERY IAN1NgATIMAITH

6. amansyy ldedssaasaluansiinzay (Ricarder al. 2000)
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27 YordnvedldsAsaantiiad (Cleanthis. 2000)
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’uﬂﬁ@‘{ﬁ ne (Himedia Laboratories)
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laweuTauiion'leTasiudeainla (NH,),HPO, (APS Finechem)
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ﬁﬁ"lﬂ&‘?f@ (laminar air flow) ::u 1SSCO laminar air flow model (Internal

scientific supply Co., Ltd)

insesilumiserianunugungll (refrigerated  centrifuge) 34 Z 383 K

(Hermle Top centrifuge, Germany)

Co.,Ltd)
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Tuiasinla (Micropipet) (Gilson, France)
IAF IR (desiccator)
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HI53A5 12T ey aled Uled USumema  @13Mv3IUDRY (suspended

solids) YOIMTINIHNA (total solids) A1MITYBI APHA, AWWA and WPCF (1992)
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Y5aaluTasmunsnuanazysa ldsauaimds Kjeldahl method (AOAC. 1980)
b
1haas ada i Tves Somogyi - Nelson (1944)

9
Ysinauflauitves nd s ed siseauaziiena Juzeewudy (2543)
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A1A219115159U (Analysis of Variance) pazSeuifleuAunAsuesdus (Duncan’s New
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