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ABSTRACT

Corn gluten meal is a waste of starch and glucose factory. Candida lipolytica
NRRL-y-1085 strain which capable of oil biosynthesis on a medium containing Agro-
industrial wastes such as sugar cane molasses and corn giuten meal. The
optimization for single cell il (SCO) production was carried out and both biomass and
SCO produced were determined. Obtained data showed that the oplimum conditions
for SCO production were 72 h, 20 °C. 6, 200 rpm for incubation period,-incubation
temperature, initial pH and agitation speed, respectively. The effect of NaCl addition
was also examined and the obtained data proved the possibility of using Candida
lipolytica NRRL-y-1085 for single cell oil (SCO) production using some agri-industrial
by*products from economic point of view and for environmental protection as well,

INTRODUCTION

One of the possibilities of by-products processing obtained from the
food industry is to utilize them for the cultivation of microorganisms in order to
produce biomass. The efficiency of oil biosynthesis by yeast and its
composition depend on the genetic properties of the yeast strains, cultivation
conditions and the composition of culture medium. Lipids are important
storage compounds in plants, animal and fungi. The main storage lipids in
eukaryotes are triacyl-glycerol. Storage lipids are usuaily found within special
organelles known as lipid particles or lipid bodies. In yeast. these lipid bodies
accumulate during stationary phase and they ¢an constitute up to 70 % of the
total lipid content of the celf (Zweytick et al.. 2000).

In this work an attempt was made to biosynthesize oil by cultivating
~ selected yeast strains on sugar cane molasse with corn gluten containing
medium. The aim of this study was to determine the optimal conditions for oil
hiosynthesis by Candida lipolytica NRRL-y-1095. So as to increase the
utilization of sugar cane molasse and corn gluten meal for the production of
oil-protein preparations for many purposes such as poultry and animal
feeding. :

MATERIALS AND METHODS

Materials :
Yeast strain :

The yeast strain used in this mvesttgatson was Candida lipolytica
NRRL-y-1095. This strain was kindly provided from Northern Regional
Research Laboratory (NRRL), USA.
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Cultivation medium :

The cultivation medium of Anne and Molin (1993) was used for
cultivation of Candida lipolytica NRRL-y-1085. The yeast extract mait broth
medium {NRRL) was used for inoculum preparations and maintenance of the
yeast strain. .

Wastes used :

Sugar cane molasses (SCM) that obtained from sugar cane factory
Belkas, Dakahlia Governorate was used as a sole carbon source. This by-
product containing 48 % total sugar before purification that became 23.3 %
after purification. Corn gluten meal obtained from starch and glucose factory
was used as a sole nitrogen source. This waste containing 2.22 % nitrogen.
Each of these wastes was replaced with the other source in the cuiltivation
medium used in the same ratio.

Methods :
Preparation of industriai wastes used :
Preparation of sugar cane molasses :

The sample of sugar cane molasses (SCM) was prepared by dllutnng
with water in an equal volume using the method of Pundey and Agarual,
(1993) with little modification. H,50, solution was used to reduce the pH
value to reach 3.0. Sample was boiled at 100 °C for 1 hr. then maintamned at
room temperature for 24 hr., centrifuged and filtered. Filtrated solution was
used to determine the total sugar to be used as a sole carbon source.
Preparation of nitrogenous wastes :

Nitrogenous waste namely corn gluten meal, was oven dried at 105
°C for 2 hr. and milled. About 7.5 g of waste was added to 100 ml of 1.5 %
H25Q, and autoclaved for 45 minutes. then filtered. The obtained supernatant
was attained at pH 6, being used as a sole nitrogen source {Dokhan, 2005).
Microbiological procedures :

Six carbon sources namely glucose syrup, beet molasses sugar
cane molasses, potatoes peel, tomatoes peel and squash peel were added to
the basal medium at a concentration of 10 % (W/V) to study the effect of each
carbon source on production of microbial oil. The experiments were carried
out at 30 °C for different times

Candida strain was grown on the production medium provided with
sugar cane moiasses as a sole carbon source. Different concentrations of
sugar cane molasse ranging from 80 g/L to 180 g/l. (W/V) were used to
select the optimal concentration. '

Preparation of the inoculum :

The inoculum used in the experiments was prepared in Erlenmeyer
flasks on YM broth (NRRL) medium. The cultivation conditions were carried.
out at 30 °C; pH &; 48 hr; and shake speed was 150 rpm/min. The inoculum
size of 3 % v/v was added to the test medium.

Fermentation process with free yeast cells :

The previously mentioned fermentation medium was put in 250 mi
capacity Erlenmeyer flasks, each flask received 100 ml of the prepared
medium, and initial pH was adjusted tc 5.5 using a pH meter before
autoclaving at 121 °C for 20 min. then inoculated with 3 % v/v of cells
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suspension of the examined strain in sterile distilled water. The cultures were
incubated at the experimental temperatures on a rotary shaker at 150 rpm for
the required fermentation periods using LAB-line instrument, Inc., plaza, Mel
Rose, Park. ILL 60160.

Yeast dry weight determination : _

Biomass dry weight determinations were performed by harvesting
culture samples, centrifuged at 5000 rpm, washed twice with distilied water
and dried at 60 °C under partial vacuum to constant weight (Granger et al.,
1993). The growth yield efficiency was calculated according to the following
equation : {economic coefficient) ’

Cell dry weight gl.”
Growth yield efficient = ' x 100
Sugar consumed gL’

The productivity of oil produced (conversion coefficient) was also
calculated according to the following equation

Single cell oil weight gL
Single cell oil productivity = x 100
Cell dry weight gL'

Determination of total sugars :

Total sugars were determined according to the method of Herbert et
al., (1971) as follow ; In to thick walled tubes, 1 ml of tested sample was
pipetted and well mixed with 1 mi of 5 % pheno! solution, then 5 mi of
concentrated sulphuric acid were directly added on the surface of liquid with
shaking. The tubes were allowed to stand in water bath at 25 °C from 10 to
20 min. before reading the density of obtained colour at 490 nm. using a
spectrophotometer. The standard was carried out using glucose. The total
sugars was expressed as mg/ml according to the equation of y = 0.0274x +
0.024 with r*, R = 0.9586.

Single cell oal extraction :

Qil extraction was carried out according to the method of Granger et
al. (1993) with littte modification as follows: yeast cells were separated by
centrifu-gation at 6000 rpm (Type 16000, sponnung 220 V. German
Democratic Republic) for 15 min. and dried at 80 °C for 72 hr. to constant
weight. The dried cells were then milled for 20 min. with carbonium powder
and extracted in a condenser unit at 60-70 °C then filtered using a filter paper
and oven dried at 70 °C. The percentage of fatty acids composition in
triglycerides efficiency of oil biosynthesis was calculated per unit of medium
volume or per 100 g of sugars utilized by the yeast The oil yield efficient was
aiso calculated according to the following equation

Single cell oil weight gL~
Single cell ol yield efficiency = ---- x 100
Sugar consumed gL’
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Fatty acids measurement :
The method of extraction for measurement of fatty acids of obtained
single cell oil was carried out according to the method of Radwan (1878).
Twenty five mg sample + 2.5 ml methanolic sulfuric acid (1 ml conc. H,50, +
100 ml methanol) + 1 mi benzene were put in a well ciosed tube. The tube
was inserted in water bath at 90 °C or in oven at 90 °C for 90 min. The tube
was allowed to cool then 4-m| distilled H,O was added + 2.5 ml petroleumn
ether and shaked well. The ether layer (upper layer) was removed in a small
vial and evaporated. Then at injection 50 ml n. hexane was add. The tested
sample was injected in HP (Hewlett Packard) 6820 GC instrument with :
Detector - FID (Flameionization detector) and Detector temperature - 250 °C.

RESULTS AND DISCUSSION

Selection of carbon source :

Six of agri-industrial by-products used as carbon sources were
individually examined for microbial oil production by the tested yeast Candida
lipolytica NRRL-y-1095 nameiy glucose syrup, sugar cane molasses, beet
molasses, potato peel, squash and tomatoes peels. Each of these sources
was replaced with glucose in the cultivation medium as control in a

concentration of 100 gL'

at initial pH of 6.0. Different parameters were

determined and obtained results are hsted in Table 1. As shown in the Table.
great change in pH value up to the lowest value to be 3.9 which recorded with
glucose syrup as carbon source. The highest pH values observed with beet
molasses being 6.19. For sugar consumed (gL™"), the highest consumed
sugar was found when sugar cane molasses was used as carbon sources to
be 56.2 gL' while the lowest sugar consumed was observed in case of
squash peel using as carbon source {25.00) comparing to the controi value of
34.2 gL' when using glucose as carbon source. Results obtained by Syed et
" al (2006) showed that glucose was the best carbon source between the four
tested sources. Their results exhibited dry biomass production about 34.6 gL’
"and 5.8 % of y-linolenic acid from different strains belonging to Mucorales.

Table 1: Effect of agri-industrial by-products as.carbon sources on
smgle cell oil and biomass production.
Waste Frmal Sugar | Cell Qil | Growth ; Qil yield Qil ‘
used K [consum weight|weight| yield |efficient| percenta| dx/dt | dp/dt |
C-source)| P dog/l | gL’ | gL' |efficient] (%) e {%) ;
Glucose . i . ; _
syrup 390 | 445 3713|095 & 834 | 2134 | 2555 100773 0.0197{
.|Sugar cane| .
molasses [ 542 | 562 | 510 | 1.35 | 5380 | 240 | 26.470 |0.106 | 0.028 |
Beet '
molasses | 519 | 3985 [2081] 051 | 5171 | 1.279 | 24.745 |0.0429/0.01062
Potato peel| 530 | 3281 | 285 | 045 | 868 342 [ 15789 | 0.059 | 66093
s’;‘;fh 505 | 2500 | 300 | 0.55 | 1200 | 0022 | 1833 l0.0625| 0.0114
' [T"’;‘:;‘I’es 6.00 | 28.70 | 30750308 | 10714 | 1073 | 10.0162 |0 0640 0.0064 |
|
[ Glucose
(control) | 511 [ 342 | 400 088 | 1169 | 257 22.00 10.0833 0.0018;}

dx/dt cell productivity, gm dry weight/L/hr
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For the cell weight (gL") obtained of the used yeast Candida
lipolytica NRRL-y-1095, sugar_cane molasses (SCM) recorded the highest
cel weight being 5.10 gL (Table 1}. On the other hand, beet molasses
showed the lowest vaijue of obtamed blomass to be 2.061 gL' compared to
that value obtained with controi being 4.0 gL' The cell weight corretated with
oll weight produced gl smce sugar cane molasses gave the highest
produced oll to be 1.35 gL', This means that the increase fold equal to 1 28
and 1.5 for cell weight and oil weight compared to control, respectively. So
one can detect that sugar cane molasses showed to be the best by-product
can used in il production by Candida lipolytica NRRL-y-1095 Results of
Syed et al. (2006) proved that glucose was the best carbon source with dry
biomass production of 34.6 gL” They also found that tapioca starch was the
best source for lipid production among four different carbon scurce namely
sucrose, lactose, soluble starch and tapioca starch. Similar results have aiso
been reported earlier (Somashekar, 2002}

Certik et al (1997) illustrated that carbohydrates are usually
metabolized via the Embden-Myerhof pathway tc generate pyruvate or
aceiyl-CoA. which are then used for proteosynthesis, respiration and
synthesis of other compounds including membrane and storage lipids.
Concentration of carbon source :

in order to select the optimum concentration of the sugar cane
molasses, six concentrations were used as shown in Table 2. Tabulated data
showed that the maximum sugar consumed was 72.41 gL~ recorded in case
of 120 gL This result was not related to the cell weight since the growth of
Candida lipolytica NRRL-y-1095 was 4.783 gL' This result was confirmed by
that result obtained by Syed et al. {2006) who found that the increase in initial
glucose leads to dry biomass decrease. This means that the concentration of
120 gL of sugar cane as a carbon source was the optimum concentration
required for microbial oil production being 1.66 gl.”'. This might be due to
intolerance of the cells to high concentration of glucose which increase the
osmatic potential of the medium.

Table 2: Effect of sugar cane molasses concentratlon on single cell oil
and biomass production.

CsourcelF' il Sugar i Cebl E oil Gr?e‘;v;h Gii yield; Qil
‘concent V-~ consumeiweight, weight! ef¥icient efficient | percentage | dx/dt | dp/dt
gt | P70 dg oglt | gl %) ¢ (%)

; (%} .
80 560 503 [3338] 100 6.636 1.988 22.958 10.0695| 0.0208
100 54 | 548 |5447 1818 9.93% 3.317 33.3761  10.1134| 0.0378

120 54 | 7241 4783 166 6605 2.43 34.728  10.0896| 0.0345

140 490 ; 6615 | 4.07 | 1.37 6.152 2071 33.66 0.0847| 0.0285
160 54| 554 16809158 | 1229 2.87 31610 0.1418/0.03312

- 180 54 | 8721 1 500 ] 155 7.43 2.306 31.00 |0.1041] 0.0322
dx/dt cell productivity, gm dry weight/L/hr dp/dt il productivity, gm oillL/hr

Selection of nitrogen source !

Four different agri-industrial by-products were used as nitrogen
sources with replaced each of them by the N-source in the cultivation medium
NH.Cl as control. As shown in Table 3, littie change in pH vaiue of the
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cultivation medium was found up to the lowest values of 4.21 that recorded
with corn gluten meal as N-source. For sugar consumption, the highest sugar
consumed was 752 gL™' that recorded when com gluten meal used as N-
source. The highest yield of biomass to be 5.5 gL' was also recorded with
corn gluten meal that correlated with microbial oil weight produced being 2
gl These results proved that corn gluten meal considered to be the most
favourable N-source required for microbial oif preduction by Candida lipolytica
NRRL-y-1095

Table 3: Effect of agri-industrial by-products as N source on single cell
oil and biomass production.

— -
_‘ Nit Finiat| Sugar | Cell | Oil G’i“’e‘;‘gh r—o'l'd oil 5
| Trogen At onsumed! weightweight| - Y’ YIEID | percentage| dx/dt | dpidt |
i source pH ] Yy | efficient |efficient o I
i g“— gL gL % LA ° ! .
Corngluten . o T 255 [ 560 [ 200! 73138 | 265 | 3636 [0.1145)0 0415
}ﬁ___‘r R % . ! —_— -

Corn steep | ;5 \ 459 | 211 | 055 | 45969 | 1190 | 26086 |o 0439|0 0114’

H

iLiquer

|
Protelan % 5.01 1— 575 535 | 1811 93043 | 314 3383 0T1140037:
Rice bran | 524 51.12 242 | 065 | 47339 | 127 2685 00504 ¢ il 0135'
NH,CI o ! [
I(Control) | 511 5 34.2 188 | 0.42 LS 4970 ! 11659 | 22.3166 '0 D391 000515
dx/dt cell productivity, gm dry weight/L/hr dp/dt oil productivity, gm mh‘LIhr

. 'Nitrogen concentration :

Nine concentrations of the selected N-source were individually
replaced in the cultivation medium to select the optimum concentration
required for single cell oil production. Littde change in final pH values was
observed as shown in Tabile 4 Candfda hipolytica NRRL-y-1085 consumed
90.5 gi_ sugar when using 0. 130 gL N-concentration in the cultivation
medium that produced 6.44 gL of biomass. The obtained oil weight was
equal to 2.57 gL”'. Results obtained by Syed et al. (2006) showed that total
lipid content produced from the medium containing yeast extract was higher
than that medium containing peptone. They reported that yeast extract was
the best nitrogen source for obtaining bicrmass and lipid.

Effect of cultivation medium pH :

In order to examine the effect of initial pH value of the cultivatfcm
medium, seven values of different pH were performed. Appreciate differences
between the initial and final pH values were noticed as shown in Table 5.
" Little change in the final pH values was found between the different
treatments. At pH 5.5 treatment the cell weight of Cano‘fda fipolytica NRRL-y-
1095 reached to 5.5 gL' with cil weight of 175 gL™'. When using initial pH of
6.0, 5.01 gL™ of Candida fipolytica NRRL-y-1095 was obtained with 2.11 gL
of single cell oil. On the other hand, pH 6.5 recorded the highest sugar
consumption to be 112.3 gL' It was found that lipid production was
maximum when the mouid was cultivated at pH 6.5 (Syed et a/., 2006). They
also found that total lipid drastically decreased at pH 8.0 and at pH 4.0. They
also reported that there was an increase in total lipid concentration in the pH
range of 3.0-6.0.
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Table 4: Effect of N-source concentration on singte cell oil and biomass
production.

| N-source |, ..\ Sugar | Cell | oil G’i‘:‘:’;h ol ieldf ol
. concent., H consumed weaght‘wmght e#icient effigient percentage | dx/dt : dpldt
glm 1 PM lsilgr 0oL gL | 9 a | %

T

1 0B.032 481! 4012 5 10 1.55 271 | 386 30.39 [0.080400322)
_0.065 514 855 560 | 213 6 549 2.49 3803 |0.0933]0.0443
0.130 511 90 5 644 | 257 7.116 283 3975 [0.0620/0.0535
;0195 4.98 823 630 1 241 7 654 2928 38.25 0.061 10.0502)
-, 0.260 [522 735 612 | 2.24 8.326 304 3660 [0.1243 0,04646;
_0.320 5 34 746 578 | 188 7.640 252 329 0.1187 0.03915
0390 |52 65.1 410 ] 132 4.10 2.027 3218 |0.0415)0. O275|

;__ 0.455 497 315 512 | 132 12962 | 4.180 2578 10.0695 OOZ_J
i 0.520 495 401 432 | 110 10.773 274 2546 [00570i0 0229

dx/dt cell productivity, gm dry weight/L/hr dp/dt oil productivity, gm oiliL/hr

.
|
|

Table 5: Effect of initial pH of cultivation medlum on single cell oil and
biomass production.

y ] B
[ Sugar | Cell | il Growth |, yield ou T t
i initial |Finial yield efficient| percentage | dx/dt : dp/dt
pH o %

consumwelghhwelghﬁ _
ed giL gL gL effu:zent

pH
4 51 342 11175} 047 | 3435 | 049 | 1446 [0.0163/0.00236
45 | 49 | 395 [3.330] 058 | 8430 | 146 | 17.41 |0.0462]0.0080

5 | 48 | 456 [5445 140 | 11.951 | 3070 | 2571 |0.0756/0.01944
55 | 51| 655 (550 | 175 8396 | 267 | 31818 |0.0763 0.0243!
6 | 52| 1055 | 5011211 ] 474 | 200 | 4211 |0.069)0.0293

L6"_5; 57 112 3 | 464 | 1.80 | 41317 | 1.602 38.79 10.0641 0.025 i
7 152 ; 862 1400} 130 | 46403 | 1508 325 0.055 0.0180}
dxldt cell productivity, gm dry weight/L/hr dpldt oit productivity, am oil/L/hr

Effect of NaCl : ‘

The effect of NaCl on the yeast oil production was examined using
six different concentrations of NaCl. The final pH value of the cultural medium
changed to the lowest value to be 3.5 that recorded with 15 % NaCi
compared to control without NaCl. Negative correlation between NaCl
concentration and sugar consumption was found. The consumed sugar
decreased gradually to the lowest value being 12.7 gL that recorded with 15
% NaCl For cell weight of Candida lipolytica NRRL-y-1095, the obtained
weight was gradually-decreased with increase of NaCl to the lowest value up
to 0.83 gL™' with 15 % NaCl. The same trend of negative correlation was also
found with oil production since the lowest value of microbial oil obtained was
0.1 gL that found in case of 15 % NaCl as shown In Table 6. Andreishcheva
et al {1999) stated that NaCl concentration significantly affect the final
bicmass yield and consequently the lipid production. They also added that
the pool of free faily acids rose, most likely due to their less active utilization
for the synthesis of triacylglycerols under salt stress.
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Table 6. Effect of NaCl addition on single cell ol and biomass

_production.
NaCl  [piniai| Sugar | Gelt 1 o G;I‘;‘;‘gh Oityield|  Oil
concentration H consum weightlweight efficient efficient | percentage] dx/dt | dp/dt
%) PR ledgil | gL' ! gL” f/'e % %
1 52 | 389 (43200 165 [ 10854 | 489 38.19 006 10.0228
3 57 | 385 1385 [ 144 | 1000 | 4.025 37.40 100534 002
5 49 ] 3320 [23614| 1.30 | 10.885 [ 3614 3548 | 0.0501 [00152]
7 | 47 2250 [ 273083 | 12133, 395 3260 | 0.0379 [00123]
! 10 500 1478 | 095 | 016 | 6.427 | 1082 1684 | 0.0131 [0.0022!
T 15 i35 327 1083 010 | 6535 | 625 1204 [0.01152[0.0013
| Controf 5237 836 [ 634 [ 248 | 7583 | 2286 | 39116 | 0.132G [0 0516
dx/dt cell productivity, gm dry weight/L/hr dp/dt oil productivity, gm oilflL/hr

Growth temperature :

Six growth temperature were used to examine their effect on the
single cefl oil production by Candida lipolytica NRRL-y-1095. As shown in
Table 7, the treatment of 20 °C exhibited very little change in final pH value of
the cultural medium. In addition, the highest sugar consumed by the tested
yeast strain was observed with the same treatment being 101.2 gL' This
was correlated with the highest production of either cell weight or 0l weight to
be 6.9 gL' or 2.95 gL' for cell weight or oil weight, respectively. The growth
of tested yeast was low at temperature below 20 °C and above 30 °C as
illustrated in Table 7. Patricia et al. (1999) found that 28 °C was the optimum
temperature for biomass productton as well as lipid content production. They
obtained 2.47. 5.83 and 4.29 gL’ biomass of Mucor sp LB-54 at 12, 28 and.
38 °C, respectively. At the same temperature, the production of fipid content
was 0.39; 1.21 and 0.49 gL', respectively.

Table 7. Effect of growth temperature on single cell oil and biomass
production.

[ .| Sugar | Cell | Ol [Growth| . . il
Tenmp Finiaf consumeweight welght yield O.il_ylelci percentage | dx/dt | Dp/dt

J C pH ? . efficient % o,

dglL gL gL efficient . Yo

f5 [ 54 | 555 381 [122] 700 | 2198 | 3202 [0.079] 0.02
20 ) 52 11012 [ 690|295 7.00 | 2915 | 4275 [0.143] 0.06
25 [ 56 | 945 [4911]1.98] 500 2.09 40.30 [0.102] 0.04 |
30 1541 912 [471(185] 500 2.02 39.20 |0.098] 0.03 |
35 | 55 | 732 [4291]144] 600 | 1.967 | 3355 10.089] 0.03 |
40 | 53 | 354 [22017035] 600 | 0988 ! 15901 10.045] 0.00 |
dxi/dt cell productivity, gm dry weight/L/hr dp/dt oil productivity, gm oiliL/hr

Incubat:on period :

The behaviour of Candida lipolytica NRRL-y-1095 exhibited different
activities with different incubation period as shown in Table 8. Very little
change was found in final pH value of the cultivation medium. The highest
value of sugar consumption was observed at 72 hto be 97.15 gL' After 72 h
incubation the blomass weight was 6.35 gL' For oil weight production, data
showegd that 2.66 gL of single cell oil was produced after 72 h of incubation
at 20 *C.
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Table 8: Effect of incubation period on single cell oil and biomass
production.
Growth

Sugar | Cel | . Qil ield Oil yield, Qi J ‘
consum weighﬁwmght ef‘lcicient efficient percentag dx/dt
edgiL | gL | gL o, % Yo

24 540! 555 | 400135 720 | 2432 33.75 10.083)0.0281
48 522 836 | 634|248 7583 | 2966 | 39.116 0.13200.05186
72 530 9715 1 6.35 | 2.66 | 65362 | 2.738 41.88 0.1322/0.0554
96 56 | 624 [ 595] 201 (95352 322 | 33.7815 /0.12390.0418
120 56 | 583 | 575|182| 886 | 3121 3165 |0.1190.0379
l&ﬁdt cell productivity. gm dry weight/Lihr dp/dt oil productivity, gm oil/L/hr

IncubationiFinial

period, hr | pH dp/dt

Agitation effect :

The effect of agitation on the single cell oil production was
investigated. Five agitation levels were performed and obtained results are
listed in Table 9. From tabulated data one can see little change in the values
of final pH of the cultural medium. Concerning the sugar consumption, it was
very clear that Candida lipolytica NRRL-y-1095 used sugar in increase ratio
with the increase of agitation used. The mcrease of sugar consumption
reached to the highest value to be 113.2 gL' in case of 200 rpm. The same
trend was observed with data of cell welght since the values increased
gradually to reach the highest values of 5.2 gL' that recorded in case of 200
rpm. Again data of bio-oil produced by the tested yeast showed also gradual
increase up to 2.25 gL' with 200 rpm, too. Wagner and Daum (2005)
reported that aeration of yeast in a phosphate-molasses medium resulted in a
rapid consumption of sugar during the whole period of aeration. This was
accompanied by an increase in the weight of yeast (Candida flipolytica),
accounted for by an increase in alt constituents, fat, carbohydrate, mineral
matter and a small amount of protein formed from the residuatl. nitrogen
carried over from the growth medium.

Table 9: Effect of agitation speed of cultwatlon on single cell oil and
biomass production.

; Agitation Finial Sugar | Cell Qil Growth | Ol yield Qil
' speed, p [consum weight(weight! yield |efficient| percentage | dx/dt | dp/dt
___rpm P dgit | gL’ | gl [efficient%| % %

©100 ¢ 52 | 503 (12100402 2405 | 0.799 33.22 | 0.016 {0.0055
125 56 | 585 | 245 10921 | 4188 | 01574 | 3759 |00340[00127
150 46 | 742 [3224( 134 | 4345 1805 4156 | 0044 (00186
178 45 1 1045 | 481 | 1.95 | 44114 | 1866 | 4220 | 0.064 [0.0270
200 43 [ 1132 [ 520 | 225 [ 4593 1.98 43.26 [0.0722[003125
" dx/dt cell productivity, gm dry weight/L/hr dp/dt oil productivity, gm oil/Lfhr
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