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Bioconversion of Raw Starch to SCP by Coculture of Cryptococcus aerius
and Saccharomyces cerevisiae
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Abstract: Simultaneous degradation and conversion of unhydrolysed wheat starch to high protein content SCP
by moenoculture of an 1solated amylolytic yeast, Cryptococcus aerius and co-culture of Cryptococcus aerius
and Saccharomyces cerevisiae was investigated. Amylolytic activity, starch degradation rate, biomass and

protein content of biomass increased several fold in coculture versus the monoculture due to the synergistic

metabolic mteractions between the two species. Under optimal condition, n monoculture of C. aerius
10.02 g L' biomass produced after about 78 h with 27.8% protein content and >84% efficiency; while with
optimal ratio of C. aerius to S.cerevisiae (5% v/v:5% v/v) the cultivation was improved totally. In coculture,
total cultivation time decreased to 58 h with about 94% efficiency in biomass production, while biomass and
total cellular crude pretein of bicmass increased from 10.02 to 11.22 g L™ and 27 to 44.2%, respectively. These
results indicate that simultaneous degradation of raw starch to SCP can be conducted efficiently by using
coculture of the amylolytic yeast, C. aerius and a nonamylolytic yeast, S. cerevisiae.
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INTRODUCTION

Starch is the most important storage polysaccharide
i plant cells, 1t 1s abundant in tubers and seeds especially
corn, starch is a polymer of glucose residue!!. Large
volumes of starchy feedstock such as corn, represent an
important biomass resource for production of microbial
biomass (SCP), gaseous or liquid fuels and chemicals;
because the chemical composition and high density of
starch, compared to other forms of biomass, facilitates
prolonged storage and decrease transportation and
pretreatment costs™¥. The rapid growth rate and high
protein content of microbes and their ability to utilize
inexpensive feedstock as sources of carbon and energy
for growth have made microorgamsms prime candidates
for uvse as human food and ammal feed protein
supplements™. General factors have limited the utilization
of microbial proteins in human nutrition, such as
toxicological barriers, nutritive value and functional
properties but significantly less nutritive problems are
being concerned with the application of SCP m ammal
nutrition™. The well known yeasts do not secrete
extracellular amylolytic enzymes and are therefore unable
to utilize starch for the production of microbial biomass™®.
Imitial studies aimed at the elimination of the enzymatic
liquefaction and saccharification step by symbiotic

coculture of amylolytic and sugar-fermenting organisms
have been promising, for example, in the Symba process
for single cell protein production from potato processing
waste, the enzymatic liquefaction and saccharification
process was eliminated by using a cocultwe of
Endomycopsis  fibuligera  (amylolytic  yeast) and
candida utilis (nenamylolytic sugar utilizer)”. Direct
conversion of (mamoc) starch to ethanol, by
Saccharomyces  diastaticus has been suggested;
however, prior treatment of the starch with ¢-amylase was
required for obtaining efficient fermentation of starch™™.
In Iran, the production of com starch has mcreased in
recent years, due to increase n wheat and potato
production and their related processing technology.
According to guidelines for waste management in Tran,
this kind of waste must refine or improve; so the purpose
of this study was to develop and evaluate a simultaneous
single step system for the enhance fermentation of corn
starch to SCP by symbiotic coculture of an amylase
producing yeast species Cryptococcus aerius and
Saccharmomyces cerevisiae.

MATERIALS AND METHODS

Microorganism: Amylase-producing yeast was 1solated
from com starch processing industrial wastes after
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enrichment in growth media plus 0.1 g L7 of
chloramphenicol as bacteriocide antibiotic. The ability of
the veast to hydrolyze starch was tested though starch
assimilation test on solid growth medium 15 g L™ agar by
the axuonographic method™*'%.

S. cerevisiae was obtained from the Persian type
Culture Collection (PTCC). Yeasts were maintained on
yeast extract glucose chloramphenicol agar (GYC) at 4°C.

Media: The growth medium contained, in gram per liter:
Soluble starch, 10; ammomnium sulphate, 0.5; K,;HPO, 0.5;
NaH,PO,, 0.14; magnesium sulphate, 7H,0, 0.2; calcium
chloride 1 H,O, 0.1; yeast extract 1. The growth medium
was used for . aerius inocula preparation and
enzymatic assay.

The main medium for SCP production from starch was
identical to the growth medium except that the raw wheat
starch (30 g I.7") substituted. The desired initial pH (5.5)
was obtained by addition of HCI (1 N) and NaOH (1 N).

Tap water was used for all medium preparation.

Preparation of inocula: C. gerius inocula were prepared
by inoculating slant cultures to 100 mL of sterile growth
medium contained m 500 mL Erlenmeyer flasks. The flasks

were incubated with shaking (200 rpm) at 30°C for 36 h.

8. cerevisiae inoculum was prepared in the same way as
the amylolytic yeast inoculum except that malt extract
broth (pH 5.5) was used (instead of growth medum).

Enzyme assay: Three replicate flask (500 ml.) contained
140 mL growth media (with 5 g L™" soluble starch) were
moculated with 10 mL of mocula and mamtamed in the
same condition described for inocula preparation. At
regular time intervals, samples were taken and total
extracellular amylase activity was tested m 1its
supernatant. Total amylolytic activity was determined by
measuring reducing sugar released from scluble starch™
in which the reduction of 3,5-dinitrosalicylic acid (DNS)
by reducing sugars was determined'”. A standard curve
for this colorimetric assay was constructed, using glucose
as the standard ™. One unit of amylolytic activity (U) was
defined as the amount of enzyme in 1 ml, that
liberates 1 ymol of reducing sugar from soluble starch
in 1 minat 30°C.

SCP production procedure: SCP production was carried
out in 500 mI. Erlenmeyer flasks containing 150 mL of the
main medium in batch mode condition. The flasks were
sterilized by autoclaving at 121°C for 15 min. Grown
S. cerevisiae centrifuged at 4500 rpm for 10 min and cells
transferred into main media as mnocula. Various amounts
of grown C. aerius were centrifuged at 4500 rpm for 10 min
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and used as inocula. The flasks incubated at 30°C with
shaking (200 tpm). Total cultivation times differed
according to the time needed for reducing sugar
depletion.

Efficiency of biomass production on raw wheat
starch was estimated by using formula Keer': glucose
(100m L™ x 0.93 = starch (100 m L") and comparing the
biomass preduced on 30 g L™ of raw starch and
322 g L. of pure glucose.

Analytical procedure: Unless otherwise mentioned,
samples (10 mL) were collected from a given flask and
centrifuged at 4500 rpm for 10 min to remove cells and
supernatant fluid was used for determining residual starch
concentration, glucose concentration, Amylase activity
and the pellet was used for biomass determination.

Residual starch determination: An iodine reagent was
prepared freshly by diluting 1 mL of stock solution
(0.5% I,, m 5.0% KI) into 500 mL of distilled water
containing 5 ml, of 5N HCI. For the measurement, 5 mL of
the iodine reagent was mixed with 0.2 ml of starch
solution (With more than 1.0% starch solution, the starch
solution was diluted ten times with distilled water) then
the temperature was adjusted at 30°PC in bathwater for
3-4 min and the absorbance was measured at 620 nm
against a blank (0.2 mL of water in 5 mL of iodine
reagent)".

Reducing sugar determination: Free glucose was
measured by enzymatic method (Glucose oxidase). The
supernatant sample was boiled to denature all enzymes for
10 min, after that it was used for glucose determination.
Reducing sugar was determined by 3, 5-Dimtrosalicylic
acid (DNS)L

Cell biomass determination: Samples were centrifuged in
preweighed tubes for 10 min at 4500 rpm, washed twice
{9 L™ NaCl), dried for 24 h at 110°C and stored in a
desiccator before weighing.

Total cellular crude protein determination: Tn the end of
cultivation time, 5 mL of fermentation broth was
centrifuged (4500 rpm, 10 mim), the pellet was washed
twice (3 mL cold 9 gI.7' NaCl). Then 3 mL of 1 M NaOH
was added to the pellet and it was boiled for 10 min*.
After cooling, the protemn content was measured by Biuret

method. Bovin serum albumin was used as standard"®,

Statistical analyses: Mean value of at least three
separated experiments in 1dentical flasks has been
presented.
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Fig. 1: Soluble (A) andraw (B) starch hydrolyzing by . geriis in growth medium at 30°Cin24 h

Table 1. Some biochemical tests for two veast straing

Reactionsh
Wi cro organisms O qerius 5 cerevisias
Fermentation Glucose Neg Pos
Galactose Neg Neg
Sucrose Meg Fos
Ialtose Neg Pos
Lactose Meg Meg
Trehalose Neg Pos
Agsimilation Clucose Pas Pos
reactions Galactose Pos Neg
Sucrose Pos Pos
Maltose Pos Pos
Lactose Pos Meg
Trehalose Pos Pos
Raffinose Pos Neg
Ielibiose Pos Neg
Soluble starch Pos Neg
D-Xylose Pos ND
L-Arabinose Paos ND
D-Arshinose Pos ND
D-Ribose Pas ND
Ethanol Pos Pos
D-Manitol Paos ND
Citrate Pos ND
Inositol Pas ND
Vitamin -free Crowth No growth
Mitrogen Ammonium Pos Pos
agsimilation Urea Pos Pos
Nitrate Pos Neg
Mitrite Pos Neg
Growth at 19°C Paos ND
A Faos Fos
340C Pos Pos
40°C MNeg ND

NI: Mot Determined, Pos: Growth, Neg: No Growth
RESULTS AND DISCUSSION

Isolation and identification of amylase producing yeast:
The starch hydrolyzing veast which was isolated from

corn starch processing indusirial waste was identified by
observation of morphological characteristics and by
physiological tests such as fermentation, carbon
assimilation, nitrogen assimilation, urease test, Diazonium
blue B color test, etc. The isolated amylase producing
yeast was an obligate aerobic yeast, that only assimilated
sugar such as glucose, galactose, sucrose, maltose and
starch. It wasn’t able to ferment any sugar; it means that
under anaerobic condition with 20 g L™ of sugar it can
not produce gas or acid'™. It could assimilate nitrate and
nitrite as nitrogen source and had a growth temperature
range between 20-35°C. It could grow in vitamin free
media; growth in vitamin free media is economically
desirable for industrial application. Based on the above
characteristics and the others (Table 1) the isolated yeast
was identified as Crypfococous areius. It had no
pathogenic effect’”. After isolation and identification it
was tested for its potential to produce amylases on solid
medium with soluble and raw wheat starch as carbon
gource. (. aerius showed a wide and clear hydrolysis
halo on the growth medium (Fig. 1). Comparing the results
of this study with pervious studies, shows that various
specious of Crypiococcus when grown on starch-
containing medium, exhibits high amylase production after
24 h of cultivation™? on the other hand large digesting
halo formed when C. agerius was grown on raw wheat
starch medium(Fig. 1B), so this results indicated that this
yeast might secret some amylases that could digest raw
starch; as previous study mentioned",

Amylase production by C. geriis: Preliminary experiments
using various initial pH wvalues (2-9) and different
cultivation temperature had shown that amylase
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production by C. aerits was highest in a medium with
initial pH between 4.5-6 at 30°C, therefore we selected
5.5 as the imtial pH and 30°C as the optimum temperature
for further investigation. In a another preliminary
experiment the effect of starch concentration on starch
degradation rate was tested, since it would be more
desirable for industrial application to be able to utilize
high substrate concentration, 10-70 g L™ soluble starch
was used in mono culture of C. aerius, the results showed
that when starch concentration increased from 30 g I.7',
the starch degradation rate decreased rapidly; since
C. aerius 13 an obligate aerobic species and starch
gelatinization after heat treatment increases, so probably
by increasing in starch concentration, the oxygen transfer
rate decreases and as the result starch degradation rate,
so 30 g L™ starch concentration was selected for further
experiments.

A typical pattern for the time course of starch
degradation and amylase production (Fig. 2 and 3)
showed that starch hydrolysis proceeded quickly during
the early exponential phase but low level of reducing
sugars were detected. The maximum amount of
extracellular amylase was produced at the end of
exponential phase and the pH was lowered to about 4.0.
As ammonium sulphate was the basis of mtrogen source
for C. aerius, probably by using NH," leaving SO, in
medium causes a decrease in pH. As previously reported
for several veast species, amylase secretion occurs at the
end of exponential growth phase!™!. Starch degraded in
the early stage of cultivation and a rapid loss of iodine
staining was found but at thus time there was a low level
of extracellular amylase in media (Fig. 2); this probably
reflects the mvolvement of cell-bound activity in early
starch hydrolysis. Glucose production proceeded after
the starch degradation and simultaneously by assimilation
of reducing sugar, biomass increased rapidly, it was
demonstrated that probably there was a negative effect of
reducing sugar (e.g. glucose) on amylase production and
while glucose increased in media amylase secretion
decreased. According to pervious studies on amylase
secretion patterns by various yeasts, three different
patterns have been described for extracellular amylase
production’™; a rapid loss of iodine-staining combined
with a high final level of reducing sugar probably
mndicated the presence of both d-amylase and
glucoamylase for C. aerius.

Effect of glucose on starch degradation by C. aerius:
Glucose probably had inhibitory effect on amylase
production, so the objective of first series of experiments
was to test the hypothesis that if glucose could repress
starch degradation by C. aerius. The effect of starch and
glucose concentration on amylase activity has been
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Table 2: Starch degradation by €. agerius in the presence of glucose

Glucose  Starch Starch residue Starch
Reside (gl™) (gl™hH (6h) (24 h)
Experiment No. 1 0 10 84 0
Experiment No. 2 0.2 10 9.4 0
Experiment No. 3 0.5 10 9.8 0
Experiment No. 4 1 10 10 13

shown 1n Table 2, as the results mdicated, there was no
amylase activity i growth media contained 1 g L™
glucose as sole carbon sowrce and starch degradation
was inhibited in media contained 10 g 1.™! starch plus
different amount of glucose as carbon source, while
starch could induce amylase production by C. aerits.
Previous Studies have shown that starch degradation
and amylase production by different microorganisms,
such as Aspergilluus sp.*! or budding yeast such as
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Table 3: Characteristic of SCP produced by monoculture and coculture (initial starch concentration was 30 g LY

' aeriny inocolum S.cervisiae inoculum  Starch residue

Total cultivation

Final biomass Protein content Efficiency of biomass

(Yoviv) (%% viY) (gL ™" after 36 h _time (hy* (gLl (%) production (%)
2 0 12.2 =96 Q.89 283 835
2 T3 =96 11.15 33.7 94.1
5 5.2 =96 11.21 43.1 94.6
10 24.5 =96 11.23 42.6 94.8
5 0 4.3 78 10.02 27.1 84.7
2 0 70 11.13 42.3 94.3
5 0 58 11.22 44.2 94.7
10 0 56 11.23 45.1 94.8
10 0 0 04 993 27.8 83.7
2 0 56 11.18 45.8 94.4
5 0 56 11.22 44.2 94.7
10 0 56 11.26 44.1 95.1

“Total cultivation time, was estimated when total concentration of reducing sugar (liberated from starch) was 0 (mg mL™")
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Fig. 4 Time course of starch degradation and extracellular
amylase secretion in monoculture and coculture at
30°C

Endomycopsis fibuligera™ Saccharomyces cerevisiae
var. diastaticus™ and Awreobasidium pullulans™  is
subject to severe feed back inhubition by glucose. The
two mam factors controlling amylase synthesis in
microorgamsms are induction and catabolite repression.
Catabolite-mducible enzymes are produced in the
presence of either their substrate in surrounding medium
or compound structurally related to them. Starch, the
substrate of amylases has a high molecular mass and
cannot pass though cell membrane directly, hence cells
receive signals for accelerated synthesis by means of low
molecular mass fragments, using high concentration of
starch in media, causes high concentration of these low
molecular mass and rapid metabolism of them m cells
producing  D-glucose subsequent  catabolite
repression. A number of experimental strategies may be

and

mvestigated to overcome this type of problems, these
mclude supplying the inducer continuously at low rate,
using slowly metabolized derivates or supplying relatively
inert synthetic thio analogues ™, as the aim of this study
was to use only starch as substrate, we tested the
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coculture hypothesis (Dual fermentation)*”. According to
the pervious studies, cocultures of two microorganisms in
starch containing media would prevent accumulation of
inhibitory concentration of reducing sugar and this would
result in an enhancement of the amylolytic activity, the
amount of starch metabolized and finally an increase in
starch degradation rate™**. As the results indicated
(Fig. 4) in a soluble starch media (30 g L") containing
5% (v/v) S. cerevisiae plus 5% (v/v) C. aerfus comparing
to mono culture of C. aerius (5%v/v) there was a regular
increase 1 amylolytic activity and the time needed for
30 g L™ starch degradation is much more sherter than
monoculture of C. aerius.

SCP production by coculture: We then tested the effect
of increasing the concentration of yeast inoculums on the
length of cultivation and final biomass production. The
results indicated that as the concentration of S. cerevisiae
moculum  increased n each level of C. aerius
concentration, the time required for the completion of
cultivation decreased dramatically (Table 3), infact when
C. arerius concentration was 2% (v/v) due to low level of
amylase secretion, cultivation tume 1s too long (>96 h); for
example, using a 5% (v/v) C. aerius moculum and 5%(v/v)
S. cerevisiae inoculum, raw starch was completely utilized
in34-36 h. As the data indicated (Table 3), in appropriate
concentration of C. aerins (>2% v/v), the
degradation rate and the release of reducing sugar by
amylolytic enzyme system of C. aerius wasn’t the limiting

step, instead the rate of assimilation of sugars by yeasts

starch

appeared to be the limiting factor, therefore by mncreasing
i 8. cerevisizge noculum which can only assimilate
reducing sugars we could overcome this problem. The
above results are in agreement with pervious studies that
shows mcreasmg the level of yeast moculum greatly
decrease the fermentation time'**?. It is noteworthy that
when 2-10% (v/v) S. cerevisize inoculum were used the
final protein content and biomass were comparable; it was
only the length of cultivation that was markedly effected.
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Since the rapidness of starch degradation and yield of
high biomass with high protein content are economically
desirable in industry, it is suggested that 5% v/v of both
veast are used in further investigations.

The results of this investigation clearly show that
simultaneous fermentation of raw starch to SCP by a
mixture of starch-digesting yeast (C. aerius) and a non-
starch-digesting veast such as S. cerevisiae is feasible.
The efficiency of starch digestion and assimilation by
coculture was >94% comparing to media contained
glucose. Use of such a synergistic combination of
organisms allows elimination the enzymatic starch
hydrolysis step as currently used in many commercial
processes from starchy biomass.
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