CHAPTER I

LITERATURE REVIEWS AND THEQRETICAL CONSIDERATIONS
2.1 Literature reviews

2.1.1

Yeasts are gef Iy ; _ ! ‘ ; . ble to ferment starch. This
lack of diastatic activi fermentation industries, of
barley malt and fung or the conversion of starch
substrates to sugar i ay.be. by theyeasts. If there should exist
in nature yeasts whic s : : stems, they might be of much
scientific and industrial |
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E. fibuligera was identified as a strain of food yeast. E. fibuligera

propagated by muitilateral buffing and mycelial-formation. The yeast cell were

short to long-oval (4-7 llm). Branched, septate mycelium was formed and oval

blastospores were produced at the end and laterally. Spherical asci containing



two to four hat-shaped ascospores are laterally produced on the mycelium. The
literature regarding the utilization of starch substrates by yeasts and the
physiological properties of yeasts of the species E. fibuligerais sparse. Although
strains of the species E. fibuligera have been known many years, their ability to
attack starch has not been recognized. Lynferd J. W. and his collaboration

were the first scientists who realized- a research on the capacity of starch
\W east E. Ilbullge[a Under certain
conditions, E. fibuligera s foun // nt diastatic agent. The ratio of
alpha to beta amylase @(Lyger&ham 1944).

hydrolysis and fermentation
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vitamins of the B-co
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acid, and certain ,ns;ﬁue f\qh h' may be found in the acid

materials. Therefore, th préiﬂaggi_ioﬁ mal feed, usually using C. utilis as

the producer organism, is_ﬂ;g?jpig,d i Iarge scale in several countries.
s

2.1.3

Mixed Culture process
AUYINYNINEINTG

The dontrolled mixed cultures of mlcroorgamsms is an important
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process in one reactor. This inakes mixed cultures suitable for product
formation from natural high-molecular weight substrates ( e.g., starch and
cellulose) without a previous hydrolysis step. In many cases the mixed culture
contained E. fibuligera as the amylolytic microorganism in combination with
either yeasts or bacteria, which use the products of starch hydrolysis. With

this process, starch materials that could not be utilized directly, can be



converted economically into microbial protein or other needed products.

Kurt Jarl (1969) described process of conversion of starch to single cell
protein on a mixed culture of an amylolytic yeast, E. fibuligera a:3 and an
aerobic yeast, C. utilis NRRL Y 900, was defined as a Symba Yeast Process.
The enzyme activity of E. fibuli

will "convert the starch into lower

saccharides, predominantly gl,q&__ e fast growing C. utilis then is able

A the growth rate of E. fibuligera

to use for biosynthesis of
. ; | A —
is moderate, the proceea#of pfoduet-substantially of C. utilis yeast. In a

C. utilis inoculum can relatively freely; its growth will be

dominant any how pr » ,'7{“ nsity is of the same order of

magnitude as E. fi
The restrigte A il e symbiotic culture requires

batches in

that its population™e arger batch. This can be

done by running rallel with the symbiotic

propagation. In this nfamner, the amylase activifx] and so the hydrolysis and
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material; especially on its content of unassimilatable substances. With whole
potatoes as raw material a product with 40 % raw protein obtained in a yield
of 60 % (dry weight ). In another application, conversion of cassava starch into
yeast substénce, a yeast product containing 50 % raw protein in a yield of up to

46 % based on total available cassava substance (dry weight) was obtained
(Jarl 1969).



Symba process was developed in Sweden during the late 1960s, but

little technical information is available on this process. The comparison of

amino acid composition of E. fibuligera, C. utilis and their mixture is shown in
Table 2.1.

Table 2.1 Amino acid composition o’;.n.d_u_mm_a_;k fibuligera and Candida
il ‘ ///
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1. Rossi, J., and Clementi Journal of Food Technology 1979, 20, 319-330.
2. Bui, K. and Galzy, P., Food Yeast Technology 1990.
3. Symba Yeast process, Swedish Sugar Company 1969.

Sales and Menezes (1977) studied the growth and biomass production
by mixed cultures of amylolytic yeasts ( E. fibuligera, E. capsularis ) with C.

utilis on a dextrinised cassava medium highest protein concentration in



biomass (66.7% ) was achieved with mixed culture of C. utilis and E. fibuligera,
on a medium supplemented with urea 3.0 g/l. The potential for production of

single cell protein by fermentation of cassava is considered for food or feed.

Nga,Tan and Lee (1976) realized the laboratory investigation, two

yeasts were grown on cassava starch. Seventeen amino acids in the dry weight

%‘{’7/@3 grown in it. Crude protein content

of starch medium before and a

rose from 0.7% to 4.76%.

- “
Rungrot (19 | ‘mgrion of cassava by mixed
cultures of two yeas and 8. cerevisiae. The yeast protein of

cassava rose from 0.

Witchuporn (19 d' cdssaya’y /% and added 0.5% of (NHg)y
SOy for the experim ixed hi oryxae MB 67 and S.
cerevisiae was used f __ jon. highest dry weight was 32.6

used instantly thejlucos ethancﬂ production. The ethanol

production released Eh glucose |nh@tlon of hydrolysis of non-glucose
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mixed culture of these two microorganism was used for production of lipid
from starch. E. fibuligera NRRL Y76 was used as the amylolytic microorganism
and R. loruloides CBS 14 as a lipid producer. pH was keep constant at 5.5 by
automatic cultivation, temperature was 30°C in all cultures. The highest lipid
concentration 9.7 g/l, and highest concentration of lipid in biomass (36.5%)

were obtained in cultures with an initial nitrogen concentration of 0.5 g/l.



2.1.4 Cassava

Cassava is the product of a tropical root crop. Cassava has been
regarded on one of the world most important crops that can be used for

human consumption, for animal feed and in various industries. According to

. the Food and Agriculture Org: AQ), the world production of cassava

in 1990 should amount ‘) The export of cassava products
( in the form of chipsb m% rose to 11.94 million tons,
with Thailand servi } x‘-mcassava products. Thailand's

total export alone a low price ( 45 US$/t or

1,125 Baht/t). The eport on Thailand cassava

: 1980 | 1985 | 1990
Total Root Yield {rillion 10.48 | 16.9 | 21.8

Tapioca has been used extensively in the animal feed industry. It has

high starch ﬂ «%J &I Q %%ﬁtm EJ qeﬂ ‘ﬁe most important feed

ingredients c%gsava mixed in animal feed compound e composition of
9 & &
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ratio of|protein and vitamins is very low.

Protein enrichment of starch materials such as cassava is attractive. In
an application, conversion of cassava starch into yeast substance, a yeast
product cohtaining 50 % raw protein in a yield of up to 46 % based on total

available cassava substance (dry weight) was obtained (Jarl 1969).



10

Table 2.3 The composition of different cassava root product by Lim (1968).

Composition (%)

Comp. Fresh® | Fresh chips flour Meal Pellet
Moisture 63.8 80 19.7 14.9 11.2 14
Protein 096 [. ¢ . 0.3 2.6 2.3
Fibre 0.85muf : 0.1 5.6 2.4
Starch 17.6 J : 4.4 73.9 70
ash A 7 [, 2 S 0.; 6.1 45
other 0 - :; - - -
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2.1.5 Molasses IS
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Molasses is the by-pi t
eI

from sugar-cane or_sugar beet.” e composition,of molasses (Table 2.4) makes

it a prime substrate.

amounts of additive

I']e»' ed ,, su or é limited (sulfuric acid and

ammonia for pH reg fation). Molasses is the main Substrate for the production

established p %Je n @ ng a cér and more expensive
commodity, and its quality is alsé becorﬁingnporer since the’sugar-industry is

now Ealt&flablefo\fefrowd ftadiailépochadod] P4} Ghte] propablo. that

molasses will be used in the near future only for the production of expensive

items.

It can be seen that molasses has many kind of vitamins and growth
- factor which it need for yeast fermentation. These vitamins and growth factor

may be use in mixed culture for SCP production instead of using yeast extract

which is very expensive.



Table 2.4

Composition of molasses

Composition Beet Cane
Dry matter % 74 - 78 75

Sugar total . ] 48 - 52 48 - 56

Invert - "*" | 02-12 | 15-20

Fermentable o . 47 | 46 - 52
N- containfiae /fﬂm E - 8 3
Beta' k\\\ -
Goni€ géid [ % | 8 :

10 - 15

0.1-0.4

15- 5

0.4-0.8

07- 3

0.6- 2

5 -6

Bioti - 0.04-0.13 | 1.3-32

6000

54 - 64

4‘

g o
' | § FATPH
antothenic acid "N s0 - 100

2.2.1 Bequirements of the yeast growth

11

Study on the physiology and chemistry of yeast growth are realized for
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many years ago. Although the growth requirements of yeast are not complex.
But the mode of yeast growth is extremely sensitive to changes in the growth
conditions. Especially the nature and concentrétion of the carbon substrate and
the availability of oxygen are critical indetermining the yield of cells and the
nature of the products of the fermentation. The important of oxygen and

glucose in the regulation of the growth characteristic in yeast has been

recognized for many years. @\V//

2.2.1.1
Although th A C Nt are not very demanding,
ust be controlled precisely if

they do vary with the®maode of _. )

maximum growth ratés z ip ialds be obtained. The general

requirements of yeast igh are d Fable 2.5.
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iose have a nutritional role as a

source of energ :l In combinatiunz.*‘ hydrogen, oxygen and

nitrogen, they make‘up the maj

/east; approximately 50%
of dry weight of yeQ& is carbon.

arbon sotﬂes are many kind of sugar

such as glucose, fructgse, sucrose andgaffinose. It employed also industrially

s s mywam}s FBIAE et motusses.
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Nltrogen is also the important constituent of a growth medium after
carbon. Nitrogen is used in organic combination in amino acids, nucleotides
and certain vitamins. Inorganic nitrogen sources are ammonium nitrogen in
the form of NH4NOg3, NH4CL and (NH4)2SO4. The last one provides the dual
nutritional benefit as a sources of sulphur, is commonly employed as a nitrogen

source in industrial fermentations. Amino acid, most amino acids can serve as
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a sole source of nitrogen, although the maximum growth rate that they can

promoted varies with the particular amino acid.

Urea provides a good

nitrogen source, although addition of a biotin‘supplement is required.

Table 2.6 Medium composition for Growth of yeast, Justin (1989).

Y
0|

Composition

Glucose Xy

(NH)9SC 9

Weight

per litre

10g

3g

MnSO, #Hs0 =

ZnSOg7H0 T

Aneurine hydrochloride

5.0 mg
Pyridoxine hydrochloride 6.25 mg
Nicotinic acid 5.0 mg
D-Biotin .23 mg
Ca-pantothenate 6.25 mg

Myoinositol
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A good nitrogen source must be:
a) Be rapidly taken up into the cell.
b) Undergo conversion once in the cell with the minimum

intervening steps to form glutamate or ammonia or both.

orthophosphate.ién, and
any phosphate estel in, the, mediu \ are broken down by an acid
phosphatase presentin : . Sul can be assimilated as sulfate

4

not assimilated.

The met'- ‘require of re give - Table 2.5. Potassium is

required as an effeétor for se

nes but also plays a key role

in the maintenancg of cation e in the ‘cell (Mailrella et al., 1984).

Magnesuum is requiredas a cofactorgfer over 100 enzymes and also for the

s s Ly e e —

also |mporta ‘as enzyme cofacprs The reanement for i iron. which is present

in sooq }5 i @ njg, RN, ,'.1 qeﬂrﬂ ’}ﬂ ﬂy grown yeast,

whereag is required for alcohol dehydrogenase

activity, is greater in anaerobic conditions.

Growth factors

Growth factors are also required either as an absolute requirement or in v

promotion of growth and optimal cell yield. Growth factors in Table 2.5 shows
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the vitamin requirement common to most strain of E. fibuligera.

Oxygen Requirement
Efficient yeast propagation is highly aerobic. The material balance
equation presented by Trivedi et al (1986) shows that the respiratory is very
close to unity. The oxygen is usually air, and the low solubility of oxygen in
,u# edium be as effective as possible.
&s, and efficient filtration of input
i’n—n_-fﬁions and avoiding microbial

ates the air supply rate can

water requires that aeration o

Aeration is a large portio '
air is necessary for :&
contamination of the {

reach 1 volume of

1 the fermenter per minute.

Yeast yields have gh oxygen enrichment of

the broth (Matsumur

200 g sucrose +132 B 7-;’ 5.g ash = 100 g yeast solids +

by their oxygen transfer characteristics. The substre e concentration should be
as high as possible-dependin required for its utilization.
Each given fermentfﬂms a limited maximum biormss production capacity, per

unit volume, per unit ime. The measurement of oxygen transfer in industrial

Fasi fermenﬁ‘r%&l ’Weﬁl trodent| £717179
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The |n|t|a| pH is generally adjusted from 4 to 6 depending upon the
raw materials used and conditions of fermentation. The proper pH ranges

depending also on the type of organisms being grown, pH 4.5 to 6 for yeast, pH
6.0 to 7.5 for bacteria, or pH 4.5 to 7 for molds.

Temperature
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The temperature normally used for food and feed yeast production is 30
OC. Where it is difficult to maintain the terr;perature at the optimum, special

strains of yeast that grow well at higher temperature (35°C) may be used.

2.2.2 Fermentation apparatus

\-V//((g:y in batch fermenters the final

Yy g the r_of 100-200 m3 in size. It is
fabricated from sta.ilﬂ""“'-“r ‘-Nn resistant materials. The

fermenter is equi

Biomass of yeast "

fermentation vessels

cooling system, sugar and

nutrient metering s and pH controlling devices.

Efficient . of biomass production. It is

important to appre ensuring sufficient aeration,

i.e. rate of oxygen tr medium greater thzp rate of
e only measure of the adequacy of
e aeration system, since in many

he fermentation contents.

. Since the product rehes

ctlwtyﬂGenerally, three major types
of aeration systems q;e&sed in the S yeast industry.

AU ANININENS

a. airfgpargers without mechamcal agltatlon
ARTANT i*cm TR Y

Air spargers without mechanical agitation consist of a horizontal tube

on a carefully cont@led co‘y P

with side tubes provided with a large number of small holes. Rosen (1977)

describes a typical system consisting of horizontal tube with 24 side tubes
provided with 30000 holes of diameter 1.5 mm. The provision of a large

number of small holes does not necessarily guarantee good mass transfer since
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small bubbled formed in a tiny orifices may eventually coalesce to form large
bubbled in a medium if there is inadequate mixing or ineffective surfactants.
Power input from the gas phase is also importént. If the power input from the
gas phase is insufficient to generate turbulence in the liquid phase, then the
bubbles size will increase with liquid height in the fermenter, due to
coalescence. However, if the liquid is in turbulent motion, bubble break up will

also occur. The coalescence. an bubble equilibrium will determine

the mean bubble size. Th

. and the height:diameter ratio of
fermenter will also hav.mderdole Mthe extent of liquid turbulent

\\f(or engineering calculation,
rt s‘of ermentation liquids from ideal

be taken into account with

motion for a given

differences in the

experimental conditi

respect to the appli

process.

0.8-1.4 volume of air perfer
not meaningful for any comﬁﬁrgﬁé:’ urposes (i.e. different fermenter geometry

and different aeratt systems s -m----.-v—----. information regarding

A

bubble size, gas héld up, actual d 5SS

: ncentration, etc. Specific
is of the \order of 150 Wh% yeast (28 % dry solids).
Agitated vessels aref used b Qsome%wames also. The major reason for

cang treve B 3 TS S AT S o oer

quuid»and'gaéuphases at largerascale, and t&ensure effecm/,e power input by
RRARINIUNAINYIAE

In yeast production good mixing is essential as previously stated. The

energy consumptios

impeller speed is provided above a critical value in small tanks, both the liquids
and gas phase are considered to be perfectly mixed. For large tanks this is not
often the case industrially (Oosterhuis and Kossen 1983). The actdal behaviour
of the two phases should be established, because of either well mixed or plug

flow behaviour of the gas phase may lead to gas absorption rate predictions
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which differ by a significant order of magnitude. Modeling of both liquid and
gas phase behaviour has been carried out at both laboratory (see Moo Young

and Blanch 1981) and industrial scale (Oosterhuis and Kossen 1983).

The major propriety aeration systems are typified by those of

Vogelbysch, Frings. The basic of the Vogelbusch aeration system is the

development of a special cer ‘}jy
gas and liquid mixture specific’d of 0.3-0.95 at a hydraulic efficiency

of 0.65-0.75, dependiag-tpon 'thefapp%he hydraulic part consists of a

multistage impelle i |

p suitable for pumping homogeneous

: gas separated in the pump is

removed from th ored holes. The gas is rémoved

from the pump mp casing. The rear of the
impeller is equipp i | io Qﬁe. It is in conjunction with a

specific casing cove ‘and . a-throttli in the pressure pipe, ensures

of a controlled part of the waste air. A pressure ine is then used to supply an

‘ fiquid. A tube heat exchanger
is installed in the/pump piSre ine to ren‘u/e the heat involved during

fermentation. The caeration installation involves injection of air into the

o ﬂeu'&tadﬂﬂm‘ﬁp?ﬂ ﬂﬂeﬂaﬁpm air inlet holes.
Q WfﬁT &ﬁuﬁﬁ;@:ﬂﬂﬁ q:ﬁhoﬂﬁﬂ%iéi E}Jlaced at the top

of a ang shaft, the outlet ich is on the level of the surface of the liquid to
be aerated. The air flow is self priming. The air sucked in is finely dispersed,
and a largely homogeneous mixed jet leaves the shaft end. The aerated jet

penetrates nearly to the bottom of the fermentation vessel by virtue of its

energy content..
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An excellent reviews concerning the production of SCP's yeast have
been published recently (Reed 1982). Baker's yeast (S. cerevisiae ) fermen-

tation are carried put under highly aerobic conditions with incremental feeding

; ut 800 Brix with a fermentable sugar
' bout 40° Brix) and clarified for
.‘
using batch fermentatione=

Nitrogen / are _ mmonium sulphate and urea;

phosphorus sources ar

of molasses. Molasses is

concentration of 50-55%:.

¢ acid. Mineral (magnesium

and trace mineral 1in) supplements are added.

When the fermentats ed (yeast solids of the order of 40-60
g/l) the yeast ce_lls are_ca 2} 81 ‘eentrifugation to a yeast cream of 15-

20% solids. The. e filtered Using either a filter press or a
X

rotary vacuum f en extruded and sold as

,l.

s'yeast in blocks in wax paper-or it is crumbled and sold in

bulk. In the productiofisof active dry cﬁ ess cake is extruded in
o o kbl b ] Vi s 1035 v
compared Wl approximately 30 % in com pressed yeast. glt has a longer shelf-

"feﬁﬁ'lﬂﬁﬁﬂﬁm 11kt VIEI’]ﬂ d

compressed baker
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