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RINGKASAN

Satu penapaian cecair pembuangan nenas dengan menggunakan Candida obnsa telah dijalankan.
Di dalam penapaian secara terus menerus, kandungan oksigen dan kadar cairan adalah berubah, mana-
kala kepekatan COD, kadar pengacauan dan suhu penapaian tersebut adalah tetap. Dengan kepekatan
COD lebih kurang 90 g/t di dalam cecair nenas yang dimasukkan ke dalam penapaian tersebut, adalah
didapati bahawa kadar oksigen yang diberi tidak mencukupi. Daya pertumbuhan ragi dan penggunaan
bahan-bahan organan yang ada di dalam cecair tersebut tidak memuaskan. Kepekatan ragi di dalam
cecair yang ditapai boleh ditambah apabila kadar pembekalan angin ditambah. Dengan menggunakan
kadar cairan yang tinggi, kepekatan ragi dan COD di dalam cecair penapaian adalah masing-masing
berkuransan dan bertambah.

INTRODUCTION

The utilisation of and research on
liquid pineapple waste are being neglected
considerably although the solid waste is
being utilised locally as animal feed. The
ensiled form and the dried waste are
produced to meet the local demand. In both
these processes, the bulk of the liquid waste
is discarded so that efficient ensiling and
cheap drying processes of the waste can be
achieved.

Liquid pineapple waste can be used as
the base for fermentation such as the growth
medium for the production of single celi
protein. Its physical characteristics as a liquid
ease aerating and mixing, which are the
exclusion of the pulp (solid portion), which is
living tissue which consumes oxygen, the
redox potential ofthe juice can be increased
favouring the growth of aerobic organisms.

Pineapple juice has pH between 3 and
4, seldom exceeding 5. This poses an extreme

condition for the growth of most micro-
organisms and excludes most bacteria
(TRessI-En and Josr-yl, 1961). Very little
variation in pH exists due to the activity of
microorganisms with its buffering power
(TRessr-pn and Josr-yN, 1961).

Liquid pineapple waste has a high car-
bohydrate content of about 14 mg/100 g. The
sugars are easily metablised and most
bacteria, with the exception of the acid-
resistant ones, such as lactic acid bacteria,
are net able to grow in it due to the presence
of organic acids, namely citric and malic acid.
However, these acids make good substrates
for the growth of yeasts and moulds. Their
nitrogen content, mainly as amino acids, is
easily metablished by microorganisms. It has
ample amount of vitamins which proved to
be sufficient for the growth of yeasts
(TnrssI-En and JosLyN, 1961). Minerals are
also present in sufficient amount. Liquid
pineapple waste is therefore regarded as a
good growth medium for yeasts.
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TABLE 1: AVERAGE MONTHLY
THE PRODUCTION OF

AVAILABILITY OF PRESSED JUICE DURING
PINEAPPLE BRAN (METRIC TON)*

i\4onth Amount of
Waste

Pressed
Juice

Bran
Production

January

February

Marcl.t

April

Ma.u

June

July

August

September

October

November

December

5 , 4 1 8

4  8 r g

s,830

6,418
6.478

3 , 7 1 0

4,947
a  A - ^

2,708

4 , 1 8 1

5,241

1  7nq

)  4 1 5

?  q l q

?  r ? q

.  A -  A

t , 1 3 7
I  i a 4

2,091
)  6 1  1

1  7 a O

314.59

330 .30

398.77

443.09

443.09

l > 5 _ / 6

J J 6 . . J  i

_ 5  |  . O Z

185 .23

28s.98

3 5 8.48

.382.69

Total 58.889 )q 44'7 4.02 r - .91

*  Data obtained f rom Syed Hassan Yahaya (Prs.  Coman)

Culturing yeast in liquid pineapple
waste is comparatively new particularly with
respect to the continuous culture. Through
an aerobic conversion of the l iquid waste into
high protein microbial mass it is hoped that
the l iquid waste wil l be fully uti l ised, con-
comitantly solving the effluent discharge
problem.

The present paper attempts to investi-
gate the growth characteristics of Candidu
obtusa in the l iquid pineapple waste. Both
batch and continuous culture of the yeast are
carried out and a cornparison is made
between the actual and theoretical results so
that the flaws in the fermentation process can
be highlighted.

Theory of Growth

Since the 1950's where MoNoD (19,19)
first enunciated his famous model relating
the growth of microorganisms and the con-
cenlration of the growth-limiting substrate.
an extensive l iterature on the theorv of

microorganism growth is available. Flowever
in l iquid pineapple waste, the growth-
limiting substrate is diff icult to measure. The
concentration of the organic matter
measured as COD is and can be used for this
purpose (Gneov eta l . ,  l9 ' /2 :OrveNs,  1975).

The growth of 1,east in batch culture
undergoes a sequential change. lag. expo-
nential and stationarv phases. During the
exponential growth. the culture doubles at a
re lat ive lv  constant  rate.  I f  the in i t ia l  concen-
t rat ion of  the organism is  x .  then:

d x  u d t
Y

( ) r  x  =  
"u tX-

( t

The doubling time can be derived from
Eouaticln 2. Thus

. ,  3*  -  l n 2i d -  
r t
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or  q r :
dt

MONOD observed that the rate of
growth of microorganism is proportional to
the rate of consumption of the substrate, that
is :

1' : weight of organism formed

weisht of substrate consumed

-Y . . . . . . . . . . 4

In the integrated form,

x : Y ( t . - r )

In a continuous fermentation, the
culture is growing exponentially due to the
addition of fresh medium sufficient to main-
tain the culture population at a fixed sub-
maximal value. The volume of the culture is
kept constant by continuously withdrawing
the culture liquid at the same rate as the input
fresh medium.

The net change in the concentration of
yeast with time is determined by the relative
rates of growth and that taken in and out
from the culture. If it is assumed that the
reaction of cell synthesis is of the first order
and that the rate of flow of medium through
the vessels each having the same volume V as
F, then the biomass balance in a series of n
vessels would be:

d"n
V - :  V u n x n  *  F x n -  1  -  F x 1 . . . . 5

dt

For a single vessel,

d x  : u x - D x
dt

Fresh substrate at a concentration s,
enters the vessel and emerges in the overflow
at a concentration s. The difference is con-
sumed by the organism. Assuming that the
net change in substrate concentration
through the growth vessel is the difference
between the input substrate concentration
and the amount of the substrate consumed by
the organism, the relationship can be
written:

: D s r - D s - ux

When D and sr are constant and the system is

at steady-state. that is ds : 0 and u : D. from
Equation 7, dt

i  : Y ( s r - s )

The output DF and the
tinuous culture system
from Equation 8.

yield from a con-
can be computed

MATERIALS AND METHODS

Apparatus

The apparatus used was an integrated
pilot plant fermenter which was small
enough to be autoclaved. The fermenter
assembly did not provide accessories for con-
tinuous culture. Additional features such as
stock culture tank, liquid flow metering
device, metering feed pump and overflow jar
was provided for the purpose. A schemetic
diagram of the fermentation process flow is
given in Figure l.

The fermenter jar F which was made of
Pyrex glass had a capacity of l4 litres. It was
detachable and can be sterilised in the auto-
clave. Agitation was provided by a pair of
four-bladed impellers. Aeration was
provided by an Ingersoll-Rand air com-
pressor. The air, before entering the culture
vessel, passed through the air fi lter which
was packed with glass wool to ensure the
removal of microorganism and microscopic
particles. A rotameter was used to adjust the

ds
d;

Y
ds
dt

a s x n - l : O a n d F  =
V

At steady-state, dx :
dt

organism will be I
D

D

O , t h u s u : D o f t h e
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air flow rate. The temperature of the culture
was regulated by means of a water bath

whose temperature
controlled.

was thermostatically

NHs Sol./Antifoanr

Sample

Figure 1: Fermentstion process flow diagram, A, stock
C, medium flow meter device; D, value, metering pump;

water bath); G, overflow ior; H, air fiher.

Effluent gas

culture tank; B, bottle jar;
F, fermenter jar (in
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A continuous and constant flow of
liquid medium was achieved by a metering
pump E whose output can be adjusted
manually. The required input liquid flow was
obtained and checked by the medium flow
meter device C. The exit of the culture liquid
was achieved by introducing a small stainless
steel tubing whose internal diameter was 0.5
cm. The tip of the tube touched the surface of
the culture liquid in the fermenter. It was
secured to the cover plate with its jutting and
joined to a rubber tubing leading to the
collecting jar G. The liquid flowed to the jar
because of the slight pressure in the
fermenter vessel caused by gas entrainment.
The stock liquid was stored in the storage
tank A which was made of stainless steel.

Operation

The fermenter jar containing 10 litres
of culture liquid, .with all the accessories
attached, together with the air filter were
autoclaved under a pressure of 15 psig. for 20
min. The connections and tubings, the stock
culture tank, the bottle jar and the medium
flowmeter device were cleaned and wiped
with 85% alcohol after which they were
assembled asseptically as indicated by Figure
1. The culture vessel was then inoculated
with 0.6 I of a shake-flask culture of Candida
obtusa grown on the same medium. Growth
was allowed to proceed batchwise under the
required aeration rate. Agitation was fixed at
400 rpm.

The stock culture liquid was sterilised
separately under 15 psig. for 20 min. and
poured aseptically into the stock culture tank
until sufficient amount for the continuous
culture was obtained.

The batch fermentation was allowed to
proceed until exponential growth was
obtained. When the growth has reached
about 807o of the peak, medium flow
through the culture vessel was then started at
a selected value. The formation of broth was
prevented by the addition of Silicone anti-
foaming agent (15% w/w). The temperature
of the culture liquid was kept constant at
29"C + fC.

Sampling and Analysis

During the batch growth, hourly
samples were taken for the increase in sus-
pended solids content and the reduction of
COD. At the steady-state conditions in the
continuous culture, samples at two-hourly
intervals were taken. Regular samples were
also taken from the stock culture tank. The
suspended solids and the COD contents were
analysed from the two sources.

Gas analysis will not be discussed here.
COD analysis was carried out on filtered
samples according to the Standard Methods
for the Examination of Water and Waste
Waster (Tanas, et al.,). The measurement
of the suspended solids which was used to
indicate the yeast concentration, was carried
out using GF/C glass microfibre paper
(Whatman 6539).

Liquid Culture Preparation and Organism

No elaborate preparation of the culture
medium was carried out. The COD concen-
tration was kept constant at 90.93 g/1. How-
ever, after batch sterilisation, it fluctuated by
a factor of + 7.88 g/1. The pH was adjusted
to 5 with l0% w lw ammonia solution.

The organism, Candida obtusa was
isolated from pineapple waste. It was iden-
tified by the Microbiology Section of the
Food Technology Division, MARDI. Stor-
age of the culture was carried out by growing
it in slants of malt extract asar (Difco
Laboratories).

RESULTS AND DISCUSSION

Batch Growth

The growth characteristics of Candida
obtusa is shown in Figure 2. The best straight
line as obtained from the figure was fitted by
the method of least squares. It can be seen
from this plot that the stationary phase set in
after about 15 hours of fermentation
following a variable exponential growth. The
aeration rate for this growth was at 15 l/m.
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Figure 2: Growth o.f Csndida ohtusa in a batch culture.
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Under the exponential growth condi-
tion, the yeast was growing most of the time
in high substrate concentration having COD
values from 82.02 g/l to about 22.47 gll.
Hence the maximum growth rate can be
estimated from the slope of the straight line
shown in the figure. The value of the
maximum growth rate was found to be 0.57
hr-1. The doubling time, obtained from the
relationship given in Equation 3 is approxi-
mately 1.2 hours. The yield constant was
about0.27 gdryweight of yeast pergof COD
utilised.

Ihe liquid pineapple waste used for the
batch fermentation was not pretreated or
added with nutrients except that the pH was
adjusted to 5 with ammonia solution. Not-
withstanding the above fact, the growth rate,
the doubling time and the yield can be con-

sidered as reasonably good reaching a value
of  about  0.57 hr-1,  1.2 hr  and 0.27 respec-
tively. The possibility to improve the above
figures are promising if the preparation of
the l iquid medium can be improved. The
nitrogen and phosphorus concentrations of
the l iquid waste can be modified to enhance
the growth of the yeast (LoReNx. 1968).
Similarly the yield and output and the
effluent quality of the fermentation can be
further improved through a better sample
preparation such as getting an optimum sub-
strate or COD concentration of the culture
medium.

From Figure -1, the specitic rate of suh-
strate utilisation by Candida ol)tusa is rea-
sonably low.  about  0.02.1 hr-  I .  The in i t io l
COD concentration during fermentaticln was
82"02 Sll. The aeration rate was 15 l im. the k

cu

K

R l  a  o ' l- - ' -  
- !  

-

0.023 l i r - r

1 . 0

0 . 8

T ime  (h r . )

Figure 3: Specific rote of COD utilisation b.r'Csndida ohtusa. C = COD con(entvoti()rr at :intl
C,, = initiql COD cr,ntcentation.
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value was obtained by plotting the natural
log of the ratio between the COD concen-
tration during fermentation C and the initial
COD concentration Co against time. To
achieve a higher k value for a COD concen-
tration of 82.02 g/1, vigorous aeration is
needed. With the present aeration rate,
higher k values would be able to be obtained
if the substrate concentration is lower. An
optimum COD concentration of the culture
medium is necessary so that a high yeast yield
and therefore the output of the fermentation
can be achieved.

Continuous Culture

From the continuous culture trials,
only the effects of aeration and dilution rates
on the growth of Candida obtusa were inves-
tigated. Each trial consisted one of twelve
different treatment combinations, namely
three aeration rates of 5, 10 and 15 l/m and
four dilution rates of 0.03. 0.06. 0.1 and 0.2
hr- 1. The fixed variables throughout the
tests were the influent COD at 90.93 + 7.38

gll and agitation rpm, which was fixed at 400
rpm.

The purity of the culture during the
continuous fermentation runs was monitored
manually at random intervals by means of
microscopic examination of the medium.
Nutrition involving a large number of
organisms was assumed to be non-existent,
as the yeast was isolated from the same liquid
pineapple waste.

Quantitative Relationship

Table 2 shows the quantitative data on
the growth for the continuous culture of
Candida obtusa in liquid pineapple waste.
The concentration of the yeast was measured
during steady-state conditions. The output
was the product of the dilution rate and the
steady-state yeast concentration. Under
different aeration rates and at one particular
value of dilution rate, the yeast concentra-
tion was found to be higher at a higher
aeration rate. Similarly with the output, the

TABLE 2: QUANTITATIVE DATA FOR. THE CONTINUOUS CULTURE OF
CA]VDIDA OBTUSA IN LIQUID PINEAPPLE WASTE

Aeration
rate

(1/m)

Dilution
rate D
(ha ' )

COD
utilised
(S  S)

(e/l)

Output
of

yeast
(g/1-hr)

Yield
constant
g yeast/g
COD used

Yeast concentration
(g dry wt./ l)

Actual Calculated

1 0

0.03

0.06

0 . 1 0

0.20

0.03

0.06

0 . 1 0

0.20

0.03

0.06

0 . 1 0

0.20

35.57

24.3s

1 3 . 9 0

42.91

l + - L J

31 .05

50.59

46.88

.!-o.zo

9.83

6.08

s . 2 5

2.35

r t .23

5.28

J . ) O

2.05

1 5 . 1 4

t 2 . t 3

5 . 5 1

2.22

9.60

6 . 5 8

3.80

1 1 . 6 0

6.54

8.3  8

I  J . O b

I  Z . O O

7.09

0.25

0.31

0.52

0.47

0.29

0.30

0.36

0.43

0.52

0.74

0.5  5

u . )  L

0.28

0.25

0.38

0.07

0.26

0.22

0 . 1 1

0.28

0.30

0.26

0 . 2 r

U , J J

l 5
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amount of COD utilised was increased with
the rate of aeration.

It was noted from the data that with a
COD concentration of 90.93 g/1, the amount
of air supplied was still limiting. The yeast
concentration can be increased with aeration
rate. The main reason for this particular
characteristic was because the amount of bio-
degradable organic substances in the culture
medium was too high. Oxygen supplied was
therefore inadequate to oxidise the organic
substances during their metabolism in the
yeast cells. An optimum COD concentration
is therefore necessary for such a process so
that with a limited amount of aeration
sufficient amount of oxygen is available to
the growing yeast to completely degrade the
biodegradable organic substances.

The yield constant as shown in Figure 4
was measured by dividing the steady-state
yeast concentration (dry weight) against the
amount of COD. The values were found to
be inconsistent. As the influent COD con-
centration varied with different trials by a
factor of + 7.88 gll, the steady-state COD
concentration was therefore different.

Under the same aeration and dilution rate. a
larger amount of COD would be reduced by
the growing yeast if the influent COD con-
centration was lower. This was because the
specific rate of COD utilisation k would be
higher as discussed earlier.

Steady-state Yeast Concentration

Steady-state conditions could be
generally obtained after about 24 hours of
continuous culture. Over the range of the
medium flow rates studied, 0.2 to 2llhr as
shown in Figure 5, which corresponds to
hydraulic residence time of 46 to 5 hours, the
culture was self adjusting, that is the concen-
tration of the yeast moved towards a steady-
state value when a new medium flow rate was
imposed.

For the case of 15 l/m aeration which is
shown in Figure 5, the average steady-state
yeast concentration at a hydraulic residence
time of about 46 hours, was found to be
about 15 g dry weight per litre of culture.
Reducing the residence time to about 5
hours, the average was about 2 g dry weight
of yeast per litre.

6 0.4

0.03 0.06  0 .10

- 1

Dilution rate, hr

Figure 4: Yield in q continuous culture; aeration rate = l5 llm.
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Figure 5 shows the deviation in steady-
state veast concentration. The measurement
of the yeast concentration was done at
irregular intervals over a period of more than
24 hours after steady-state conditions were
achieved. Extra caution was needed for the
sampling of the culture l iquid for analysing
the yeast concentration. If the sampling was
to be done near the wall of the fermenter jar,
there was a tendency for the yeast adhering
to the fermenter jar wall to be sampled at the

same time. This to a certain extent would
give an inflated result on the yeast
concentrat ion.

Refering to Figure 5, the 95fi con-
fidence limits are higher for the low medium
flow rates. fhe l imits of the confidence
interval (95rL) for the flow rate of 0.-55 l/hr
were 12.27 + l.4l gll, at a rnedium flow rate
o f0 .30  l / h r ,  t he  l im i t swere  15 .14  +  1 .10e /1 .

t 1

l 5

Florv rate 0.91 l /hr

5  1 0  1 5  2 0  l 5  3 0
Tirne i iuring stt 'ady-state condition (hr)

Figure 5. Steatltt'stqte reilst conL'etttrotiotl at diJferent mediunt flov, rates air flov; rate: l5 tlm.
The contintutus lines are the lirtes of best fit. The dotted lines are the

9 5ol confidence littits.

16
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TABLE 3: EXPERIMENTAL AND CALCULATED STEADY.STATE
YEAST CONCENTRATION

Aeration
rate
(1/m)

Dilution
rate

(h . ' )

Steady-state yeast concentration (g/1)

Experimental Calculated

1 0

t )

0.03

0.06

0 . 1 0

0.03
0.06

0 . 1 0

0.03

0.06

0 . 1 0

9.83

6.08

5.28

11.23

5 . 2 8

3 . 5 6

r 5 . 1 4

t 2 . 2 1

5 . 5 1

9.96

6.82

3.89

12.O3

6. '78

8.69
I  A  1 -
I  a . l  /

i 3 , 1 3

1.35

Table 3 shows a comparison between
the steady-state yeast concentration
obtained both experimentally and theore-
tically. The calculated yeast concentration
was obtained by using the relationship given
by Equation 8. The necessary data for the
calculation was obtained from the con-
tinuous fermentation trials, for example the
yield constant Y which was 0.28 was obtainecl
by averaging the yield of the trials whose
aeration rate was 15 l/m as shown in Table 2.
It is also shown in Figure 4. The amount of
COD reduced, that is the difference between
the influent and effluent COD was obtained
from Table 2. The experimental steadr'-state
yeast concentrations as shown in 7-able -l
were the average values of each trial. It was
noted that, the calculated results agreed to a
certain extent with those obtained experi-
mentally" However, for the trial whose
aeration and dilution rate were 10 l im and
0.10 hr*l respectively, it was found that the
calculated result was very much larger than
that obtained experimentally. The experi-
mental yeast concentration for this particular
trial was supposed to be accurate because the

veast concentration obtained from each
particular sarnple did not deviate very much
from the mean whose value is 3.56 g/1. The
analysis of the influent COD might have
given an inflated result than what it should

be, thus giving a high calculated stead,v--state
yeast concentratron.

Steady'-state COD Concentration

The steady'-state COD concentration
as shown in 

'fahle 
4 increases with dilution

rate. lts relationship can be readily obtained
from Equation 8 after knowing the experi-
mentaiiy obtained steady-state veast concen-
tration. the intluent COD concentration and
the y ie ld constant  Y.  The calculated resul ts
are shown in'l-able./. Comparin_e the experi-
menta l  and the calculated COD concentra-
tion. it was found that the calculated results
gave a comparable value.

By increasing .the dilution rate, the
calculated COD concentration increased
accordingly as opposed to some of the
experimentally obtained results. This
explains why the experimental COD concen-
tration did not tbllow the trend as that
obtained theoretically. The influent COD
concentration deviated from the mean value
by a factor of t, 7.88 g/1. The calculated
results were obtained from a constant
influent COD concentration of 90.93 g/1.
which was the mean of the COD concentra-
tions for the entire runs.
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TABLE 4: STEADY-STATE COD CONCENTRATIONS AT DIFFERENT
DILUTIONS AND AIR FLOW RATES

Air flow
rale

(1/m)

Dlution
rate
(h . ' )

Steady-state COD concentration (g/1)

Experimental Calculated*

1 0

1 5

0.03

0.06

0 . 1 0

0.03

0.06

0 . 1 0

0.03

0.06

0.10

45.04

72.57

66.66

)  l . +3

11.86

64.05

29.69

s0.88

69.r2

)  ) . 6 2

69.22

72.07

50.82

72.07

78.22

36.86

+  I  . 5 2

1 t  . 2 5

* The calculated steady-state COD concentration was obtained by using the mean influent of 90.93 g/1.

CONCLUSION

The yeast, which was isolated and
cultured in the liquid waste was found to be
quite satisfactory with respect to its growth
and oxygen demand reduction. Considering
that the l iquid waste was not enriched by the
addition of nutrients such as sources of
nitrogen or phosphorus, which are con-
sidered essential for the production of single
cell protein, it was still possible to give an
output of about 0.7 g dry weight of yeast per
hour for every litre of medium containing
about 90 g/l of COD_. The specific growth
rate of about 0.57 hr-', although considered
low for most practical purposes like the pro-
duction of biomass, is quite satisfactory not-
withstanding the fact that the preparation of
the culture medium was quite inadequate
nutritionally. The yields from batch and con-
tinuous cultures are almost the same. The
yeast concentration in the culture can be
maintained at a high value, provided the
supply of oxygen is not limited.

With respect to oxygen demand reduc-
tion, the process was capable of reducing it
by about 48ri. The average conversion
factor was considered low and seldom

exceeded 0.2 g yeast (dry weight) for every
gram of COD.

Liquid pineapple waste can be treated
by a continuous fermentation process. For
most practical purposes, it is sufficient to
measure the COD as the substrate concen-
tration and treat it as the growth-limiting
substrate.

In the study, there are few inade-
quacies that need to be rectified. A more
concerted effort should be done in preparing
the liquid culture medium with respect to its
COD concentration and the nutrient com-
position. These factors help to increase the
growth rate and the yield and reduce the
doubling time to less than one hour. With a
lower COD concentration in the influent
culture, the volume of air supplied can be
reduced without sacrificing the yield and at
the same time, efficient utilisation of the sub-
strate can be achieved by increasing the value
of the specific rate of substrate utilisation.

A more constant influent COD concen-
tration is necessary for the continuous
culture process. This fact can be clearly seen
from the results obtained for the experi-
mental and calculated steady-state COD
concentrations. Interpretation of results can
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be easily done and understood if the influent
COD concentration for all the trials are
constant.
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SUMMARY

An aerobic fermentation of liquid pineapple waste using Candida obtusa as the growing organism
was carried out. In the continuous culture, aeration and dilution rates were varied. The COD concentra-
tion, agitation rate and culturing temperature were kept constant. With a COD concentration of about 90
g/l in the influent liquid, it was found that the amount of air supplied was still limiting. Low growth rates
and inefficient utilisation of the organic substances present in the liquid waste was thus obtained. The
yeast concentration could be increased with aeration rate. With a higher dilution rate, the yeast concentra-
tion decreased while the COD concentration increased. The calculated results for these two variables save
a more favourable values.
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NOMENCLATURE

dilution rate (hr-1)

change in substrate concentration
change in time
change in yeast concentration
exponential
medium flow rate (l/hr)

specific rate of substrate utilisa-
tion (hr-')

number of culture vessels
COD concentration (g/l)
steady-state COD concentration
Gttl
fresh/influent COD concentra-
tion (g/l)
time (sec., hr.)
doubling time (hr.)
specific growth rate (hr- l)

yeast concentration (g/l)

steady-state yeast concentration
(gt)
culture volume (1)
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