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ABSTRACT

Saccharomyces boulardii is non-pathogenic probiggast with many health benefits. In the presemkwsiudies
were carried out to improve cell growth kineticspimduce cell mass of this biotherapeutic yeaste@mi-industrial
scale. At first, five different media were screetweselect the most appropriate formula for biomassduction. The
medium which yielded highest cell mass of 2.57*gahd lowest ethanol was selected and further optrhiby
changing the concentrations of each component. dfttienized medium composed of (¢):.LGlucose, 20; Corn
steep liquor, 15; NaN@ 1.0; KHPO, 6.0; MgSQ.7H,0, 3.0; CuSQ@5H,0, 0.002; FeSQ7H,0, 0.001;
ZnSQ.7H,0, 0.01 was then used for yeast biomass produdtiom pilot scale 16-L bioreactor in batch culture
under controlled and uncontrolled pH. The highestimss of 8.2 g £ was achieved in pH controlled culture. This
was almost double of the biomass obtained in sflakk. In conclusion, production process has besretbped for
high cell mass production of the biotherapeuticsge® boulardii in semi-industrial scale.

Key words: Probiotic yeastSaccharomyces boulardiMedium optimization, Semi industrial scale, sirtank
bioreactor

INTRODUCTION

Probiotics are live microorganisms or microbial tabes which are applied to improve the patient'srotial
balance, particularly the environment of the gastestinal tract and the vagina. Therefore, prabitterapy has
been investigated for its effectiveness againstrge of gastrointestinal diseases and disorderdbacame one of
the main components of wellness industries [1&)ccharomyces boulardinon-pathogenic yeast that grows
optimally at body temperature, has been testeditforefficacy in the prevention of antimicrobial esmted
diarrhoea. This yeast is commercially availabléyaphilised cells in capsule form in many countrikdas recently
been used as a dietary supplement in the UnitadsS(Biocodex, Inc.). In Germany, the lyophilizeanfi formula

is under the trade name Perenterol foif€hiemann Arzneimittel, GmbH) and widely used fbe prevention of
traveller diarrhoea. Beside its probiotic propesti®. boulardiiis also applied as biotherapeutic agent and used f
specific therapeutic activity against many diseg8gsThe yeasS. boulardiihave showed efficacy in clinical trials
for the prevention of antimicrobial associated iaea. However, the potential mechanism of actiothie type of
yeast is based on its activity for inhibition ottfpagen attachment in intestine, inhibition of astaf microbial toxin
[4], stimulation of immunoglobulin A [5], and trofztheffects on intestinal mucosa [6]. Thus, cell mmpsoduction of
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this type of yeast as high value biotherapeutidjmtic product was attractive topic for many resbagroups. Like
baker’'s yeastS. boulardiiutilize the carbon source for either cell massloohol production based on the medium
formulation and cultivation conditions. Furthermoeenumber of studies were carried out for therojatation of
Saccharomyces cerevisidBomass production using different media such aspietely defined media, semi-
defined media and complex media in shake flask wsidg different processing parameters in bioreastmh as
dilution rate, pH, nitrogen limitation, concentati of substrate, and dissolve oxygen rate. Diffeitivation
processes in bioreactor such as batch, fed-bateh also being investigated to optimize the biomgesast ofS.
cerevisiaeandS. boulardii[7-12] and also others bacteria probiotic [13-16]the present work, cultivations were
conducted in submerged culture to have better statedting on the growth kinetics of cells for highll anass
production in small scale. Moreover, cultivationsre/ conducted to produce the cell mass in pildedgiareactors
as well. The objective of this research is to sttty development of semi-industrial model for highll mass
production of Saccharomyces boulardfor biotherapeutic and probiotic applications gsidifferent cultivation
media and different processing parameters in budkesflask and bioreactor levels. To achieve theatives, three
scopes have been identified in this study, culiivest of S. boulardiiin shake flask using five different cultivation
media, followed by medium optimization study usidifferent concentration of glucose, corn steep digand
sodium nitrate in shake flask. Finally, studiestoa effect of different processing parameters enpfoduction of
high cell mass 08. boulardiiin bioreactor by batch process. Furthermore, thve foemulation of this medium had
lower cost and thus decrease the overall productisn

EXPERIMENTAL SECTION

Microorganism

The yeast strairBaccharomyces boulardATCC-MYA-796 obtained from American Type Cultureoli@ction
(Manassas, VA, USA) was used in this study. Thigistwas adapted to dryness by successive adaptatshod
[7]. After complete drying of culture, broth mediumas added and the cells grew thereafter were tikefurther
growth on solid medium. This process was repeatedidhes.

Preparation of working cell bank

Cells were grown on YPD agar medium, composed df {lg Glucose, 10.0; Yeast extract, 3.0: Peptone aBd
agar 20.0. After 24 hours of incubation at 37 @& tells were collected by using 50% (v/v) stegilgcerol. The
cell suspension was then transferred to cryovias ifiL each) and stored at -80°C as working caikb&very vial
was used thereafter as starting stage for inocpiwparation.

Growth and production media

For cell propagation on solid medium, yeast-peptiedrose (YPD) medium was used. This medium comghas
(g L'™Y): Glucose, 10; Yeast extract, 3; Peptone, 3 anarA20. The pH was adjusted to 5.5 before stefitina For
biomass production, five different types of brotledia were used in this study (Table 1). For all imedH was
adjusted to 5.5 before sterilization and carbonrcesi were sterilized separately and added to thdiam@ior
inoculation.

Table 1: Different cultivation media used for screaing study

Media Compositions g &£ Reference
Medium 1 | Glucose,15.0; (NE,SQ, 5.0; KHPQ,, 3.0; MgSQ.7H,0O, 1.0; yeast extract, 5.0. [7]
Glucose, 60.0; corn steep liquor, 15.0; NaN@.0; KHPQO, 6.0; MgSQ.7H,0, 3.0; CuS@5H,0, 0.002;
Medium 2 | FeSQ.7H,0, 0.001; ZnSQ7H,0O, 0.01. [9]
Medium 3 | Sucrose, 40.0; (NHLSQy, 7.0; KHPO,, 1.0; what bran extract, 200.0. [11]
Medium 4 | Glucose, 80.0; corn syrup, 80.0; urea, 1.0:R8,, 6.0; MgSQ.7H,0, 1.0; NaNQ, 2.0. [10]
Medium 5 | Lactose, 50.0; yeast extract, 2.0; £, 5.0; (NH),SQ;; 2.0; MgSQ.7H,0, 0.4. [12]

Optimization of cultivation medium for higher cell mass production

The best medium supported cell growth was compo$edany key nutrients. Of these, glucose, corngstiggiors
and sodium nitrates were studied for their effest aell mass production. Different set of experinsemtere
conducted for cultivating cells in different ratiokthese three main nutrients.

Optimization of key nutrients concentrations in Sh&e Flask

The medium 2 was selected to undergo for optimomagirocess. For optimization experiments, the kayients
were being identified and prepared at differentcemtration for three separate experiments. Theeargration of
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each key nutrient was tabulated in Table 2. Gluawase prepared and autoclaved separately and addether
medium components before inoculation.

Table 2: Optimization of Saccharomyces boulardii using three key nutrients (Glucose, Corn Steep Ligpr (CSL), Sodium nitrate) in
different concentration

Nutrient Concentrations (g L™
Glucose 0.0f 10.0 20.0 300 400 50.0 600 70.0 090.0
CSL 0.0| 50| 100 15. 20.p 25/0 30.0 40.0 50.0 0.0
Sodium nitrate| 0.0 1.0 2.0 3. 4p 50 610 1.0 .8.0

Cultivation conditions
For shake flask cultures, 250 ml Erlenmeyer flagkh 50 ml working volume were used. After inocidat, flasks
were incubated on rotary shaker (Innova 4080, Newn8wick, NJ, USA) at 200 rpm and&7for 24 hours.

Bioreactor Cultivation

For bioreactor cultures, cultivations were carred in pilot scale 16-L stirred tank bioreactor feiactors of 8.0 L
working volume (BioEngineering, Wald, Switzerland)gitation was set at 400 RPM and conducted by #vo,
bladded Rushton turbines. Temperature was contral87C during the cultivation time and the DO was adjdst
to 100% saturation at the beginning of cultivatidior all cultures, the pH was initially adjusted %&b after
sterilization and controlled at the same valuedsecof controlled pH cultures by addition of 2.5M®H and 2.5M
HCI. The bioreactor was equipped with pH probe,gexy probe, foam sensor. Sterile antifoam agenukg&tt’ J
633, Schill+Seilacher”Struktol” GmbH, Hamburg, Germy) was used during the cultivation process, ciett by
low speed feeding pump cascaded with the low-foansar.

Analysis

Sample preparation, biomass and ethanol determinatih

Sample in form of 2 flasks of 50 ml fermentatiothreach or 20 ml in case of bioreactor cultivagiarere taken at
different time intervals during cultivation proce$r direct biomass determination, small portidrsample was
directly diluted using distilled water and opticknsity was measured at @pusing spectrophotometer (DR/250,
Hach Co., Loveland, CO, USA). The yeast biomass thas calculated based on previously prepared atdnd
curve, in which one unit of Ofg, was equal to 0.33 g'. Samples were then centrifuged immediately at 50PM

in 50 mL falcon tube. The cell free supernatant tesn used for ethanol determination. Analysis tbherol was
carried out using a GC-FID system-Autosystem XLrkireElmer, Norwalk, CT, USA) equipped with a Betad
120 capillary column (30m, 0.25 mm ID, 0.25uM fithickness, Supelco, Bellefonte, PA, USA). Both ithjector
and detector temperatures were set at 220 °C add@Qrespectively. The GC was equipped with aarirdl air
compressor and hydrogen generator. N2 was usediraigrcgas with pressure control (14 PSI). The mwlu
temperature program was isothermal at 70 °C, tinisgya total run time of 5 min. Furthermore, 1 gample was
injected manually. Syringe was thoroughly washedhwethyl acetate between injections to avoid cross-
contamination. Chromatography software from PeBtimer (Turbochrom 4, ver. 4.1.) was used for dagussition
from the FID.

RESULTS AND DISCUSSION

Effect of different medium composition on cell masand alcohol production

Based on the previous work of other authors onwailon of different types o$accharomycestrain, five different
media were selected to study their suitability $orboulardiibiomass production as described before in maserial
and methods section. As shown in Figure 1 diffeneedia supported cell growth and alcohol productign
different extent. Media 1, 2 and 4 included glucasecarbon source while media 3 and 5 have suarm$éactose
as carbon source, respectively. The highest ceisnaf about 2.57 g twas obtained in medium 2, which
composed of glucose, corn steep liquor, NagN®H,PQ, MgSQ.7H,0, CuSQ.5H,0, FeSQ.7H,O and
ZnSQ,.7H,0, followed by medium 3 which yielded about 1.98 §yeast cell mass. Medium 2 include 60.0Y L
glucose. The higher amount of glucose can suppobitgdbiomass, production of organic acids in sraalbunt and
thus lower the pH as consequently. However, itheen also observed that this medium produce aldaholwer
quantities compared to other cultures (except nediuwhich produce very low cell mass and low aldasowell).
Medium which produced high amount of alcohol isauafrable as this will be on the cost of aerobicsyegowth
and biomass production. In addition, ethanol isvpdoto cause the changes in physiology and in réddance of
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yeast [17]. This resulted in significant reductioh cell growth rate with increasing in ethanol puoton rate
[18,19]. In this screening, medium No. 1 can pradanly 1.6 g [* of cell mass after 24 hours cultivation. The pH
for all media was lower than the initial value ¢4 5.5 due to alcohol production. Based on thesbdsgbiomass
productions, medium 2 was selected for biomassymtozh.
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Fig.1: Cell growth and alcohol production byS. boulardii on different media after 24 h cultivation at 37°C
The data present mean values and standard deviafibmo independent experiments.

Kinetics of cell growth and alcohol production byS. boulardii (before optimized)

For better understanding of the cell growth kiretind alcohol production K. boulardij cells were cultivated in
batch culture in shake flask levels at 37 °C. @edwth, alcohol production and change in culturevpgte followed

every hour. Figure 2 showed the typical growth tio®e of Saccharomyces boulardfor 24 hours cultivation

According to the study of McFarland and Bernas¢®@], this strain of yeast is able to grow welhigh up to 37°C
compared to other strains belongSaccharomyces spho favor lower temperature. As shown in Figured|s

grew exponentially with specific growth rate of #.i* during the first 12 hours cultivation reachingiarbass of
3.25 g L% Cells grew thereafter with very low rate untietend of cultivations. This was due to the cellerd

stationary phase after 12 hours where the cell grovas limited by the concentration of substraté accumulation
of alcohol. Its also worthy to note that, during thictive growth phase (the first 5 hours), the pidutture dropped
gradually reaching 4.0. On the other hand, alcevad accumulated in culture throughout cultivationet and the
maximal alcohol production of about 0.20% was ai®diafter 24 hours. Thus we can conclude thagrteth was

limited after 12 hours cultivations and the restwaitivation time was mainly for alcohol production

Effect of different glucose concentration ors. boulardii biomass production

In this experiment, the effect of glucose conceittraranging from 0.0 t0100.0 g'Lon the growth ofS. blourdii
and alcohol production was investigated. As showifrigure 3, the biomass increased with the incngasf the
initial glucose concentration in culture in thegarbetween 0 and 20 g'LThe maximal value of obtained biomass
was 3.79 g [! when glucose was added to culture medium in cdratéon of 20 g [*. Beyond this concentration,
the biomass decreased slowly with the increaséusbge concentration up to 100 g.LThis showed that after 20 g
L, higher glucose concentrations did not exhibit aignificantly improvement in biomass production ®f

125



Tam S. Chinet al J. Chem. Pharm. Res,, 2015, 7(3):122-132

blourdii. On the other hand, the alcohol production in@dashen the concentration of glucose increased even
under aerobic cultivation condition. High glucosencentration supported ethanol formation, whichidatés
metabolic regulation not only by oxygen, but alsp dlucose through crabtree effect [21]. While thd for
cultivation in different glucose concentration wasa range between pH 4.2 and 4.5. Therefore, wecoaclude
that the best concentration of glucose $orboulardiigrowth and biomass production is 20 §. [The decrease in
biomass production and the increase in ethanolymtazh beyond this concentration was due to thbtoea effect
[22].
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Fig. 2: Cell growth and alcohol production profileof S. boulardii in shake flask culture in medium before optimizatbn
The data present mean values and standard deviafibmo independent experiments

Effect of different concentrations of corn steep tjuor on S. boulardii biomass production

Nitrogen sources are very important chemical comdoin growth medium has great influence on the tyeas
biomass. It have been reported that medium suppitien with nitrogen sources such as ammoniaagiite and
asparagin supports higher biomass production dymast cultivation compared to other sources sgchrea and
proline [23]. In this study it was clear that adlufit of corn steep liquor as nitrogen source to mdpromoted cell
growth of S. boulardii.Corn steep liquor is widely used in fermentatioedimm and not only acts as nitrogen source
but also considered as potential source for grdattors, amino acids and salts [9]. In additiore 0§ low price
substrate such as corn steep liquor helps alsedace the overall production cost espceially irgdascale
production. In this experiment, different concetitnas of corn steep liquor (CSL) ranging from 00060.0 g [*
were studied to determine effects of CSL on callngh and alcohol production. As shown in Figuréh& maximal
biomass production of about 3.6 @ toncomitant with 0.05 % alcohol accumulation wabieved at 15 g t of
CSL. However, increasing the CSL concentration ftir0 to 30.0 g £ was accompanied by an increased in the
production of alcohol from 0.05 up to 0.17% andrdasing cell mass from 3.0 to 2.2 g.Furthermore, it was
observed that the addition of CSL in concentratimre than 30 g T of CSL decreased further the cell mass, of 2.2
to 1.95 g I. The maximal value of alcohol production of 0.188%s obtained in 30.0 gLCSL supplemented
culture. It is also worthy to note that, the pH vawepped from value of 5.5 to about 4.5 for all centration of
CSL. In conclusion, the best concentration supploofeyeast probiotic 06. boulardiiis 15 g L* where the addition
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of CSL at this concentration highly supported hiibmass production and reasonable low alcohol aatation.
Other study by Spigno et al. [24] also reported twain steep can act as buffering agent in thevetilbn medium
and can also increase the biomass yiel&.oferevisiaeln others study done by Kim and his group CSL aia®
supportive organic nitrogen source for cell growfts. cerevesi@UL3 and3-glucan production [25].

6
N

A

N
A~ AN A A A

pH

A

alcohol [%]

3:5 F Tm
3.0} B e B R
2.5}

0 20 40 60 80 100 120

CDW [gL™]
N
o
[ ]

glucose [g L]
Fig. 3: Effect of different glucose concentrationsn the growth of S. boulardii in shake flask cultivation

Effect of different sodium nitrate concentrations

The effect of inorganic nitrogen source on cellvgito and alcohol production b$. blourdii was studied by
supplementing different concentration of sodiunraté to production medium (Figure 5). Sodium néragd
considered as important inorganic nitrogen souscie &as previously reported for its positive roiehe biological
synthesis of single cell protein and invertase ereyproduction during. cerevisiaeultivation process [26,27]. In
this study, it was observed that the addition afism nitrate in concentration of 1.0 ¢ laccompanied by 15.0 g'L
CSL increased the biomass up to 3.51'g The lowest biomass was about 2.81gvthen the cells cultivation in
sodium nitrate free mediurhlowever, the addition of sodium nitrate from 2.0°4to 9.0 g L* did not showed very
significant effects on the biomass growth. In gahefrom the results in figure 5, addition of diffat
concentrations sodium nitrate from 2.0 to 4.0 § dontributed to enhance ethanol production rathan tcell
growth. On the other hand, the highest alcoholgresme reached about 0.15% when sodium nitratetwlag L™.
However, increasing the sodium nitrate concentmaf®0 to 9.0 g L) resulted in significant reduction in alcohol
production from 0.08 to 0.02%. For the pH changeuilture, all the values were almost the same arhé range of
pH 4.2 to pH 4.4. The drop of pH was due to foromatf alcohol and other by-products, such as oogacidby S.
boulardii. From this study it was concluded that the besiceatration of sodium nitrate for yeast biomass
production is 1.0 g &
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Fig. 4: Effect of different corn steep liquor concatrations on the growth of S. boulardii in shake flask cultivation
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Kinetics of cell growth and alcohol production byS. boulardii using optimized medium

For better understanding of the effect of the op#d medium formulation on the biomass productiédnSo
boulardii, batch cultivation was conducted in shake flaslelleAs shown in Figure 6, cells grew exponentially
without significant lag phase and reached bioma®g 3™ after 12 hours cultivation. The biomass kept nrkess
the same at the same level up to 15 hours of thigation and slightly decreased thereafter reaghibout 3.5 g t
at the end of cultivation time. This indicates ttia cells reached the stationary phase after ilsshehich may be
as a result of accumulation of byproducts and/arient(s) limitation. During exponential cell grdwtthe medium
pH decreased gradually and reached its minimalevafuabout 4.2 after 12 hours. After that time, pieremained
the same in the range of 4.2 until the end of watibn. On the other hand, the alcohol accumulateal very slow
rate during the first 12 hours reaching about 0.0%%e alcohol production rate increased graduakydafter and
reached its maximal value of 0.075% after 24 hoBesed on these data, cultivation was conductddih stirred
tank bioreactor using this optimized medium to gttiae scalability and the industrial potential loifstprocess.
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Fig. 6: Kinetics of cell growth, ethanol productionand change in pH for optimized medium in shake flgk

Kinetics of cell growth and alcohol production in boreactor 16-L with controlled pH in submerged culure
Batch cultivation was conducted to have better tstdading on the kinetics growth, alcohol produttiand
dissolve oxygen consumption during cultivation efi€ in semi-industrial scale bioreactor under alled pH. In
this study, cultivation was carried out in 16-L t@actor with final working volume of 8 L in batchogte under
agitation speed of 400 rpm; aeration rate of 1min/ dissolved oxygen was set at 100% saturati@hph 5.5 at
the beginning of the cultivation and maintainedtighout the cultivation time by adding 2.5M of Na@hkd HCI.
As shown in Figure 7, cells &. boulardiigrew exponentially with specific growth rate ofoab 0.14 F. The
maximal cell mass 0f 8.2 g'Llwas achieved after 16 hours and kept more ordesstant for the rest of cultivation
time in the range 8.0 g'L.However, the dissolved oxygen decreased rapidlinduthe first 12 hours and maintain
in the range between 35.4% and 37.5% until 24 holings indirectly indicates the high oxygen uptakethis
culture and active aerobic growth of yeast for tdgmproduction during the first 12 hours. Aftertttime the DO
kept more or less constant as cells entered thierstay phase. During active cell growth phasegladd production
increased gradually in culture until 14 hours. Bfeohol production rate was very slow and reachethgimal of
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only 0.025% at the end of cultivation time. Thisvleoncentration of alcohol production during cuition time
promoted the yeast growth well.
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Fig. 7: Kinetic of cell growth, ethanol productionand change in dissolve oxygen during batch cultivatn of S. boulardii in 16-L stirred
tank bioreactor under controlled pH

Kinetics of cell growth and alcohol production in bBoreactor 16-L with un-controlled pH in submerged
culture

In parallel, cultivation using 16-L stirred tankobéactor was conducted in other bioreactor undesantrolled pH.
The pH was adjusted to 5.5 initially. After thdtetfermentation was followed every hour for 24 hdargeneral,
medium was sterilized in bioreactor at 121 °C férrhin and agitation of 50 rpm, carbon source (gbegovas
sterilize separately and added to the bioreactimréénoculation. Cell dry weight, alcohol produstiand change of
pH during cultivations under uncontrolled batchtigaltion in 16-L stirred tank bioreactor are presenin Figure 8.
As shown, cells oB. boulardiigrew exponentially with specific growth rate ofoab 0.18 F.The maximal cell
growth of S. boulardiiwas about 4.0 gt after 13 hours. This value was almost 50% lesspawed to those
obtained in bioreactor culture of controlled pHisTimay be attributed to the effect of pH in thidtere where lower
pH does not support growth arfd. bourlardii cell mass production. In addition, ethanol conedign in
uncontrolled pH culture reached about 0.05% (wlailthost double of those obtained in controlled pHuza). On
the other hand, the pH of the medium decreasedatiealy reaching a value of about 4.0 during tingt fLO hours.
This is might due to ethanol and acid formation.r@gorted by Muller and his group that the pH af thedium
reduced as function of glucose uptake during thpoeantial phase, which may be attributed to theimcdation of
acids in the cultivation medium [28]. The slight ptdéreased after the active growth phase may dtigetéormation
of ammonia by the free nitrogen from the mediumribyithe early stage of cultivation, the drop in B@s due to
the oxygen consumption of yeast cell during theoexmtial phase of aerobic growth like the sameiamelactor
culture under controlled pH. However, after 12 Isoaultivation, the DO increased gradually in cuétas the
change of oxygen requirements and cells reachedt#ttienary phase. The increase of DO in cultuse aldicates
the less physiological activity during aerobic rolmial growth which was a function of the decrea$eld in
medium as well [17].
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Fig. 8: Kinetic of cell growth, ethanol productionand change in dissolve oxygen and pH during batchuttivation of S. boulardii in 16-L
stirred tank bioreactor under uncontrolled pH condition

Table 3: Medium compositions forS. boulardii biomass production before and after medium optimiation

Medium components Initial medium (g"L Optimized medium (g )
Glucose 60.0 20.0
Corn steep liquor 15.0 15.0
Sodium nitrate 7.0 1.0
Other medium components in both media in & KH,PQ,, 6.0; MgSQ.7H:0, 3.0; CuS@5H,0, 0.002; FeS©7H,0, 0.001; ZnSQ7H;0,
0.01.pH5.5
Table 4: Summary of growth kinetics parameters in Ioth cultivation in Erlenmeyer flask and bioreactor scale under different cultivation
conditions
Parameters _ ' Shake Flgsk ' Bioreactor 16-L
Initial medium | Optimized medium  Uncontrolled pH  Qaniled pH
Xmax (9 L) 3.28 3.93 4.00 8.20
Specific growth rateims (h™) 0.14 0.16 0.14 0.18
Ethanoha, (%) 0.200 0.075 0.050 0.025
Final pH 4.22 4.24 4.40 5.50
CONCLUSION

In the present work new industrial medium formulaaswdeveloped for high cell mass production of
biotherapeutic/probiotic yeaSt boulardii The composition of medium before and after optation was presented
in Table 3. The optimized medium in this work wasnposed of (g L): glucose, 20; corn steep liquor, 15; NajNO
1.0; KH,PQ,, 6.0; MgSQ.7H,0, 3.0; CuSQ@5H,0, 0.002; FeSQ7H,0O, 0.001; ZnSQ7H,0O, 0.01. Furthermore,
cultivations were successfully carried out in pgogle stirred tank reactor in batch culture tadodtigh cell mass
production. As shown in table 4 the highest celssnaf about 8.2 gt was achieved after 16 hours when cells
cultivated in pH stat culture of 5.5 (this valuesaglmost double of those obtained in uncontrollediyporeactor
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cultures). However, the advantage of this new nmadiormula is not only limited to the increase i tyeast cell
mass but also to reduce the medium cost.
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