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Abstract

Possible yeast strains that could be used as feed for aquaculture were studied. It was shown that the maximum

specific growth rate and the biomass yield of Kiuyveromyces fragilis yeast and Candida ulilis yeast under optimum

pH and temperature were much higher than those of Saccharomyces cevevisiae yeast which had been as established

yeast diet for rotifer culture. Hence, this work was focussed on the growth characteristics of the two yeasts through

flask cultures for mass production.

With 5% inoculum dosage, the best values of pmax and ODna. were obtained with on 2.5% fructose medium and

2% YE medium for K. fragilis and C. utilis, respectively, where the values of [nax and ODn.x were found to be 0.73
hr™* and 3.00 for K fragilis and 0.59 hr™ ' and 2.80 for C. utilis. It was also found that the lag phase of the growth

incresed with increasing initial zinc and NaCl concentrations and decreased with increasing inoculum dosage. Both

yeasts could survive relatively well at 3.5% NaCl concentration, and only C. ufilis yeast could utilize zinc.

Introduction

Providing with large volumes of quality microalgae as
live feed in seedling productions of marine animals is
very important, since they have been used as an essen-
tial food for the larval stages of fish and organisms of
shellfish”’. However, intensive culture and harvesting of
unicellular algae is expensive and labor intensive. Thus,
replacement of algae with cheap alternative foods would
significantly reduce operating costs of aquaculture hat-
cheries.

Yeasts have been considered as an algal substitute for
several species of filter-feeders such as rotifers® %', Arte-

mia®™® and bivalve molluscs”™® because of their small
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particle size, high protein content as single cell proteins
and relatively low production costs. In this respect, ba-
ker’s yeast (Saccharomyces cerevisiae), especially enriched
with fish oil (w—3 yeast), has been used widely for ro-
tifer culture as a substitute of Chlorella so far. Single cell
proteins have been also suggested for use as a potential
primary source of nitrogen in fish feeds”. S. cerevisiae
has been sometimes used in fish feeds at levels near 5%
of the diet and has been regarded as a source of stable
and readily available B vitamines®®’.

It is becoming increasingly evident that the develop-
ment of low-cost, high-quality protein feedstuffs is criti-
cal for the future success of the aquaculture industry’®.

For feeds of fish and bivalves, there have been, howe-
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ver, only few reported studies on the nutritional value
of yeasts other than baker's yeast™2 ¥, Thus, develo-
ping new yeast strains as feed in aquaculture has been
presented in this work.

Materials and Methods

Microorganisms

Cultures of Saccharomyces cerevisiee DBY747 (supplied
from Cell & Molecular Biology Lab., Seoul National Uni-
versity), Kluyveromyces fragilis (ATCC 36534) and Ca-
ndida utilis (ATCC 9950) used in this study were mai-
ntained on YEPD agar slants which contained : dext-
rose, 2% s yeast extract, 0.5% ; peptone, 2% ;and
agar, 2%. The yeast cells were grown aerobically in
shaken tubes at 30C using a rotary shaker at 180 rpm,
and harvested at the late-log phase. The 2% (v/v) of
tube cultures were aseptically inoculated into the flasks.
The yeast cultures were regularly checked under micros-
cope in order to eliminate any possibility of contaminat-

ion.

Medium Composition

To obtain optimum composition of the medium for
each yeast cell, the following media were used : 1) Th-
ree YE media (various concentrations of dextrose, 1%,
2%, and 3% with yeast extract, 0.5%), 2) Four fruc-
tose media (various concentrations of fructose, 1%, 2
%, 2.5%, and 3% with yeast extract, 0.5%), and 3)
Two complex media (two different concentrations of
dextrose, 1% and 2% with K;HPO,, 2.8mM ; KH,PO..
12.8mM ; NH4Cl, 75mM : Na,S0,, 11.5mM ; MgCla,
125mM ; citric acid, 1.0mM ; and biotin, 4pg/L). The
initial pH of each medium was adjusted to 4.5 with
HCL

Analyses

Samples from the flask cultures were analyzed for the
concentration of yeasts. The cell concentration was
measured spectrophotometrically at a 620 nm wavele-
ngth using 752 UV Grating Spectrophotometer. Samples
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of three yeasts were diluted in order to confine the ab-
sorbance readings to the range 0.1 0.7 optical densities
(OD), as required by the Lambert-Beer law. To relate
the measured OD to the dry-weight yeast concentrations
(DCW), several samples of the three yeasts were taken
at different times over the course of flask cultures. For
the measurement of the dry weight of yeast cells, the
washed solids after centrifuged twice at 5,000 rpm for
10 min were transferred into an aluminium dish and
dried overnight at 100T. The resulting graphs are
shown in Fig. 1. The maximum specific growth rate,
Hmax, Was calculated from the slope on a semi-log graph
of OD vs. cultivation time. All the measurements were

performed in triplicates.

Results and Discussion

It has been known that yeasts may cause a variety
of diseases of the skin (dermatomycoses), systematic
mycoses, otomycoses, onychomycoses, etc. mostly by
species of Candida, Cryptococcus, Torulopsis, Trichosporon,

15)

and Pityrosporum Therefore, possible strains as a

yeast diet were selected by paper research preliminarily.

Possible Yeast Strains

K. fragilis has been used for several years for the pro-
duction of single cell protein from whey and it has been
one of the few microorganisms classified as GRAS (Ge-
nerally Recognized As Safe for human consumption)®®.
K. fragilis yeast has been also investigated to develop al-
ternative sources of dietary protein in human nutrition
7, As a food additive, C. ufilis yeast has found to have
relatively high concentration of essential amino acids in
the yeast protein'®.

Since both yeasts were not pathogenic definitely, their
values of Umx and the maximum optical density (OD-
mex) Under optimum temperature and pH were compa-
red to those of S. cerevisige yeast that had been an esta-
blished yeast diet for rotifer culture. The results obtai-
ned through flask cultures are shown in Table 1,
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Table 1. The values of the maximum specific growth rate (yin.) and the maximum optical density (OD,..) for three

yeasts
Species K. fragilis C. utilis S. cerevisiae
Conditions Pmax Chr™1) ODrnax Umax Chr?) OD e i Chr ™) ODpax
Temp. 25 0.32+0.01 3.70£0.04 0.26+0.01 2.50+001 0.20+0.03 1.90+0.12
) 30 0.54+0.01 3.70+003 0454005 2.70+0.01 027+0.04 1.80+0.05
37 0.58+0.01 3.70+0.05 0.39+0.01 2.70£004 0.12x010 1.55+0.14
4 0.51+0.01 3.70+0.02 0.51+0.01 2.60+0.07 0.13+0.02 1.70+0.07
oH 4.5 0.49+0.01 3.80+0.03 0.44+0.07 270+0.04 0.15+001 2.00+ 0.06
5 0.58+0.01 3.70+£0.08 0.58+1.01 2.70+0.08 0.13+0.01 1.75+0.01
6 0.53+0.01 3.70+£0.08 0.38+0.05 2.60+0.05 0.13+£0.02 1.65+0.10
Table 2. The values of pmax and ODp.y on various media
Species K. fragilis C. utilis
Medium UmaeChr ™) ODpax MmaxChr ™) ODrax
1% dextrose 0.61+0.01 2.80+0.06 0.57+0.02 2.50+0.01
Y].E 2% dextrose 0.68+ 0.05 2.70+0.07 0.59+0.04 2.80+£0.15
medium 3% dextrose 0.70+0.05 2.90+0.02 0.53+0.05 2.80+0.10
1% fructose 0.60+ 0.05 2.90+0.01 n.e. n.e.
Fructose 2% fructose 0.67+ 0.06 2.80+£0.05 0.47+0.03 2.29+£0.11
medium 2.5% fructose 0.73£0.01 3.00+£0.05 n.e. n.e.
3% fructose 0.55+0.08 3.00+0.10 0.48+0.03 2.20+0.10
Complex 1% dextrose n.e. n.e. 0.51+0.05 2.30+0.10
medium 2% dextrose n.e. n.e. 0.39+0.04 2.20+0.04

* n.e. ' not experimented

where ODp.x implies the maximum biomass since values
of OD were found to relate to those of DCW as seen
in Fig. 1. From the table, the optimum conditions of
yeast cultures were obtained ; that were 37C and pH
5 for K fragilis, 30C and pH 5 for C. utilis, and 30C
and pH 4.5 for S. cerevisiae, respectively. At the opti-
mum conditions, the values of (. and ODy., of K. fra-
gilis and C. ubilis were much higher than those of S. ce-
revisige. This fact means that the two yeasts have the
advantage of mass production over S. cerevisiae yeast
because they grow faster and produce more single cell
proteins than S. cerevisige yeast does. From the results,

K. fragilis yeast and C. utilis yeast were considered to

be possible strains as feed in aquaculture, and the gro-
wth characteristics of them were mainly focussed in this

study.

Growth Characteristics

The growth characteristics of the two yeasts, K fragi-
Iis and C. utilis, were investigated in order to obtain the
best conditions of cultivation for mass culture. For this
purpose, flask cultures were executed at optimum tem-
perature and pH that had been already obtained.

1. Optimum composition of the medium

In general, YE medium has been used for the cuitiva-
tion of yeasts, but nine media including YE medium
were tested for the best growth of the two yeasts in this
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study, and the results were tabulated in Table 2. The
best growth were obtained on 2.5%-fructose medium
for K. fragilis yeast and on 2%-YE medium for C. utilis
yeast, respectively. These results are in agreement with

1.1 and Fournier ¢t al.

the reports of Cruz-Guerrero ¢t a
% The values of fima and ODpsx were found to be 0.73
hr! and 3.00 for K fragilis and 0.59 hr ' and 2.80

for C. utilis, respectively.
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Fig. 1. Calibration curves of optical density vs. dry cell
weight

2. Effect of inoculum dosage

The inoculum dosages of 1, 2, 3, 5, and 10% (v/v)
were tested to investigate its effect on the growth of
each yeast. Increasing the inoculum dosage decreased
the length of the lag phase for both yeasts as shown in
Table 3. This means that it needs time to adapt in order
to produce enzymes to allow its metabolisation when
the cell is confronted with a new environment. In Fig.
2, the effect of inoculum dosage on pmax and ODpay is
shown, where the 5% inoculum dosage gave the best
results. This could be explained by reducing the out-
ward diffusion from the cells at higher inoculum dosages

®_ However, at much higher inoculum dosages, an ad-
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verse effect occurred on yeast cells.

Table 3. The effect of inoculum dosage on the lag

phase

Inoculum dosage Length of lag phase (hr)

(%, v/v) K. fragilis C. utilis

1% 1.7+0.1 1.4+0.1

2% 1.0+£0.1 1.4+0.1

3% 0.840.1 1.5+£0.1

5% 0.5+0.1 0.6+0.1

10% 0.4+0.1 0.5+0.1

Hmex(o o a) ODmex(0 ,4)
09 s
A,A :C utitis

O @ : K fragilis

0.4 L—1 — 1 I i o
2 4 [ 8 10

inoculum dosage (%,viv)

Fig. 2. The effect of inoculum dosage on pmax & ODmas

3. Effect of zinc concentration

Zinc has known to be a cofactor for a number of me-
talloenzymes, such as hexokinase, alcohol dehydroge-
nase, and glutamate dehydrogenase'®. It was also repo-
rted that with zinc in the medium the protein content
of the culture biomass was significantly increased the-
reby increasing the efficiency of the single cell protein
production process'®. In this respect, 10, 15, 20, 25
uM of zinc were added to the medium. In case of C.
utilis yeast, increasing the concentration of zinc decrea-

sed the value of pmax, and its effect on OD,..« was some-
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what less as shown in Table 4. In contrast to C. wutilis
yeast, zinc had toxic effect somewhat on K fragilis
yeast, and this yeast could not survive at the concentra-
tions over 20 uUM. It is presumed that C. ufilis yeast has
different metabolic pathway from that of K fragilis
yeast® "2,
4. Effect of NaCl concentration

The effect of NaCl concentration on the growth of
each yeast were studied at various concentrations of 1,
2,3, 5,and 7% (v/v) in order to use the yeasts as
feed for marine animals that live in about 35%-salinity
seawater. Increasing the NaCl concentration increased

the length of the lag phase for both yeasts as shown

in Table 5. The effect of NaCl concentration on max and
ODy.x are also shown in Fig. 3. Even though the effect
of NaCl on both yeast cells were distinct, the values of
Mmax and ODy.x were not relatively low. This means that
cultivating these yeasts at 3.5% NaCl may be considered
in order to feed the yeasts as live feed in an isotonic con-
dition.

From the all above results, the two yeasts, K fragiis
and C. utilis, seem to be good as algal substitutes, even
though they have not proven to be of consistently high
nutritional value, Problems that arise when feeding a yeast
monodiet have often been assigned to nutritional deficien-
cies of the yeast diet>** ¥, Because yeast cells are known

to have a complex and thick cell envelop, poor digestibility

Himax (® &) ODmax(0 ,4)  may be an important constraint in the use of this single
o8 3¢ cell protein as a food source in aquaculture. Further resea-
A,a :C utllis :
ozt 0@ :K fragitis rch should be focussed on this problem and some works
v P are actively going.
4
0.5
120 Table 5. The effect of NaCl concentration on lag phase
04 NaCl concentration Length of lag phase (hr)
03 (%, v/v) K. fragilis C. utilis
1" CONTROL 10+01  14+01
02 1% 0.3+0.1 1.6£0.1
o 10 2% 0.5+0.1 2.0+0.1
ot 2 o3 4 s 8T 3% 1.7+ 0.1 25+0.1
NaCt concentration (%)
5% 2.5+0.1 4.5+0.1
Fig. 3. The effect of NaCl concentration 0n Prax & ODrax 7% 44201 6.0+01
Table 4. The effect of zinc concentration on pmax and ODpmax
Species K fragilis C. utilis
Zinc concentration(yM) Umax CBr ™) ODsnax U (X7 ODpax
CONTROL 0.73+£0.01 3.00+ 0.05 0.59+0.04 2.80+0.15
10uM 0.38+0.04 2.52+0.09 0.44+0.05 2.75+0.02
15uM 0.19+0.08 2.43+£0.06 0.31+0.01 2.65+0.10
20uM n.d. n.d. 0.30+0.06 2.80+0.08
25uM nd n.d. 0.25+0.08 2.85+0.03

* nd. . not detected because of no growth
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Conclusions

Possible yeast strains were studied with the possibility
of developing them as algal substitutes. K. fragilis yeast
and C. utilis yeast have known to be not pathogenic so
that they are suitable to be developed as feed for aqua-
culture. Compared to S. cerevisiae yeast that had been
an established yeast diet for rotifer culture, the two
yeasts showed to have much higher values of the optical
density and the specific growth rate. Hence, this work
was focussed on the growth characteristics of the two
yeasts for mass production.

The dry weight of each yeast cell had different values
to the measured optical densities. The best values of
max and OD,... were obtained with 5% inoculum do-
sage on 2.5% fructose medium and 2% YE medium for
K. fragilis and C. utilis, respectively, where the values of
Umax and OD,,.. were found to be 0.73 hr™' and 3.00
for K. fragilis and 0.59 hr™' and 2.80 for C. utilis. It
was also found that the lag phase of the growth curve
incresed with increasing initial zinc and NaCl concentra-
tions and decreased with increasing inoculum dosage.
Both yeasts could survive relatively well at 3.5% NaCl
concentration, and zinc as a cofactor was utilized well
only with C. utilis yeast.

From the all above results, the two yeasts, K fragilis
and C. utilis, seem to be good as algal substitutes, even
though they have not proven to be of consistently high

nutritional value.

Acknowledgement
This work was supported by 95 research grant to
Research Center for Ocean Industrial Development from

Korea Science and Engineering Foundation.
References
1. Benemann, J. R.: Microalgae aquaculture feeds. J.
Appl. Phycol., 4, 233(1992).

2. Fukusho, K. : Mass-prodution of a copepod, Tigrio-
pus japomicus in combination culture with a rotifer

140/ A5 7838]R|

Brachionus plicatilis, fed omega yeast as a food sou-
rce. Bull. J. Soc. Sci. Fish, 46, 625(1980).

3. Hirayama, K. and Watanabe, T. ' Fundamental stu-
dies on physiology of rotifer for its mass culture. 4.
Nutritional effect of yeast on population growth of
rotifer. Bull. ] Soc. Sci. Fish, 39, 1129(1973).

4. Johnson, D. A.: Evaluation of various diets for opti-
mal growth and survival of selected life stages of Arie-
mia. pp. 185—192, Persoone, G., Sorgeloos, P., Ro-
sels, O. and Jaspers, E. The brine shrimp Artemia.
Vol. 3. Universa Press, Wetteren, Belgium(1980).

5. Nimmannit, S. and Assawamunkong, S. ' Study on
yeast as feed for marine organism (brine shrimps).
Proceedings of Living Aquatic Resources, 7—8 Ma-
rch, Chulalongkorn University(1985).

6. Coutteau, P., Lavens, P. and Sorgeloos, P.: Baker’s
yeast as a potential substitute for live algae in
aquaculture diets, Arfemia as a case study. J. World
Aquaculture Soc., 21, 1(1990).

7. Epifanio, C. E. : Comparison of yeast and algal diets
for bivalve molluscs. Aquaculture, 16, 187(1979).

8. Urban, E. R. and Langdon, C. J. : Reduction in costs
of diets for the American oyster, Crassostrea virgi-
nica (gmelin), by the use of non-algal supplements.
Aquaculture, 38, 277(1984).

9. Tacon, A. G. J. and Cooke, D. J. : Nutritional value
of dietary nucleic acids to trout. Nutr. Reports Inter-
national, 22, 631(1980).

10. National Research Council : Nutrient requivements of
coldwater fishes. National Academy of Sciences, Wa-
shington, D.C., USA(1981).

11. Rumsey, G. L. : Recent advances in nutrition of sal-
monids. Salmonid, 2(4), 14(1978).

12. Hecht, T.:Rearing of sharptooth catfish larvae
(Clarigs gariepnus) under controlled conditions.
Aquaculture, 24, 301(1981).

13. Nell, ]. A. : Comparison of some single cell proteins
in the diet of the Sydney rock oyster (Saccosirea co-
mmercialis). Prog. Fish. Cult., 47, 110(1985).

14. Pector, R., Blommaert, V., Vermeulen, D., DeSchrij-
ver, R. and Ollevier, F. : Effect of dietary linolenic
acid on growth, body composition and fatty acid
composition of the polar lipids in the liver, muscle
and plasma of the African catfish, Clarias gariepinus.
European Aquaculture Soc., 19, 251(1993).

15. Kockova-Kratochvilova, A.: Yeasts and yeast-like or-
ganisms, pp. 435—475, VCH Publishers, Weinheim,
Germany(1990).

16. Reed, G. : Prescott and Dunn’s industrial microbiology,



17.

18.

19.

20.

Development of Yeast Strains as Feed for Aquaculture : Possible Yeast Strains

pp. 541592, Reed, G. The AVI Pub. Co., West-
port, Connecticut(1982).

Lane, A. G. ! Production of food yeast from whey
ultrafitrate by dialysis culture. [ Appl. Chem. Biote-
chnol., 27, 165(1977).

Lawford, G. R., Kligerman, A. and Williams, T. :
Production of high-quality edible protein from Can-
dida yeast grown in continuous culture. Biotechnol.
Bioeng., 21, 1163(1979).

Cruz-Guerrero, Garcia-Pena, 1., Barzana, E., Garcia-
Garibay, M. and Gomez-Ruiz, L.: Kluyveromyces
marxianus CDBB-L-278 © A wild inulinase hyperp-
roducing strain. /. Ferment. Bioeng., 80(2), 159(19
95).

Fournier, P., Provost, A., Bourguignon, C., and Hes-
lot, H.: Recombination after protoplast fusion in
the yeast Candida tropicalis. Arch. Microbiol., 115,
143(1977).

21. Dickson, R. C. and Riley, M. L : The Lactose-Galac-
tose Regulon of Kluyveromyces lactis. pp. 19—40, Barr,
P. ]., Buake, A. ], and Valenzula, P. Yeast Genetic
Engineering. Butterworths Publishers, Stoneham,
USA(1989).

Robichon-Szulmajster, H. and Surdin-Kerjan, Y., :
Nucleic Acid Protein Synthesis in Yeasts . Regulation of
Synthesis and Activity. pp. 335—418, Rose, A. H.
and Harrison, J. S. The Yeasts(1971).

Douillet, P. < Effect of bacteria on the nutrition of the
brine shrimp Artemia fed on dried diets, pp.295—
308, Sorgeloos, P., Bengston, D. A., Decleir, W. and
Jaspers, E. Artemia research and its application. Vol.
3. Ecology, culturing, use in aquaculture. Univesa
Press, Wetteren, Belgium(1987).

Hirayama, K. © A consideration of why mass culture
of the rotifer Brachionus plicatilis with baker’s yeast
is unstable, Hydrobiologia, 147, 269(1987).

22,

23.

24.

FE . LA 25 HOJALZRA Q| Yeast TFO| M : s s 2R #F
244 - gde - g5t (EAdEy AEFen)
FAe Y8 7 EREA T4 YE ARFFE ATy Kluyveromyces fragilis BF9 Can-
dida utilis 359 H ¥4 29} nlo]QujA & Saccharomyces cerevisiae B E.0l ‘3]‘6}01 A3

£ ghe Uehisith mebd, o) AT gy
Ag;g-*_:.ﬂo] a ;gg ulzgiq_
5% WEFS 7HIT 4YT 2 HREL

=7e 37 e,

HEekol *‘"7}%‘4‘-5
& AEd g 9o, C outilis ]

%
Ratgke] ofdd

o].o
E]

C & - Umax‘g} ODmax 5}1\-5"04
C. utilise 2% YEWIRO|A 742 dojgon ojmjof o
LsT 0.59 hr ¢} 2.8022 gz w3 ofddnt e 2vlw%rt

a8
te 3le, Z&23 WYE §8 ol F AREEY
K fragilis 2.5% fructose ¥ Ao A,
K. fragilisc- 0.73 hr '$} 3.00€ C. uti-

S/HEFE AR oMY

1=0
fhE

e ZAEgch ¥ ARTS 35% PBEdA Huy

[e3e2]

o|8¥ & U

Korean J. Life Science, Vol. 6. No.2(1996. 6) / 141



