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The scientific examination of algal mass culture technology has to be
started with selection of algal strains suitable for this purpose. According to
the opinion of many famous authors (SOROKIN and MYERS 1953, 330, TAMIYVA
1957, 318, StaaN0 D’ALCONTRES et al. 1960, 352, ete.) only local algal strains
can be used successfully, which have been adapted to the climate and waters
of the region or country in question. ;

In 1960 some strains of the algal collection in the Biological Research
Institute at Tihany have been investigated as to their suitability for mass
cultivation.

Material and methods

Bacteria-free pure algal strains growing in the collection of algae in the
Biological Research Institute at Tihany were used in these selection experiments
(FELFOLDY and KALKOG 1959, KALKO and FELFOLDY 1959). The choice fell on
strains excelling in their good growth rate on agar slants and in our previous
experiments described elsewhere (FELFOLDY 1960).

The experiments were run in 10 litre ,,Ergon” sphaerical bottles. The
suitable mounting of these bottles is illustrated on the Fig. 1.

It is clearly impracticable to begin comparing the growth rates of algae
by determining experimentally for each the most suitable culture solution.
Instead, it is necessary to begin by using the medium which was used for diffe-
rent purposes in our laboratory, and which will also be suitable for mass
cultivation in fairly large dimensions. The composition of this medium is the
following:

10 litres of germ free tap water (filtered through Serrz EK asbestos filter)

10 g KNO,

3 g KH,PO,
1 g Na,S0, : 10H,0
0.1 g ferric citrate
0.1 g citric acid
0.25 g disodium ethylenediamine tetraacetate (EDTA)
10 ml ,,A—Z” solution according to HOAGLAND (HOAGLAND and SNYDER
1933, ScHROPP 1951, 167)
10 ml N-HCI
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(See FELFOLDY 1961, 1962). ; :
In practice two stock solutions were prepared. These were sterilized
separately in autoclave and after cooling were poured into the germ free tap
water through the inoculation tube ein Fzg. 1.
The stock solutions were:

,»,NPS-solution”: 1000 ml glass destilled or by ion exchange deionized water
200 g KNO,
60 ¢ KH,PO,
20 ¢ Na,S0, - 10H,0

50 ml ad 10 litres of germ free tap water.

Fe-solution: 250 ml ,,A—Z” solution according to HOAGLAND
250 ml N-HCI
2.5 g ferric citrate
2.5 g citric acid :
6.0 g EDTA ;

20 ml] is given to 10 litres of liquid medium.

Fig. 1. The mounting and supply of 10 litre culture vessels
A — Sphaerical tlask, B — copper manyfold for distribution of the gas mixture; ¢ — gas
meter for measuring the quantity of air; D — Carbon-dioxide gas cylinder. @ — regulator
stop-cock; b — cotton filter; ¢ — bubbling tube (inside @ 6—7 mm); d — gas outlet tube
(inside @ 7—8 mm) with a filter filled with glass-wool; e — inoculation tube (inside @
14—15 mm) provided with a cotton plug; f — asbestos filter for producing germ-free
gas-mixture (200 mm @ STz EK filter); ¢ — a manometer for measuring the pressure
of air-carbon dioxide mixture; 2 — inlet of compressed air; ¢ — rotameter for measuring
carbon dioxide; j — reduction ventile with manometers for the feeding of carbon dioxide
1. abra. A 10 literes lombik-kultiira szerelése és elldtdsa
A — gomblombik; B — gdzkeverék eloszt6, O — gézéra a levegémennyiségének mérésére;
D — széndioxidpalack. @ — Szabdlyozé csap; b — vattasziiré; c— buborékols csé (belsé
@ 6—7 mm); d — gézkivezetd cs6 (belsé @ 7T—8 mm) végén tiveggyapottal toltott szlirbvel;
e — oltéesé (belsé @ 14—15 mm) kisebb vattadugéval; f — azbeszt szliré a gazkeverék
csiramentesitésére (200 mmgo Serrz EK sziir6lap); ¢— a leveg6—széndioxid keverék
nyomédsat mér6 feszmérs; h — a slivitett levegd belépése; ¢ — rotamérd a széndioxid
mérésére; j — nyomdsesokkents szelep feszmérékkel a széndioxid adagoldsdra
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It is also possible, if it is preferred, to prepare the complete nutrient
solution in one vessel and sterilize it in autoclave at 2 atm. for 10 minutes.
After cooling the precipitates arising from autoclaving may be brought again
into solution by aeration with tiltered carbon dioxide gas.

A modification of this medium was used in previous experiments (FEL-
FOLDY 1959). It contained the same anorganic salts in the same amounts, but
instead of tap water, Balaton-water was used to its preparation. Balaton-
water is chemically very suitable medium for preparing nutrient solutions,
but due to the fine suspended precipitates present it cannot be filtered without
difficulty. For this reason it had to be rejected in our present experiments.

The sphaerical bottles tilled thus with sterile nutrient solution were
inoculated with algae scraped off from agar slants and risen in the same
nutrient solution in a northern window.

Because in these experiments mainly the growth rate and yield of diffe-
rent strains were of interest, special attention was paid to use equal quantities
of algal material in the inoculation based on previous dry matter determination
in suspension.

For the cultures carbon may be provided as a gas flow of 1.5—3 per cent
carbon dioxide in air blown through the suspension. In these experiments
carbon dioxide was administered from a carbon dioxide cylinder. The gas
mixture was freed from germs at first by leading it through a washing flask
containing water as washing fluid, later on, however, due to the insufficient
sterility obtained in this way, the gas mixture was filtered throcugh asbestos
and cotton filters respectively. The quantities of air and carbon dioxide were
measured with gas meter and rotameter respectively.

The qualification of strains was made primarily on basis of their growth
rate expressed by the dry matter content of suspension. The most simple
method for measuring dry matter content is to filter the suspension through
filter-paper of known weight (dried at least for 24 hours at 105 °C). The strains
unfiltrable even through the finest filter paper (Delta 368) were filtered through
porcelain filters (Al, A2) after being washed by centrifuging (the pores of
porcelain or glass (G4) filters get easily clogged if the suspensmn is not washed
previously).

Finally there were some strains (e.g. Dictyosphaerium) which could not
be either centrifuged or filtered. In this case the ash-free dry-matter content
of suspension was determined. This was carried out by pipetting a known
quantity of suspension into porcelain crucible and drying it either on water-
bath or in a ventillation drying-chamber (60 °C). Thereafter the dry residue
was kept for at least 24 hours at 105 °C and its weight was measured. Sub-
sequently it, was put for one and a half hour into an electric muffle furnace at
600 °C temperature. By this technique it was rendered possible to take into
correction the excess of weight caused by the nutrient salts present in the
suspensmn .

Besides the rate of growth a special attention was paid in these experi-
ments to the so called technological properties of the various strains as:
separability by filtration or centrifuging, foaming, homogeneous, granulous or
lamellated distribution, adhesion to the walls of culture vessel ete.

Concerning the chemical constituents of the various strains investigated,
only their protein content was determined in these experiments. Data on the
chemical composition of certain strains of ours as lipid-, sterol- (SzaBé et al.
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1961) and pigment content (FELFOLDY et al. 1962) were published previously.
Protein determination was done by the usual KyELDAHL’s method using centri-
fuged and washed dry matter samples dryed to constant weight at 105 °C and
grinded flourfine. The wet digestion was performed in concentrated sulphuric
acid in the presence of a catalizator mixture containing yellow mercuric oxide
and a few drops of hydrogen peroxide. The ammonia was distilled into 49,
boric acid solution and titrated with 0.1 N hydrochloric acid. The quantity
of crude protein was calculated by multiplying the KJELDAHL nitrogen
content by 6.25.

The characteristics of strains investigated are summarized in Table 1.

As it is seen from Table 1 the following strains excelled by good growth:
3153 Chlorocloster terrestris, 5618 Scenedesmus obtusiusculus, 953 Coelastrum
microporum, 3556 Dictyosphaerium pulchellum, 3615 Chlorococcum botryoides,
3602 not determined, 1893 Ankistrodesmus falcatus, 512 Ankistrodesmus sp.,
whereas strains with the slowest rate of growth were: 4086, 2250 and 644
Chlorella spp., 2500 Cosmarium sp., this being not even able to reach a density
of 0.5 g dry matter/htre in a month. There are certain strains, which though
exhibiting excellent growth rate, cannot be regarded suitable for mass culturing
due to their bad filtrability and bad separability by centrifuging as the two
Dyctyosphaerium strains (641, 3556), further the 516 Kirchneriella which is
not separable even with supercentrifuge at 30 000 R.p.m. The best growing
strain 3153 Chlorocloster terrestris had to be also disregarded because the cells
climb up to the foam and stain green all parts of the equipment (The foam is
colourless in the case of most strains). The strains: 7K Chlorella, 85 Scenedesmus
acutus, 4061 Scenedesmus quadricauda and 5640 Chodatella balatonica did not
excel with good properties in the present experiments, though it was expected
on basis of experiences obtained in the course of previous experiments of
other technology.

It should be stated the 10 litre sphaerical bottles are not very suitable.
vessels for culturing algae due to the unadvantageous thick layer of suspension
causing the self screening of the cells. The data reported here are therefore of
relative value, nevertheless they furnish valuable information for our future
experiments.

\

Summary

Thirty-five strains of unicellular green algae were tested for their rate of
growth with non-continuous culturing method in 10 litre sphaerical flasks,
under greenhouse conditions. Strains of excellent growth rate and good techno-
logical characteristics are: 5618 Scenedesmus obtusiusculus, 953 Coelastrum
macroporum, 3615 Chlorococcum botryoides, 1893 Ankistrodesmus falcatus, 512
Ankistrodesmus sp. and No 3602 undetermined strain. The other strains
investigated are less suitable partly technologically (3153 Chlorocloster terrestris,
3556 Dictyosphaerium pulchellum) or their rate of growth is insufficient.

On the basis of these experiments the 5618 Scenedesmus obtusiusculus
strains was chosen for our experiments on the mass culturing of algae.

The helpful assistance of Mrs. F. KALKO Zsuzsa in the experiments is.
gratefully acknowledged. The author thanks Miss GizrLra S6Lymosy for her
skilled technical assistance in the greatest part of the analytical work.
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Table 1
Characteristics of thirty-five algal strains investigated for their suitability in mass
culturing.
]
o e Production g)rr“’:g'i]';
M\'vaom Name 3:; znx:g?ttel; in per- Hotes
% g/l centage of
y dry matter
71 Ankistrodesmus convolutus 0.98 33.4 Foams up, unfiltrable even
det.: G. Tamas through the finest filter
paper.
Not suitable.
1893 | Ankistrodesmus falcatus (Corda) 2.18 34.6
Ralfs.
det.: G. Uherkovich
512 | Ankistrodesmus sp. 2.01 41.6 Technologically good strain
3147 | Chlorella pyrenoidosa Chick. 1.18 49.6 Unfiltrable through filter
} paper
3515 | Chlorella pyrenoidosa Chick. 0.60 44.6
det.: G. Uherkovich
7K | Chlorella vulgaris Beyer. g 41.1
12K | Chlorella vulgaris Beyer. 1.74 42.4
645 | Chlorella sp. 0.30 Grew scarcely. Unsuitable
951 ' Chlorella sp. 0.51 Unsuitable due to its low
det.: G. Tamés rate of growth
2250 | Chlorella sp. 0.41 — Reduced capacity of growth
3501 Chlorella sp. 1.32 49.1 | Passes through the filter
paper
4081 Chlorella sp. 0.44 52.6 Sticks to the glass wall, its
‘| det.: G. Uherkovich density is unsatisfactory
4086 Chlorella sp. <0.2 — Unsuitable
3153 | Chlorocloster terrestris Pascher 3.41 38.6 Its foam stains the glass
det.: G. Uherkovich surface green
3615 | Chlorococcum botryoides
|~ Rabenh. 2.86 27.8 Heat resistant strain
| det.: G. Uherkovich
484 Chlorococcum infusionum
(Schrank) Menegh. 0.60 27.9 Sticks up, lumpy, forms a
det.: G. Tamés film on the surface of the
liquid
1329 | Chlorosphaera angulose
(Corda) Klebs 0.94 18.5 Forms thin lamellae in ‘the
det.: G. Uherkovich suspension
5640 | Chodatella balatonica Scherffel 1.24 51.3
177 Coccomyxa lacustris Chod. 1.06 54.3
det.: G. Tamés
953 | Coelastrum microporum Nig. 3.00 40.1 Excellent strain, grows well in
det.: G. Tamés tap water and in_Balaton
water
2500 | Cosmarium sp. 0.38 31.6 Forms mucuous gralunes.
Unsuitable.
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= Production é:)"&t:::
bt{:::)m Name d}:;r ,g:){:zr in per- Notes
3 g/l centage of
dry matter
641 Dictyosphaerium pulchellum 1.60 45.2 | Mucuous strain, unfiltrable
Wood. ‘and cannot be centrifuged
det.: G. Uherkovich either
3556 Dictyosphaerium pulchellum 2.89 37.5 Mucuous strain, unfiltrable
Wood. and ecannot be centrifuged
either
2148 Haematococcus pluvialis Flotow. | 0.80 26.6 Sticks to the glass surface,
: granulous, not suitable for
mass culturing
516 Kirchneriella sp 1.88 41.5 Cannot be sedimented with
supercentrifuge
3145 Qocystis sp. 1.81 31.8 :
2507 | Scenedesmus acuminatus Chod. 0.55 — Its capacity of growth is small
det.: G. Uherkovich
85 | Scenedesmus acutus Meyen. f.
alternans Hortob. 1.41 35.0
det.: G. Uherkovich
5618 | Scenedesmus obtusiusculus Chod.| 3.29 44.7 Very excellent strain
det.: G. Uherkovich
4061 Scenedesmus quadricauda
(Turp.) 0.62 34.6
det.: G. Uherkovich :
532 | Stichococcus bacillaris Nag. 0.88 43.0 Its foam is green and sticks
det.: B. Fott to the glass surface
3520 | Stichococcus bacillaris Nég. f.
pallescens Chod. 0.51 35.4
det.: E. Kol
2580 — — Suspension light green. Ad-
: heres to the bottom. Un-
g suitable
2639 0.43 3L.1
3602 2.46 41.5 Very good strain technolo-
| gically :
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KISERLETEK
TOMEGTENYESZTESRE ALKALMAS ALGATORZSEK KIVALASZTASARA

Felfoldy Lajos
Osszefoglalas

35 egysejtii algatorzset prébéltunk ki abbdl a szempontbdl, hogy névekedési
erélyiik és més technolégiai tulajdonsdgaik (centrifugdlhatésdg, szlirhet8ség stb.) szerint
alkalmasak-e tomegtenyésztési kisérletek céljaira?

A Kkisérleteket 10 literes ggmblombikokban, iiveghézban éllitottuk be 1960 nyarén
az 1. abran lathat6 megoldédssal. A torzseket egy hénapig tenyésztettiik. Az ekkorra elért
szédrazanyag koncentraci6, a termék fehérjetartalma (6,25. Kjeldahl-N) és a torzsek
tenyésztés és kitermelés alatti viselkedése voltak az elbirdlds alapjai. A kisérlet tihanyi
csapvizb6l készilt kdliumnitrdt-tartalma tdpoldatban tortént (177. old.). A vizsgélt
torzsek felsoroldsa és a kisérletek eredménye az 1. tabldzatban lathaté.

Feltétleniil meg kell jegyezniink, hogy a 10 literes gémblombik alakjandl fogva nem
célszerti algatenyészt6 edény, mert a tdl nagy rétegvastagsdg miatt a sejtek ondrnyékoldsa
révén méar a 0,5 g szdrazanyag/liter koncentraciéji szuszpenziéban tetemes fényhidany
van. Igy kisérleteink eredményének els6sorban relativ értéke van, de a tovébbi munka
szempontjabol sok hasznos tapasztalatot szereztiink. Ez a tenyészt6 berendezés folyama-
tos termelést nem tesz lehet6vé, de ha tobb torzset kell egy id6ben tenyészteniink, igen
j6 szolgélatot tesz.

BbIBOP IITAMMOB BOJOPOCJIEH, MIPUT'OAHBIX 1JI SKCIIEPUMEHTAJIBHOI'O
MACCOBOI'O KYJIbTUBUPOBAHHWS

JI. ®andénan

Bb110 u3yueHo 35 WTaMMOB 0/JHOKJIETOUHBIX BOAOPOCIIEil, UTOObI BHISICHUTE 110 CKOPOCTH
BBIPAIMBAHKS M IPYTUM TEXHUYECKHM CBOMCTBAM (MX LEeHTPUPYTHPYEMOCThb, GUILTPUPYEMOCTD
M T. [.) IPUTOAHOCTb UX JUISI MACCOBOI'0 KYJIbTHBUPOBAHMSI.

OnbiThl ObIM TOCTaBJeHbI JieToM 1960 roga B 10 JMTPOBBIX 1AP00OPA3HBIX KO0JI0AX
B OpaHyKepee; 00U BUL yCTAaHOBKH M300paskeH HA pucyHke Ne 1. [llaMMbl KYJIbTUBUPOBAJIUCH
B TeyeHue Mecsiia. KOHILeHTpauMsi CyXOro BemeCTBa, Cojepykanue Oenaxa mnpoaykra (6,20
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Kiteapaan-H) 1 noBegenye raMMoB BO BpeMsi KYJIbTHBHPOBAHHSI M BBIPALIUBAHUS CJIYyKHIIN
KPUTEPUSMH 1JIs1 UX BbIOOpa. DKCIEpHMEHTh NPOBOAMJINCH Ha NMMTATEJbHOI cpeze, coaeprka-
mei KaJguidi ¥ HATpPAT M IPUTOTOBJIEHHOH HA THXAHbCKOW BOAONPOBOAHOH Boje. Ilepecuer
HCCJIEIyeMBIX IITAMMOB M SKCIePHUMEHTANIbHBIE Pe3yJIbTATh BUAHBI HA Taoauue Ne 1.

MsI I0JKHBI OTMETHTB, uTo 10-JMTpoBasi mapobpasHasi koaba 1o coeil Gopme Hernpu-
TOfIHA 7JIs1 KYJIbTHBUPOBAHUST BOAOPOCIIEH, ITOTOMY 4T0 00J1a/1aeT CIMUIIKOM TOJICTHIM PasMepoM
C€JI051 M [109TOMY y>Ke NP KoHueHTpauuu 0,5 I' CyXoe BellecTBO/JMTP. HACTYNAET S3HAUMTE IbHbIH
HEJI0CTATOK CBETa BCJIEJCTBHE CAMO3aTEMHEHHSsI KJIETOK. TaKiMM 00pasoM Hally 9KCIIePUMEHTA b=
Hble JaHHBIE UMEIOT TOJIbKO OTHOCHUTEJIbHOE 3HAYeHHe, HO BCe yKe /sl JaJsibHeiiell padoTsl Mbl
npuobpeny HeKOTOPbI onbiT. IIpy MOMOLIM 9T0H YCTAHOBKM IPO0DKUTEILHOE BhIPAIMBAHUE
HEBO3MO)KHO, HO YCIEUIHO IPHUMEHSETCA AJIs1 OZIHOBPEMEHHOr0 KYJIbTHBUPOBAHUST HECKOJIBKHX
IITAMMOB. ~
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