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InJune of 1959 an attempt was made in the Biological Research Institute
of the Hungarian Academy of Sciences to cultivate unicellular algae in large
scale. As a first task the various pure algal strains of the Institute were tested
for usefulness in mass culturing. -

To become familiar with the problems of algal cultivation and to obtain
a simple continuous system, glass columns of 7 cm diameter and of 120 cm
length were constructed (Coox 1950). In these columns aeration is providedq
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by means of an inlet tube which enters at the conical bottom. Two other
tubes are sealed to the column near the bottom, one for connection with
another tube and the other for sampling. The tube in the upper part of the
column serves for the introduction of fresh culture medium. In Fig. I one of
these glass units is presented. The manipulation of these glass units is not
simple. It is easily breakable and its cleaning and fitting is difficult. In 1961,
therefore, another equipment of similar dimension was constructed of plastic
tube. The use of Tygon and polyethylene tubings for similar purposes is
known in literature, but these equipments are operating in horizontal position
and centrifugal pumps are used to circulate the algal suspensions (DAvis
et al. 1953, 113, BURLEW 1953, 243).



Description of plastic tube unit

Culture units of any length may be prepared from commercial polyethy-

lene plastic tube. This tubing has a diameter of 70 mm and a thickness of 0,2
mm. The culture units prepared of these tubings were closed on both ends
with ,,Plexi-Glas” discs of 73 mm diameter. The grooved edge of the disc
~was fastened with string to the ends of the tubes. Two openings were cut
into the top disc. The one in the middle for the introduction of germ free tap
water, the other for an U-shaped glass tube serving as gas outlet. In the other
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Figure 3. Schemutized.representatiou of the plastic tube units.
3. dbra. A miianyag csovekbdl osszedllitott tenyészté egység vazlata.

disc, which constituted the bottom of the culture unit there were also two
openings. The one in the middle served as an inlet of aeration gas mixture,
the other was made for sampling purpose. Glas tubes of suitable shape were
inserted into these openings. Concentrated solution of the nutrient salts was
added on the top by removing the exhaust pipe and pouring the solution
through its opening.

The construction of these discs is illustrated in Fig. 2.

Four plastic tube units of 170 cm length each (effective capacity of 6
litres) were suspended in greenhouse and were installed according to the
schema given in Fig. 3. The sterilization both of the tube units and of the pipe
lines was made with formaldehyde gas. For nutrient medium Tihany tap
water was used. It was filtered through a sterile filter of 20 ecm diameter
(Seitz EK asbestos filter) and enriched with nutrient salts to a final concentra-
tion per litre as follows:

¢ KNO, 0,01 g Fe-citrate
g KH,PO, 0,01 g citric acid
,1 g Na,SO, 1 ml Hoagland A—Z solution.
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The concentrated solutions of nutrient salts were sterilized in autoclave
before feeding. The aeration mixture (1,5% CO, in air) was controlled by
pressure reducers and needle valves on a,compressed air line and cylinders
of compressed carbon dioxide. The quantity of air was measured with a gas-
meter, the carbon dioxide current with a rotameter. Oil gas filters were used

Figure 4. Initial phase of growth curve
of algae in plastic tube apparatus.

4. dbra. A mianyag-cs6bdl készilt
késziilékben szaporodé algatenyészet
névekedési gorbéjének eleje.

and all connections were sterilized to prevent contamination and the so called
semi-gterile techniques were employed.

The inoculation of this sterile system was made on 13th July from a
pure liquid culture of the 5618 Scenedesmus obtusiusculus CHOD. strain. The
growth rate in the first phase of cultivation is graphed in Fig. 4. In the second
phase, when the growth curve reached the region of decreasing slope, at a
suspension density of about 3,0 g dry matter/litre (measured by drying at
105° C after filtration through Macherey—Nagel N° 640 d 5,5 cm @ filter
paper), harvesting periode was started. Three different harvest-methods were
tried out. The results are given in T'able 1.

When working according to the first method (the half of the suspension
was harvested at every third day) the maximum cell-density of the suspension

Table 1. Productivity of plastic tube algal culturing system under greenhouse
conditions (13th July—30th September. 1961).

Harvested Harvested : y Harvested dry
dry matter dry matter Dml.y nutne}lt, matter
Method of harvest (®)/1 unit/1 day ()] m?[day solution require- g/day[l L
(average) (8 tubes/m?) ment (litre) nutrient
solution
Ha&ing on every third day ...... 1,67 12,56 1,0 1,6
! £ M
Two third parts of suspension taken
on every third./day .. i dade s 2,39 19,12 1,3 1,8
Five sixth parts of suspension taken
on every third day ............. 2,365 18,88 1,6 1,5

T Tihanyi Bvkonyv
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(3,2 g dry matter/litre) decreased to a concentration of 1,0—1,5 g dry mat-
ter/litre at which level it remained nearly constant for a half month long period.

The second method of harvest, when two thirds of the suspension were
drained off and replaced with freshly prepared nutrient solution in every
third day, resulted an increase both in dry matter concentration (1,2—1,8)
and in productivity (about 309, surplus).

The third method of harvest resulted again a decrease in productivity
and an unfavourable utilization of the nutrient solution (only 1,5 g dry matter
was obtained after 1 litre of nutrient medium).

The effectiveness of the second method of harvest is fairly good in
comparison with the results obtained by different authors:

dry matter g/m? author

3:5 MitovA et al. 1953, 280
6,6 MEFFERT and STRATMAN 1954, 13
72D WASSINK ef al. 1953, 60
11,0 BurrLEw 1953, 252
11,6 MEFFERT 1955, 89

128 OorscHOT 1955, 235
14,8 FeLrOLDY 1961, 157
21,0 MAYER et al. 1955, 58
28,0 MoORIMURA et al. 1955, 173

To facilitate and simplify the separation of cells from the nutrient
media the harvested suspension was poured into a plastic container of a
capacity of 15 litres where the cells were allowed to settle during the night.
Next day the upper half part of the supernatant was siphoned with a pipe
shaped tube and the rest was centrifuged in a supercentrifuge (type FS 45
Zugl6i Gépgyar Budapest). This settling procedure resulted in a loss of about
49, of total dry matter only. :

The values of some chemical constituents of the centrifuged mass are
presented in the followings:

Dry matter in percent of wet weight 23,1—27,4
(Water content: 73,6—76,9%)

per cent of dry matter

Kjeldahl-N 6,9—9,3
Protein (N x 6,15) 43,3—57,8
Chlorophyll a ! 4,2—46
Chlorophyll & 1,0—1,4
a-carotene 0,02—0,03
p-carotene 0,07—0,08
other carotenoids 0,48—0,49

Averages were not computed from the values because the results were
obtained from samples originating from different harvests.

It was regarded important to investigate if there were any unfavourable
changes occurring in the chemical composition of the algal masses during
sedimentation. For this reason an algal suspension of 0,96 g dry matter/litre
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concentration was left to stand in laboratory in a covered plastic container
for 10 days (10th—20th September).
The results of these analyses are presented in the table below.

‘ Dry matter Kjeldahl-N 9 Protein Chlorophyll
g[litre of dry matter N X 6.25 s
a | b
0 day 0,96 | 8,6 53,7 4670 1,3
5 days 0,93 ‘ 9,3 57,8 4,7 ‘ 1,3
10 days 0,95 \ 9,3 57,8 4.8 l 1,3

It is seen from this table that the algal mass loses 2—39%, of its original
dry-matter content, when it is kept living in darkness and in its own nutrient
medium for ten days. This may be due primarily to the loss of its carbohydrate
content, which causes a relative increase of both protein and pigment content
in the cells (if, altogether, a 29, increase of pigment content may be regarded
significant !)

Grateful acknowledgement is made here to Miss G1zerra SérLymosy for
helpful assistance during these experiments.

‘ LITERATURE 3
BrunEer, J. G. W. Prescort and L. H. TirraNy (ed.) (1950): The culturing of algae. A
symposium. — C. F. Kettering Foundation, Yellow Springs, Ohio, 1—114.
BurLeEw, J. S. (ed.) (1953): Algal culture from laboratory to pilot plant. — Oarnegie Inst.

Wash. Publ. No 600, 1-—357.

Cook, P. M. (1950): Large-scale culture of Chlorella. — BRUNEL, PRESCOTT and TIFFANY,
1950, 53—76.

Davis, E. A., J. Deprick, C. S. Frexcy, H. W. MILNER, J. MyEers, J. H. C. SMmITH and
H. A. SpoenR (1953): Laboratory experiments on Chlorella culture at the Carnegie
Institution of Washington, department of plant biology. — BurLEw, 1953, 106—
1563.

FerLrorpy, L. J. M. (1961): Effect of temperature on photosynthesis in three unicellular
green algal strains. — Acta Biol. Acad. Sci. Hung. 12, 153—159.

Maver, A. M., A. EisexBERG and M. EveENARrI (1955): Studies on the deep mass culture
of algae in Israel. — Trans. Conf. Solar Energy, Sci. Basis, Tucson, Arizona,
October 31—November 1., 55—63.

MEerrFeRT, M. E. (1955): Algal culture in sewage. — Trans. Conf. Solar Energy, Sci.
Basis, Tucson, Arizona, October 31—N ovember 1., 87—94.

MerrerT, M. E. und H. STrRATMAN (1954): Algengrosskulturen im Sommer 1952. II.
Uber die unsterile Grosskultur von Scenedesmus obliquus. — Forschungsber. des
Wairtschafts- w. Verkehrsministeriums Nordrhein-Westfahlen, 68, 3—52.

Miruva, A., T. Nyu~NovA and H. TaAmrvA (1953): Pre-pilot-plant experiments on algal
mass culture. — BurLEw, 1953, 273—281.

MorimMURA, Y., T. NiHEL and T. Sasa: J. Gen. Appl. Microbiol. Tokyo, 1, 173—184. cit. in
Tamrya, 1957.

OorscHoT, J. L. P. (1955): Conversion of light energy in algal culture. — Mededel. Lan-
bouwhogesch. Wageningen b5, 225—276.

Tamrva, H. (1957): Mass culture of algae. — Ann. Rev. Plant Physiol. 8, 309—334.

Wassing, E. C., B. Kok and J. L. P. Oorscror (1953): The efficiency of light-energy
conversion in Chlorella cultures as compared with higher plants. — BURLEW
19563, 556—62.

T*



100

LABORATORIUMI MERETU EGYSZERU KESZULEK FOLYAMATOS
ALGATENYESZTESRE ;

Felfoldy Lajos

Osszefoglalas

Az 1. dbrdn lathat6é liveg-tenyésztécsovek helyett 1961-ben hasonlé nagysig-
rendli alga-tenyészté egységet konstrudltunk 0,2 mm falvastagsigd, 70 mm atmérdji
polietilén t6mlébol. A 2. dbrdn lathaté 10 mme-es plexi-bol késziilt zérélapok segitségével
(melyekre legcélszertibb erés zsineggel rogziteni a miianyagesd végeit), barmilyen hosszi
tenyészt6-csé elballithaté. Az alsd zarélap kozépsé furataba illé vinidur csévén a ghz-
keverék (1,6% széndioxidot tartalmazé levegd) 1ép be, az oldalra kivezeté csapos csé
mintavételre szolgal. A felsé zirédlap kozépsé furatin a steril vizvezeték vezethetd be,
mig az oldalsé nyilasba ill6 pipa alak csovon a gazfelesleg tavozik. A tenyésztd csoveket
a 3. dbra vazlata szerint csoportositjuk. A rendszert formalin ghzzal sterilizaljuk, majd
alapos szell@ztetés utéin a miianyag cséveket Serrz EK azbeszt-sz{irn sterilizalt csapviz-
zel feltoltjik. A kiilon sterilizalt t6mény tapsé oldatot a kipufogé csd dugédjanak kivétele
utan a felsé nagyobb nyiladson at toltjiik be. Ugyanitt oltjuk- be az alga-inokulumot is.
,,Arataskor’ a szuszpenzié megfeleld mennyiségét a mintavevs csovon at leengedjik, a
csovet steril csap-vizzel feltoltjik és friss tApsé oldatot is adunk. A tapoldat tihanyi
csapviz, melybe annyi tapsot potolunk, hogy a végsé koncentraci6 az angol széveg 96. ol-
dalan kozolt legyen.

5618 Scenedesmus obtusiusculus CEOD. toérzzsel 1961. julius 13.-4n négy 170 em
hosszii miianyagesovet oltottunk be. A sejt-szaporodés els6 fazisa a 4. dbrdn lathato
(szarazanyag meghatérozas 1056°-on MACHEREY—NAGEL N° 640 d 5,5 cm & szlirGpapi-
ron). Mikor a szaporodés lassul (kb. 3 g szrazanyag literenként) kezdetét vette az aratas.
A harom féle aratési méd termelékenységét az 1. tdbldzatban &llitottuk ossze. A legjobb
eredménnyel zarult méd (kétharmadrésznyi szuszpenzié hdrom naponként) dsszehasonli-
tasa kulfoldi eredményekkel a 98. oldalon lathaté (MoriMURA és MAYER eredményei
jobbak csak nala). A dolgozat végén a termék kémiai dsszetételére és annak allas kézbeni
véltozasara vonatkozdéan kozlink adatokat.
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