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One of the most important endeavours of present-day research in water
microbiology is to elucidate the dynamics of saprophytic and total microbial
associations in waters of various trophism (0cevski, 1966; Dauksta, 1967;
Overbeck, 1968 a, b, Rheinheimer, 1968, Potayenko, 1968, Daubner,
1969, Deufe, 1969, Fonden, 1969, Romanenko, 1969, and OtherS).

The majority of water microbiologists employs R aztjmov’s direct method
(1932) in order to make quantitative surveys of total microbial flora living
in waters and in sediments, consequently, the obtained results are well com-
parable. To standardize the counting of saprophytes would also be desirable
(Babenzien, 1962). The nutrient agar used in hygienic practice is quite in-
adequate for counting the autochton, slowly growing water inhabiting bacteria
(Strzetczyk et al. 1967) thus, there is an ardent quest to find new nutrient
media and the line of suggested and applied nutrient agars has not yet come
to an end (Hesse and Niedner, 1898, Frea et al. 1924, Stark and McCovy,
1938, Oppenheimer and ZoBell, 1952, Ferrer €t al 1963, Strzelczyk
et al. 1967, Melchiorri-Santolini aNd Caearell i, 1967, FOXden, 1967,
1968) which makes comparative study extremely difficult.

It is important to choose the right composition of the nutrient agar
in the process of plate-pouring and spreading when determining the number
of saprophytes, however, besides this, a large number of other factors may
also influence the number of bacteria appearing on the agar-slide (cariucci
and Pramer, 1957, Jones and Jannash, 1959, Buck and Cleverdon,
1960, Gunker et al. 1960, Fonden, 1967, Clark, 1967, Strzelczyk €t al.
1968).

To take into consideration all the above presented facts we thought
important to try and apply some new nutrient agar in order to count the
saprophytic microorganisms in connection with the new and detailed micro-
biological investigation of Lake Balaton. To this effect we have carried out
a comparative research on the basis of 12 nutrient agars, relying partly on
literary data and partly on our own resources; our samples were taken from
Lake Balaton, from the Inner Lake of Tihany, from Velence Lake, and from
River Danube and cultured accordingly.

Material and method

The samples from Lake Balaton have been taken at some 500 metres
from the shoreline in front of our Research Institute, the other sample taking
localities, the Inner Lake of Tihany and River Danube, were in the littoral
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TABLE 1

The composition

Nutrient agar Nutrient agar | Complex agar | TAYLOR's agar | Sodium caseinate
La Lb 11, 111, "'Igvﬁf‘

Distilled water, ml — 1000 1000 1000 1000
Lake 55 —
Tap 2 1000 — o — =
Agar 5

K,HPO,

Na,HPO,

KNO,4

NaNO,

MgSo, + TH,O
(NH,)280,

FeSO, - TH,0
FeCl,

NaCl

Glucose

Glycerin

Soluble starch
Bacto pepton
Bacto beef extract
Bacto yeast extract
Sodium caseinate
Mud extract
Powder alga
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Note: X.a — Lake water agar of Balaton; X.b — Lake water agar of Lake Belsé

zone (Table 3). While the mud-samples of Velence Lake originate from the
yellow-coloured oxidized micro-zone and from the black-coloured reduced
zone. The watersamples have been taken by the help of a Francev sampler
(Kuzxersov, 1952) into a sterile, 250 ml flask from a depth of 50 cm. The mud-
samples have been secured by using an Ekman-Birgs drege and from the so
obtained mud-blocks by the help of instruments cauterized in alcohol flame
from inside we took our samples. The samples have been elaborated in the
following hour of collecting from sites Lake Balaton and Inner Lake while
samples originating from River Danube on the next day. The mud from
Velence Laké has been stored in a refrigerator for a longer period of time.

The total microbial plancton quantity has been determined by Razu-
MoVv's direct method (1932).

The slides were sealed from 10—10 ml of 42 °C nutrient agar, whose
composition is shown in 7T'able 1. Our pulverized alga-nutrient medium have
been obtained from the laboratory mass-culture of Scenedesmus obtusiusculus
CHop. The desiccated alga fragments were ground in a ball and tube mill.
To the mud-extract agar 800 g mud from Lake Balaton was boiled in 2 litre
Balaton water, then following sedimentation it was passed through filter
paper. Considering the low number of bacteria in Lake Balaton, 0.1 and 1 ml
lake water without dilution were inoculated, while in case of the Inner Lake
of Tihany and River Danube the degree of dilution was 10 and 100-times,
respectively. In the case of mud-sampes coming from Velence Lake we made
dilutions of 10-, 100- and 1000-times. In the case of sealings we had 2 controls



of the mediums

agar agar agar agar

Jensen’s Oppenhlimer’s agar Fe-peptone  Powder alga Mud extract Lake water agar Krashemnikova’s
agar
V. v vil. Yiil. IX. Xa  Xb XL

1000 400
— 1000 - 1000 - 1000 1000 500
— — 1000 - - - - 100
15 15 15 15 15 15 15 15
0.5 0.1 0.01
0.2
- - 0.1 - 0.005
- trace 0.1 - — - e —

trace — — — _ _ —

0.05
1 0.1
5 5
1.0 _ _ —
0.2

— — — — looo — — —

(8}

without inoculum and 3—5 parallels. The slides were incubated at 25 °C and
as the colonies appeared they were counted under 10-times of magnification
on the 1st, 2nd, 3rd, 6th, 12th, 14th, 32nd and 36th day. The results obtained
have always been referred to 1 ml and 1 g of the original sample.

Results and discussion

It was striking to observe that the bacterioplankton quantity of Lake
Balaton and that of the Inner Lake of Tihany shows significant difference
(Fig. 1). The total microbial plankton quantity (nearly 12 « 108ml) of the
Inner Lake of Tihany when compared to the data found in literature (Roma-
nenko, 1969) shows a pronounced degree of eutrophism. Likewise isthe number
of saprophytes examined on every nutrient agar greater, more than one order
of magnitude, than the values obtained for samples taken from Lake Balaton.

The comparison of the examined nutrient agars (Fig. 1) unambiguously
prove that in hygenic practice as well as in water microbiology the media used
are inadequate for bacterial cultures, and only a low number of colonies
develop. Sealings of various samples originating from different waters, and
taken at different times, the proportion of bacteria developing on various
culture media varies in every case, but we never obtained favourable culture
values on nutrient agar.
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Fig. 1. Appearing colonies on the examined nutrient mediums and the total quantity of
the microbial plankton in plate pouring carried out in different times from Lake Balaton
and from the Inner Lake of Tihany. Total microbial plankton: (a) 19th VIII, 1968;
(b) 8th IX, 1968. Plate pourings: (c) 6th V111, 1969; (d) 19th V111, 1968; (e) 8th IX, 1968

From among the culture media rich in organic materials the one con-
taining sodium-caseinate appeared to be the most effective, for the largest
number of colonies developed in this type of culture media. The Oppenheimer
medium and the iron-peptone agar are also better for bacterial cultures than
the nutrient agar, although, the proportions vary in the case of individual
sealings. We examined three culture media rich in organic material and yielding
high values for a period of one week by daily sealings (Table 2) using an in-
oculum originating from the water of Lake Balaton.

The sodium-casenate medium in this particular case also has yielded
the highest value. The modified iron-peptone agar proved to be only half
as efficient as regards the quantity of bacteria, than the former. The oppen-
heimer Mmedium has yielded the owest values in every case of examination.
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TABLE 2
Time of (plate pouring
Media
1968 I1X. 19 20 21 23 1 23 26 27

number of individuals/ml
v 1013 1200 2730 1950 2088 -
Vi 325 253 810 690 510 450
VII 594 560 1320 710 1600 110

In examining the water samples taken from River Danube in order to
indicate the pollution we have shown the oxygen consumption of samples
measured with KMn04 (Table 3).

It is interesting to note that in one instance in the most polluted water
sample on the sodium-caseinate agar we obtained a low value. On a small
decrease of pollution the sodium-caseinate agar again yielded the highest
values and the samples taken from the comparatively pure water of River
Danube in both cases the biggest number of bacterium colonies developed

on the sodium-caseinate agar.
TABLE 3

Time of plate pouring and Origin of samples

Media 22 X. 1969 4. X1. 1969 5. XI. 1969
22. X. 1969 Nagymaros Branch of River Pet6fi bridge
Megyer right shore Danube at Soroksar leftshore

Quay at Ferencvaros

number of individuals/ml

I/a — | 5 310 2 870
I/b 12 350 10 850 8 960 20 220
VI 19 050 35 660 30 190 24 800
vV 41 280 29 370 37 000 14 180

Oxygen consumption
O ™ 6.7 7.7 12.1 13.8

A significant difference has been observed between these two nutrient
agars, too. Nutrient agar containing various salts has yielded higher values.

The highest number of bacterium colonies developed again on the sodium-
caseinate agar from samples originating from the oxydized microzone and the
reduced zone of Velence Lake (Table 4).

Both on the oppenneimer agar and on the sodium-caseinate agar the
samples taken from the oxidized microzone yielded more than twice as many
bacteria than from samples originating from the reduced zone. At the same

TABLE 4

Origin of samples

Media i i Reduced zone,
Oxydized microzone, . "mud with a seell
yellow mud of HZS

number of individuals/ml

I/b 3 684 000 3 477 000
Vi 8 156 000 3408 000
v 13 210 000 5 240 000
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time we have not found such a significant difference on nutrient agar, thus,
when we work with nutrient agar only in the examined mud zones, we find
the quantity of saprophytes well-nigh the same.

From all the above it issues that from the already employed media con-
taining much organic materials the sodium caseinate agar appears to be the
most favourable for counting saprophytic microorganisms especially for
samples taken from Lake Balaton, and for other types of waters as welkin the
case of strongly polluted waters it is well advisable to use nutrient agars con-
taining a variety of salts.

In Poland, serzetczyk and his collaborators carried out investigations
in 1967 on Lake Jeziorak and found that the sodium-casemate agar did not
give as high a value as the iron-peptone agar, for the latter yielded the highest
values. Notwithstanding, in Hungary and elsewhere the sodium-caseinate
agar has gained a wide acceptance for the examined waters (Fred, et al.
1925; Fred and W aksman, 1928; stark and McCoy, 1938; Taylor,
1940; Potter and Baker, 1956, 1961; Corttins and Wittoughby, 1962;
Willoughby and Cotrins, 1966).

Fig. 2. Nutrient media marked l.a, Il, Ill, IV showing the dynamics of appearing colonies

in plate pouring carried out in different times from Lake Balaton and from the Inner

Lake of Tihany. Lake Balaton: (a) 19th V111, 1968; (b) 8th I1X, 1968; (c) 6th V111, 1969.
Inner Lake of Tihany: (d) 6th VI1II, 1969
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The other advantage of the sodium-caseinate agar yielding higher
number of bacteria that the bacterium colonies appearing on the slide are
small, they are clearly delineated from one another, as compared to those
cultured on nutrient agar whose colonies are large, spreading fast and becoming
liquefied, consequently, they render counting difficult. The cromogenic bac-
teria also develop on the sodium-caseinate agar in a higher percentage (Strzel-
czyk et al. 1967).

The medium containing lake water and algal powder yielded a better
result when inoculated with the water of Lake Balaton than the same procedure
carried out on nutrient agar. Somewhat smaller values were obtained when
inoculated with the water of the Inner Lake of Tihany. Here, the colonies
were small and easy to count. Surrounding a number of colonies appearing
4—6 days after inoculation, on a dark green agar slide, striking light zones
may be perceiveable. By counting the colonies having lighter zones we might
get some information to the quantity of microorganisms probably taking part
in the decomposition of pigment materials.

The dynamics of the development of the final number of bacterial
colonies on media enriched with organic materials (Figs 2 and 3) is ratherf

Fig. 3. Nutrient media marked V, VI, VII, VIII showing the dynamics of appearing
colonies in plate pouring carried out in different times from Lake Balaton and from the
Inner Lake of Tihany. For symbols see Fig. 2

16 Tihanyi Evkényv
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variable. The fastest rate of growth has been observed on nutrient agar. Onthe
fourth day 85% of the final number of bacterial colonies appear. On the other
media, the rate of growth is slower, and by the 14th day 95- 100% ofthe final
number of bacterial colonies appears.

The other group of examined media not enriched with organic materials,
but consisting of natural substrate or containing salts is shown in Table 1.
On these culture media far many colonies developed than on the nutrient
agar rich in organic materials, and quite frequently they yielded the highest
values among all the culture substrates examined (Fig. 1). It was quite sur-
prising that when Balaton water was inoculated on the lake-agar deriving
from the supertrophic water of the Inner Lake of Tihany we obtained 10-times
less number of bacterial colonies, while inoculated with the water of the
Inner Lake ofTihanK this number was only 4 when using lake-agar deriving
from the water of Lake Balaton. The cause of this phenomenon may be sought
for in the high algal content of the Inner Lake of Tihany whose colour is per-
manently of a green hue. In preparing culture substrates, as the result of
repeated boiling, a large quantity of organic material as well as materials
inhibiting the growth of bacteria become dissolved. An extravagant increase
in organic materials, as has already been seen, may inhibit the growth of a part
of the bacterial flora inhabiting the water.

The development of the final number of colonies on the lake water and
mud-extract agars containing merely natural substrate as well as on oligo-
carbophilic medium, is slower than on substrates enriched with organic ma-
terials (Fig. 4).

The majority of colonies appearing on the agar-slides containing natural
substrate develops on the borderline of the agar and 4%Iass. This peculiar
phenomenon may be due to surface effects (zoBe11, 1943). The colonies are
frequently small, indistinct, spotlike, difficult to perceive and thus counting
is hindered. The development of colonies is very slow, and besides the sapro-
phytic colonies other colonies also appear on the agar slide. For this particular
cause the agarized nutrient media containing natural substrate are used only
for special investigations. For example, the nutritive material supply of a lake
may be calculated with their help quite easily, as well as the developmental
rate of the natural microflora, etc. The MPN" procedure was combined with
a membrane fllterlng by Melchiorri-Santolini anNd Caearelli (1967),
where the lake waters was used for nutritive solution, receiving a higher
number for bacteria than in nutritive solution enriched with organic materials.

When comparing the properties of nutritive media, on the one hand,
those which has been enriched and examined by us, and on the other hand,
those containing the natural substrate taking into consideration the properties
of bacteria regarded to be autochton and zymogen as established by Wino-
gradsky (1932), the following conclusion is well justified: that zymogen
bacteria are able to develop on nutrient media enriched with organic materials,
while media containing only natural substrate is good for autochton bacteria
only. Ginson (1957) says that the winogradsky’s classification of soil bacteria
is also valid for water inhabiting microorganisms.

We should, of course, bear in mind that only a supposed parallelism
exists, for winogradsky’s classification is rather general, as the above pre-
sented results conclusively prove that on various culture media, how divers
representatives of natural microbial associations may develop. The difference
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Fig. 4. Nutrient media marked 11X, X.a, X.b, X | showing the dynamics of appearing
colonies in plate pouring carried out in different times from Lake Balaton and from
the Inner Lake of Tihany. For symbols see Fig. 2

between the result obtained by plate pouring and direct counting is mainly
due to a high degree of selective capacity of the various nutrient media than
to the high number of dead organisms counted on the membrane filter, for
the quantity of dead organisms, measured by any type of method, compared
to the total number hardly reaches a mere 20% (Razumov, 1962).

Summary

L Significant differences have been observed between culture media
used by us for counting saprophytic microorganisms.

On the basis of results obtained by comparative analysis, for the waters
in Hungary the sodium-caseinate agar proved to be the most suitable for
counting saprophytic microorganisms. This medium vyielded the highest
number for bacteria, the colonies were small, did not liquefy and the chromo-
genic bacteria occur in them in greater numbers.

16*



244

2. It was interesting to note that on nutrient media containing only
natural substrates and salts a large number of bacteria were able to develop.
The slow rate of growth of the colonies and the difficulty in their counting
make them suitable, primarily, for “special’” investigations.

3. The authors in studying the microflora of waters by direct and in-
direct methods found that significant differences exist between the results
of the two methods, which, according to them, are mainly due to the selecting
property of the emploved nutrient media as against the supposed high per-
centage of dead organisms counted on the membrane filter.
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OSSZEHASONLITO TAPTALAJ-TANULMANYOK
A SZAPROFITA VIZI MIKROORGANIZMUSOK MENNYISEGI FELMERESERE

Olah Janos és Vasarhelyi Réka

Osszefoglalés

1. A szaprofita mikroorganizmusok szdmlaldsara altalunk felhasznéalt tdptalajokon
nagymértékben eltéré eredményeket tapasztaltunk. Az dsszehasonlitéd vizsgélataink ered-
ményei alapjan a natrium kazeinétos taptalaj bizonyult a legalkalmasabbnak a szaprofita
mikroorganizmusok szamléaléasara.

A legmagasabb baktériumszamot adta, a telepek apréok, nem dsszefoly6k és kozot-
tik a kromogén baktériumok is nagy szamban szerepelnek.

2. A csak természetes szubsztratumokat és sokat tartalmazé taptalajokon meg-
lep6en sok baktérium képes fejlédni. A kolénidk lassi novekedése és szamlalasuk nehéz-
kessége miatt azonban elsésorban ,,specidlis” vizsgalatok elvégzésére alkalmasak.

3. A szerz6k a vizek mikroftérdjanak direkt és indirekt mdédszerekkel térténéd
tanulméanyozésa soran a két médszer eredményei kdzotti nagy kilonbségeket — szemben
a membran filteren szamolt elhalt sejtek feltételezett magas szazalékaval — els@sorban
az alkalmazott taptalajok szelektadlé hatdsanak tulajdonitjak.
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CPABHUWTENBbHOE N3YYEHWE MNTATEJIbHbIX CPEA A4N1A KOJTMYECTBEHHOT O
M3YYEHWA CATIPOPNTHBLIX BOAHbIX MNKPOOPITAHN3MOB

A. Onax W P. Bawapxeiin

1. B pa3BuMTUM CanpoMTHbIX MWUKPOOPTraHW3MOB Ha MCMOMAb3yeMblX HaMW pasanyHbIX
nuTaTenbHbIX cpefax Habnganuce pasnnuma. Ha oCHOBe CPaBHUTENbHbIX NCCNef0BaHUI camoii
Nyuylweid nuTaTenbHOW cpedoi, Ans noAcyéTa MMKPOOPraHM3MOoB, OKasanacb NuTaTenbHas cpega
codepiKalias KasenHaT HaTpusa. OTa NnuTaTenbHas cpefa fana camoe 60Mblioe YUCNO GaKTepuii.
ManeHkne KONOHWUM He CANBAKTCA W MEXAY HUMU B BONbLIOM YMCNE HaXOAATCA XPOMOreHHble
6akTepuu.

2. Ha nuTaTenbHbIX cpejax COAepXalux TONbKO HaTypanbHble cy6cTpaTbl M cOu
pa3BuMBaeTCA YAMBWUTENbHO MHOro 6akTepuii. M3 3a MeAneHHOro pocta KONOHWUIA W TPYAHOrO
noAcyéTa OHVW NPUrOAHbI B OCHOBHOM ANS CNeLuuanbHbiX UcCnefoBaHuii.

3. ABTOpbl 06HapPYXUAN NPU U3yYeHUU BOAHON MUKPOMNOPbLI MPAMbIMU U KOCBEHHbIMYU
MeTofaMu 3HauYMTeNbHbIE Pa3Nnuna MeXay pesynbTataMu ABYX MeTOA0B. ITU pe3nnyusa TpakTy-
I0TCA KaK pe3ynbTaT TOro, YTO MCMOMb30BaHHbIe cpefbl 06NafaloT CeNeKTUBHbIMU CBOWCTBAMMU.
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