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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 (O c e v s k i , 1966; D a u k s t a , 1967; 
O v e r b e c k , 1968 a, b; R h e i n h e i m e r , 1968; P o t a y e n k o , 1968; D a u b n e r , 
1969; D e u f e , 1969; F o n d e n , 1969; R o m a n e n k o , 1969, and others).

The majority of water microbiologists employs R a z t jm o v ’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 
( B a b e n z i e n , 1962). The nutrient agar used in hygienic practice is quite in
adequate for counting the autochton, slowly growing water inhabiting bacteria 
(S t r z e l c z y k  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 ( H e s s e  and N i e d n e r , 1898; F r e d  et al. 1924; S t a r k  and M c C o y , 
1938; O p p e n h e i m e r  and Z o B e l l , 1952; F e r r e r  et al. 1963; S t r z e l c z y k  
et al. 1967; M e l c h i o r r i -S a n t o l i n i  and C a e a r e l l i , 1967; Fox d e n , 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 (C a r l u c c i  
and P r a m e r , 1957; J o n e s  and J a n n a s h , 1959; B u c k  and C l e v e r d o n , 
1960; G u n k e l  et al. 1960; F o n d e n , 1967; C l a r k , 1967; S t r z e l c z y k  et 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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T A B L E  1

The composition

N u t r i e n t  a g a r  
I . a

N u t r i e n t  a g a r  

L b
C o m p l e x  a g a r  

I I .
T a y l o r ’s  a g a r  

I I I .

S o d i u m  c a s e i n a t e  
a g a r  

I V .

D i s t i l l e d  w a t e r , m l 1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

L a k e  „ — — — — —

T a p  „ 1 0 0 0 — — — —

A g a r g 1 5 1 5 1 5 1 5 1 5

K „ H P 0 4 g — — 0 . 5 0 . 2 0 . 2

N a „ H P 0 4 g — 2 . 0 — — —

K N 0 3 g — — 0 . 2 — —

N a N O s g — — — — —

M g S o 4  • 7  H „ ( ) g — — 0 . 2 0 . 0 5 0 . 2

( N H 4 ) 2 S o 4 g — — — — —

F e S 0 4 • 7 H 2 0 g — ----- ' — — t r a c e

F e C l 3 g — — t r a c e t r a c e —

N a C l g — 3 . 0 — — —

G l u c o s e g — — 0 . 5 • — 1

G l y c e r i n m l — — — 1 —

S o l u b l e  s t a r c h g — — — 0 . 5 —

B a c t o  p e p t o n g 5 1 0 — 0 . 5 —

B a c t o  b e e f  e x t r a c t g 3 1.5 — — - —

B a c t o  y e a s t  e x t r a c t g — — 0.05 — —

S o d i u m  c a s e i n a t e g — — 0 . 1 0 . 5 1 . 0

M u d  extract ml — — — — —

P o w d e r  a l g a g — — — — —

Note: X.a — Lake water agar of Balaton; X.b — Lake water agar of Lake Belső

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 
( K u z n e t s o v , 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 Lakh has been stored in a refrigerator for a longer period of time.

The t o t a l  m i c r o b i a l  p l a n c t o n  q u a n t i t y  h a s  b e e n  d e t e r m i n e d  b y  R a z u - 
m ov ’s d i r e c t  m e t h o d  (1 9 3 2 ) .

The slides were sealed from 10—10 ml of 42 °C nutrient agar, whose 
composition is shown in Table 1. Our pulverized alga-nutrient medium have 
been obtained from the laboratory mass-culture of Scenedesmus obtusiusculus 
C h o d . 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

Jensen’s Oppenhlimer’s agar 
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F e-peptone Powder alga Mud extract Lake water agar Krashemnikova’s
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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 • 108/ml) of the 
Inner Lake of Tihany when compared to the data found in literature ( R o m a 
n e n k o , 1969) shows a pronounced degree of eutrophism. Likewise is the 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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la  II. III. IV. V. VI. VII. Vili. IX. X.a X.h XI.

F ig . 1. A ppearing  colonies on  th e  exam ined  n u tr ie n t m ed ium s an d  th e  to ta l  q u a n ti ty  o f 
th e  m icrob ia l p la n k to n  in  p la te  po u rin g  carried  o u t in  d iffe ren t tim es from  L ake B a la to n  
an d  from  th e  In n e r  L ake  o f  T ihany . T o ta l m icrob ia l p lan k to n : (a) 19th  V I I I ,  1968; 
(b) 8 th  IX , 1968. P la te  pourings: (c) 6 th  V I I I ,  1969; (d) 19th  V I I I ,  1968; (e) 8 th  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 O p p e n h e i m e r  
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 O p p e n 
h e i m e r  medium has yielded the о west values in every case of examination.
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TABLE 2

Media
Time of (plate pouring

1968 IX. 19 20 21 23 1 23 26 27

num ber of individuals/ml

IV 1013 1200 2730 1950 2088 —

VI 325 253 810 690 510 450
V II 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.

T A B L E  3

Time of plate pouring and Origin of samples

Media 22. X. 1969 
Megyer

22. X. 1969
Nagymaros 
right shore

4. XI. 1969
Branch of River 

Danube at Soroksár 
Quay at Ferencváros

5. XI. 1969
Petőfi bridge 

leftshore

I/a

num ber of individuals/m l 
— I 5 310 2 870

I/b 12 350 10 850 8 960 20 220
VI 19 050 35 660 30 190 24 800
IV 41 280 29 370 37 000 14 180

Oxygen consumption

О t-a 3 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 O p p e n h e i m e r  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

T A B L E  4

Media

Origin of samples

Oxydized microzone, 
yellow mud

Reduced zone, 
black mud with a  seell 

of H 2S

num ber of individuals/ml
I/b 3 684 000 3 477 000
VI 8 156 000 3 408 000
IV 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, S t r z e l c z y k  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 ( F r e d , et al. 
1925; F r e d  and W a k s m a n , 1928; S t a r k  and M c C o y , 1938; T a y l o r , 
1940; P o t t e r  and B a k e r , 1956, 1961; C o l l in s  and W i l l o u g h b y , 1962; 
W il l o u g h b y  and C o l l in s , 1966).

F ig . 2. N u tr ie n t m ed ia  m a rk ed  I .a ,  I I ,  I I I ,  IV  show ing th e  d ynam ics o f  ap p ea rin g  colonies 
in  p la te  p o u rin g  carried  o u t in  d iffe ren t tim es from  L ak e  B a la to n  a n d  from  th e  In n e r  
L ake o f  T ihany . L ak e  B a la to n : (a) 19th  V I I I ,  1968; (b) 8 th  IX , 1968; (c) 6 th  V I I I ,  1969. 

In n e r  L ake o f  T ih an y : (d) 6 th  V I I I ,  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 rather 16

F ig . 3. N u tr ie n t m ed ia  m a rk ed  V, V I, V II , V I I I  show ing th e  dy n am ics o f  ap p ea rin g  
colonies in  p la te  p o u ring  carried  o u t in  d iffe ren t tim es from  L ake B a la to n  an d  from  th e  

In n e r  L ake o f  T ih an y . F o r  sym bols see F ig . 2

16 Tihanyi Évkönyv
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variable. The fastest rate of growth has been observed on nutrient agar. On the 
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% of the 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). I t  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 of Tihany 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 glass. This peculiar 
phenomenon may be due to surface effects (Z o B e l l , 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 filtering by M e l c h i o r r i -S a n t o l in i  and C a e a r e l l i  (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 b y  W i n o 
g r a d s k y  (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. G ib s o n  (1957) says that the W i n o g r a d s k y ’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 W i n o g r a d s k y ’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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F ig . 4. N u tr ie n t m ed ia  m a rk ed  IX , X .a , X .b , X I  show ing  th e  dy n am ics o f ap p ea rin g  
colonies in  p la te  p o u rin g  carried  o u t in  d iffe ren t tim es  from  L ak e  B a la to n  a n d  from  

th e  In n e r  L ak e  o f  T ihany . F o r  sym bols see F ig . 2

b e t w e e n  t h e  r e s u l t  o b t a i n e d  b y  p l a t e  p o u r i n g  a n d  d i r e c t  c o u n t i n g  i s  m a i n l y  
d u e  t o  a  h i g h  d e g r e e  o f  s e l e c t i v e  c a p a c i t y  o f  t h e  v a r i o u s  n u t r i e n t  m e d i a  t h a n  
t o  t h e  h i g h  n u m b e r  o f  d e a d  o r g a n i s m s  c o u n t e d  o n  t h e  m e m b r a n e  f i l t e r ,  f o r  
t h e  q u a n t i t y  o f  d e a d  o r g a n i s m s ,  m e a s u r e d  b y  a n y  t y p e  o f  m e t h o d ,  c o m p a r e d  
t o  t h e  t o t a l  n u m b e r  h a r d l y  r e a c h e s  a  m e r e  2 0 %  ( R a z u m o v , 1 9 6 2 ) .

Summary

1. 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 yielded the highest 
number for bacteria, the colonies were small, did not liquefy and the chromo- 
genic bacteria occur in them in greater numbers.

16*
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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 employed nutrient media as against the supposed high per
centage of dead organisms counted on the membrane filter.
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Ö SSZE H A SO N L ÍT Ó  T Á PT A L A J-T A N U L M Á N Y O K  
A S Z A P R O F IT A  V IZ I M IK R O O R G A N IZ M U SO K  M E N N Y IS É G I F E L M É R É S É R E

Oláh Já n o s  és V ásárhelyi R éka  

Összefoglalás

1. A szap ro fita  m ik roorgan izm usok  szám lá lására  á lta lu n k  fe lhaszná lt tá p ta la jo k o n  
n ag y m érték b en  e lté rő  e red m én y ek e t ta p a s z ta ltu n k . A z összehasonlító  v izsg á la ta in k  e re d 
m ényei a la p já n  a  n á tr iu m  kaze iná to s tá p ta la j  b izonyu lt a  leg a lk a lm asab b n ak  a  szap ro fita  
m ik roorgan izm usok  szám lá lására .

A  legm agasabb  b ak té r iu m szám o t a d ta , a  te lepek  ap ró k , n em  összefolyók és k ö z ö t
tü k  a  k rom ogén  b ak té r iu m o k  is n ag y  szám b an  szerepelnek.

2. A  csak  te rm észe tes szu b sz trá tu m o k a t és só k a t ta r ta lm a z ó  tá p ta la jo k o n  m e g 
lepően  sok  b a k té r iu m  képes fejlődni. A  ko lón iák  lassú  növekedése és szám lálásuk  n eh éz
kessége m ia t t  azo n b an  elsőso rban  „speciá lis”  v izsgála tok  elvégzésére a lk a lm asak .

3. A  szerzők a  v izek  m ik ro ftó rá ján ak  d ire k t és in d irek t m ódszerekkel tö r té n ő  
tan u lm án y o zása  so rán  a  k é t m ódszer eredm ényei k ö z ö tti n ag y  kü lönbségeket — szem ben  
a  m em b rán  filte ren  szám o lt e lh a lt se jtek  fe lté te le ze tt m ag as százalékával — elsősorban  
az a lk a lm azo tt tá p ta la jo k  sze lek táló  h a tá s á n a k  tu la jd o n ítjá k .
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С РА В Н И ТЕЛ ЬН О Е И ЗУ Ч Е Н И Е  П И Т А Т Е Л ЬН Ы Х  С РЕД  Д Л Я  К О Л ИЧЕСТВЕН НО ГО  
И ЗУ Ч Е Н И Я  САП РОФ ИТН Ы Х  В О Д Н Ы Х  М ИКРООРГАНИЗМ ОВ

Я . Олах и Р . Вашархейи

1. В развитии сапрофитных микроорганизмов на используемых нами различных 
питательных средах наблюдались различия. На основе сравнительных исследований самой 
лучшей питательной средой, для подсчёта микроорганизмов, оказалась питательная среда 
содержащ ая казеинат натрия. Эта питательная среда дала самое большое число бактерий. 
М аленкие колонии не сливаются и меж ду ними в большом числе находятся хромогенные 
бактерии.

2. Н а питательных средах содержащих только натуральные субстраты и соли 
развивается удивительно много бактерий. И з за медленного роста колоний и трудного 
подсчёта они пригодны в основном для специальных исследований.

3. Авторы обнаруж или при изучении водной микрофлоры прямыми и косвенными 
методами значительные различия между результатами двух методов. Эти резличия тракту
ю тся к ак  результат того, что использованные среды обладают селективными свойствами.
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