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Abslract-The grov~h characteristics of a foam-forming species, Rhodococcus rubra were studied on different sub- 
strates. The basic medium contained Czapek (3.34%), yeast extract (0.2%), potassium dihydrogen phosphate (0.12%), 
dipotassitml hydrogen phosphate (0.25%) and ammonium chloride (0.1%). This was supplemented with varying coil- 
ceiklrations of glucose (0-2%). Tile same basic medium was also used to examine the growth ofR. rubra m conlbination 
with varying concentration of n-hexadecane (0.0-0.5%) as a source of energy while varying the concentration of 
ammonium chloride in the range 1-3 g/~l. Studies based on determining the biomass concentration, the surface 
activity related to tile cell suspensions and measuring tile variations in broth pH revealed that glucose encouraged 
the grov~h ofR. rubra, compared to the control. However, increasing the glucose concentration from 0.1 to 2.0% 
had no fi~ther effect on growth. The surface activity of the cell suspensions increased with increasing glucose con- 
centration. Results similar to glucose were exhibited by the addition of n-hexadecane, suggesting same degree of 
growth among different concentrations with higher surface activity increasing with increase in substrate concen- 
tl-ation. Results have also shown that the pH of all the cul~re broths decreased as the ammonium chloride concentl-ation 
increased, suggesting that there was a production of hydrogen ions during the course of its metabolism. 
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INTRODUCTION 

The activated sludge process, which is based on microbial reac- 
tions, suffers fi~m two potelNal biologically based operational prob- 
lems: sludge bulking and stable foam fonnation. Bulking causes 
poor settling of sludge and can, therefore, produce low quality ef- 
fluent. The formation of stable biological foams can also produce 
low quality effluent, which is a world-wide problem fu-st reported 
in 1969 [Anon, 1969]. Since then, sevel-al workers [Greenfield et 
al., 1 985; Socklel and Seviota; 1995; Khan and Forstel; 1988, 1991 ; 
Iwahori et al., 1997; Sunairi et al., 1997; Rossetti et al., 1997] have 
reported the occurrence of stable foams when specific filamentous 
species dominate file mixed liquor suspended solids. In file main, 
the filamentous species involved are actinomycetes; Nocardia, 
Microthrir or Rhodococcus, and it has been shown that low tem- 
perature foams are more likely to be caused by Rhodococc~" spe- 
cies [Soddel and Seviour, 1995]. Appreciable amounts of oil and 
grease m the incoming sewage have previously been associated 
with foam formation [Greenfidd et al., 1985]. Foam forming acti- 
nomycetes, which appear to be highly hydrophobic [Sunairi et al., 
1997; Sb-atton et al., 1998], concei~-atmg at air/waIer interface are 
able to metabolize lipids and hydrocarbons that are not readily 
available to many other bacteria. For example, Gordona (formerly 
Nocardia) arnarae utilizes hydrocarbons and produces surface-ac- 
tive compounds [Cairns et al., 1982; Take& et al., 1992]. Micro- 
thriv parvicella has shown enhanced growth when oleate was used 
as a main carbon source, storing oleate during g ro~h  cycle [Slijk- 

hnis et al., 1984], which results in imparting strface activity to the 
cells. Rhodococcus' app. also utilise hy&ocarbons [Iwahofi et al., 
1995; Abumwaida et al., 1991; Mercade et al., 1996] and produce 
biosurfactants [Khan and Forster, 1988; Abtrmvaida et al., 1991; 
Mercade et al., 1996]. Another study [Khan and Fc~-stei; 1991 ] has 
revealed that R. rubra showed enhanced growth when it was 
grown on s~aight chain alkanes and on the corresponding carbo- 
xylic acids and that tile degree of enhancement increased with chain 
length. 

Foams m activated sludge plai~s are most celtakfly stabilised by 
strface-active compounds which are either excreted from the bac- 
terial cells in the sludge or are components of the cell surfaces. 
Howevel, there is no clear picture about tile way in which these 
foam-forming species become dominant in the mixed liquors, par- 
ticularly as they are such slow growing species. It could be an en- 
vironmental effect, it could be due to nutritional imbalances or it 
could be the result of selective inhibition. Any intbrmation about 
any of these effects is a valuable addition to the central pool of 
knowledge about foam formatiort Previous work [Khan and For- 
ster, 1988] has examined the growth characteristics of one of the 
foaming species, Rhodococcus' rubra grown oil a basic medimn, 
Czapek-Yeast Extract. This paper, therefore, reports an extension 
of this work which examined file effect on tile growth and surface 
properties oft~odococcus' rubra when differeut supplements were 
added to this basic medium. 

METHODS AND MATERIALS 

TCorresponding author, wc~~g IxeserNy at * as a Post Doctccal Fellow. 
E-mail: khanab dta@hotnl afl.c om 

Pure cultures ofRhodococcus' rubra (supplied by the Pollution 
Research Unit UMIST) were maintained on Czapek media sup- 
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Table  1. G r o w t h  m e d i a  for K rubra 

Component Concentration (%; w/v) 

Basic medium 

Czapek broth 3.34 

Yeast extract 0.20 

NH4C1 0.10 

K2HPO4 0.25 

KH2PO 4 0.12 

Supplements 

1. Glucose 0.0-2.0 

2. n-Hexadecane/ n-hexadecane (%; v/v) NH4C1 (g Y ~) 

Ammonium chloride 0.0 1 

0.1 1 

0.1 2 

0.1 3 

0.5 2 

0.5 3 

plemented with Yeast extract as agar slopes grown at 28 ~ for 10- 
12 days. These were used to grow starter cultures which were then 
used as 0.3% v/v (7 days old) inocula in the subsequent grow*h 
studies. 

A series of 500 ml conical flasks containing 200 ml medium 
was used for the growth studies. The compositions of the growth 
media used are given in Table 1. Tile basic medium (Czapek broth) 
contains: sodium nitrate (2.0 g/~), potassium chloride (0.5 g/~), 
magnesium glycero-phosphate (0.5 g/-~), ferrous sulphate (0.01 g 
fl), potassium phosphate (0.35 g/~)  and sucrose (30.0 g/~). All 
the flasks were incubated at 28 ~ and at a shaking rate of 105i2 
revolutions per minute. Biomass concentration, pH and srrface ten- 
sion of  the cultures were measured daily. 

Biomass concentrations were determined gmvimetrically by fib 
b-alion ff~ough membrane filters (0.45 bun pore size). Tile daily pH 
of the culture broth was measured at room temperature by a pH 
meter (Coming, modal 7, USA). Surface tensions of the culture 
broth were measured with a torsion balance (W]fite Elec. Inst. Co. 
Lt&) by using the technique that has been described previously 
[Khan and Forstel, 1988]. Tile avmage of at least five readings was 
reported. 

RESULTS 

Fig. l shows the effect of the glucose supplements onthe growth 
of_Rhodococcm, rubra, and it is apparent that the addition of glu- 
cose brought about an increase in the amount of biomass. The glu- 
cose supplenlents also produeed an increase in file rate of growth 
during the period 24 to 72 hours. However, the results demonstrate 
that increasing the glucose concentration from 0.1 to 2.0% (data 
for 2.0% not shown) did not have any f ~ l e r  effect, either on file 
growth rate or on the ultimate biomass concentration. Fig. 2 shows 
file changes in tile surface activity of tile various culture broths. 
There was little difference in file pattern of variation in file control 
sample and that supplemented with 0.1% glucose. However, as the 
glucose concmb-alion was increased, file differences became great- 
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Fig.  1. G r o w t h  o f / ~  rabra on med ia  supplemented  w i th  different 
c o n c e n t r a t i o n s  of g lucose .  
O: control, B: 0.1% glucose, at: 0.5% glucose, e :  1.0% glu- 
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Fig.  2. Variations in the  surface activity o f / ~  rubra grown  on me-  
dia supplemented  w i th  different eoneenlra l ions  of glucose.  
O: control, B: 0.1% glucose, at: 0.5% glucose, e :  1.0% glu- 
cose, A : 2.0% glucose. 

er, with the surface tension of  the broth supplemented with 2% 
glucose plateaning at about 42 dynes cm 1 compared with a value 
of about 55 dynes cm -~ for the control sample. The reason for the 
substantial drop in the strface tension, which occurred, between 24 
and 48 hours is unknown, although a re-examination of Fig. 1 
shows that ff~ was the period of ma~ximum growth-rate. The data 
contained in Fig. 3 show the variations in file broth pH values &ar- 
iug file growth perio([ Although, file pH values of all file supple- 
ments (accept 0.1% glucose)vat-ied identically, there were quite 
distinct differences between those supplemented with the higher 
glucose conceim-alions (0.5, 1.0 and 2.0%) and tile other samples. 
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Fig. 3. pH variations during the growth of/~ rubra on media sup- 
plemented with  different concentrations of glucose. 
�9 control, l :  0.1% glucose, A: 0.5% glucose, O: 1.0% glu- 
cose, A: 2.0% glucose. 

These differences were most marked in the 24-72 hour period (the 
logarittmflc and the early stationary phases). Previous work has 
shown that when/~ rubra was grown on Czapek medium supple- 
mented with nub-ient broth or with stardl, the pH increased with 
time. However, the pH was found to decrease with time when the 
Czapek medium was enriched with ammonium ions [Khan and 
Forstel; 1996]. Tt~ decrease was aWibuted either to a release of 
intracelMar acids as lysis occurred [Gray et al., 1984] or to an im- 
balance m the hy&ogen ion concenbation clue to the metabolism 
of the arnmonionl ions [Macaskie, personal colnmunication]. Khan 
and Forster [1996] also examined the effect of pH on the surface 
activity of the biosuffactant isolated from R. rubra and showed, that 
at pH values between 7 and 10, variations in pH had no effect on 
the surface activity. 

As with all microbes, the growt_h ofR. rubra is dependent upon 
the availability of degradable substrates. The n-alkanes, after oxi- 
dation to primary alcohols, foml the conespondiig fatty acids that 
are fitrther degraded to lower chain fatty acids. These metabolites 
may influence the growth of fffis species. Therefore, the role of n- 
hexadecane was investigated Figs. 4 and 5 show the growth of R. 
rubra in broths which had been supplemented with a sWaight chain 
alkane (n-hexadecane) and with varying conce~ltmtion of ammo- 
nium ctfloride. In Fig. 4, the results have been compared with pre- 
viously published data [Khan and Forstel; 1991]. The results show 
that n-hexadecane clearly enhances the growth ofR. rubra, com- 
pared with broths devoid of n-hexadecane, specifically Czapek 
broth suppleme~lted with yeast extract [Khan and Fc~-stei; 1991]. 
An examination of Fig. 4 shows that increasing the concenb-ation 
of ammonium chloride from 1 to 3 g ~ had very little effect onthe 
gro~h-rate or the ultimate biomass concentration. An examination 
of Fig. 5 shows that increasing the concenlration of n-hexadecane 
from 0.1 to 0.5% did not significantly affect either the gro~h-rate 
or the ultilnate bionlass concenb-atioix It was also observed that, 
d t ~ g  the first 24 hours, as n-hexadecane started to be metabolized 

Biomass varialions during the gl~owth of P~ rubra on me- 
dia supplemented with n-hexadecane and ammonium chlo- 
ride. 
�9 control - Czapek/yeast extract media [5], l l :  I g f~ am- 
monium dflolide: 0.0% n-h~xadecane, A: 1 g/-1 ammonium 
chloride: 0.1% n-hexadecane, 0 :  2g f ~ ammonium chloride: 
0.1% n-hexadecane, A: 3g /-1 ammonium chloride: 0.1% n- 
hexadecane. 
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Biomass varialions during the [~wth  of P~ rubra on me- 
dia supplemented with n-hexadecane and ammonium chlo- 
ride. 
O: 2 g/-1 ammonium chloride: 0.5% n-hexadecane, �9 2 g/-1 
ammonium chloride: 0.1% n-hexadecane, A: 3g/-1 ammo- 
nium chloride: 0.5% n-hexadecane, A: 3 g/-~ ammonium chlo- 
ride: 0.1% n-hexadecane. 

by the cells, aggregates or clusters of the cells, in the form of long 
tt~-ead-like sb~ctures were fonned. However, they appeared to be 
relatively weak sb~uctures as they broke down into individual cells 
when they were shaken vigorously. 

Fig. 6 shows how the surface tension of the various broths var- 
ied during the g r o ~ h  of/~ rubra. These data clearly show distinct 
features that are mainly related to the n-hexadecane concenWations. 
All the broths contaffmlg concei~-ations of 0.1% n-hexadecane be- 
haved identically, but their pa~em of behaviour was different from 
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Surface tension variations during the growth of P~ rubra 
on media supplemented wi th  n-hexadecane  and a m m o -  
nium chloride. 
O: 1 g ~l aI[lIDOniUlll chloride: 0.0% n-hexadecane, e :  1 g fl 
ammonium chloride: 0.1% n-hexadecane, A: 2g ?~ amino- 
nium chloride: 0.1% n-hexadecane, A: 2 g/-~ ammonium chlo- 
ride: 0.5% n-hexadecane, I 3 g fl  ammonium chloride: 
0.1% n-hexadecane, [~: 3 g/-~ ammonium chloride: 0.5% 
n-hexadecane. 

those of tile control and tile samples contaiimlg 0.5% of n-hexade- 
cane. All the samples, except the control, showed an abrupt and 
marked decrease in surface tension dumg tile first 24 hours. T t~  
was followed by an appreciable increase between 24 and 48 hours. 
This increase was, however, less marked in the broths containing 
0.5% of n-hexadecane. Fig. 7 shows the variaticns in the pH val- 
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Fig. 7. pH variations during the growth o f ~  rubra on media sup- 
plemented wi th  n-hexadecane and ammonium chloride. 
O: 1 g 71 ammonium chloride: 0.0% n-hexadecane, O: 1 g fl  
ammonium chloride: 0.1% n-hexadecane, A: 2g/-1 ammo- 
nium chloride: 0.1% n-hexadecmle, A: 2 g ?l ammonium chlo- 
ride: 0.5% n-hexadecane, II: 3 g 71 ammonium chloride: 
0.1% n-he, cadec~le, [~: 3g /-~ anmlonitml chloride: 0.5% 
n-hexadecane. 

ues during the tests with n-hexadecane and ammonium chloride 
and demonstrates that, with this particular set of media, there were 
very distinct differences between the control sample, the samples 
containing n-hexadecane concen~ations of 0.1% and those con- 
raining n-hexadecane concentrations of 0.5%. With the control 
sample and the samples containing the lower n-hexadecane con- 
centration, the change in the pH values was steady and continuous. 
In file samples contaitmlg file higher n-h~xadecane concentration, 

Table 2. Growth  and surface tens ion profile of P~ rubra 

Growth raedia 
Cell growth 

Specific growth rate, g (hr -~) Maximum biomass (g/-~) 

Surface tension* (dynes/cm) at 

24 hours 48 hours 

�9 Sucrose (Czapek media) 

�9 Glucose 

0.0% 

0.1% 

0.5% 

1.0% 

2.0% 

�9 n-Hexadecane 

0.0% (+ 1.0 g/t NH4C1 

0.1% (+ 1.0 g/t NH4C1 

(+2.0 g/t NH4C1 

(+ 3.0 g/t NH4C1 

0.5% (+2.0 g/t NH4C1 

(+3.0 g/t NH4C1 

0.9779 1.63 59.0 54.0 

0.9779 1.63 59.0 54.0 

1.1685 2.02 58.5 48.7 

0.9704 1.98 58.0 46.5 

1.1860 2.00 58.0 42.2 

1.1312 1.96 46.5 47.0 

0.9958 2.61 57.0 56.0 

1.0457 3.48 37.0 53.0 

1.0971 3.11 36.5 52.6 

1.0973 3.26 37.0 52.5 

1.1549 3.36 33.2 41.5 
at 72 hi-s** 

0.9948 3.36 34.5 39.0 
at 72 hrs** 

*During exponential growth - values of significance. 
0 Delayed effect due to higher concentration of n-hexadecane (0.5 5). 
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there was an abDapt change in tile 24 to 72 hours period after which 
the pH values remained more or less constant. 

DISCUSSION 

Tile established mechai~m of tile metabolism of glucose and 
sucrose in heterotrophs is well known. Glucose metabolizes through 
glycolysis and TCA cycle to produce energy and provide precm-- 
sops for cell material. Gl-ox~h ofR. rubra on tile glucose supple- 
mented broth (Fig. 1) showed an increase in the biomass con- 
cenb-ation in comparison to tile control. Increasing tile conce~m-a- 
tions of glucose froln 0.1 to 2.0% did not have any further effect 
either on tile rate of growti1 or Oil tile ullmlate bionlass concentm- 
6Oll Tile data in Table 2 substantiate tilis behaviour. Tile broth de- 
void of glucose (Czapek media) contains sucrose as a main carbon 
source. Tile specific growth rate of tilis medium was found to be 
0.9779 t~- 1. Tile media coigaitmlg 0.1 to 2.0% glucose showed an 
increase in the biomass; however, the ultimate biomass which is 
reported as a maximum biomass as a rough estinlate in tile present 
studies varied in the range 1.96 to 2.02 g U, averaging at 1.99 g Y~. 
Tile specific growtil rate of glucose (Table 2) encompassed in tile 
presmt studies also showed a less sigmficant change, ianging from 
0.9704 to 1.1860hr -~, averaging at a value of 1.1140 hr -~. Glucose 
has been used previously as a non-substrate, growth-eifllancing 
agent in both aerobic and anaerobic reactors [Catehpole and Coo- 
per, 1972; Carliell et al., 1995; Mousa and Forster, 1998], and it is 
suggested that t i~ may be its mode of action in tile current study. 
The reason for this type of behaviour is not known. In contrast, 
Fig. 2 shows that tile surface tension of brotils containing 2.0% 
glucose was nearly 13 dynes can 1 lower than tile control contain- 
ing no glucose. This quite marked decrease occurred between 24 
and 48 hom-s in tile growti1 cycle when tile culture was in tile log- 
mitimlic growth phase. Tile reasons for tilis and tile oscillatoIy be- 
haviour of tile surface tension with growth tmle are not known, al- 
though they could be due to tile fomlation or presence of metabo- 
lites during growth on glucose. This could also be due to the for- 
marital of some modified fonn of glycoplipicls which were then 
metabolized later in tile growth cycle [Mercade et al., 1996]. 

The higher concerm'ations of glucose (0.5-2.0%) caused a sub- 
stantial drop in pH (Fig. 3) which followed a similar pattern to tile 
strface tension changes. It has been reported previously that the 
pH ofR. rubra culb,~-e increases as growth proceeds [Khan and 
Fol-stei; 1988, 1996]. Although, tile study made by Khan and For- 
ster [1996] who used ammonium sulphate as a supplement in the 
growth media reported that tile pH of tile cul~u-e broth (Fig. 3) 
di-opped dumg tile expanential growth. Tile pH of a broth can be 
reduced by lysis of older cells [Gray et al., 1984] or by tile pro- 
duction of CO2 dumlg tile metabolism of glucose [Gottschalk et al., 
1979]. Alternatively, as argued by Khan and Forster [1996], the 
metabolism of anmlonium ions would result in an imbalance in 
tile hydrogen ion concentration and a decrease in tile pH. 

The data in Figs. 4 and 5 show the growth ofR. rubra cultures 

in broths supplemented with n-hexadecane at various concenlra- 
tions of ammonium chloride. The data in Fig. 4 clearly demonstrate 
that more biomass was obtained in the n-hexadecane supplemented 
brotils. Tile data in Fig. 4 further show that increasing tile ammo- 
nium chloride concentpation from 1 to 3 g k 1 had no effect on the 

growth-rate or tile ultinlate biomass concentration. Tile specific 
gro~xCh rate and the maximum biomass concentration data pre- 
seiged in Table 2 have substantiated fflis effect. The specific growth 
rate of 0.1% n-hexadecane broth (with 1.0% ammonia) was found 
to be 1.0457 hr -~ increased insignificantly to 1.0971 hr -~ when am- 
monia concenb-ation was increased to 2.0g /-~. However, no fur- 
ther change in the specific growth rate was brought by 3.0 g ~ 
ammonia, where tile ~t value remained unchanged (1.0973 t~) .  
Little vaiation (nlaiuly a decreasing trend) was, however, found in 
the maximum biomass during the ammonia 1-ange 1-3 g/-~. The 
variations in tile maximum cell mass remained betwem 3.11-3.48 g 
/q averaging at 3.28 g cells//for 0.1% n-hexadecane. Similarly, tile 
data in Fig. 5 demonstrate that increasing tile ccxlcenb-ation of n- 
hexadecane fi-onl 0.1 to 0.5%, had a little effect on tile growtil-rate 
but no effect on the ultimate biomass concentration was found. 
Tile specific growtil rate (Table 2) increased slightly froln 1.0971 
to 1.1549 in -1 at 2.0 g/q ammonia conceIm'ation. However, increas- 
ing the concentpation of ammonia to 3.0 g F ~ decreased the J,t value 
to 0.9948 tli ~1. Overall, tile maximum biomass was slightly in- 
creased with the increase in n-hexadecane concentration from 3.11 
to 3.36 g 1-1. No further increase among tile 0.5% n-hexadecane 
supplemeigs was recorded as a function of ammonia. Tile effect of 
0.1% n-hexadecane as a fimction of ammonia in Table 2 has sug- 
gested a slight increase in tile g values when tile ammonia level 
was increased fi-c~n 1 to 2g F~; however, no change thereafter was 
brought by ammonia. This indicates the least role of ammonia in 
increasing tile specific growth rate ofR. rubra. 

The data in Fig. 6 show that broths containing 0.1% n-hexade- 
cane behave in a similar way and that brotils containing 0.5% n- 
hexadecane also followed a similar trend. There was an abrupt de- 
crease in the surface tension during the first 24 hours in the period 
before tile cells had entered tile exponential phase. Tim was fol- 
lowed by a sharp increase in tile surface tension in tile 24-48 hour 
period of growttx It has been observed tilal, about 6 houls after in- 
oculation, tile cells started sticking together and long ti~-ead-like 
s~uctures, which were distinctly hydrophilic, were formed in the 
broth. These ti~-ead-like sW_lcmres were present until tile cells en- 
tered tile logaritimlic phase. Tim tic-earl-bearing stage in broth with 
0.5% n-hexadecane was found to be stretched to 48 hours com- 
pared to 24hours in 0.1% of n-hexadecane. However, these 
thread-like stmcmres were found to be weak and would break into 
individual cells utxxl vigorous shaking. After tile disappearance of 
these structures, tile surface tension of tile cultures increased again. 
Ramsay et al. [1988] have observed similar stmctures whenRho- 
dococcus aurantiacus was grown on n-hexadecane. However, no 
explanation to tim effect was given in relation to surface tension 
except ti~at during tile ti~-ead-bearing stage, tile calls were hydro- 
philic. Previously, Zajic et al. [1977] found tilat tile pure linear hy- 
drocarbons in the range of n-C12 to n-C~v were the preferred sub- 
sb-ate for tile growth of  Corynebacteri~ hydrocarboclatus. A1- 
kanes are metabolised to several intermediates before becoming 
accessible to the microbe. They are fwst converted to the corres- 
ponding alcohols and then to the corresponding carboxylic adds 
which are then degraded by the process of [3-oxidation [Khan and 
Forster, 1991]. The decreases in mrface tension during the first 24 
hom-s could well be clue to tile formation of fatty acids that are pot- 
entially surface active. During the exponential gro~a,  fi~aer de- 
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gradation would result in compounds that were less surface active. 
II1 hy(-troc~rboI1 fermentation, the production of extt-acellular sin-- 
face active or emulsifying compolmds is effective in enhancing the 
availability of the insoluble substrates. If this is the case here, then 
the pote~tt biosurfactm~s fonned dining the first 24 hems of growth, 
which reduced the surface tension markedly, have been utilized in 
biingmg the insoluble n-hexadecane to a fonn which is more ac- 
cessible (carboxylic acid) to R. rubra, then an increase in the sur- 
face tension could be expected [Neufeld and Zajic, 1984]. Further- 
more, Cooper and Zajic [1980] have reported that the surface ten- 
sion of medium chain fatty acids decreases with the length of the 
carbon chain down to Cn after which it starts to increase again. 
Khan and Forster [1996] later confumed this hehaviour with 0.1% 
mixtures of Czo-C17 carboxylic acids. The decrease and increase in 
surface tension m fffis current study is identical to earlier results 
suggesting the metabolism of n-hexadecane and the formation/pre- 
sence of corresponding carboxylic acids as degraded metabolites. 
The variation in surface tension as a function of alrmtonia (1-3 g 
U), on the other hand, was found to be minimal (Table 2) during 
rite significant part of  rite growth (i.e., exponential growth). The 
minimum values of surface tension varied in the ra~e  36.5-37.0 
dynes&m, whereas maximum values varied between 52.5-53.0 
dynes/cm (Table 2). 

Fig. 7 shows the pH variations that occurred during the growth 
ofR. rubra. The variations shown by the control and the 0.1% 
supplemented broth were distinctly diffeaent fiom fltose contaitmg 
0.5% n-hexadecane concentration. The main conclusion that can 
be cll-avat fi-om these results is fftat, although the metabolism of the 
ammonium ions will affect the pH (as discussed earlier), the pre- 
sence of the n-hexadecane will also influence the pH due to the 
production of  fatty acids. However, it is not possible to separate 
these two effects or to determine which was the more dominant 

C O N C L U S I O N S  

Tiffs imper has examined the growth ofR. rubra by using differ- 
ent concentrations of glucose, n-hexadecane and ammonium chlo- 
ride as supplements. The biomass yield per unit mass of added car- 
ben using the maximtmt biomass at the lowest concentration of the 
supplements, encompassed in the present studies, indicated that su- 
crose produced the lowest yield (0.116 g cells mass/g of sucrose 
carbon utilized). Glucose (0.1%) produced 5.05 g culture mass/g 
of glucose carbon utilized, whereas 0.1% n-hexadecane (with 2 g 
F 1 ammonia) yielded 3.66 g biomass/g of hexadecane colben uti- 
lized. It is, therefore, apparent that the substrates more than 0.1% 
glucose and 0.1% n-hexadecane remained mainly unt~lized. Pro- 
bably, that is the reason why the cell mass among the different con- 
centmtions of glucose did not vary significantly with the increase 
m substrate conceim-alion. In the case of 0.5% n-hexadecane, the 
surface tension values did not change significantly after 72 hours 
of growth due to the presence of non-metabolized substrate. The 
delayed disappearance of the long tt~ead-like structures could also 
be attributed to this effect. The results have also shown that 

�9 glucose encouraged the growth ofR. rubra 
~ increasing the concentration of glucose in the 1-arlge 0.1-2.0% 

had no further effect on growth 

�9 the surface activity of the cell suspension increased with the 
glucose concentration 

�9 n-hexadecane favoured growth ofR. rubra 

�9 same degree of g r o ~ h  exhibited in the range 0.1-0.5% ofn-  
hexadecane 

�9 surface activity of the R. rubra cells found dependent upon the 
substrate concentration, with surface activity increasing with the 
increase in n-hexadecane concentration 

�9 ammonium chloride was found to be mainly responsible for 
decrease m the pH of the culture broth. 
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