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Aerating Liquids by Agitating on a 
Mechanical Shaker 

Kluyver and Perquin's Schiittelkulturmethode (Bio-
chem. Z., 1933, 266, 68) has become a popular method of 
studying the physiology of molds. This method involves 
continuous agitation of submerged cultures on shaking 
machines and assures a more uniform supply of nu-
trients and oxygen to all cells as  well as a more uniform 
removal of gaseous waste products than does the surface 
culture method. During studies on the metabolism of 
Penicillium chrysogenum, generously supported by the 
Bristol Laboratories, i t  became desirable to determine 
how much greater the potential supply of oxygen is in 
shaken media than in media kept stationary. Since ccr- 
tain media foam quite vigorously when shaken, the 
question of how seriously such foams interfere with the 
diffusion of oxygen also aeeded consideration. 

Experiments to measure the rate a t  which oxygen dif- 
fuses into media would be most significant from a physi- 
ological point of view when performed with media that 
contain respiring cells. Unfortunately such experiments 
are also the most laborious to set up. For example, one 
could suspend varying amounts of cells in shake-flasks 
and observe the rate a t  which they take up oxygen. A 
graph of "volume of oxygen absorbed per unit time" 
plotted against "amount of cells" would indicate a 
direct proportion between the two until a further in-
crease in cells no longer gave an increase in respiration. 
This would mean, provided that the supply of oxidizable 
substrate is adequate, that the rate of respiration has 
become so high that i t  is limited by the rate of oxygen 
diffusion into the medium. The rate of oxygen uptake 
corresponding to the horizontal portion of the curve 
would then be a measure of the rate a t  which oxygen 
diffuses into the medium. (Cf. Umbreit, Burris, and 
Stauffer. Manometric techniques. Minneapolis: Burg-
ess, 1945, p. 9.) 

One could, of course, determine the rate of diffusion 
more simply in the absence of respiring cells. These 
determinations unfortunately are subject to the criticism 
that any conclusions which they may suggest are not 
necessarily applicable to living systems. However, since 
a t  least prelitninary information can be obtained in this 
manner, such determinations were made as follows: 150 
ml of freshly boiled and rapidly cooled distilled water, 
sometimes containicg added substances, were placed in 
500-ml Erlenmeyer flasks, which were then plugged with 
cotton, and agitated a t  28" C on a reciprocating shaker, 
having a 4-in stroke and shaking a t  a rate of 85 strokes 
per min. At zero time and a t  intervals thereafter, the 

Standard methods for the e x m i ~ t i o n  of water and 
sewage, New York, 1946). All determinations were 
made a t  least in duplicate. 

Fig. 1 gives some typical absorption curves. Oxygen 
dissolved in agitated liquids very rapidly, nearly satu- 
rating the liquid within a few minutes. Diffusion into 
still water proceeded slowly, as expected. I n  all cases 
the rate of absorption was most rapid a t  the beginning 
of the experiment, and slowed down as saturation was 
being reached. Assuming the ideal case in which oxygen 
is used by the organisms as  fast a t  i t  is furnished, one 
can estimate the potential oxygen supply from these 
high initial rates. For example, under our conditions 
oxygen diffused into shaken distilled water during the 
first 30 see a t  a rate of about 30 ml of oxygen per h r  
per 150 ml of distilled water, which would theoretically 
support the growth of 1 g (dry weight) of cells having 

Effect of  Shaking on the 
Diffusion of  Oxyaen 
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E'rc. 1. The rate at which oxygen diffused during the 
first 30 sec, in ppm per hr per 150 ml of liquid was: 300 
for shaken distilled water ; 50 for stationary distilled water ; 
330 for shaken distilled water containing 0.05 ml penicillin 
defoamer; and 320 for distilled water containing 0.5% 
glucose. 

a Q,, of about 30. This estimate is made with reserva-
tions, since the presence of high concentrations of nu-
trients and of cells will reduce the solubility of oxygen. 

Not only did oxygen diffuse six times more rapidly 
into agitated water than into quiet water, but the total 
amount of oxygen present after 3 hr was 70% greater 
in the shaken than in the undisturbed water. Further-
more, i t  also seems likely that until the still water be- 
comes completely saturated with oxygen there is an 
uneven distribution of oxygen; however, no determina-
tions were made to test the validity of this assumption. 
The addition of 0.05 ml of Swift's "penicillin de-
foamer, " an antifoam agent used in the manufacture of 
penicillin, did not appear to have a significant effect on 
the diffusion of oxygen; neither did the addition of 
0.5% glucose. 

I t  was a t  first difficult to find an artificial system that 
might be comparable to a medium covered by a foam, 
because the various foams tested in preliminary ex-
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lrcriments (wch as beaten egg white, foams produced 
from solutions of corn steep liquor, liinso, and Tide) 
either interfered with the Winklcr method or wcrc un-
stable. However, whcn nitrogcn was bubblcd from a 
Pyrex gas dispersion tube with fri t ted cylinder through 
a 2.6% solution of gum arabic, a thick foam devclopcd 
which completely covered thc solution and in spitc of 
agitation stayed intact for  about an  hour. Fig. 2 shows 

Effect of a Gum -N~trogen Foam 
on the D~f fus~onof Oxygen 

-- i->o+gum arabic 

I 

-f H20+ gum arabic-N2 foam 7 
o-: 
/?-

3e 60
Time In minutes 

FIG.2. Tlle rnle at  which oxygen diffused during the 
first 30 sec, in ppm per hr per 150 ml of liquid was: 140 
for lhe gum arabic solulion; 160 for lhe gum arabic solution 
containing 0.06 ml of penicillin rlefoamer ; 80 for lhe gum 
nrabic solution that contained 0.05 ml of rlefoamer and 
through which nitrogen was bubbled ; 0 for the gum arabic 
solulion covererl wilh a gum arabic-nitrogen foam. 

tha.t, as  long as  this foam persisted, thc diffusion of 
oxygen wa.s almost conipletely prevented. The possibil- 
ity that  thc flushing with nitrogcn rcmoved enough 
oxygeu from the ovcrlying atmosphere to decrease thc 
rate of diffusion was cxainincd by rcpcating tlrc ex-
periment in the presence of 0.05 nll "penicillin dc-
foainer. ' ' 'I'his antifoam agent prevented thc foam, and 
diffusion procccdcd a t  a fairly rapid ratc. Flushing 
with nitrogcn apparently did decrease the ratc of dif-
fusion somewhat, as ca.n be secn from thc absorption 
curvc for  thc solution of gum a.ra.bic tha.t conta.ined the 
antifoam agent but through which no nitrogen wa.s 
bubblcd. The fac t  tha t  oxygen diffused more slowly 
into thc gum solution than into distilled water can 
probably be cxplaincd by an  increase in the viscosity of 
the solution. Gum arabic did not interfere significantly 
with the Winlcler titration. When gum concentration was 
increased in intervals of 0.5% from 0% to  3%, the dif- 
fusion rate decreased markedly while thc titration blanks 
a t  zero time were about the same for  all levels. 

These results do not necessarily imply tha t  the foam- 
ing that  occurs during actual shake-flask fermentations 
interferes a.s seriously with acra.tion as  did the gum 
a.rabic-nitrogen foam in our cxpcrimcnts. They do, how- 
over, dra.w attention to the necd for  further studies on 
the a.eration of microbial cultures. 
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Only Qualified Praise of Chisholm's 
"Social Responsibility" 

Gcorge Crock Chisholm's article (Science, January 14, 
p. 27) rcccivcd thc unqualified approval of Rollin O. 
Mycrs in your March 11th Coinmcnts and Communications 
section (p. 264), and it appears justified to express i n  
these pages some criticism on a basic point of Dr. Chis- 
holm's philosophy since i t  is hopcd that  almost everybody 
in this country, a.t least, will a.grec with Dr. Chisholm's 
a.ims and cfforts i n  gonera.1. 

The point in question is Dr. Chisholm's concept of 
"origina.1 sin. " Dr. Chisholin says ' ' The uncomfortable 
fact  is  tha t  very few pepple indecd can love thcinselves 
in a healthy na.tura1 way which tolerantly accepts all 
their own human urges as  normal a.nd inevitable aspcets 
of the healthily functioning man or w0ma.n. Most of 
us, by being civilized too carly or too forcibly, have becn 
drivcn to bclicve tha.t our na.tura1 human urges arc 'bad,' 
'not nice, ' 'wicked, ' 'sinful, ' or whatcvcr thc local equiv- 
alent may bo. . . . Unfortunately, the concept of 'sin' 
in ,  under one name or another, very firmly entrenched 
throughout much of the world." 

It would seem that  Dr. Chisholin is  unfami1ia.r with 
thc history of the Christian concept of "original sin" 
and particularly with the attitudes of such outstanding 
contemporary theo1ogia.n~ as  Reinhold Niebuhr and Paul 
l'illich. Suffice it to quote from B. Niebuhr's Ileyond 
trc~gc,ily, essays on the Christian in terp~etc~l ion  of histor?/ 
irr condcnsa.tion as  follows: 'Sin is  not so much a, con- 
scqucnce of natural impulses which in a.nima1 life do not 
lcad to sin a.s of the freedom of rea.son by which man 
is able to throw naturc out of joint and to make fa.tcfu1 
decisions in huma.n history. . . . Sin lics a t  the juncture 
of spirit a.nd nature. . . . The most ba.sic nccd of the 
human spirit is  the necd for  security. . . . Tho primary 
insecurity of huma.n life ariscs from i t s  finiteness and 
weakness. . . . Whcn man looks a t  himself he finds hiin- 
sclf to bc only one of many crcaturcs in creation. Rut 
whcn he looks a.t thc world he finds his own mind the 
focusing center of tho whole. When man acts hc con-
fuses thcsc two visions of himself. IIe knows that  hc 
ought to a.ct as  to a.ssume only his rightful pla.ce in thc 
harmony of the whole. But  his actual action is a.lways 
informed by the ambition to make himself the centre 
of the whole. . . . When thought gives placc to action, 
sclf intrudes itself into every idea.1. . . . Elis sin is  to turn 
creatureliness into infinity . . . when he centers his life 
about onc particular impulse . . . tempted by his peculiar 
situation of being a finite and physical crea.turc and yet 
gifted to survey eternity. " 

It is exactly, then, thc recognition of being sinful, the 
concept of the ever-present danger of decciving himself, 
which cnnoblcs man and which offcrs a hopc of over-
coming thc groat difficulties of present intcrna.tiona.1 
hninan relationships. 
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