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TENPERATURE AND THE GROVTH OF YEAST

\

I. Irtroduction.

In carrying on investigsations dealing with vital
vhenomena we must keep in mind the fset that we are deal-
irg with very complex systems. If we attempt to analiyze
living matter by sepersating its chemical comstituents and
idéﬁtifying them we find that we are no longer dealing
with living matter because the reagents vhich we employ
immediately ard sbruptly suspend its characteristic funme-
tions. For example, We may make an anelysis o0f yeast and
obtain some interesting products but we no longer have yeast
cells =nd the producets we obtain, aithough very imteresting
in themselves, mey bear only & remote relstionship to those
vhich were @esent in the living argenism. This method of
investigation has been employed by numerous investigators
in en ettempt %0 errive 2t or determine the nutritionsl re-
guirements of yesst. Thet is, they would analyze 2 sample
of yeast end assume that all the coastituents found were
absolutely necessary for the growth of yeest and comsequently
en artificisl medium should contain all the constituents
found. This is, of course, Telse reasoning &s the mere
presence of any given element is not an a priori reason for

believing that this particular element is absolutely essen-

tial for the normel growth amd reproduction of yeast.
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A second method of study consists in en ansalysis of
the chemical phenomene which sccompany or ungerlie the
sctivities of living, undisturbed and more or less func-
tioning protoplasm.

AS Bobertsonl says, "In the so-called 'exact sciences’,
namely mechanics and physics, We have, 2s & rule the pover
t0 isclate more or less completely sny phenomenon 0r group
of phenomense vhich we wish t0 study, erd to guard them from
disturbence by the intrugion 6f aceidentel variatles. For
exemple, it is not a2 difficult matter 10 demonstrate thet a
falling body experiences & counsvant accelerstion, the most
serious intrusive varieble being the friction of the 2ir, 2
vaerisble which can now be very resdily excluded in = variety
of ways. Similarly, in chemistry, it is not e difficult

matter to observe the progress snd equilibrium of such 8

-z aetion, as, for ex=mple, the reduction of iron oxide by

2gydrogen. However, when we come t0 organic caemistry @
encounter much more complex phenomens snd vhen we take up
the study of life processes we find the difficulties which
2re encountered in studying organic resctions in leboratory
glass ware are enormously magnified in studying reactvioms
vhich occuf in living matter.”

In meking = strwidy of life processes two methods have
been employed, first, the influence of temperature upon life

processes and, second, the grovwth rste. Before going fur-
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ther it will, perhaps, be wWell to give & brief summery of

the viork thet hes been done regsrding the influence of

temperature omn chemical reactions:

II. The Influence of Temperature on Rates of Reaction.
Tue t0 the Pact that the influence of tempersture on
chemicel resctions is so promounced it hes been guite gen-
erally recognized =s one of the most importent factors in
the study of chemicel changes. Although meny interesting
facts have been brought to light a2nd many phenomens ex-
plained there is still mueh to be learned conceraning the
influence of tempersture upon chemical rezactions.
The velocities of most purely chemiecal resctions in-
rease rapidly with rise of temperature. For example, the
inversion of cane sugar proceeds five times ss fast a2t 355
degrees as 1t Goes at 25 degrees; the conversion of solid

Ammonium Cyanate into Urea is fifty times as rapid at 57 de-

grees ag it is at 33 degrees; the transformation of dibromo-
stecinic acid into bromomeleic acid goes three thousand tinmes
as rapidly 2% 101 degrees as &t 15 degrees; and slthough the
reaction between hydrogen and oxygen is so slow a2t 155 de-
grees that no sign of combination can be detected a2fter many
nonths, yet a2t 2bout 600 degrees the combination tskes place
with explosive violence. Dewar, too, hes shown thet at the

temperature of liguid =2ir (-18% degrees) photograpnic sction
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is 20 percent; and st the temperature of liquid hydrogen
(=250 degrees) it is but 10 percent of its value =% ordin-
ary temperzture.

The first importaizt work earried out upon reactions
in homogenous systems Wes that of Wilhelmy® who messured
the rate of the inversion of cane sugar in aqueous soluticn
intq dextrose and laevulose under the catylitic sction of
a small quantity of zeid (hydrochloric or nitrie). Using
g polerimeter, Wilhelmy determined the rate of reaction
from the change in the angle of rotation st different time
intervals. Wilhelmy mede the assumption that the rete at
wbicﬁ the inversion took place, is proportionsl to the
gquentity of cane sugar still uninverted in the solution.
This importent essumption of Vilhelmy is the basis of the
law of mags 2ction. If the time be expressed by ¢ end the
quantity of sugar inverted after any given time be x, the
veloecity of inversion is dx . 7This quantity dx is,

—at at
aceording to Hilhelmy, proportionmel to the quantity of cane
suger remeining, vhich mey be represented by (a=-x), where
(2) is the original quentity of cane sugar when 1t equals O.
Hence, Wilhelmy's equation is =- dx = k{a=-x), where k
4%

is a2 proportionality factor cslled the "velocity constent”

of the reasction. On intergration one obtains,

t ea=x ] e=X
where k I 2.303 k,.

k=211log = ork’:.].;loglc- a (1)
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%ilhelnmy was the first 1o counstruct the differential equa-
tion quoted above for the caleculation of = chémical reaction
velocity. Using nitric 2cid as the catalyst (2t 15 degrees)
he succeeded in verifying the above experimentally.

In the =2bove dguetion k is the specific veloecity of
the reaction, constant, provided we keep the temperature
congtent. If the temperature changes during the resction,
kX is no longer constant, but imreaseé proportionally with
the temperatwre. For example, Harcourt snd Esson® found
that In the rezetion -- Hp0s plus Z2EI = Ig plos ZEgD
k veried with the tempersture, as indicated by the follow-
ing ﬁum‘bers:

YWhen t equ=ls &, 10, 20, o0, 40, 50,

k equals 1.00,2.08,4.32,8.38,16,19,30,95.

Various formul=ae have been proposed, since Uilhelmy
proposed his, by Berthelot, Eaxrcourt and Zssen, Farder,
Urech, Hood, Vant Zoff, end irrhenius.

In dealing with the infiluvence of tempersture oz chem—
ical equilibris if we let 4 and B represent two different
reacting substances at the point of equilibrium, the velo-
cities of the opposing resctions are the same, Or--

k,Cy = ko0p; therefore, X = K1 - OB (2}
kz CA

Since this relation holds good only then the temperature
is constant, Hernst proposes to call X the "resction iso-~

therm". In his work, Ztudes de dynamique chemie, vant Foff
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hasg deduced the expression--
¢ logky _ 4 logks . ¢
Yl T T 278 (3)

from the mechanical thaory of heat for the reiztlon betvieen
ky 2nd k, 2nd the quentity {q) of heat set free wher one
gram molesule of 4 is transformed into B at the sbsolute
temperature T.

;Although this equation, sa2ys vant HZoff, dces not dir-
ectly express the relation between the veloecity comstants
of the two inverse reactions and the tempsrature, yet it
does show that this relation must heve the farm ==

L2k o % plus ¢ (4)

where P and Q are constanis.” The differentiel coefficient
on the left side of (4) refers to the variatiom of the
valne of X with tempersture. This law of chemiesl eguili-
briuvm, it will be observed, deasls only with the end state
of & resction, and it has nothing to say sbout the tiwe in
which that and state will be attsined. Although thermo-
dynamics gives us & relation between the state ¢f eguilibrium
and the thermal vslue of g reaction, the time factor f£inmds no
place in that expression. P is not necessarily coanstant be-
cause the quentity of heat (q) sbtsoarbed or evolved in eny

reaction changes with the tempersture. This change, however,
is usuvelly so sm2ll thsi vie mey often sssume thet P is

reslly constant throughout 2 smell interval of temperature,

but the thermzl wvzlue of some reactions varies considerably
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with temperature. For example, the thermel valpe of the
reaction,

He + Ig = £2HI,
st 10 degrees is-- 6100 cal.; at 180 degrees 1883 cal., and
at 520 degrees 4444 csl.

P is really & function of temperature znd for this reea-
son vent Hoff's solution of the problem is still indefinite,
owing to0 the lack of eny information 2s to the form of the
funetion--

g = PP) ~eemmmmmmmee e (5)

Whenever we meet with 2 case like this it is the ususl

thing to write--

2(F) =45 + 3P + oF% + Dp1® + -- (&)
where 2, B, ¢, -~ are constants, because we know thaet when-
ever a physicel chenge is rexresented by such an exmression
we can generslly sprroximate very close to the numerical
value of (q) by incressing the mumber of terms included in
the celculation.

Iractieslly all the empirical formmlse vhich have been
proposed by different investigators to represent the unknown
relation between the temperature and the velocity of & chem-

ical recction car be referred t0 the formula~-~
d log X . a4 + AB% + e =-—= (7]
7 T

which on intergration assumes the form—-
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+ Blog. T + CF + -~ 4 constent (8)
vhere &4, B, end ¢ are comstants.

The first three terms of the series {6} were smployed
by C. Hahn® %o represent the influvemce of temmerature uporn
the reaction tetween hydrogen and carbon dioxide at high temp-
eratures; and by M. Bodenstein® to represent the iafluence of
temperature on ¥ in the rezsctione

Hg + Ig ® 2HI

De Yo X00i] omitted 211 terms sﬁcceding the second, snd thus

obtained the expressione—-

d 1'._0.%_-1{ A + 3% or, logx =4 + B log T <+ =2 constent (9)
b

al

for the influence ¢f temperatwre on the Jdecomposition of pros-
rhine and arsine.
arrhenins® only retsined the first term of the series (7)

and employed tie egustion--

d lO K- -gf- . - - 0 -
""'5.""%"" = 2o or, log k = log k, = At-'}?‘-'l é()} {(10)

_ (g - 7)
ie€e, k& = kge {H?-m—l

The above equetion hes given Pfairly satisfactory results
with 2 large number of measurements t6 which it has been applied.
Arrhenius himself compared it With measurements by Hood?,

11 and Corsd, as well as with the

Gorderl?, schueb snd Heeht
experiments of Urachl® emd of spchrl® on the imversiom of cene
sugar. Pricel? employed it in his work on the hydrolysis of

the esters; I. nemsent® end Z. Z. Reid for the hydrolysis of
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nitrobenzamide by the beses; J. H. Kastled ama i. s. Zoeven-
hart for the oxldation of formeldehyde by-hydrOg;n reroxide;
Goldsehmidtl! spd Reinders for the conversion of diezo emido
into amido diago eompﬂuﬁds; Leyls elso obteined very foir re-
sults with the transfarrmtion of anisynaldoxime acetate into
the corresponding nitrile, and for the inmtramolecular trang~
formtion of the 2cetates of enigynslidoxime, p-chloerbenzsyn~-
aldoxime, and thiophensynaldcxime.

Hercouxrt and Essen;s

, in their stvdy of the resction--
HEpls 4+ 281 = 1Ig 4+ 250,

sought the form of the fumection (7). They found thet if

temperéture be designated on the absolute sesle, and Ik be

the value of k af Tg5, and k the value of thse velocity at some

other tempersture, 7, then~--

. (2)B 111)
EO- E‘ET, 1

vhere B is 2 constent 40 be evalucted from the experimentsl
deta.

Hercourt =nd Esson used the equation--

a 105 X = % (12)

vhich is 2 specisl case of the fundzmentel equationr (7) whieh
on intergration, sssumes the form indiceted in equetion (11).

van t Hoff's equation~-

a 1o§' Z = ;a._ + ¢ (13)

or, integrated-- i )

“ ¢® -~ a counstent (14)
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is & special case of the fundemental equation obi\;ained by put-
ting B = O. sehwabl? applied this equation t¢ the transiorme-
tion of dibromosuccinic acid into bromo meleic aecid, snd to
the reaction between soéim mon chlorscetate end socdium hydrox-
ide; J. sponr20 to the inversion of cane sugar; =nd G. Buchboek
unsed it to represent his results on the influence of tempera-
twre on the decomposition of carbonyl sulphide by water.

If we negleect the first two terms of the series in the

original squation we get--

d lo% ¥ = @, {15}

vhich on integration becomes=—-
log X = C? + @& constant.
If natural logerithms are employed this may be written--
k = kpe cT {16].

The sbove formls was employed by Pendlebwy® =na Seward
in their study of the interszction of hydrogen iodide; by Tem=-
mann2d to represent the velocity of erystallizetion at differ-
ent temperstures; by Reid®? to represent the hydrolysis of
nitrobenzemide; and by Veley25 Tor the reaction between nitrie
ecid and coppere.

If commor logerithms be employed, exvression (16) becomes—

¥ 2 k x 1oop, (17}
vhich was used by Bugarszky to represent the influence of temp-
erature ozn the reaction between bromine and ethyl alcohol; snd
by Hecht27 and Comrad in their work om the action of elkyl
iodides on sodium 2lkylates.
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If we take the logarithms to0 some other base, say £,
we get--
¥ = k5 a ct {18).

. The gabove equation in & modified form wes used by Berthe-
lot in 1862, for the sction of acetic acid upon ethyl alechol;
by Sering2® for the dissolution of merble in minersl scids
=nd By E00dC for the rate of oxidation of ferrous sulvhete
by potassium chromate.

trrhenius meintains the view that the increase of veloc-
ity of & chemical reaction with temperature cannot be explain-
ed by =any change in the physical proverties of the solution
with temperature. He proposes the hypothesis thet cane sugar
eontains two kinds of molecules--active =nd pessive. The
active can =lone be hydrolyzed by the acid, while the passive
molecules are not scted upon. The amount of "active” cane
sugar in solution is supposed t0 be very small in comparison
with the "inactive" suger. In order 10 explain the inflmence
of tempersture on the rate }of inversion, Arrhenius still fur-
ther assumes that the cuentity of active care suger must in-
crease very rspidlys-sbout 12 percent for each degree rise of
temperature~—and this at the cost of the inactive suger. The
trensformation of inactive into zctive sugar is szid to be
due either t0 & rearrangement of the sitoms or tc the introduc-
tion of water into the molecule of inactive sugar. 4 stste of
equilibrium between the sctive and inactive moleecules of care

sugar Will be ettained vhen the respective concentrations G =



IODET R AT e 0392 £, 2 NI OTR

L RRAL IRl )

~12-

C4; and from van't Hoff's equation (3)}.

\

M gm n e o), (1
vihere g denotes the thermel value of the transformation of
inasctive into active cane sugar, and X3 and Xp ere the equi-
librium constants at the two different temperstures.

If the velocities of the resctions a2t the two tempera-
tures- be V3 =md Vp, then it is supposed that--

Vi1 = Ve %{-—i‘%ﬁfﬂ% s or g is about 25,600 calaries per gram
molecule of insctive sugar.

Robertson says that, "the benavior of physicael phenomens
vhich are affected by the tempersture, is guite different.
Thaet ig, the effect of temperature is in these phenomensa
qualitatively much less than 1t is in phencmen2 whieh arise
from chemical trensformationg, and for this reason we may,
with a feir degree cf confidence, employ the temparature co-
efficient of & complex phenomenon which inveclves physical as
well ss chemical changes as & means of gasuging the extent 1o
which the wvelocity of the process is governed by the chemiesl
transformetions which it involves. If the pace is set by the
rate at which some chemicel change trenspires, then the rapid-
ity of the process will be at leest doubled =pd not improbzbly,
more thzan doubled by a rise of 10 degrees in temperature. 32But
i? the chemical transformetions are subordinste to some phys—

ical process end must ewsit its development before they can

rroeceed, or if they are simply consequent upon physical changes
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the pace of the whole process will be set by thig physical
event snd the temperature coefficient of the process may be
expected to be less thazn twWo or even very comsideradbly less
than two.”

B&ylissaz does not agree with the above statements and
believes that eaution must be exercised in our conelusions as
t0 thether 2 progcess is of & physical or chemiceal nature on
the basis of c¢tserved temperature ccefficients. His views
are supported by the Pact that a goodly number of chemical
resctions exhibit 2 low velue for tempersture coeificients
thile gsome are even retarded by & rise in temperature.

Por example, Bensom®® found thst the rate of reaction inm
the case of the liberation of iodins from a mixture of XI,
FeSQs and Cro03 1is less at 30 degrees than at 0 degrees vwhile
the rate of reduction of ferric sulphate by iron in ac¢id solu-
tion appears to deerease with ineresse of temperature.

freutz and Volkmenn®4 found that the sapomification of
ethyl butyrate by barium hydroxide between 50 and 60 degrees.
hag the low wvalue for 2 chemical reactiorn of 1l.33 for ten de-
grees whergas diffusion, a2 vhysieal rrocess, has & value
nearly ss high, viz., 1.28. Chicx99 and Mertin find thet the
heat cosguletion of heemoglobin hes the extraordinarily high
temperstuwre coefficient of 13.8 for ten degrees, vinile that
of elbumin is even higher.

T. von schroeder®® finds that gelatine solutions, in &

-

perticular corndition, have 2 viscosity et 21 degrees repre-



sented by 13.76, vherezs at 31 degrees it is only i.42. This
is interesting due t0 the faet that colloids of ithe type of
geletine play 2 large part in vitel procssses.

‘e £ind that even in = simple uncomplicated chemical
fransformation the temperature coeflicient for ten degrees

tempearature intervall is not constent, for, reverting to the

equation=-
L:egfim-tol (20)
Zo (T3 To) -

we see that the temperature coefficient for 10 degrees is given
byh-'%% - 9.% g-@%§-§ it is therefore not independent of the
tempersture employeg; in fact the temperature coeficient must
invariably decrease ss the temperature rises. Assuming & vel-
ue of q = (13,200) vhich would yield a coefficient of 2 hetween
the temperatures of 30 and 40 degrees, the following table

shows the coefficients which might be anticipated at cther

temperatures:
Temperature Interval. Temperature Coefficient.
O 10 degrees 2,54
10em—m=m==20 " 2.22
20m=-——===30 © 2.11
GOmmmmmm=d " 2.00
£0mmm=====50 | 1.92

III. The Influence of Temperature Upon the Growth of Yeast.

Temperature coefficients for yezast were determined by
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Aberson®? working between 12 and 93 degrees giving & mean
tempersture quotient for 10 degrees {4 + 10/3%) =z 2.78.
Terzog®® gives values of velocities from 1.5 t0 28.5 degrees,
with £24.5/%14.5 = 2.88. 5latordd confirmed these results,
but showed that the temperature quotient varied with the temp~
erature. He oObtained his temperature quotients by growing
yeast_in e closed vessel connected with = mancmeter a2ad took
the time required 0 raise the colum of mercury 4 mm. 2%
temperatures ranging from 5 to 40 degrees. The results of
his experiments are shown in the following tetle:

Pemp. Observed Percentage Vi 5/Vy V43 10/7g

ratio correction
5
10 2.94 1c 265 56
15 2.29 ‘8 2.11 348
20 1.89 5 1.80 2.89
28 1.65 5 1.57 2.25
30 1.50 5 1.43 1.95
35 l.42 5 1.35 1.69
40 1.27 5 1.20

Sletor states that below five degrees the reaction pro-
ceeded too slowly tc be messured while above forty degrees the
enzyme wag &eétroyed. Dowever his experiments were carried
out in e synthetic medium spparently made up on the besis of
g chemical anzlysis of yeast and therefors probebly not the
best medium obtainable for his purpose. Furthermore, he did

not consider the relation of tempersture to the composition
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of the medium. Since it has been showm, by Fulmer, Kelson and
sherwood“0, thet there is ax opbimn concentration of the selts
used that veries with the temperature, it is quite probable
that he would have obiesined entirely different resulis had he
varied the composition of his medium with the temperature.

In 2 study of the growth rate of yeast A. slatoré‘l, in
1913, used four methods of estimeting X. The velifity of these
equations was tested by messuring the rate of growth of a pure
culture of 2 Burtor yeast in highly hopped wort of specific
gravity 1.040. 1% was fownd that X, the constent of wanrestric-
ted growth of this culfture, could be determined by methods of
yeast counting end also by measuring the rate of fermentation
of the growing yesst cells. Slator also showed that unmtil the
yeast crop reached ebout ten million cells per cubic centimeter
{2 cotnt of 40) the rste of increase at sny moment is propor-
tionel to the number of cells then present; whence k = log O .

isbout the same time T. Carlson?? rroposed & more eomzli-
ceted relstion between C and t from the sssumption that, besides
being proportional to the number of cells mresent, the rate is
elso proportionai to the sguare of the concentrsiion of the
foodstuff remeining aveilshble in the wort.

c1ark®® saowed thet under the conditions specified in his
work, that the rate of reproduction is independent of the con-
centration of aleohol until this reaches l.8 grams per 100 c.c.

In 1914 Horsee . Brown%4 determined the rate of reprodue~

tion of yeast vhen grown in mixtures of gir-sstursted wort, with



wort from vhich all a2ir had been removed by boiling in an
stmosphere of hydrogen.

Folmer®d measared. the rete of reproduction of yeast in
wort with and without ammonium fluoride and showed that the
cells vhien sre not killed artright undergo & period of paral-
ysis, after which they reproduce, giving rise to Duoride-
resistent celis.

As stated abovs ir no case there thermal coefficlients

of growth rates have been determined have the investigstors
taken into considerztion the composition of their medium.
Resction retes in olution are usmally apprecisdbly influenced
by the mesence of neutral salts vhich epparently heve nothing
to do with the reacction itself. In many ceses this "neutral
salt effect”, as it is called, may be interpreted as dee, st
lecgt pertialliy, to the inFluence of the ions of the sals
upon the thermodynamic environmment prevailing within the solu-

tion, for the rate of any given reaction is very vowerfully

influenced by the neture of the msdium in which it takes placs.
In determining growth rates or thermal coefficients it is

therefore esseatial that the experiments be condueted as far

ag possible under comparable conditions ss regerds thermody-

namic environment, since the logarithmic rate of remroduetion

' mey be influenced by chenges in the reaction of the medium,

in surface tension, in osmotic rressure, in pressure, in temp~

erature, in permesbility smd in the stete of hydration of cell

proteins.
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In & previous cormmigcation, Fulmer46, Nelscn end Sher-
wood mede & study, among other things, of the effect 02 ammon-
ium salts upon the growth of yeast in synthetic medis. The
Tindings 02 the =2bove anthors may be summerized es follows:

l. There is =2n optimm concentration of smmonium selis for the

growth of yesst et = given tempersturs.

2., Tor Tive smnonium salts tested the optimum concenitration
for the growth of yesst wes found to be at the seme normel-
ity, that is, the effect is due to the smnmonium ion.

3. The higher the temperature the greater the ceoncentretion of
ammonium salt required for optimmm reprcduction.

£t 2ll temperatures studied (21, 30, 35, and 40 degrees)

>
-

the concexntration of smmoninm s2lt for the optimunm growth
of yeest was found %0 coincide with the concentration of
the s2lt in which & protein, wheat gluten, was the least

swollen.

IV. statement of Problem.

The objeet of the work presented by the suthor is to det-
ermine growth rates méd temperature coefficientg by cdhering
to the following:

1. Determinevthe best possible medium for esch desired tempera-
ture.

2. LTter determining the best medium for each terperature, de-
termine the growth rates amd from these values calculsie

the temperature coefficients for the warious time intervals.
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V. Determination oZ - 26 Optimum Medium for Verious Temperatures.
Method: The method employed wasg identicel with the method out-
lined in the wreceding peper<? excert in the case of the deter-
minatiorn of growth ratesl the flasks weres gently rocked in 2
smell roeker. Jemes 0'Sulliven®® smows thet agitation is sbsol-
utely necessary in msking = quentitative study of the growth
rates of yeast. Clari®® also used this method in his work.

It was found that there is en optimum concentration of
ammonium chloride for the growth of yeast et the following
temperatures: 0, 10, 20, 25, 30, 35, 40, <42 and 43 degrees.

T’h‘e results of the above investigations are shown for the
different temperstures in Tables 1 t0 9 inclusive and summar-
ized in Teble 10.

It was found that the concentraetion of esmmonium sslt for
the optimum growth of yeast coincides with the concentration of
the salt in which gluten is the least swollen?O, It will be
noticed that the best growths were obtained at 40 degrees. At
42 degrees the yeast were growing gquite well vhile 2% 43 degrees
there is 2 rather sharp break, the toftal ecrop for medium E being
g count o0f 3.4 and for wart S.8 at the end of 63 hours, as com-

pared with 186 for medium E and 630 For wort =% 42° Q.
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2BLE I.

Growth of Yeast at 0° C. Varying NHaG1.

Normality : Iiz1 : I=s1 : I=
of : dount : fount Count
_ HH4CL : 24 hrs. : 48 hrse : 98 hrs.
0000 2¢3 2e2 2.1
0.0118 2.6% 5.6% 3.8%
001478 1.8 24 263
' 0.02360 1.3 1.1 1.1
ﬁ 0.0295 l.2 o6 «9
0.0354 1.0 o5 «8
0603835 1.0
0. 0413 5
0.0472 4

i

0.05%9 .




MBIE II.

Growth of Yeast at 10° ¢. Varying IHzCl.
Hornelity Izl I=1
of : Count : Sount
HE4C1 : 37 hrs. : 45 hrs.
0e 0CH 1.9 15
Ce0118 19.6 21
02065 £4.0 28
002360 01.5¢C 39
0.026355 27.0 29.5
0.0295 19.0 22
0.0354 1345 17
0.0413 10 i2




TABIE III.
growth of Yeast at 20° C. Verying NH4Cl.

Ewmuwh=1.1:13$121=1§1=1§1=1§I=1
‘ of :Count :Commt :Coumt :Counrt : Count : Coumt : Couwmt
NH401l :24 br.:30 hr.:30 hre:36 hr.: 24 hr.: 46 hr.: 46 hr.
0.00Q 43 26 45 45 54 67 89
0.,0118 47 58 87 103 95 113 120
C.0536 53 92 103 109 108 165 143
0.0295 55 101 138 158 150 224 168
0.03009 39 77 83 47 101 104
0. 03068 31 85 53 45 84 73
0.03127 30 66 42 47 65 73
0.03186 o7 43 69 76
0.032¢ 50 61 40 46 67 73
0.0354 32 38 66
0.03835 30 28 42 39 49 76
0.0472 27 28 42 43 49 68 73




Grovth of Yeast 2t 25° C. Varying HHaCl.

Hormality ; I=1 f I=1

of : Count : comnt
R3401 : Z4 hr. f 96 hr.
0. 000 oS¢ 435
060118 490 56
0. 02360 48 98
00295 78 133
0.05068 96 108
0.03186 iz2 156
00324 80 89
0.0354 60 69
0.0413 49 56

0. 0472 45 49




-24~-

Growth of Yeast at 30° ¢. Varying IZ4C1.

. o

Normelity ; = 0.5 : 1= 0.5 ; i=1 ; I=1

of : Cownt : Commt : Comnt comt

HH,C1 @ 43 nre : 83 hr. : 24 hr. 48 hr.
G000 53 46 56 8¢
0.0118 194 242 102 212
002360 256 280 115 2690
0.02655 274 294 117 - 273
0.6295 295 312 138 2890
0.052¢ 306 315 156 296
0.5422// 356 535 174 311
0.0854 389 369 184 354
0. 03658 270 285 i20 276
0.03835 220 229 96 201
0.0413 213 226 83 161
0.0472 1990 182 7& 142

0.05690 173 77 67 140




PABLE Vi.

Growth of Yeast at 35° C. Varying mH,Cl.

Hormslity : 1=1 i iz1
of : Count : Count
IE,CLl H 72 hr. : 24 h»
0+0C0 11i.7 57
0.0118 9% 188
0.02360 188 1424
00225 201 196
0.0524 243 225
0.0354 277 257
0.,03835 314 273
0.0413 186 202
0.0472 177 197
0059 158

143




i3I8 VII.

Growth of Veast st 40° g. Verying HaCl.
Tormelity ; Is1 ; I=1 i Is1 Iz1
of : Commt : Count : Count Cownt
HH4C1 : 72 hr. : 44 br. : 72 hr. 77 hr.
C.000 11.5 57 59 62
0.0118 98 204 122 146
0. 02360 190 146 215
0.02655
0.0295 206 222 19¢% 236
0.0324 242 260
0.08422
0.0354 244 207
0.03658 303 291
0. 03835 280 276 363 510
0.0413 318 288 s78 388
Ce 0472 174 216 251 l64
0. 059 169 198 156 142
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Growth of Yeest =t 42C.

1.3LZ VIII.

Tarying NE.Cl.

Lormality i iz1 ; i=z31 ; =1

of : count : Count Count

§E4CL : 24 nr. : 48 br. 50 hr.
0. 000 30 75 18
002360 59 123 35
0.0295 76 149 47
0. 0354 135 173 63
0. 03835 196 229 77
0.0413 239 282 99
D.04248 278 342 139
0e 04366 206 289 156
0.0472 159 240 145
0.0590 143 186 139
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D4BIE IX.

growth of Ysast at 43°.

Varying NH,CL.

0 s w8 to

Hormality I=1 I=1 Ii=1
_of : Ccunt : Count Coumt
FH4C1 : 24 ar. : 44 nr. 45 hr.
O 000G 1.50 1.1 1.2
34 03838 243 2.7 2.9
0.0413 246 2.8 3.00
De 00424 247 3.00 3.1
0.04307 Se1 S.2 Sed
0.04366 2.8 2.9 .1
0« 04425 2.7 2.8 de0
0.0472 2e6 2.6 3.1




PABLE X.

Summary of the Effect of Ammopium Chloride Upor the Growth
of Yezgt in Ifedium E.

- - .
L] L) *

R .

iex. Mire:lax.

sGrowth: :Grovth

. L [

Meirmum: Time:larimunm:©
Growth :Growsh

.

.

éTemp¢;Optimum
s HaC1

-
.

-
fe ]
£3
(0]

Time

A0 ¥ o0 oo
40 eo oo
s I8 o4 oo

*

0 0.0118 24hr. 2.6 48hr. 3.6 96hr. 3.8

10 0.0236C 37 51l.5 45 38

20 0f0295 24 55 30 101 36 158 46 224
25 0.03186 24 122 36 156

30 0.0554 48 389 o4 184 A8 354

35 0.03835 72 314 24 273

40 0.0413 72 318 44 288 72 378 77 388
£2 0.04248 24 27¢ 48 342 &0 139

43  0.0£307 45 &3
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It will 21sc be noticed that yeast grow at O degrees sl-
though rather slowly. The results of the abtove investigations
show thet yecst will grow over a rather wide renge of temp-

erature if the proper environment is rrovided for them.

1., The Effect of immonium Chloride upon the Growth
of Yesst in vort.

During the couwrse of the above investigations it ocecwred
that it might Be well to meke 2 similar study of the effect
of emmorium chloride uvpon the growth of yeast in wort, which
is commonly considered to be the best known medium for the
growth of yesst.

4L few weliminary experiments seemed +0 inGicate thet
there were two maximal concentretions of ammonium chloride
for the growth of yeast in wort. The influenes of ammonium
chloride upon the growth of yeast in wort was studied for 10,
20, 30, 40 and 42 degrees =nd in esch case it was fop.nd that

there are two meximel concentrations for the growth of yeast

in wort.e The results sre ghown in Teble 1ll.



oanLa X '
The Effest of Ammonium Chloride upon the Growth of Yeast in Vort.

Tempera-
ture

=20

30

40

1 .
Nbrmality Count :Noxmallty gount

:Normallty Count 'Normality count

: 42
:jormality:count

of MisCl :36 hr.;of NH4Cl :30 hr.:of NH4Gl :22 hr.:of NH4ACL :42.5 hr.:of NH4ClL :25 br.
[

0.000

0. 00869
0.0088
0.0118
0.01R9
0.0138
0.0141
0.014%7
0.0177
0. 0854
0.0531
0.0690
0, 0649
0.0708
0.0826

185
210
222
235
248

260

321
245
239
226

‘240

256
269
245
232

0.000
0.0118
0.01475
0.0177
0.0182
0.0188
0.0194
0.02800
0.0236
0.0854
0.0590
0.0708
0. 0767
0.0826
0.0826
0.0885
0.0896

210
240
259
865
273
340
268
245
R33
22H
220
239
242
253
261
241
246

0.000

0.0118
0.02386
0.0294

0.0341
0.0359
0.04%70
0.0588
0.0820
0. 106
Q.118
0.129

250
270
%52
252

0. 000

0.0236
0.02569

0.02714

0.0283
0.0295
0. 0854
0. 0590
0.0826
0.1060
0.1180
0.1416

680
795
825
843
900
720
692
700
713

0.000

0.0118
0.02%6
0.0294
0.038b3
0.0482
0. 0470
0. 0588
0.,0700
0.0820
0. 0940
0.1230
0.140

0.153

29
63
94
157
89
86
83
84
(ki




4 study of Teble 11 brings out the following poinis:

1. There are two maximal concentrations, as in the synthetie
mediom, of emmonium chloride which vary with tempersiure,
for the growth cof yeasﬁ.

2. Less ammonium chloride is required Zor the growth of yeast
ir wort than ir & synthetic medium, showing that there is
present in the wort something which plays & similar role

to that of ammonium ion.

2. A Second Xeximuom of Ammonium Chloride for the
Growth of Yeast ir Medium E.

In view of the sbove findings it was thought advisaeble
tc try higher concentrations of ammonium chloride in medium E,
t0 ascertair vhether or not there wss & second mexime of zmmon=~
ium chloride for the growth of yeast in this medium. Higher
concentrations of smmorium chloride were tried st 10, 20, 30,
and 40 degrees. In every case there 7was found & seeond mexi-
mum. The resulis are scown in TFehle 12. It wes z2lso found
that the concentration of ammonium chloride for the seeond

maxime corresponds 40 & second minimum point of hydration of

gluten.

k74
7. Boag?”

, Worlking with = bottom yeast in a2 15% dextroge
golution snd verious comcentrationg of ammonium sulphste,
found & zone of maximum csrbon dioxide production in sslt con-
centrationg betweern 0.5 2nd 0.05N. He slso found two minims

regionsg from 1.5 t0 1.08¥ sad from 0.016F down.
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?ringsheim48 gar=ied out £ series of experiments 4o
determine the influencse of the concentration of aitrogenous
food on Zermeniation, with thrree rascsg of yesst, "Iegor”
yeast, "Frohberg” yeast, énd 2 wine yeast. TFeptons, synthetic
leuweine, leucine from molasses, ssparagine 2nd ammonium sul-
fate were used &8 sources of mitrogen. Uith synthetic leu-~
cine, agparagine and ammonium sulfate & well merked optimum
concentration was fourd with two minime regions. Pringsheim
expleins these phenomens on the basis of the setion of the
different nitrogen concentretions on the plasme menbrene ot
times causing a thickening and slicw intake of sugser ené con-
sequentl& 2 slower fermentation, at times = loosening, resuli-

ing in the reverse aciion.
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I£BLE XII.

The Effect of Ammonium Chloride Upon the Growth o0f Yesst in
lledium % -- Second Maximam.

-t

Termpera-:
ture ;A0

22 40

30

s’ 3
o Jor 2o a»
L] L > o
*s o o
s o0 o2 e
5 joe on W
@ 80 e o

unt H ormal- Count :Hormale count

Normal- ;COunt ;Eormal-:Co
35 hr.:ity of :28 nr.:ity of :3¢ hr.

ity o2 :30 hr.:ity of :

EaC1 tNH4CY tHE4CL tRH4C1 @
00000 48 0.000 58 0.0C0 61 0.0060 e
5.059 53 0.059 63 0.118 75 J.118 76
2.118 61 C.118 71 0.177 84 Qe177 84

0.1298 = 72 C.1475 80 0.2265 89 0.2265 91
0.1475 80 o177 86 0.886 105 J3.236 94
D0.1534 92 C.182 89 0.895 84 0.255 97
0.1593 79 0.194 10C De35& 76 0.278 111
$.1652 €0 0.206 88 Ce472 63 0.277 79
0.177 55 0.835 €5 1.118 58 0.295 72
0.236 40 D.954 56 1.483 5C C.554 65
0.29590 38 0.4720 59
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5. The Zffect of KpHPO4 Upen the Growth of
Yosst in XMedium E.

The effeet of various concentrations of dipotassium
Phosphate upon the growth of yeast was tried st 250, 500,
35°%, and 40% ¢. I% was found that the addition of dipotess-
ium t0 the medium incressed the growth of yeast with increase
of the salt up to a concentration of 0.00464 normsel. Further
addition showed no improvement. The results of these deter-

minetions are shown in Table 13.

4. The Effect of Calcium Chloride Upon the Growth of
Yeest in dedium E.

The.effect of verious concentrstions of cslcium chrloride
upon the growth of yesst was tried at 25°, 30°, 35°, =nd 49°
C. It was Tound thei the zddition of calcium chloride showed
an improvement ir the medium up to & concentration of 0.1800
normel. The addition of larger quentities showed no improve-
ment over 0.18 or normel. The results sre tebulaited in Tabile

14.

e e EfTect of Calczu* garbonate Tponr the Growth of
Yeest in Medium E.

Tarious conpentrations cf caleium carboneie were trisd
in medium & at 25°, 30°, 35°, ana 40° ¢. It was found that
the sddition 02 ezlcium carbonate showed azn improvenent of the
medium with inerease of caleium carbonste up 40 a concentration
¢f C.0160 normsl. Further addiitions showed no improvesment over

0.016 normel. The results are tabumsted in T2bls 15.



rovwth of Yesst, Varying Zofirlg.

2° g, P s a. + 3504 i ad g
Normelity: 1=l R S R T
ef _ :lount :Count :Cowmt:Count: s Sowmmt:Cownt
GEP, 150 br.: 166 Br.:i2 hmi2d brs 124 hm:72 b
2.0006 180 95 62 2% 26 91
0400232 222 227 162 172 98 185
0.008480 246 28C 165 181 126 241
C.00464 261 S0 205 190 159 269
5.006%6 260 08 204 189 158 267
0.00928 259 soe 205 187 157 268
0.01160 261 305 208 188 158 269

J.01382 262 o2 2% 187 159 267




TABLE XIV.

Growth of Yeast, Verying Calls.

25° @. : 3°%¢. : 350 ¢. : 4o’ g.
Normelity:I = 1:I ® 1:I =2:T =1:I=1 :I=2:T=1:121
ot :Count: sComt:Comnt:Coumt :Count:Count :Coun
0e0ls - 124 hri4S hri72 hri48 hridf br :98 br:24 hr :48 hr

0.000 61 92 217 186 157 202 160 210
0.0180 73 106 255 198
0.0360 91 117 247 202 161 257 209 269
0.0540 105 129 289 246

C.0720 150 136 295 266 177 260 212 272
0.0900 140 156 304 290

0.108 158 173 31z 298 191 274 226 285
D.126 219 196 910 310

C.1440 256 218 818 318 211 278 245 299
0.1620 286 278 835 342 232 286 251

0.1800 37¢ &34 586 388 255 o189 275 o25
0.216 375 333 387 388 253 318 276 328
0.270 378 355 288 389 254 o155 274 326
0.32¢ 376 385 387 389 255 3i8 275 S24
0.3600 254 817 276




TABLE XV.

Growth of Yeast, Varying Callz.

. 250 . 300 C. 1 35° G : 4P ¢.
Rormalityil':lil'-' iI:l I=1
of : Cowmt : Coumnt : Comm% : Count
GeC03 :32 hr. : 48 hr. : 36 hr. : 46 hr.
0.000 42 130 - 85 70
0.0080 115 179 170 196
0.0120 . 185 298 192 210
0.0160 179 371 220 251
0.0200 100 238 180 215
0.0240 80 226 164 190
0,032 65 206 150 140
0. 040 52 186 148 139

0.048 51 175 139
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VI. Growth Rates o2 Yesst.

Using & mediunm of uniform composition with plenty of
7ood present, and plenty of room for the cells to grow, i%
ig natural to expect that eech cell would grow independently
of the others, end that therefore the rete of incresse of
the number oF cells in the flask &t any moment would be yro-
portional to the number of cells then present in the flesk,

i. e.,{writing “¢" for "Coummt"l,

4C = xat  Integrating, we heve

Therelore,

log ¢ = logI = Xx(tg - t1i
Letting I = 1,

log ¢ = Xt

then k¥ = lo% g

During the logsrithmic period of growth the plot of log ©
against ¢t is & straight line.

Having determined the optimum medium for the growth of
yeast at verious temperatures the zuthor proceeded to det-
ermins the growih rates Tor the verious temper<twwres using
the optimum medium for each particular temperzture snd from
these results caleculeted the thermel coefficients. The same

determinations vere also made upon wort, =nd wort witk the
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first and second maxime concerntrations o ammonium chloride.

1. The Growth Rates of Yeast in Vort snd Wort plus Armmonium
Chloride.

The results obisined with wert and wort plus amonium
ehleride are showm ir Tebles 16, 17, 18, 19, and 20. Pebles
16 2nd 17 give the commt for the verious time intervels for
wort and 2izo Zor the first =uc second mexima. Table i8
shows the critical count and meximum crop of yeast for esch
temperature studied. It is interesting to note thet both the
eritiecal comnt a»d the meximum crop are increased by the addi-
tion of emmonium chloride. Table 19 gives the time in hours
and the éorresponding log, ¢, for wort amd the first znd sec-
ond mexime a2t each tempersture. From these wvelues if log C
is piotted as ordinate 2nd time 2s abscissae we get & straight
line duringz the logarithmic growth rete. Teble 20 shows the
optimum concentrztion of ammonium chloride for the first end
second mexime, k and kjo/k or the thermel coefiicient for

gsch rise 0f 10 degrecs in temperaturs.
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TABLE ZXVI.

;

The Effect of immorium Chloride Upon the Growth Retes of
Yeast in Yort.

ev o o

10 degrees

20 degrees

oo oo oo

: :First :Second
Wort :Max. cMax.
Time :Count :Count :Count

: :First :Second
:Wort iiax. :lax.
Pime:Count :Count :Count

e 00 te soles o

e

L
*

12 3.9 SeB B4 17 58 72 65

15 4.4 4.8 4.6 18 73 92 88
17 5.4 6.0 5.% 1¢ 92 119 107
18 6.6 7.2 6.8 21 148 196 175
26 1343 14.9 14.0 g5 290 o84 542
32 23.8 28.4 26 34 966 1159 1040
45 856 109 98 43 1085 1501 1180
50 102 155 133 55 1170 1404 1270
62 158 257 206 67 1218 1449 1296
74 1690 244 210 75 1218 1444 300

81 161 246 giz2




TABLE XVII.
The Effect of Ammonlium Chloride Upon the Growth Rates of Yeast in Vort.

i

;First ;Seoond
Wort :Max. :Max.

;F:lr st ;Secoml
sWort :Max. :Max.

. -
L]

flrat :second
sWort :Max. s Max.

ee »e
.o o
*s 22 95 Po >»

.0 o0 ¢ 02 o0
ve oo oo se se

Time EOount 'ECount E(}ount Time EOou'nt ':Count ECou:at Time :Count ECOunt ECount
8 28 29 25 10.8 99 131L 113 9 654 64 59
10 48 66 54 11,3 169 209 178 11 131 161 146
11 4 8% 82  12.8  £42 333 277 12 206 255 228
12 104 130 122 15 810 1187 980 13 ol12 406 356
21L.6 1245 1437 1300 R5.H 950 1330 1200 RS 450 600 525
34 1340 1470 1390 47 13656 14656 1380 30] 504 652 617
58 1345 1510 1395 69 1550 1705 15656 48 612 667 655
70 1350 1516 1400 81 15656 1710 1560 59 620 670 - 6682

80 6205 665 660




PABLE ZVIII.

The Effect of immonium Chleride Upon the Growth of
Yeast in vort.

Wort :Rirst Meximum : Second ¥Maximum

TempeY~:Critical:¥aximum: Critical :Veximum:Critical :Meximum
gbture- : Coumt : OCrop : Cowmt : Crop : Coumt : Crop

10 102 161 153 246 138 212
20 290 1218 584 1442 342 1300
30 1245 155C 1437 1515 1300 1400
£0 950 1555 1830 - 17190 1200 1560

W
\V]
1
(W]
o

622 600 665 525 660




TABLE XIX

Phe Effect of Ammonlum Chloride Upon the Growth Rate of Yeast in Wort.

10

» jos oo

29

£-19)

oo o os

H Pirstisecond
Time:Wort :Max. :Max,.
Hrg,:Log C:Log OiLog C

: sPirsticecond

:Time?Wort :Max. :Max.

sHre.:Log CiLOog CG:lLog C

¢ | :Pirat:second
tTime:vort :Max. :Max.
Hrs.iLog C:Log C:log C

12
15
17
19
26
52
45
50

0.5185 0.5490
0.0435 0.6812
0.7384 0.7782
0.8195 0.8573
1.1239 1.17%4
1.3766 1.4536
1.9345 2.0574
2.0086 2.184%

00,5815
0.6628
0.7559
0.8326
1,1461
1.4150
1.9934
2.1239

iRg
18
19
21
25

1.7634 1.85%3 1.8129
1.8633 1.9638 1.9191
1.9638 2.0755 2.0294
2.1703 2.2923 2.,2430
2.4624 2.5843 2.5340

8 1.84064 1.4683 1.5962
10 1.6839 1.7649 1.7396
11 1.8692 1.9395 1.9188
12 2.0171 2.1139 2.0864

21.5 £.0951 2.1574 2.1139

40 degreocs

42 deprees

10.8
11.8
12.3
15

25.5

1.9956 2.1139
2.2014 2.3201
2.5838 2.5239
2.9085 3.0735
2.9777 $.1839

2006481
2.2820
2.4425

2.9880

33,0792

11
12
13
23

1.7324 1.80682 1.7709
Bell73 242041 2.1644
2:.3139 2.4065 2.3579
2.4942 2.6085 2.5b74
£.6532 R.7782 2.7208
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T4BLE XX.

The Zfect of Ammonium Chloride Upon the Growth Rate of
Yeagt in Wors.

Wort :__Pirgt ‘-:gax;.'m___w 4 ¥axg
;ﬂorm-; ;Ecrnr- sRorm-: :
Temper-:2l1ity: : tedity : celity: :
ature :NH.CL: k  :kyo/H:WH4Cl @ k  :kap/E:RE4Cl: k ikyg/k
19 0.00 0.0430 0.0416 0.0453 0.0649 0.0443

20 0.00 0,1035 2.40 0.01888 0.1092 2.41 0.0826 0.1068 2.41
30 0400 061686 1.62 0.0236 041780 1.63 041060 041740 1.63
40 0,00 0.,1936 1.14 0.02832 0.2051 1.15 0.1180 0.1992 1.145
42 0.00 0.1923 2489 0.0294 0.2005 0977 £.1230 0.1964 0.972




It is 2 gignificant fact that slthough k has = higher
value in the case of the two optim= conecenirstions of armon-
ium chloride than ;n wort alone, the thermal coseificients in
each cese sre the ssme. In other words, the vercentaege in-

crease in the growth rate is apparently s constant.
2+ Growth Rates of Yeast in Mediunm =E.

The growth rates of yszst in medium ¥ 2t verions temp-
eraturéé, uging the optimum concentiation of ammonium chloride
for each temperature were determined and the thermel cosffic-
ients were caleulsated from these. Growth rstes for normal
wort were also obtained at the same time and the thermal co-
efficients calculated. The resulis sre showr in Tebles 21 4o
25 inclusive. Tebles 21, 22 and 25 give the time =und ks
corresponding count Ior each tempe,ature for wort and for Med-
iwe Z, optimum £or each tempersture studied. Dzble 24 zives
the eriticel count, maximum crop of yessd, k and kjp/k for
each temperature.

It will be noticed thet the best results were ocbteined
et 40 degrees. .t 40 degrees Ve obitein not only the highest
critieal ceunt but algo the highest meximum cror of yeast.
Tis is of interest in view of the fset that most investiga-
torslhave hald t0 the view that yesst will mot grow well a%

40 degrees.
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IiBLE XXI.

The Effect of Ammonium Chloride TUpon the Growth Rate of
Yosst in Medium E.

O degroes 10 degrees

: ‘Vedium:Medium : :Medium :Medium
:Wort :E (&) :E (B) :Wort :E (4) :E (B}
Time:Count:Count :Count :Time:Cowmnt:Count :00mmt

. 3 - .
. - - . . - .

L4
-
3
.
.
-
.

28 2.2 2.1 2.00 26 13.2 11.3 11.6

35 2.7 2.6 2.50 29.5 18.8 15.7 15.8
48 3.9 3e6 5450 96 35.5 28.5 29
32 4.3 3.8 3.9 40 53 42 4l.5
64 4.4 4.2 4.3 52 128 105 106
76 4.6 4.1 4.3 62 162 134 132.5

77 le4 137 134
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T:BLE XXII.

The Effect of irmonium Chloride Upon the Growitk of Yeast in
}:edim o

20 degreeg : ' 30 degTees degrseg
: Hed. Med. :  : Med. :Med. :Med. :Med.

:Fort :B(4) :E (B):  :Wort :§ (A):E (B):  :Wort :% (£):E (B)
Time:Count:Count:Count:Rime:Count:Count:Count: Time: Zomt :Count: Comunt

o8 9 o2 oo
i
o

17 | 57.5. B4.2) 32.7: 7 : 15.5, . i 6 . 4.5 :
119 . 92.41 49.2, 48.6.11 . 70u5: B0 . 53 i 8 : 24.6. :
21 149 . 74 : 73 i1z } 45.5: 45 : 9.5: 67 :
223 12453 111 112 :13 1155 : 21 - , 43,52 46
25 .281 128 120 14 225 : 77 77 112 i225 . ;
29.5:792.5.149 1150 :15.2%  :110.5:107.5:12.5: : 65.5: 61
39.5:1165 1224 §225 ‘16 ; §157 ;140 15 :3z0 :
28 11190 gzso 5285 225 5677 E % §15,~§ : 91.5? 92.5
6545:1205 %285 5281 129 11050 § : 14 5505 ; %
: , : :35.251098 :156 5154 §14.5§ :112.5:115,5
; ; ; 5e $191 :192 :22 : §169 166
; ; ; 140.5:1197 | g ;23.55837.55 %
; ; : faz.25: 1256 %258 :29 5872.55 g
; : : 146.5:1205 1261 :265 .54 % :223 : 228
: : : 48 %1220 : : 57 11342 ¢ :
Pt b isa : iema lere 45 1 1s95 1390
: i : 59.251215 : : 148 11845 | ;
: Pl les i izmo ieme iss 505 is02
; ; ; L : ; 68 1399 1399
; : : D : : 7 1542 1398 1391
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T4BLE XXIII.

gffect of Ammonium Chloride Upon the Growtkh Rate of
in ¥edium Z.

YTeast

42 dezrees

0 98 et (%0 s

45 degrees

: Med ium: Yediwm : Modiwm: Medium
sWort :8 (4) :E (B) sWort {2} :B (B)
Time:Count:Count :Count ¢ Dime:Cownt:Cownt :Count
9 5o 13.3 13 1z 1.6 1.5 1.5
10 83 17.2 18 18 Ze& i.8 1.8
11 131 2247 £2eD 24 2.8 2.2 2.1
13 538 41.5 41 39 Oe6 Zeb 2.7
i5 316 708 7%2.5 38 37 3.9 34
17 o40 131 129 45 3.8 O.4 SeD
21 355 162 159 68 3.8 S5 Sad
33 408 258 250
41.5 521 332 356
56.5 685 349 543
68.5 630 345 342




The Tffeet of immonium Chloride Upon the Growth of Veast in Fedium
E 2% Different Temperztures.

L] -
.

.

femp-:Crit-: - Z sCTit-:  i0rit-: :
¥ era~- :icel :Mex.: ticaz :}BxX.:lesl :¥ax.: :
| ture :Commi:Crop: k k—;o/k Cmm‘b Srop Counts f‘rcp' k :Xjp/k

Ll - .
. 3 o 0 o

0 2,4 4.6 0.0122 345250 £.1 4.2 4.2 4.5 0.0118

(¥
L

[$}]
Do
)

10 128 164  0.0490 J.5250 105 137 106 134  0.0405
20 281 1205 01035 2.407 149 283 150 281 0.0883 2.18)

30 877 1225 C.1686 1.680 186 &7C 107 272 0.1961 1.541
40 B37 1lo4z 0.1935 1.149 169 .398 166 391 C.l1452 1.066
42 308 630 0.1923 0.99 162 845 159 342 0.1289 0.853
43 ST 348 040180 2,093 543 3e4& 3.4 .50 0.01%3 0.115




The Effect of Armonium Chloride Upon the Growth Rate of Yesst
ir Xedium E.
Temperature:- 0 degrees : 15 degrees
nort: :ded.: (A) ¢+ (3) :Wortg: :¥ed.: {A) : (Bj
TimesLOZCo :Tlme Loge0. 1,02, C.:Iime:Log,c.. Time: LOS« o s LOC « Ce
28 0.5424 28 Ded222 0.301@; 26 1.1z05 26 1.7529 1.96435
35 0.4314 35 04150 O.BQ?Q? £29.51.27z2 2925 1.1959 1.198%7
48 0.5911 48  15.5563 0.5443.: 96 1.5502 56 1.4548 1.4524
52 0.6335 52 (457388 Q.5911§ 40 1.7248 40 1.6232 1.618C
64 C.6435 64 2.6288 C.6555§ 52 1072 52 £.08lz 2.0233
2 degrees 30 deg-ees
17 1.7597 17 1.5108 1.5132; 7 1.190% 11 1,4771 1.5185
19 1.9657 19 +6920 1¢6866; 11 1.8482 12 1.6580 1.6552
21 Z2.1752 21 1.8692 1.8635; 15 2.1847 14 1.8865 1.8865
25 2.3856 25  £.0453 ©.0492: 14 2.3522 15.25 2.0433 2.0305
25 2.4487 25  £.1072 £.11063 23 2.8509 16  2.1567 2.1461
40 degrees -42 degrees
& 0.6532 11 1.5085 1.65285 9 1.7245 ©  1.1871 1.113¢
8 1.3902 12.5 1.3028 1.7853% 1> 1.9192 10  1.23840 1.2559
9.5 1.8325 13.5 1.961% 109661% 11 2.1239 11 1.3560 1l.9522
12 £.34895 14.5 £.0511 2.0550; 16 2.4885 135 1.6180C 1.6128
13 2.5051 22 2.2879 2,220 l; 15 2.3079% 13  1.8£82 1.8093
14 £.7033 34 %9433 2.5579; 17 eD315 15  Z.1173 2.1106
45 dezress i
12 0.2041 12 0.1751 0.17612
18 0.3424 18 C.2559 0.27802
24 (.4472 24 Je.0424 3.32222
30 05569 S0 0.4150 0.45142
38 0.5682 38  0.5185 0.5515:
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L6 42 degrees the yeast
€5 degrees there is

.

21g0 in tae total

sudden that it is

growth rate.

vh
there
%2 degrees

there is ¢ suddezn dzop,

O

b

e
=

ct

are growing foirliy well but

fog
tresk in the grovth rete =nd
ek is so

very accurste

th

aud Log. C.

-1y

o] the wvurious tempesrztures

tempersture 2s 2bseisse. Ploti-

obisin o cireight line, except

ere is upgerantly a

taere is 2 graduszl

X dropring 10

S and to £.0180 Zor mors.
. Growth Rates for Medium E Optimum for 30 degrees.

Grouth rotes vere determined for iediunm I using the op-~
timam concentraticn of Armmoniun Caioride for oC degrees, =% 1L
20, 95, &0 zund &2 degrees. The results e¥e .hovun in Wables
26 to 28 inclusive znd Figure 2.



© PABLE XXVI.

Grovwth Rateg of Yeaast in Medium 1.

(Optimam for 30 degrees).

10 deg.

20 dog.

50 deg.

40 dop.

42 deg.

a et

.h)(A);E
Time :Count:Count:ime

ee oo o

(B):

b4
.
3
v
.
(3

(4):% (B)

oo jow w8

i (A):iB (B)

aa les @

.
.
(3
.

H
B (a):

m (3)

e jou e

@ m (4058 (B)
gount: Count:Wime :Count:Count:Pime:Count;:Count:Pime;Count:Count

16

o
67
69

J.1
4.1
5.9
9.7
18
39
70
"8

18
21
24
28
41
50
65

75

25
49
73
82
MR4
187

a0

%10

11

9d

261
24

270

30

46

79
108
140
164
191
254
265
279

s72

10

11.2
&1
=8
38
97

144

188
1956
196

208

11.4 8 7e5

<0
2845
58.5
99
141
185
198
201

206

10 1.5
18 26.5
16 55
25 89
89 152

5L 139
64 158

7.9
1.2
&6
56
90

189

187

138

-gg -



TABLE XXVIT.

The kffect of Ammonium Chloride Upon the Growth of Yeast in Moedium .

(Optimum for 0 deg.).

f

.
.
.
*

30 deg.

v
.

Time:Log.C;JogLC

10 deg.

ee jee os

&0 de{o

sPimesLog. G

4() deg. :

42 dop.

[ ’ : . L] [ »
sLopg.Cittime: 102,01 L0g.C: LimosLog.0:Log Cilime: Log.C. s LOg.C.

15

0.4771
0eb6RIR
0.7404
0.9638
1.2691

1.5%40

04914
0.61:8
07709
N0.9868
1.255638
1.5911

18
19
21
22
2é

28

1.5909
le4d744
1.6274

17050 1.7076%0

1.85%3

1.9031

1.,0079 11 1.4771 1.5188

1.4771 1z 1,6580 1l.6532

8 l.0492
10 l.82:%

1.0569
J.5118

1.6335 14 1.8865 1.8865 11 L.4472 1.4548

d)

2.04838 £.0806

1.8687 16 £.1367 Z.2461

1.9138

1z 1.5%98
16 1.9868

L.58685
1.9956

8

25

0.8751 0.8653
1.15305 1.1206
104258 144150
1.7404 1.7482
1.9494 1.9542
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5 XXVIII.

&

The Effect of immonium Chloride Upon the Growth Rate of
Ye=st in lMedium Z. at Various Tempersiwes Using s iedium

[P T~

Optimom for 50 degrees C.

_ a -1 i - II
; §Critic31:maximum§Critiealimaximumi §
 Temperature:Count  :frop :Count :Crop : Xk 1x10/k
i
é 10 37 69 39 73 0.0da4
| 20 80 203 82 210 0.0777 2.398
390 156 270 127 a72 0.1361 1.751
490 37 =02 o9 206 0.1316 0.966
42 8¢ 138 S0 139 0.1098 0.834
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Table 26 shows the time znd the count for the tempera-
tures studied vhile tcble 27 gives the time and log. C. for
the corresgponding tempersturesz. Teble x8 gives the critical

count, the meximum crop, snd k and kjo/k for the verious temp-

erztures studied.

<\
ot
£y
{:
ct
W
4
Q
t
=
o
7]
gu
iz

It will be noticed in Pigure
(Optimum for 37 degrees) is below tae corresvoniing X for the
optimur medium for thzt particuler temperzture; £or example
gt 10 degrees the velue of k for the optimum medium =2. is 0.0405
while the wzlue for k et 10 degrees using £ medium =. optimum
for 50 Gegrees gives z lovier velue, nemely 0.0%24. The same is
true for 20 degrees vhile a2t o0 degrees, where the composition
of the medium is optimum, k is on the curve plotted for media
optimum for esch temperature. However st 40 degrees the vzlue
of k shows 2 very decided drop sgsin, k dropring from C.1452
t0 0.1316 vhile at 42 degrees it darops from 0.1239 to 0.1098.

It is evident from s study of Figure 2z that the walues of k
{vsing a mediur optimum for 30 degreeu} at 10 degrees =nd 30
degrees are 100 low znd cgsin =bove 30 degrees they are 00

low, while the velue for k or k,,/k sre 0o high for tempere~

tures below 30 degrees znd tco low Zor values zbove 40 degrees,

as shown by & compzrisor of 'ables 24 =nd 28. The explanation

2

e %

ot

emperature e 2re 21so0

5’

nat sz wWe increas: e

6]

n
ot

for this i

{

4]

spprocching the optimum temperzture for the medium used, soO

that we have two fzgtors tending tc increzse the growth rate,
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PABLE XXIX.

Slator : Kedium E.

_X1p/k i kip/k :  Ey10/k i Eip/k
Bxperiment :Cealceuleted : Experiment : Jzleumnlated
5.6 2.162 J.521 1.770C
2.25 2.01%7 2.180 1.65
© 1460 1.886 1.541 1.541

1.066 1.443
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-rise in témperature eand the canznge in the thermodynamic en-
vironment until the optimum temperature for the given medium
is reached, while from there on up these two factors work
egainst each other, that is, & rise in temperatwe will tend
t0 incresse the growth rzte, vhile the change in the thermo-
dynamic environment of the medium will tend to decrease tke
growti rste, hence the values Zor klO/k will f211 below the
vzlue of kj,/k vhere physico-chemical conditions are optimum.

Teble 29 gives the thermel coefficients for 10 desree
intervals for the growth of yeast from Sletor's vwork and those
obtsined from XMedium Z., vogether with the calculated walues
(using formula (20}, puge 14) in each case. The experimentel
velues do not agres very closely with the celeulzated velues.
Sowever they d0 agree somewhat more closely in the case of
Jedium B. than they do with 3lator's figures.

These experiments were curried out in the Bio-rhysical
Cheristry Iaboratory of the Iowa 3tate Jollege under the dir-

gection of Dr. 5. I. Pulmer.



VII.Sumn=ry.
1. The method given in & former paper51 by vhich the optimum
concentretion of each of the constituents of the medium for
the growth of yeast has been extended 10 include other temp-

.

eratures. fTane results confirm the former findings.

2« The effect of ammonium chloride upon the growth of yeast
in wort wes studied. TwWo maxims concentr-otions of smmonium

hloride were found vinich varied with the tempersture.

3. &£ second meximum gongentration of gmmonium chloride wes

glso fouwmc for the growth of yeast in lFedium E.

4. Thermel coefficients for the grouth of ysast in verious
medis vere Jdetermined in siniler physico~chemical environ-

nments for eech temperzture.

5. The averagel{,;/}( for four investigstors was Z.72 to £.88.
‘Determined ss in 4, the average was 2.03, showing & meterial

difference in methodse.
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