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. STUDIES ON THE STERILIZATION
OF SOLUTIONS OF GLUCOSE AND SUCROSE

INTRODUCTION

Glucose, the most widely known sugar of the monosac-
charide group, is being economically produced at the present
time by the hydrolysils of corn starch, This sugar, also
known as dextrose, corn sugar, and cerelose, represents =a
product of 99,5% purity, The sale of corn sugar has been re-
stricted in the past because the pure food law regulations
required that food products sweetened with any other sugar
than sucrose should have the fact stated on the label., How-
ever, this restriction was lifted in Jammary, 1931, by the
Secretary of Agriculture, thus opening a large field to the
producers of glucose,

The principal industries that will be able to make use
of this sugar are the canning and beverage industries, The
beverage industry alone uses about 300,000 tons of sucrose
annueally, By using a cheaper sugar, such as dextrose, these
industries may make a considerable saving,

Along with this economic feature there are two distinet
advantages, especially to the mamufacturer of carbonated
beverages, in using glucose, The workers on the American
Bottlers of Carbonated Beverages Fellowshlp have abundantly
shown that the cause of spoilage of carbonated bevarages is

principally due to yeast (1,2,3,4). That cane sugar contains



yeast and may be the original source of these microbrganisms
in a majority of the cases of spollage in carbonated bever-
ages has been shown by several workers (3,4,5,6,7), Thus to
eliminate the source of contamination by obtaining a sterile
suger will be a distinet advantage to the manufacturer of
carbonated beverages, Gluccse is relatively free from yeast,
In an examinatlon of samples of commercial dextrose sent to
the Department of Food Chemistry, Hellwig (8) found no evi-
dence of the presence of yeast,

The second sdvantage in the use of glucose 1s in the
fact that the finished bottled produet will not change in
taste after 1t has been stored for several months, The
presence of acid in carbonated beverages causes slow hydrol-
ysis of the sucrose to invert sugar. Sale and Skinner (9)
have shown that beverages made with invert sugar are not so
sweet as when made with the same amount of sucrose, Since
glucose is not changed 1n the presence of a moderate amount
of aecid, ite use would prevent this changs of flavor caused
by the presence of incressing amounts of invert sugar,

There are twe disadvantages in the use of glucose and
the preliminary work was concerned with those problems:
first, the low solubility of glucose in water (83 grams in
100 cc. of water at 17,5°C.), and secondly, the relatively
low sweetening power of this suger compared to sucrose,

Manufacturers of carbonated Beveragaa prepare thelr

syrups by two methods - hot process and cold process (10),
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The heaviest glucose syrup that may be used at room tempera-
ture {23-25°C,) is of 27° Bsumé strength., This amounts to a
solution containing approximately 49% of sugar, The specific
gravity of this solution at 20/20 is 1,2288, Those manufac-
turers using the hot process method wlll experience no 4if-
ficulty in meking 27° Baumé syrups if the necessary weight of
glucose is added to the required volume of hot water, In at-
tempting to meke & similar syrup by the cold process method,
the highest density syrup obtainable by simple mechanical
gtirring over a period of several hours was one of 20° Baumé,
The disadventage in using this concentratlion of glucose syrup
is that such s large volume of syrup must be added to the bot-
tle, that it i1s not possible to add sufficlent carbonated
water to give the desired volume of carbon dioxide, For ex-
ample, threes fluid ounces of flavored 20° Baumé syrup must be
added to a six send one~half ounce bottle in order to give a
sugar percentage corresponding in sweetness to the average
bottle that contains 11-12% suerose, This allows a volume of
three ounces of carbonated water te¢ give the desired carbon-
ation to the finished product, The manufacturer usually uses
from one to one and one-half ounces of flavored syrup to s
six and one-helf ounce bottle, By using & Lomax Syrup Maker
of the mixer and filbter type, it was possible fo produce s
27° Baumé syrup with several hours mixing,

The next problem was to determine what quality of bever-

age could be made by using a glucose syrup, A great meny dif-
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ferent values for the comparative sweetness of glucose and
sucroze heve been reported, One of the highest values found
was that of 74,3 compared to a value of 100,0 for sucrose
given by Biester, Wood end Wehlin (11), This value was found
$0 be satisfactory in meking up ecarbonasted beverages of a
good quality,

Having determined the conditions in which a glucoss
syrup could be prepared and utilized by the menufacturer of
carbonated beverages, the problem arose as to the relsative
eage of sterilizing contaminated solutions of glucose and
sucrose,

Briefly, the problem was as follows:

1. To make comparative studies of growth {or death)
of yeasts in solutions of sucrose and glucose of the
same densities at room temperature, using densities withe
in the range that would be satisfactory for the mamfac-
turer of carbonated beverages to use with glucose,

2. To study the effect of citrie acid on the killing
time of yeasts in solutions of glucose and sucrose of
the same densities at room temperature.

3, To make comparative studies of the effect of tem~
peratures on the killing times of yeasts in solutions
of glucose and sucrose of the same densities,

4, To study the effect of the addition of citric acid
to solutions of glucose and suerose at high temperatures

on the killing time of yeast,
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REVIEW OF LITERATURE

A considerable amount of work has been reported on the
fermentation of sugara, but very little has been published
concerning the growth of yeast in high concentrations of glu-
cose solutions, The only work reported on a high concentra-
tion of glucose was that of Brown (12), He found that there
was o decreasse in the amount of dextrose fermented when a 30%
solutlion was used, In comparing fermentation of 10, 15, 20
and 30% solutions, & 20% solution appeared to be the optimum,

Owen and Denson (13) studied the effect of the accelerat-
ing action of vegetghle carbong on the fermentation of solu-~
tions of 20% glucose snd levulose, He found that while car-
bon stimulated the fermentation of levulese 1t had no ac~
celerating action on the fermentation of glucose, The presence
of carbon stimmlated fermantaﬁian in sucrose solutions,

In working with high sucrose concentrations Dubourg (14)

isclated a yeast that was active in an 80% sucrose solution,

Owen (15) iselated Saecharomyees Zopfll from canned cane
syrup having & density of 70-75 Brix (67-72% sugar) by plat-
ing out on a high sugar medium, He studied the effect of
temperatures and &enaiti&é of cane syrups on the fermentatlve
action of this yeast by 4nceulating tubes of ayrups of four
different densities with cultures of 5, Zopfil and exposing
the tubes to verying temperatures for a definite length of
time, After stopping the actilon of the heat by ilmmersing in
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cold water, the tubes were incubated until fermentation de~
veloped. He found that when syrups wers heated to 90°C, for
10 minutez fermentation developed in the high density syrup
(71.1 Brix) in 15 days, while with the lower densitles (56.3
Brix, 41.5 Brix, and 31,5 Brix) no fermentation oceurred,
However, when tubes of syrups exposed to temperatures under
70°C, for 10 minutes were incubated, fermentation developed
more rapidly in the lower density syrups then in the 71,1 Brix
solution,

owen {1,2) brought out the fact that the reason yeasts
had not been iscolated from heavy suger syrups before was be-
gause of the medium used in plating them out, Yeasis are
more sensitive to radical changes in the density of theilr en-
vironment than bacteris, and when a fermented heavy syrup was
plated out on 10% sugar medium only bacteria were fcun&.ta be
present, Vhen plated out on a 25% sugar medium both yeasts
and bacterla were present - the bacteria In a greater number
than the yeasts, By plating out on & 50% sugar medium, both
yeasts and bacteria were foﬁﬁd, but the former predominated,

Churceh, Paine and Hamilton (16) found abundant evidence
that the bursting of chocolate-costed creams was due to yeast
growth, These yeasts grew in a 76-77% sugar syrup.

MeKelvey (4) carried out experiments to determine the
length of time necessary to kill yeast spores in sugsar syrups
of 24, 27, 30 and 36° ﬁaﬁmé; Spores were killed in 24° Baumé
syrups by heating to 70°C, for two minutes; 36° Baumé syrups



were heated for five mimutes in order to kill all the yesust
spores,

Peterson (17) worked on somewhat the same problem., The
epores that he obtained required a considerably higher tem-
pereture to be killed than those spores of McKelvey, 30 mlnutes
et 100°C, were necessary to sterilize a 36° Baumé syrup.
Peterson's explenation (18) for the great difference in the
k¥1l1lling of his spores and NcoKelvey's 1s that the latter added
1.5 cc, of saturated citrle acild to 1000 ce, of his plating
medium, Yeasts d1d not grow well in this medium after belng
exposed to heat,

Peterson used a mixture of spores from 28 different
yeasts, The time necessary to kill 99.9% of yeast spores in
sucrose syrups at a temperature of 100°C, was six minutes for
24° Baumé, 8-10 minutes for 30° Baumé, and 28 mimutes for 36°
Baumé, Upon the addition of 1 co, of 7,074¥ citric acld to
100 ce, of 36° Baumé syrup, 2ll the yeasts were killed in two
minutes,

Toulouse {19) studied the effect of added acid to high
density sucrose syrups on the killing of yeasts at room tem~
perature, He obtained growth of yeasts on 24° syrups; but
with the addition of citric acld at the rate of one ounce of
50% citric acid per gallon of syrup the yeasts were killed,
He gives definite killing times for yeasts in syrups contain-
ing one, two and four ounces of citric acid per gallon. How-
ever, this applies only to the atrain of vegetative cells of
the yeast that he used,
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EXPERIMENTAL

Source of Materials

l. The yeast.

In order to obtain yeasts that would be typleal of those
which would cause spoilage in the plants of the manufacturers
of carbonated beversges, samples from spoiled beverages that
had been sent to the American Bottlers of Carbonated Beverages
Fellowship for analysis were plated out on Wort ager to de-
termine the presence or absence of 1living yeasts, Twenty dif-
ferent samples were plated out, fourteen of which showed that
living yeasts were present, To determine the presence of
spore forming yeasts, typieal colonies on each plate were in-
oculated into broth and incubated at 28°C. for 48 hours, Car-
rot julce calcium sulfate tubes were then inoculated and incu-
bated for two weeks at 28°C, This carrot juice calcium sul-
fate agar was prepared as followa: two liters of distilled
water were aéded to one killogram of finely ground carrots, and
the whole wﬁs boiled fer'ten minutes., The ligquid was then
extracted in a hand press, squeezing out,éa muach of the juice
as possible, To the pure solution was added 2% egar and 1%
calcium sulfate, and the whole was boiled until the agar was
dissolved, The media was placed in tubeg and flasks and
sterllized at 15 pounds pfessura‘f@r 20 minutes,

After incubating the tubes for two weeks at 28°C,, the
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presence or absence of yeast spores was determined by Moller's
method of spore stalning, Seven of the fourteen tubes showed
positive evidence of yeast spores.

To obtein e sufficient number of spores to carry out all
of the experiments planned, Kolle flasks containing carrot
Juice calcium sulfate agar were inoculated from 48 hour broth
culbures of the seven stralns of yeast, After Incubating for
20 days, when yeasts that were inoculated into tubes of the
same agar at the same time showed the presence of abundant
spores, the growth was scraped off by means of a small hoe-
shaped spatula snd placed in a sterile evaporating dish, The
spores were then dried in a vecuum desiccator over sulfuric
acid for 21 days,

In order to dllute the spores, they were ground in an
agate mortar with three to four volumes of sterile powdered
sugar, The resulting mixture was kept in a sample bottle in
e desiceator containing sulfuric acid, 4 small amount of
spores wasg plated out, and it was fouad that there were ap~

proximately 200 million yeasts per gram of material,

2. Inoculating meterial.

In the first few experiments on the growth of yeasts in
syrups, the yeast suspension was prepared by adding the spores
to sterile tap water; later, a 2% glucose solution was made
up by the addition of the necessary smount of‘gluaoae to con-

ductivity water, After sterilization, a weight of the spore
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suspension was added which would glve the desired number of
yeasts In & cc, of the suspension, In experiments on the
growing of yeasts in supar solutions, it was desired to in-
oculate about one million yeasts in the flask, In the kil-
ling experiments, about four million yeasts per flask were
employed,

In work with vegetative cells, & 48 hour malt axtra¢t
broth culture, incubated at 28°C, was employed, Examination
revesled the presence of some spores, One cuble centimeter

of this broth contained approximetely 30 million yeasts,

Se Piating,mﬂdium.
411 aaun&a were mede by plating out on Wort agar {Bacto).

The formula, claimed by the manufacturers on the label, wes
as follows:

Haltose . ., . . 12,75 parts

Halt Extraet ., 15,00 "

Dextrin . . . » 2.76 %

Glycerin . . . 2,36 "

KoHPO, « s « 1,00 ¢

FH4 0L, o 0w o 1,00 7

L3

Peptone . . ... 0.78
Agw @ % = @ & }-5'9{) "

Fifty and sixzty-three hundredths grems were dissolved in
1000 ce, of distilled water, Since this mixture does not
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8011dify well, 10 grams of agar were added per 1000 cc, of
medium, After solutlon, the medium was placed in bottles

and sterilized at 15 pounds pressure for 15 minutes,

4, Sugars,

The glucose used was that obtained from a large producer
of dextrose, A normal solution gave a reading of 99,6% in
the saccharimeter,

The sucrose used was of a good grade of granulated cane
sugar, |

The syrups were prepared by adding the necessary welight
af sugar to hot water, After cooling the syrups, the den-
sity was determined by means of the Westphal balance, A very
small amount of water was usually added to meke the solution

the desired density.

5, Citric Acid,

The ecitric acid used was of C,P, grade and gave the fol-
lowing anaelysis on the label:

Beavy metals ., . 0,0001 Per cent
Chlorine . . . « 0,002 " "
Non-volatile ., . 0.04 # "
805 o+« o & o ».0,0034 " "
Cgledam . . . . "HLIL"

HoS metels ., , . "N1l"
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The 50% eitric acid solution wes prepared in the same
manner a8 1t is commercially - one pound of citric acld to
one pint of water, This smounts to 453 gresms of acid dis-
solved in 473 ecc, of water, The solution was sterilized in
the autoclsve at 15 pounds for 15 minutes, and the amount of
water which was lost during sterilization was made up by the

addition of sterile distilled water,

1., Experiments conducted at room temperature.

A 100 ec, portion of the suger syrup of the desired
density was weasured into a 300 c¢, Pyrex Erlenmeyer flask
and sterilized at 15 pounds pressure for 15 minutes, Upon
cooling & cc, of a yeast spore suspension were added to the
syrup,

In experiments with citric acid, the desired volume of
acid was added to the sterile syrup shortly before inoccula-~
tion with the test yeast,

At the desired time intervals, the flask, maintained at
room temperature za~za°a,, was shaken and 5 e¢c¢, portions of
the solution were transfered inte 45 cec, of sterile tap
water and the number of viable organisms determined by plat-
ing (Wort agar at 28°%¢, for & days). The initial count was
obtained by taking & & ce, sample of the syrup within 10

minubes after incculation.,



2, Experiments conducted at 60°C,

The apparatus and techniques employed in these experi-
ments were similar to bthose used by Hall (20), which were
essentlally the same as those employed by Levine, Buchanan
and Lease (21).

A 100 ¢ec, poriion of gsyrup was messured into a flask,
The stirring mechanism was placed in the flask and the whole
sterilized for 15 minutes at 15 pounds pressure, The flask
was then cooled to the desired btemperature and placed in a
DeKhotingky water bath at 60°C, The stirring mechanism was
connected and the flask left for thirty minutes %afnre the
citric seid or spores were added, ¥hen acid was added, a
~period of five minutes elapsed before the addition of the
spores,

The initial count was cbteined by placing § cec, of yeast
suspension in 100 e¢e¢, of sterile tap water, Samples from
this solution were plated out by the method used in the ex-
periments conducted at room tempersture,

Since the lowest dilution plated ocut was one-tenth, and
since there was an incculum of approximately four million

yeasts, counts lower than 250 were unreliable,
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TABLE I

Growth of Yeasts in 20° Baumé Syrups at 28°¢, 'i
: ) : N :  Aversge 1 Per Gemt of
:  6/8/31 i 6/22/31 ¢ 6/28/31 3 Number of : Average Num-
‘ ' t Yeast per : ber of in-
i Yeoast per ce, of 8yrup i ce, of Syrup: itiel Count
Glucose
Initial i 13,000 : 25,000 : 265,000 : 21,000 : 100
1 day 10,000 : 14,000 ; 15,000 13,000 : 62
2 days ; 10,000 20,000 24,000 18,000_: 86
3 " i 25,000 i 280,000 : _ 300,000 : _ 202,000 962
5 " s 80,000 350,000 300,000 i 243 »000 1,160
y_" . 800,000 : 230,000 : _ 250,000 427,000 : 2,030
: - Suerose .
Initial : 13,000 25,000 _ 25,000 g 21,000 100
1 day : 300,000 800,000 : 1,000,000 730,000 g 3,580
2 days 1,500,000 1,200,000 1,700,000 z 1,470,000 7,000
3 " 1,900,000 1,500,000 : 1,700,000 1,700,000 8,100
5 * . 1,600,000 : 1,700,000 : 2,000,000 1,770,000 8,430
7 " : 1,700,000 : 1,750,000 i 2,500,000 : 1,080,000 i 9,430
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PABLE IT
Growth of Yeasts in 24° Beumé Syrups at 28°C,

Date of Bx-: : : N T Average :Per Gent of
_periment : 5/35/31 : 6/2/31 : 6/2/31 : 6/26/3) : 6/26/31 :Fumber of:Average Nunm-
Period of ¢ ‘ ' ‘ 1Yeast per:ber of In-
_Storage 3 Yeast per ¢c, of Syrup _ iec,0f Syrupitial Count
i Glucose
Initiel i 30,000: 15,0662 15,000: __ 25,000: _ 25,000: 21, .000; 100
1 day i 20,000:  9,000: _ 9,000: _£0,000: 21,000 _ 16,000: 76
2 days i 1s,000: 7,@@02 6, 5002 20,000 18 eoe§ 13,5@92 82
5 " : 60,GG$§ 10,9@@: 8,000 01 184¢GG§ 18,609: 23,000: 110
5 " 41 409}0903, 15@;&002 150,000 219,669; 4@,eaa§ 390,000: 1,860
7. " :1 4@9‘9332 ssa,eoei‘ 55&,3@&2 459,90@§ 280, o&e: 650,308: 3,100
‘ » Suerose -
Initie) 30,000 _ 15,000: 13, aoef' 25,000% za,esei 21,0001 100
1 day ; soa,oaaf 100,000: 100, sas. | 60,000: 115,000: 235,000: 1,120
2 days 11,100, aea~ 599,@0@5 500, asagl aaogaeazl,saa,ooe: 980, GGG: 4,700
: :

3 " :l 2004090 1,900, 0()633. 900,000: l ?3(}!3,6{)(} 1,450, 0(30 1,550, QOG’ 74400

5 " .1 ,550,000: 1,800, oaﬂz{i7co 000: 1, 700,000 1,700, oog 11,700, ooa‘ 8,100

v , .3. 400,00(3 1,800, GOG 1 ?QO,GGO 1,800, 60031 EGG,GOG 1,590, O{BG. 7,600
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2, Effect of sdded citric acid 1in solutions of glucose and

gucrose on the growth of Eaast spores.

The next serles of experiments were planned for the pur-
pose of determining the effect of added citric acid on the
growth or desth of the yeasts, One concentration of citric
acid was used - ,04M, Thiz corresponds to the bottlers two
cunces of 50% citric scid per gallon of syrup, A .04
solution required the &dﬁitiﬁm of 1,85 ce, of 50% eitric acid
to & total volume of 105 ce, of solution (100 c¢c, of syrup
plus B cc, of spore suspension}, Only one concentration of
syrup was used - 27° Bauné,

The results are given in table IV and shown graphically
in pmwé,
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TABLE IV

Destruction of Yeast Spores in Syrups
Containing ,04M Citric Acid at 28°C,

Super Glucose : Jucrose
_Flask Number : 37 i 80 i 39 . 83
Date of Ex~ : 1: $
__periment _ : 7/10/31 : 7/85/31 :: 7/10/31 : 7/25/31
Period of :
Storage s Yeasts per cc, of Syrup
Initial . 40,000 : 30,000 :i: 40,000 : 30,000
1 day 18,000 : 9,000 :i 24,000 : 11,000
days i 13,000 : 7,700 i: 15,000 : 9,000
3 " i — i 5,800 ii_ — i 6,000
5 " 10,000 : 5,000 ii 6,600 : 3,400
g " — 3,800 - 2,400
1" i o  : 3,800 i e ;1,550
, % ;Per Cent S??vivigﬁgggg?t
Initial : 100,0 : 100,0 :: 00,0 : 100,0
laay i 45,0 i 30,0 i 60,0 i 36,67
2 days é 32,5 iy 25,67 i: ST 5 i 5040
3 " { e— i 18,0 ii = 20,0
5 " . 25,0 . 316,67 i 18,5 i 11,33
g_" f — i 12,67 ii — i 8.0
11 " P — 0,67 :i  —— i 5,17
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3, &etion of vegetative cells in solutions of glucose and

sucrose containing varying smounts of citric scid.

In an effort to correlate the work with that done by
Toulouse (19,24) on vegetative cells, an experiment was run
using a two day malt extrsct broth culture of the yeast sus-
pension, An sbundant growth of yeasts wes obtalned,

Toulouse obtained a killing time of forty-one hours for
99% of the yeasts in & 24° Baumé sucrose syrup containing
.04M citric acid and fourteen and five-tenths hours for 30°
Baumé sucrose syrup containing the same amount of acid, This
experiment was run on 27° Baumé glucose and suerose syrups,
Two concentrations of acids were added - ,08M and 04N, A
one cubic centimeter suspension of a forty-eight hour broth
eculture was inoculated inte the syrups., The temperasture of
experiments were run at 289¢,

These results are given in teble V and illustrated
graphically in piate—ﬁ.
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TABLE V

Effect of Varying Amounts of Clitric Acid
on Vegetative Cells in 27° Baumé Syrups at 28-34°C,

Sugay Glucose 33 Suerose
GCitric Acid s 3 '
Congentration: O,02M : O.,04M :: 0,088 : 0,04M
Plask Number 78 1 M4 i: 76 i

Time Elapsed

Surviving Yeast per cc, of

§

*N i0e B4 IRE s IR 2 Jue we [EN as

Initial 320,000 féﬁ@»,m 320,000 320,000
& hours ;. 68,000 § ~35,GGQ z: 134,000 i 91,000
10 " ; 40,500 ; 18,500 :: 125,000 : 68,000
3 " : 26,000 ; 9,800 ::v 95,000 : 65,000
16 " . 20,000 : 5,000 :i 75,000 : 58,000
20 " ’: e i 1,65@ :i" e i s
117" : 780 _: 250 i 53,000 : 10,000
§ Per Cent Surviving Yeast
Initial i‘ 100,0 : 100,0 ‘: 100,0 : 100.0
6 hours : 21,25 ; 10.8 i: 41,7 i 28.4
0 " : 18,7 ; 5,8 i; 39,1 ; 21,2
13 " i 83 i 3.0 i 207 i 20,3
6 " : 6,25 : 1,5 ‘1 23,4 i 18,1
117 " : 0.24 : _o.,01 [ 16,6 : 3.4
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Experiments conducted at 60°C,

4, Effect of temperature on the killing of yeast spores in

solutions of glucose and sucrose,

In preliminary experiments conducted at 50°C., 27° Baumé
syrups containing 048 citric acid showed a killing of only
80% over a perlod of four hours, In similar preliminary ex-
periments conducted at 6G°$* the flasks were sterile after
two hours exposure,

Pwo concentrations of syrup were used - 24° and 27°
Baumé,

S8ince the water bath held but twe flasks, each experi-
ment consisted of one flask of glucose and one flask of
sucrose of the same densities,

Due to the small number of yeasts used per unlt volume,
and to the fact that the 1 - 10 dilution was the lowest dilu-
tion plated out, plates that contained less than 20 yeasts
(250 per cc, of syrup) were regarded as unreliable,

The results of these experiments are given in tables

VI and VII and shown grephically in plates 6 and 7,



TABLE VI

Destruction of Yeast Spores in 2¢° Beumé Syrups at 60°C,

Sugar . _Blucose Sucrose
?lmk Number { __ b4 60 :‘ 55 61
“Date of Ex- : : T3 :
periment : ¥/1%7/31 : 7/21/31 sz 7/17/31 : 7/21/31
Time Elapsed o Burviving Yesst per cc, of Syrup
Initial : 40,000 : 48,000 2; 40,000 : 48,000
Smin. i 13,000 : 20,300 :: 12,000 : 10,200
10 *® : 9,000 : 14,000 i 5,700 i 5,500
15 " 4: 5,5@@ i 8,800 :: 5,800 i 4,100
25 " : 2,800 : 4,380 :§ 2,000 : 1,680
45 " P 1,080 : 1,700 i 750 : 560
4 ' Per Cent Surviving Yeast
Initial : 100.0 : 100, 0 ;; 100,0 : 100,0
Smin, i 32,5 . 42,3 ii 50,0 i 2125
0 * : 28.5 : 29,2 f; 14,2 ; 11,46
5 " TR 17,1 i 9,5 i .54
25 °© . 7,00 : 9,06 s 5.0 . 5,44
45 " . 262 i  3.56 i 1,9 : 1,17
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TABLE VII
in 27° Baumé Syrups at 60°C,

Destruction of Yeast Spores
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5, Effect of temperature and varying smounts of citric acid

on the killing of yeast spores in sclutions of glucose and

sucrose,

In studying the effect of temperature and citric acid
on the yeast spores two densities of glucose and sucrose
syrups were used - 24° Baumé and 27° Baumé, Two different
amounts of eitric acid were sdded - 1,55 cc, of 50% citric
acid to make a ,04M solution and ,77 ce, to make a ,02M
solution, |

These results are given in tables VIII, IX, X, and XI
and shown graphically in plates 8, 9, 10 and 11,
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PABLE VIII

Deatructlion of Ysast Spores

Containing 08K Citric

in 24° Baumé Syrups
Acid at 60°C,

Sugar : Glucose yii Sucrose
Flask Number : 52 : 64 ii 53 . 65
periment i 7/U7/SL i 7T/8L/SL ii T/LT/SL i 7/21/51
Time Elapsed : Surviving Yeast per cc, of Syrup
Initial : 39,000 : 60,000 i 39,000 ; 60,000
5 min, ,i 6,800 : 8,000 i 4,600 : 5,000
0 " i 3,800 : 4,000 ii 2,400 : 2,400
5 " ; 2,200 ; 2,500 bt 1,200 P 1,400
25 " : 650 1,680 i3 400 300
; , Per Cent Surviving Yeast
Initfal __: 200,0 : 100,0 it 100.0 i 100.0
5 min, : 16,15 15,38 i 1179 8,33
1o " i 974 i 667 :i 6.5 : 4,00
15 " i B.64 : 417 :i 308 i 233
25 " ; 1,67 2,80 :i 1,03 { 0,50
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TABLE IX

Destruction of Yeast Spores in 24° Baumé Syrups
Containing ,04M Citric Acid at 60°C,

Sugar ‘ : Gluecose §§ Sueroge

Flask Number : 80 i &2 :: 51 : 63

“Date of Lx- : : ) :
periment 3 7/17/31 : 7/21/31 :: T/17/31 :  7/21/31

Time Elapsed i $urv1;iag Yeast ;;r#ae, of S;rup

Initial 48,000 . 50,000 :: 48,000 : 50,000
5 min, 5,200 5,350 5,850 : 4,000
10 " : 2,100 3,100 1,500 i 1,750
15 " : 1,200 i 2,300 :: 500 _: 910
6 " i 300 : 1,000 i —— i 390

: , Per Cent Surviving Yeast

Initial . 100,0 100.0 100,0 { 100.0
5min, 108 :  10.7 8.02 : 8.0
10 " i 44 62 i 87 i 3.5
15 " i 2.5 i 42 1.04 i 1.82
25 " i 06 i 20 i —— i o1
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TABIE X

Destruction of Yeamst Spores in 27° Baumé Syrups
Containing ,02M Citric Acid at 60°C,

Sugar Glucose : Suerose
Flask Fumber : 46 : 68 :i 47 i 69
“Date of Ex- : B Tt :

periment : 7/14/31 : 7/23/31 :1: T/14/31 : 1/25/31
Time Elapsed * Surviving Yeast per c¢c, of Syrup
Initiel : 57,000 : 53,000 .:. : 57,000 : 53,000

5 min, : 14,000 : 15,000 ;; 8,800 : 8,000

10 " 6,500 : 5,200 4,000 5,200

15 " . 5350 : 4,000 i: 1,900 : 2,200

25 " : 2,000 : 1,900 :: 900 : 1,200

40 " : —— : 700 :; —— ; 500

Per Cent Surviving Yeas
Initial : 100,0 i 100,0 f f 100,0 : 100,0
5 min, f 24,56 : 28,30 :' 15,44 : 15,09

10 " i 11.40 : 9,81 :i 7,02 :  9.81

5 " ; 9,38 P .85 :; 5.35 . 4,15

25 *® i 3,51+ 358 i 1,58 :, 2,26

40 " : — ; 1,32 ‘f — . 0.94
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TABLE X1

Destruction of Yeast Spores in 27° Baumé Syrups
Containing .04 ¥ Citrie Acid at 60°C,

Sugsr i Glucose ii Sucrose
Flask Namber : 58 i 66 _+: 59 i &7
Date of : : T3 :
Experiment : 7/20/31 : 7/23/31 :: 7/20/31 : 7/23/31
Time Elapsed : Surviving Yeast per c¢c, of Syrup
Initial . 20,000 : 583,000 :: 40,000 : 53,000
S min,  : 6,500 : 8,000 t: 4,600 : 7,000
10 " . 4,200 : 3,400 ‘Qi 2,300 : 2,700
15 " . 2,000 : 2,600 : 1,600 ;1,700
25 " § 1,200 i 1,200 :: 780 ; 800
i Per Cent Surviving Yeast
Initial ; 100,0 . 100,0 ;: 100,0 i 100,0
5 min, ;16,25 :  15.1 VQE 11,5 ; 13,21
10 " . 10,52 : 6,41 :: 575 i 509
15 " . .5 i 4 ;; 40 i 3.2
g5 " . 5,0 i 226 i: 1,95 : 1,51
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DISCUSSION

Plates I, II and III bring out the faet that glucose
and sucrose, compared at denszities of 20°, 24° and 27° Baumé,
show a decided difference in thelr actions towaerd yemst, In
81l concentrations, sucrose supported growth much better than
glucose, The lag peried for glucose varied from a period of
two to three days in 20° Baumé glucose to five to seven days
in 27° Baumé gluceose, In 20° Baumé sucrose solutions there
wag no noticesble lag perlod; 24° Beumé sucrose showed a lag
period of less than 24 hours; and 27° Baumé suerose showed a
distincet pericd of no growth during the first 24 hours,

An interesting fact shown in tebles I, II and III, butb
which is not brought ocut in the corresponding plates, is the
asmount of decrease in the number of yeasts in the glucose
syrups during the first few days of the experiment, In 20°
Baumé syrups, the lowest number to which the yeast count
dropped was 62% of the initial; 24° Baumé showed the same
minimum; and in 27° Baumé the count dropped to 50% of the
initial, |

This initial killing is probebly due to the eifect of
high osmotic pressure on the vegetative cells, The length
of time elapsing before growth takes place in heavy glucose
ayrups may be attributed to the time that it takes the ecells
to become acclimated to the high osmotic pressure, There ap-

pears to be a relationshlp between the csmotlie pressure of
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the solutions and the length of the lag period, This is
brought out in the following table,

TABLE XII

Relation of Calculated Osmotic Pressurse
to Lag Period in Sugar Syrups

“Pensity of : : Usmotic :

Sugar 5 Sugar 3 Pressure Iag Period

(Baumé )} 3 : {Atmospheres) :

27° ; Glucose ,§ 115 ; 5 - 7 deys
24° : " : 89 : 3 "
20° " 66 2 "
27° : Suerose ; 65 : S S
24° " 51 I)iatinguighaﬁle
20° " 4 38 Negligible

However, the difference between the osmotic pressure of
20° Baumé glucose and 27° Baumé sucrose and the length of the
lag period seems to indicate that there is some other factor
involved that 1s peculiar to the sugsar used,

Table IV shows that the addition of ,04M citric acid to
27° Baumé syrups prevents the growth of yeast spores, The
eurves in plate 4 show & slight difference betwsen the two
sugars, but since the perloed of storage extends for such a
long time (11 days) this difference is not significant,

The effect of varying concentrations of clitric acid in
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syrups is brought ocut very sharply by using vegetative cells
instead of spores, Table V and plate 5 show that it is
easier to sterilize glucose syrups containing acid than
sucrose syrups containing the seme amount of scid,

The slow killing of the e¢ells in sucrose containing ,04N
eltric acid does not check with the rether rapid killing that
Toulouse {(24) obtalned, However, it must be remembered that
he used & single culture of yeast when inoculating his broth,

The killing of the vegetatlive cells in this experiment
appears to be due to a combination of three factors - ocsmotic
pressure, temperature and citric acid concentration, The ef-
fect of osmotic pressure has been discussed sbove, The tenm-
perature factor cen not be great since it 1s but five degrees
above the optimum (28°C). However, the effect of pH alone
ean not account for the curves, because a glucose solution
of this density containing ,08M citric acid has a pH of 2,12,
while sucrose containing ,04M citric acid had a pH of 2,08;
yet it killed more slowly than the former solution, However, In
comparing the two acld concentrations in each sugar, the ef-
fect of citric acld is brought out clearly - the higher acild
econcentration killing more rapidly than the lower,

Tables VI and VII show the effect of temperature on the
yeast spores in the sugar solutions, An entirely opposite
effeect for the two sugars from that at room temperature is
brought out in these tables and in plates 6 and 7, While

sucrose was more favorable toward the growth of yeast spores
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for 99% of the yeast at 60°C,

This relationship between osmotic pressure and killing
times does not hold exactly when comparing different sugars,
For example, a 27° Baumé sucrose solution with an osmotic
pregsure of 65 atmospheres shows 8 killing time of 80 minutes,
while a 24° Baumé glucose solution with a higher osmotic
pressure (89 etmospheres) shows a killing time of 72 minutes,
This seems to indicate, as In the experiments conducted at
room temperature on growth of yeasts in syrups, that there
is some specific property of the sugar influencing the growth
and death of yeasts,

Plates 8 « 11 show that with the addition of cltrie
acld to these solutions a muech shorter killling time is ob-

tﬁin@&—a
TABLE XIV
Killing Time of 99% of Yeast Spores
in Syrups Containing Citrie Acid at 607C.
RN i RS
Density Suger H Citric Acld : Time to Kill
(Baumé) : Coneentration : 99% of Yeasts
° ; $ ; 23 mimites

24 : Sucrose E A

:  Glucose : A

: : : 385 "

27° i Sucrose 1 : 3% il

: : : 43 il

:  Glucose : : ®8 "




Here again, shorter killing times are always obtained
in sucrose solutions than in the corresponding solutions of
glucose, Evidently the lower pH of the glucose solution
{less than ,1} is not great enocugh to overcome the greater
yrotéeting actlon of osmotic pressure,

™e difference in killing time of the varying amounts
of acid coneentration in each sugsr is emphasized more 1ln the
24° Boumé syrups than in the 27° Baumé syrups. The addition
of twice as much acid lowers the killing times about 20-25%
'n 24° Baumé syrups, while at 27° Baumé, the killing times de-

erease about 10%Z.
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SUMMARY AND GONCLUSIONS

1. At lower temperatures (28°C,) glucose syrups have a
greater inhibiting sction toward the growth of yeast spores
than sucrose syrups of the seme density.

2, There is no difference between the actions of 27° Baumé
glucose and sucrose solutions toward yeast spores upon the
addition of ,04M citric acid at 28°C,

5. Concentrations of ,02M and ,04i eitric acld in 27° Baumé
solutions are toxlc towerd vegetative yeast cells to a great-~
er extent in glucose than in sucrose at low temperatures.

4, At high temperatures (60°C,), yeast spores are killed
more easily in sucrose solutions than in glucose solutlions
of the same densities,

5. Upon the sddition of small smounts of cltric acid to
sugar solutions, yeast spores are killed in a shorter length
of time, but the time is shorter in solutlions of sucrose

than in glucose,
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