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INTRODUCTION

Corn Starch 1s used in the manufacturing nrocesses of more
than thirty modern industrles, The separstion of starch from
the other constituents of the kernel 1s basic for a large in-
dustry, operating fourteen plants in the United States and
processing from 60 to 80,000,000 bushels of shelled corn each
year.,

The Corn Industries Research Foundation (1) published a
pamphlet entitled "Tapping the Treasure in Corn". The follow-
ing dilagramatic scheme, page 6, reprinted from this pamphlet,

shows the various uses to which products from corn are put.

The Corn Kernel - Its Substance

The accompanying sketch, page 7, shows the location of the
various constituents of the corn kernel, each of them storing
a differcent material or mixture of materisls,

The hull, or thin outer skin, is fibre,

Next to the hull is a shallow layer of gluten, a substance
rich in protein,

On the sides and back of the kernel, inslide the layer of
gluten, a mixture of starch and gluten bulges in towards the
center,

Filling the upper part of the kernel and extending down-
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ward to partly surround the germ, is the white starchy part of
the kernel,

The germ 1tself is level with the flat "front" of the
kernel and contains protein, most of the oil and a large share
of the minerals,

These filve parts cen be seen clearly in a kernel that 4s
softened in water snd cut open with a razor blade, Although
they are distinct, they are not made up, exclusively, of ut-
terly different substances, The gluten layer, for examvnle,
contains a percentage of starch and the white starchy part
contalns a trace of oil and from five to eight per cent of pro-
tein,

Chemically, (2) from 15 to 20 per cent of the kernel 1s

water, and the remainder is made up about as follows:

Starch (and other carbohydrates) . . . 80,0%
Protein . . 4 4 4 4 o s o v o o « . o 10,0%
011 L ] L ] L ] ® * L ] L . * L ] ’ . L] [ ] L ] * * 4.5%
Fibre s & e e ® 8 ®» e 0 & & * o a e @ 305%
Ash e o @ ¢ & ® *» s e o @ e e e a2 . 2.0%

The term "ash" refers to the mineral content, The ash of
the corn kernel contains sslts of calcium, magnesium, phos-
phorous, aluminum, iron, sodium, potassium, and chlorine.

The ocess of manufacturing corn starch, corn syrup, corn
oil, corn feeds and products derived from these materials 1s

based upon a most complete disintegration of the corn kernel



and the separation of the various parts, one from the other,
The process 1s both exceecingly simple and exceedingly
complex; simple in that it 1s merely the separating of the
parts of the corn and using these in the menufacture of a large
varilety of materlials; coumplex in that the proper separation
and treatment require very extensive equipment and an endless

amount of detail.

Milling of the Corn

Cleaning, The corn used in the manufacture of corn
starch, corn gyrup and allied products is received in the
shelled condition, and before being used is thoroughly cleaned,
thus removing chaff, dirt, cracked corn, wheat, oats, blts of
cobs, etc., The thoroughly cleaned corn is then ready for the
milling process,

Steeping, The cleaned corn is run into large tanks
called steeps, where water containing a small smount of sul-
phur dioxide 1s added until the corn is covered, The temper-
ature of the water is then ralsed to the desired degree, the
exact temperature being dependent upon the character of the
corn and the length of time 1t 1s to be soaked or steeped. An
average temperature 1is 120°P. The corn is maintained at this

temperature for a period of time sufficient to soften so that
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the germ can be torn loose from the rest of the corn; the
starch and gluten removed from the hull, and the corn thus
separated 1nto 1ts component parts, i,e,, germ, hull, gluten
and starch,

Separation of the Germ, After thc corn has been stceped,

it 1s passed through mills which tear 1t apart without grind-
ing, thus liberating the germ from the rest of the kernel, The
torn corn is mixed with water containing enocugh starch to give
a starch milk heavy enough to float the oll laden germ, while
the rest of the corn sinks to the bottom, The germs are
allowed to float off the top while the heavier psrt of the
kernel is contimiously pumped from the bottom of the separstors,

The germ, with the accompanying starch and water, is
passed through reels or over screens where the starch and water
are removed, The cleaned germ 1s ready to send to the oil

housse,

Separation of the Hull, The corn, freed from the germ,

after being drawn from the bottom of the separators is ground
in stone mills which thoroughly disintegrate the harder por-
tions of the corn, and rubs the starch from the hull, This
permits of the subsequent separation of the hull from the
starch snd gluten, by means of reels or shakers, These de-
vices are covered with silk bolting cloth, through the pores

of which the microscoplec particles of starch and gluten pass,
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while the fragments of the hull remain on the silk and are
discharged at the end of the reels or shakers,

Separation of the Starch from the Gluten, The mixture of

gluten and starch susrended in water is then run on to so-call-
ed starch tables or starcn runs, These consist of long flat
troughs from 24 to 30 inches wide, about 8 inches deep, and
ahout 100 feet long, The mixture of gluten, starch, and
water, containing something llike 8 to 10 per cent 3s0lid matter,
i1s run on to these tables 1n a slow stream which spreads into
a thin film. The tables have a gentle =lope so that the water
runs slo.ly to the lower end carrying with it the gluten in
susrensgion, but droppring the sterch, The starch builds up on
the tables, end finelly the flow 1s stopred., The starch re-
msining on the tables is then ready for removal, to bte used in
the manufacture of dry or modified starch, or for the manu-
facture of corn syrup or corn sugar, The gluten 1s pumped to
the feed house for the manufacture of zluten meal, or mixed
with the hull for the manufacture of gluten feed,

Recovery of the Corn Solubles, The water in which the

corn 18 scaked or steeped dissolves certaln substances from the
corn kernel, These conzist chiefly of the soluble nitrogenous
compounds or proteins, mineral metter, organic phosphates and

g trace of sugars, By coucentrating the steep water in vacuum

pans, it 3is possible to save the corn solubles by adding them
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to the gluten feed thus putting back into the feed materials
which are of considerable value in anirel nutrition.

Since this investigaticr. deecls only with the rrocess
waters in the iniltlal separstior of the cornstituents, the true
manufacturing process will not te concidered in thia thesis,

It 18 seen that the separation of corn irnte 1ts constitu-
ents is one of grinding, sieving, flotatlion and washing, All
of these orperations are carried out in water, The re-use of
this tremendously large volume of water 1s necessaryv from an
economic standpoint, The re-circulation of these waters also
solves an otnerwlse comrlex and costly sewage disrosal rroblem,

It was the purpose of thls investipation to study the
microbiological problems in the re-use of starch rrocess vaters,
It is of importance toldescribe scmewhat more in detsil the

main two types of ro-clrculeted water,

Oluten Water

)

The name gluten water cheracterizes the water which 1s
siphoned from the gluten seitler tanks,

For every bushel of corn ground (3) there are eprroxi-
mately 36 gallons of gluten water rcturned to the rrocess,
These 36 gallons are redistritbuted epproximately as follows:
about 11 gallons go to the stceus; abeout 25 gallons to the

mill house for washing, flushing, suspending the ground corn,
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and separating it from the hulls,
The following table (4) gives the average per cent compo-

sition and content of gluten water:

Solids , 1100-1200 grains per gsllon

Protein , .., .. . . 60% on dry substance basis
Sulphur ., . . .. . . 0,03-0,07% as SOg

pH . * . . . . . ] 3 . 4.1"4.5

Nitrogen free extract, 40%

Starch Wash Water

The name starch wash water 1s given to that water which
results from washing, re-puddling and re-washing the starch
cake on the filters, This water originally is fresh water and
picks up its solids which are the impurities washed from the
starch, Since the starch has been carried in gluten water
prior to this time, it follows that the solids, toth dissolved
and suspended, are of & similar nature to those in gluten
water,

There is an average of 10-11 (5) gallons of starch wash
water returned to the mill house for every bushel of corn
ground,

Average ver cent comoosition and content of starch wash

water (6):
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S0lids . ¢ ¢« 4+ ¢ + o o 350-400 grains per gallon
Protein ., , . . . . . 60%

Sulphur ., .. . .. . 0,02-0,04% as S0y

pH O . e e e 3 o o e - 3.5"4.0

Nitrogen free extract., 40%

It should be bornein mind that the solids, in these waters
came originally from the ground corn, Without some means of
sterilization, the solids would in = short time be attacked by
microorganisms which abound in the water, This perishability
is inherent in the mrocess of starch manufascture wherein the
crushed and ground corn 1s suspended in a large amount of water,
It, therefore, 1is of prime importance for the manufacturer to
provide adequate means for preventicon of excessive growths,

If this i1s not done, serious losses willl be entailed.

The loss of starch due to consumption by microorganisms
is one reason for careful processing of these waters, The chief
loss, without adequate means of sterilization, would occur in
improper separations and sedimentation, Starch to be sz sale-
able commodity must be qulte free from protein, Cattle feed
which comprises a large proportion of the materisl derivéd from
corn is sold on a nitrogen percentage basis, Therefore, it is
seen that an improper separation results in é part of the more
expensive starch being mixed with the feed,

Because of the nature of the materials and necessity for
maintaining suitable working conditions it 1is not possible to

maintain the plant absolutely free from microorganisms, nor is
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it necessary, It is sufficient merely to apply sterilization
methods to such 2 degree that growths are checked so as not to
permit development of the deleterious conditions referred to
above,

There are several methods which might be emnloyed to check
the growth of micro-organisms, The most common antiseptic,
and the one in use by most corn starch plants today, is sul-
phur dioxide,

For every organism there exists an optimum temperature for
growth, a minimum temperature below which 1t will not grow, and
a maximum tempverature above which growth will not occur., In
the early days of corn starch manufacture it was recommended
that the manufacturing processes be carried out at very low tem-
peratures to check bacterlal and yeast deterioration, i,e., to
maintain temperatures approaching the minimum growth tempera-
tures, Obviously it would be equally or more effective to
raise the temperature of the liquors up to or beyond the maxi-
mum growth temperatures of the micro-organisms responsitle for
fermentation, provlded these temperatures are btelow the pecint
at which hest deterioration of the product would ensue, Fur-
thermore, should chemicels (such as sulphur dioxide) be employ-~
ed, the elevated temperastures would enhance their germicidal
efficiency, The addition of chemlicals (such as a highly ion-
ized acid) to a liquor containing sulphur dloxide which has

had a chance to combine with the organic solids present should
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make the sulphur dioxide more effective,

Observations were carried out as indicated above on the
influence of temrersture, sulvhur dioxide, and a highly jonized
acid on the growth of microorgani sms found in starch wash and
gluten waters,

Exnerimentg were made to learn if there were a method of
determining the inhibitory effectiveness of sulphur dicxide
without actually makine a bacteriolopical examination,

The bacterlological phases of this problem will be con-
sidered first., By this work, the nature of the organisms
present in the rnrocess waters has been determined, The effects
that S0,, temperature, and hydrogen-ion concentration have on
these microorganisms were observed,

The second section of thils paper will deal with the deter-
mination of sulphur dioxide and a method for determining that
which has combined with the organic solids present in corn
starch vrocess waters, It will be shown that a correlstiocn

exlsts between uncombined SO, and germicidal effectiveness,
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HISTORICAL

The only data found in the literature pertinent to this
problem are that of Dr, Max Levine's direct testimony (7) 4in the
patent infringement sult of Penick and Ford, Itd,, Inc,, vs
Corn Products Refining Comoany, This litigeticr concerned the
sterilization snd re-use of corn starch nrocess waters, It
was tﬁe author's good fortune to have materially ailded in the
collection snd presentation of these dats, A goodly portion of
the bacteriological data in this thesis has been tsken from
this brief, 1Indeed it is doubtful if this thesis would have
been presented by the author had it not been for recosnition
of the necessity for further work on this subject.

Throughout this thesis, reference is made to combined S0,
in the waters, That sulphur dioxide does combine with ketones,
aldehvdes and amines has been shown by Felgel, ¥, (9). Seven-
teen comrounds were prepared by treating various amines with

differcnt ketones and S0o. The compounde so onroduced corres-

pond to the general formula:

o\S _OCRp
07~ NRR'R"

Divers and Ogama (10) state that ammonie and SO, combine
and form various compounds, Thus, with an excess of S0, emino

sulfinic acid (NHo*SO0gH) 1s always formed but with an excess of
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NH, either white (NH*SOpNHy) or red (NH4N(SO,NH,), ere formed.

Willism P, Pond (11) describes sn apperatus which takes e
dofinite guuntity of 50, and measures the residual gas efter
soclvents such as CCly, and CgHg have Leen saturated,

Lloyd (12) has determined the solubility of S0y in several
solvents includirg benzene, He found 44,C cec, S0g {standard
pressure temperature) per cc, of satursted solution, From these
data 1t was learned that S0o was soluble enough in benzene to

attenpt extractions of S0y from process waters.
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EXPERIMERTAL

Bacteriological

1. Microorganismg in Stsrch Process Waters.

During the summer of 1929, samplesn wore taken at various
points in the Penick and Ford plant at Cedar Rapids, Towa, and
examined hacterioclogically, A number of organisms were fished
from wort agar plates for further examination.

Some of the characteristics of 39 cultures are shown in
Table I, pages 20 and 21, The orgenisms are yeasté and close-
1y related forms, Microscopical examirastion shewed them to Dbe
spherical, oval or elongated cells, The latter frequently
formes cheins or filaments, The filamentous forms generally
produced heavy surface grovths (filme or membranes) on liquid
media, and dry and tenacious growths orn wort a2nd gluten water
agar, The other types generally rtroduvced mcist grayish growths
on wort agar, films on liquid media were relstively uncormon.

In addition to yeast-llike forms, bacteria‘were occaslon~
ally found., They were usually spore forming, starch dlgest-
ing types. The acidlty of the process waters furnishes an un-
favorable condition for most bacteris,

The photomicrographs, pages 22 and 23, show the three

general types of yeast-like forms found.
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BLE I. OHARACTERISTICS OF HICKOORGARISLS FROF TLANR
TAL (96-98°F. U& hrs.)
1isola— iGrowth : Malt ; :
Lab. :tion : Source ton wort : Broth ! Gas : Film : lorpholog
No. :XNo. : iagar : Growth : % 3 :
1 : 23 : Silk reel I L5 ++ L - + : Oval, irr
2 : 238 : 39ilk reel S 5 b ++ 1 - - 1 Qval
a : ZE : Steep 5 A + 5 - - 3 Oval
: : Starch wash water - 5 A R S S + 3+ Llong. ov
: I : : : 5 : ¢ stein
5 1 0b ¢ Starch wash water R S A +t+ 1 - 1 + 1 Zlong. ov
. : : : : : : i stein
6 : 95 : Gluten from table N A 4+ : - : = : Spherieal
7 : 308 : 3ilk reel okt 4 0 - 0+ 2 Wlongated
: : : : : : : sheaped
& i : 311k reel okttt 1 hit+  t « 3+ Tlongated
: H : : : : : shaped
9 : 44 : 3ilk reel S ++ § - 1 + 1 Zlongated
: : : : : : : ghaped
10 : 48 : 8ilk reel o+ 1w+ 0 B 1+ Glongated
: 3 : : : : : shaped
11 : 65 : Gluten settler water : ++++ +t+ ¢ - ¢+  Llongated
: : : : : : : shaped
12 : 8 : Silk reel : ++ 3 LAk 2 ¢ = 1 Spherical
1 ¢ 19 ¢t 3ilk reel : 2 o 5 $+ =~ 1 Ovel, sph
1 : 18 ; Starch wash water st - i = & - : Bpherioal
15 : 79 : 9tarch wash water A S + - - -~
16 : 10 : 8ilk reel N + 1 - 1 e -
17 : 61 : Gluten from table $ott 3 e+t 3 - 3+t Slong. ov
H : : : : : : : stain
18 : 33 ¢ Starch ocake R S + ¢ - ¢ = : Spherical
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\OTERIRTICS OF HICROOKGAKISHS FROk PLANT LIGUOAS
(96-98°F. U8 nrs.)
wth : Malt : H : :
wort : Broth 1 Gas : Film : Morphology from wort : Appearance on wort
\X : Growth : % : agar .
2 A S i S S + 1 Oval, irregular stain : Gray, dull, pasty
e =+ 1 - - ¢ Oval ¢! Gray, glistening, pasty
i b S + ! - ¢ - 1 0val : Like Wo.2
S S S + 1 Llong. oval club, irr. : Like No.l
: : : ¢ . atein :
s s i S + 1 Zlong. oval club, irr. : Like No.l
: : : : stein :
S D - 2 -  3pherieal ¢ Dull, slightly wert-
: : : : : like
P+t 2 S S + ¢ Ylongated and club- 1 Oretaceous, coral-like,
: : : : sheped ¢ whitish
PHtt 1 TR D - + ! Llongated and club- : Like No.l
H : : : shaped :
Pttt 3 ++ =~ 1 + | Zlongated and club- : Like No.7 .
: : : : shaped :
s +H+ 1 B + 1 Blongated and club- : Like No.7
: : : s shaped :
bt 8 e B R - + 1 hlongated and club- ¢ Like No.7
: : : : shaped :
++ 1 L S g : - § S8pherical ¢ Like No.2
++ 8 L O : - t Ovzl, spheriocal : Like No.2
bt - 4 = 8 = i Spherical ; Like YNo.2
L it o S + ! - - 3 - ¢ Gray, glistening,
: : : H : butyrous
Pt 8 * 1 - -1 - ¢ Gray, zlistening,
: : : : : butyrous
L S I S S s T + ¢ Slong. oval club, irr. : Like No.l
: : : : stain :
Lt + 1 - - : Spherical + Like ¥o0.15H
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TABLE I. (continued)
:isola- : :Growth : Malt ¢ : :

Lab. :tion : Source ion wort : Broth ¢ Gas : Film : Morpholo
No. :Ro. : tagar : growth : % 3 :

19 ; 98 ; Starch wash water S ++ ; - : 2 ¢ Oval, irr
20 : 5 : 8ilk reel ¢ttt 0 e+ 010 ¢+ ¢ Oval, sph
21 ; 110 ; Starch cake :o o+t 1 4+ 1 5 1 ¥ : Elongated
22 : 118 : Table slime $oH+++ 1 4+ 100 ¢ - ¢ Oval

2 ; 7 ; Gluten from table TR == = + ; - ; Oval

2 : 8 : Starch cake Dot r o+t 2 10 - ! Spherical
25 : 112 : Starch cake P 44+ 1 4+ 1 5 1 1 Sphericsl
26 : 85 : Steep corn P et 4 44+ 1~ : + 1 Irregular
27 ; 36 ; Steep corn A A A +H+ 1 - 1+ + Irregular
28 : 54 : silk reel I S A ++ 3 = 1 = i Long fila
29 gg : Silk reel s + ! - : - : Long fils
30 ¢ 811k reel L S o & A R T : Long irre
31 : 94 : Gluten from table $odttr L 4+ 1 = 1+ 1 Oval, irT
32 ; 12 ; Silk reel ¢ ++4 ; - ; + : Oval, sma.
33 15 : 911k reel R S S ++ - 1 0+ : Longz, irr
34 ; 24 ; 8ilk reel : PP 4t ; - ; + : Olub, irr
35 3 34+ 311k reel Skt s 4+t 2 - 2+ & Spherical
36 :+ 33 : Silk reel P4+t 1 44+ - 1+ Long fila
37 ; 101 ; Gluten settler water : -+t + ; - 1+ ; Oval and |
38 @ 113 : Starch cake ¢+t 0 44+ 2 - 1+ 1 Long, fili
39 117 : Table slime : +++ +++ 3 - o+ { Chains, r
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TABLE I. (continued)

h : Malt $ : : :

rt : Broth : Gas : Film : Morphology from wort : Appearance on wort
: growth + % 3 : agar :

+ ++ : = 3 % . oval, irregular stain : Like No.6

+ o t+++ 0 10 ¢+ : Oval, spheres : Like No.l19, but growth
: : : : : more spreading

+ :  +++ : 5 : T . Elongated ¢ Like No.193

+ 3 +4+ :100 : - ¢ Oval : Oreamy, glistening,
: : : : H butyrous

+ A ¢ Oval : Like No.lH

+ +++ 10 : - : Spherical, smsll : Like ¥No.1l5

+ : +++ 1 5 2 : Sphericsl, small : Like No.15, but
: : : : : slightly brown

+ ¢ +++ L - 4+ : Irregular long filsa : Dry, white, adherent
: : : : 3 to _medium

+ +++ 1 - % : Irregular long fila : Like No.26

+ ++ 3 - 1 - : Long filaments : Tenacious colonies

+ + - @ - : Long filsments ¢ Like No.28

+ : +t+ ; ~ : + : Long irregular stain : Like Nn.36

+ o e - L+ : Oval, irregular stain : Dry, wrinkled, gray,
: : : : : ___ pasty

+ ¢ 44+ : - ¢ + : Oval, small : Like No.36

+ @ ++ - i+ : Long, irregular : Dull, grsy, slightly
: : : : : S raised

4+ ¢ 44+ 1 = ¢ + 1 Olub, irreculsr stain : Like No.36

+ 8 i S S T 1 : Spherical and fila : Like Xo.33

+ et - D : Long filaments ¢ Spongy, gray, orateri-
: H : : : form colonies, ad-
: : : : : herent

+ + - 1+ : Oval and miscellaneous : '

+ 3  +++ : -~ : + : Long, filamentous : Like No.36, but white

+ 3 +++ 3 - ¢ + . Chains, rectangular : Like Ro.26







TYPES OF MICROORGANISIS FRON STALCH PLANT OF
PENICK AND FORD AT CEDAR RAFIDS, IOWA

Group 1, Oval or sphericel cells; singly or in irrepgu-
lar masses; rarely procduce surfsce ;rowths in liquid medis;
growth on solild medis, melst, pasty, resembling the common

yeasts in conqiqfency generally fnil to grow or are killed
at 107-109°F,

Gram stain, M¥agnified: 500 Diameters,

Group 2, Elongated oval or irregularly shaped cells;
frequently form chains; generally vproduce heavy surface growths
-on liquid media; growth on solid medlia generally dry, membran-
ous, chalky, and wrinkled; renerally grow at 107-109%F,

Gram stain, Magnified: 500 Diameters.

Group 5, Filamentous orgsnisms; cells long, sometimes
branches; slimy, tenacious pgrowth in liquld media, often with
heavy membranes; growth on solid media mold-like and adheres

tenaciously to the media markedly inhibited or do not grow
at temperatures above 98°F,

Unstained 1live nrevparation, Gramw stain,

Magnified: 500 Diameters.
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2, Effect of Temperature of Incubation on Growth of Organisms
on Wort Medisa,

Thirty-elght cultures, which were obtained from various
places in the plant, were streaked on wort agar slasnts. They
were incubated at 96-98°P, and 107-109°F, for two days and
relative vigor of growths ascertained, The results are summar-

ized 1n Table 1I, below,

TABLE 1I, SBOWING EFFECT OF TEMPERATURE OF IN-
CGBATION ON GROWTH OF MICROOKGANISMS ON WORT
AGAR ARD MALT EXTRACT BROTH,

Grew equally : @Growth in- : No growth : Rumber of
well at 96-98°F, : hibited at : at 107-109°F, : organisms
and 107-109°P., : 107-109°P, : 48 hours. : observed,

Qbservations with Wort Agar
14 (36,9) : 7 (18.4) : 17 (44.7) 38
Observations with Malt Extract Broth

11 (29) : 9 (23.7) : 18 (47.3) : 38

Figures indicate number of organisms,
Figures in parentheses indicate per cent of organisms,

It 1s evident that on the very favorable wort agar med-
ium, the higher temperature (107-109°F. ) was detrimental to
the growth of a large proportion of the organisms, Thuas,
44,7% which grew luxuriantly at 96-98°P, failed to show any

growth at 107-109°F, in two days.
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A larger percentage falled to show growth or were
distinctly inhibited by exnosure to 107-109°F, on the very

favorable wort agar medium,

3. Effect of Temperature of Incubatlon on Growth of Organisms
en Gluten Ylater Agar,

In Table II, page 24, the results of the inhibitory ef-
fect of temmerature were gilven on a very favornble medium,
The ssme expcriment was conducted using a medium which was not
so favorable for growth, The medium was made by adding 24
agar agar to gluten water, On this medium it was tound that
60% of the organisms which grew well at 96-98°F, were inhibited
or failed to grow at sll et 107-109°F, Of these which failed
to show growth at 107-1090F., 45% falled to grow on subsequent
incubation at a favorable temperature (70-75°F.) showing that

exposure to 107—1090F. was germlcidal for these strains,

4, Effect of S02 on Growth of Organisms on Gluten Water Agar,

To gluten water sgar, vrepared as described above, were
added various quantities of 30o and the materisls tubed
agseptically ; after cooling, the agar slants were inoculated

from 24-hour malt extract broth cultures of the various test
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organisms and incubated at 96-98°F, The results are shown in

Table III, below,

TABLE III, EFFECT OF ADDITION OF 30g TO GLUTEN
WATER AGAR ON GROWTH AT 96-98°P,

: No, or 31ight : Distinct : Kumbter
% 80o : inhibition of : inhibition : No : of test
Added : growth : of growth : growth : organisms
None : 20 (100) : - : 20
.009 19 ( 95) : 1(5) : 1 ( 5) 20
.018 14 ( 70) : 2 (10) 4 (20) 20
5 (25) 9 (45) 20

.028 6 ( 30) :

Figures indicate number of cultures,
Figures in parentheses indicate percentage of cultures tested.

It is seen from Table III that as the concentration of
added 30, increased, & lsrger proportion of cultures falled to
grow, Addition of 0,016 to 0,018% SOg markedly inhibited or
completely prevented growth of 204 of the cultures, Addition
of 0,024 to 0,030% 30, effected marked inhibition of growth of
254 of cultures, whereas, complete prevention of growth was
effected in 45% of the test cultures.

In consideration of the effect of addition of 500, 1t
should be noted that the organisms inoculated on the surface
of agar medis are not exposed to the full force of the 305
present as would be the case 1f they were completely immersed

in a 1iquid medium to which the same quantities of 805 had been
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added. The orgenisms were all found to be aerobes (air loving)
and therefore find more favorsble condlticrns for growth on the
surface of an agar slant than would be the case in less well
aerated liquid media, The concentrations of added SOp which
were found to be inhibitory (0,016 to 0,030%) are therefore
conslidered in excess of what would be necessary to effect a

similar inhibition in gluten water or similar liquid medis,

5. Effect of Temperature on Sterilizing Action of 80o, (Ob-
servations with Gluten Water Agar),

To ascertsain the influence of temperature on the germici-
dal or antliseptic effects of added S0O5, it 1s necessary to
employ organisms which, in the absence of freshly added S0g,
grow about equally well on gluten water agar, at the temvera-
tures under consideration, Observations on seven organisms
which fell in this category will be considered, The relative
vigor of growth at 96-98°F, and 107-109°F, on gluten water agar
containing various concentrations of added SOy 1s Iindlcated in

Table IV, page 28,
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TABLE IV, EFFECT OF TEMPFRATURE AFD 509

% SO : : : :
Adde : None : 0.009 : 0,018 : 0,026
Temp, : : 107 : 107 : ¢ 107 : 107

of Inc, :96-98 :-109 :96-98 :-109 :96-98 :-109 :96-98 :-109
Cul- :

ture : Relative Vigor of Growth (48 hours)
S R R e s e S T - : -
7 L R T T B S I T L A R S T 2 - B
10 I T B T £ T T X S + 3+t -
11 S o+++ o b+ T +4+4+ I v+t ) v+ 8 + +++ 8 -
31 R IR O R S S L R - +++ 3 -
32 T+ + I 4+t 3 bkt L Rt 3 AE+ + 3 ++
36 R R R £ = A A T T = . + -
ZImm, : 0 : 0 : 0 :14,3: 0 :71.5: 28,6 : -
¢4¥.G. : O : 0 : O : O : O :28,6 : 14,3 : 100

% Killed : O : O 0O : 0 : 0 : O : O : 100

*Cultureokilled as no growth develovned on subsequent storage at
96-96"F,
Number of + indlcates relative vigor of growth; - indicates no
growth, :
Inh, indicates inhibited,
N,G, indicates no growth,

6, Effect of Temperature of Incubetion on Growth of Isocluted
Organisms In Gluten Water.

In the experiments with solild media, the effects of vari-
ous agents on growth of a given organism could be determined
only qualitatively by observing the relative vigor of growth,
Guantitative data mey be obtained by employing liquid medis.
Several experiments with 1isolated cultures were performed in
the following manner,

Small flasks containing 100 cc, of gluten water were

sterilized, Some were stored at 96-98°F., and others at 107-
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109°F. On the following day they were inoculated with known
quantities of 48 hour wort cultures of various organisms, pre-
viously 1solated from plant liquors, The flasks were replaced
in their respective incubators, and the number of live organ-
isms ascertained after 24 and 48 hours storage by plating on
wort agar (48 hours, 96-98°F.).

Illustrative results are shown in Table V, below., It is
evident that organisms are present which are adversely affect-
ed by exposure to temperatures of 107-109°F. in gluten water.
In general, the long chain forming types which oproduce heavy
surface growth in 11iquid media grew well at both temperatures,
or were somewhat inhibited by the higher temperatures; the oval

or spherical types generally died at a temperature of 107-109°F,

PABLE V., EFFECT OF TEMPERATURE OF INCUBATION ON
CROWTH OF ISOLATED ORGAWISNS IN GLUTEN WATER,

Period of : Organisms per cc, in Flasks
Storage : Stored at
(Days)  : 97-989F, : 107-109°F,
Orgenisms 1 P,F, (Elongated veasts chain, Heavy surface growth)*
0 (Initial) : 900 : 900
1 day : 850,000 : 980,000
2 days s 8, 400 000 : 16,000,000
Organisms 11 P,F, (lLarge 1rregular shaped, Heavy surface growth )"
0 (Initiel) : 1,600 : 1,600
1 day : 5,000,000 : 480,000
2 days : 18, OOO 000 : 2,000,000
Tganisms 111 P.F, (Oval yeastf*' —
0 (Initial) : 700 : 700
1 day : 5,000,000 : 100
2 days : 10,000,000 : 1,300
%

Observations in gluten water (pHE 4,5; S0,, 0.004%).
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7. Effect of Concentration of 302 on Growth of Isolated Orgsn-
isms In Gluten Water.

Flasks or large tubes containing gluten water were sterill-
ized and, after cooling, inoculated with known quantities of
organiams from malt extrsct broth, Various quantities of S0o
were then added, the tubes incubated at 96-98°F,, and the num-
ber of viable organisms determined by vlating on wort agar,

The results of a number of experiments are shown in Table VI,
page 30a.

It 1s evident that the organisms grew very well in the
gluten water when stored at 96-98°F,, but that addition of SO,
markedly Inhibited or even killed off the organisms, It 1s
2lco of interest to note that the sterilizing action of 505 is
most effective when freshly added and disappesars as it becomes
old, Thus, considering the results in the mixture of organisms
(A6, Al2, Al3, Al7) 4t was found that an initial count of
30,000 rose to 2,500,000 after 24 hours, when no fresh SO, was
added, whereas, addition of 0,010% SO, kept the count down to
40,000 or practically no growth, Extending the lncubatlon
period to 43 hours, resulted in a count cof 33,000,000 in the
flask without added SOy and 12,000,000 in that to which 0,010%
305 had been added, The addition of this small quantity of
fresh SOg (0,010%) was very effective during the first day but

thereafter its sterilizing effect was gone, because it had
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TABLE VI, EFFECT OF ADDITION OF SOg OK GROYTH OF
ISOLATED ORGANISMS I GIUTEN WATEK STORED AT 96-98°F,

Viable organisms per cu, cm,

S00 % : pH : After 24 nhrs, : After 48 nrs,
Added : : Initial : at 96-98°F, :  at 96-98°F,
Organism Xig5>

000 : 4,3 600 : 640,000 :
012 : 4,3 600 : 300,000 :
. 028 4,3 600 : 6,000 :
Organism Xog~
. 000 4,3 180 : 150,000
.012 4,3 180 : 8,000
. 028 4,3 180 : 36 :
Mixture Organisms Nos, Al, A8, Al4, A20™"
,000 : 4,3 : 20,000 : 1,200,000 : 3,200,000
.010 : 4,3 : 20,000 : 10,000 : 2,000,000
.020 4,2 20,000 : 1,600 : 6,300
. 028 4,1 : 20,000 : 3 i 3
Mixture Organisms Nos, A6, Al2, Al3, A1l7™~™
.000 4,5 30,000 : 2,500,000 . 33,000,000
010 : 4,2 : 30,000 : 40,000 : 12,000,000
020 : 4.2 : 30,000 : 20,000 : 99,000
,028 : 4,1 : 30,000 : 0 : 44
Mixture of Orpanisms Xos, A3, A5, A7, AZ23
. 000 4,3 7 17,000 200,000 : 5,000,000
.010 4,3 : 17,000 : 60,000 : 330,000
.020 4,2 : 17,000 : 16,000 : 29,000
.028 4,1 17,000 : 1,800 : 4,600
Organism I PP, 7
. 000 4,6 8C0 : — : 7,900,000
. 020 4,4 800 : — : 870,000
Organism I P.F.**
L000 : 4.5 900 850,000 : 8,400,000
034 : 4,0 900 : 600 : 3,300
Organism L1l P.F,.~
000 : 4.6 : 30,000 : o : 16,000,000
020 : 4,4 : 30,000 : —— : 530,000
Organism 111 P.F.
. 000 4.5 700  : 5,000,000 : 10,000,000
.034 4,2 700 : 10 : 110

*Gluten water with initial (old) SOp of .030% emnloyed.
*¥Gluten water with initial (o0ld) SO, of .028% employed,
*Gluten water with initisl (old) SOg of .024% employed,
*+*Gluten water with initial (o0ld) S0o of ,004% employed.



disanpeared as free active S500.

Yith additlon of larger quantlties of SO0g the sterilizing
acticn was gre:-ter und persisted for longer times, Thus, with
0.020% and 0,029% 300, the counts azfter 24 hours were 20,000
and zero, and after 48 hours, only 99,000 and 44 cubic centl-
meters resvectively, whereas wlthout 50o addition, the count

had risen to 33,000,000,

8, Observstions on LEffect of Storing (Gluten Water,

In order to ascertain whether gluten wster would remain
sweet or beccme fcul on storage, 2 rumber of samples were col-
lected and observed as to changes taking plece on standing,
The otservations consisted of determinings the number of living
organisms (cap-sble of growing on wort agar) tefore and after
storage and changes in the physical appearence of the sample,

These data wiil be found in Taeble VII, page 32,
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TABLE VII, EFFECT OF STORAGE ON THE NUMBER OF
VIABLE ORGANISMS IW GILUTEN WATER.

: 8032’ :Organisms per cc, after storage at 96-98°F,
0l

Date : : iritial : 24 Hours
6/30/29 : 0,055 : 40,000 : 92,000
7/19/29 : 0,044 : 58,000 : 2,700,000
7/22/29 : 0,044 : 120,000 : 1,100,000
5/ 8/30 : 0,062 : 93,000 : 83,000
5/ 9/30 : 0,087 : 56,000 : 2,400,000
57 9/30 : 0,057 : 41,000 : 5,600,000
5/ 9/30 : 0,057 : 60,000 : 5,600,000
5/10/30 : 0,056 : 200,000 : 4,000,000
5/11/30 . 0,064 : 36,000 : 850,000
5/11/30 : 0,064 : 24,000 : 110,000

It 1s apparent thet the nmumber of living organisms Increased
meterially on storage of gluten water, Generally, after 24
hcurs, a surface growth or film developed on the liquid; end in
48 to 72 hours, the liquid became putrid when sfored in ves-
sels to which air had access, The return of such a ccntami-
nated and putrescible liquor to the process constitutes o

gerious hazard,

9, Effect of Air Supnly and Stirring on Growth of Microorgenisms
in Gluten Water,

It was noted in some of the observations with gluten water
that there was a decrease instead of growth, 1f storage was in
closed containers, It was felt that the availability of air

might explain this phenomenon, and in view of the fact that the
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gluten water returned to the system 1= subjected to constent
aeration and agitation, on the reels, the influence of these
factors on growth of microorganisms was ascertalned a2s describ-
ed below,

Samples of gluten water were collected in sterile lason
Jars {(pints). 1In the first series one jar was fillled about
nine-tenihs full, and the l1id screwed on tightly, while another
Jar was filled about one-fourth full and the 1id left sliphtly
ajar, so that air could snter, The closed jar will be referred
to as anaerobic, the open jar s seroblc. The second serles
was simllar except that two aserobic jars one-third full were
employed and one of these was surplied with a stirrer.

fhe results which are tabulated in Table VIII, page 34,
show clearly that air and agitation markedly favor the growth
of microorganisms in gluten water,

In the ansercbic (closed) jers, considerable decreasses in
counts were generally obtasined, In the aerobic (partially
‘open) jesrs the counts rose very rapidly, Thus, a sample of
fresh gluten water with an initiel count of 830,000 per cubic
centimeter showed only 480,000 after storage in a closed jar
for two days at $6-98°F,, whereas, the same gluten water
stored in the presence of ailr gave a count of 48,000,000,

It 1s apparent that the presence of agir and sgitation

favors the growth of microorganisms in gluten water, The con-
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TABLE VIII. ZEFFECT OF AIR SUPPLY AND STIRRING
ON GROWTH OF MICHOORGANISMS IN GLUTEN WATER,

5 : Organisms psr cublc centimeter after
% S0o : Initial 48 hours at 96-98°F,

0ld count :Anserobic: Aerobic :Aerobic (stirred)

Observations with Gluten Waier ¥Vo,1

0,022 : 630,000 : 480,000 : 48,000,000 : —

0,034 : 1,400,000 : 460,000 : 88,000,000 : —

0,043 : 135,000 : 280,000 : 32,000,000 : —

0.042 44,000 : 380,000 : b-,\OO OOO : —
QObservations with Gluten Water MNo,2

0,046 : 1,200,000 : 640,000 : 8,000,000 : 61,000,000

0,045 : 1,600,000 : 100,000 : 23,000,000 : 21,000,000

0,045 : 1,300,000 : 110,000 : 32,000,000 : 43,000,000

0.045 : 1,900,000 : 410,000 : 12,000,000 : 24,000,000

Anserobvic = jars sealed; air kent out,
Aerobic = Jars not sealed; air admitted.

ditions on the reels, becasuse of the abundant air suprly, are
therefore conducive to growth of mieroorganisms, introduced

with returning gluten water, unless some factors such as in-
creased temperature or concentration of S0y, are made opera-

tive to counteract this favorabple Influence,

10, Effect of Heating Gluten Water,

Gluten water samples were heated to various temperatures
es indicated below and the number of vistle organisms capable
of growing on wort agar at 96-98°F, ascertained,

Samples of gluten water entering and leaving the heaters

were collected in sterile jars, and one cublic centimeter por-



tions immediatelv transferred to sterliie dilution water, The
heated sample was quickly pnlaced in a water bath at a temner-
ature of the heated gluten water and sarples withdrawn into
dilution water at one or twe minute intervals as shown in
TableI¥, The samprles were vlated on wort agur and the plates
counted after 48 hours at 96-98°F, The results are detsiled
in Tatle IX, below, summarized in Table IXa, page 38, and

plotted on Plot I, page 39.

TABLE IX. EFFECT OF PASSING GLUTEN WATER THROUGH
PLANT HYATER ON VTABILITY OF MICROORGANISHS,

Time : Temp, : % : Surviving organisma : Per cent
olapsed : °P. SO0, : per cubic centimeter : reducticn
September 5, 1930 (9:45 A.¥%, )

Before : : : :

heating: 82 : 0,035 : 190,000 : -
¢ Min, : 110 : 0,035 : 150,000 : 21,0
2 : 108 : _— 130,000 : 31.5
4 " : 108 : —_ 83,000 : 56,4
6 " : 107 @ — 84,000 : 55,8
g " : 107 1 — 73,000 : 61.6

— September 5, 1930 (11:00 A, M, )
Before : :

Heating: 82 : 0,038 : 310,000 : —
0 Min, : 111 : 0,038 : 240,000 : 22,56
2 " : 111 -_— 240,000 : 22,95
4 " s 111 ;2 — 180,000 : 41,8
6 " : 111 . — 150,000 : 51,6
g " : 111 2 e 150,000 : 51,6
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TABLE IX (continued)

Time : Temp, T Surviving organisms : Per cernt

slapsed °r. S0, ¢ per cublc centimeter : reduction
September 5, 1930 (1:15 P,¥,) o o

Before : : :

heating 82 : 0,035 : 250,000 : -

0 Min, 1117 : 0,030 : 190,000 : 24,0

2 M 111 —_ 150,000 : 40,0

4 " 111 —_— 110,000 : 56,0

6 " 111 —_— 110,000 : 56,0

g " 111 ;. - 100,000 3 60,0
September 9, 1930 (9:30 A,¥,)

Before : : : :
heating: 82 : 0,021 : 420,000 : -—
0 Min, 110 : 0,021 : 300,000 : 28,5
2 " : 110 UG 310,000 : 26,2
4 " : 110 -_— 270,000 : 35,7
6 " : 110 —_ 210,000 : 50.0
g " : 110 — 180,000 s 54,7

Sevtember 9, 1930 (10:30 A M, )

Before : : : :
heating: g2 : 0,020 : 580,000 : —
0 Min, : 110 : 0,020 : 330,000 : 43,0
2 " : 110 @ — 360,000 : 38,0
4 " : 110 _ 260,000 : 50,0
€ " : 110 —_— 230,000 : 60.4
g " 110 @ — 200,000 : 65,5

kj' September 5, 1930 {(2:00 P.M,)

Before : : : :
heeting: 82 : 0,034 : 360,000 : —
0 ¥in, ¢ 120 : 0,034 : 210,000 : 41,7
1" : 120 ;. - 82,000 : 7.2
2 " : 120 —_— 68,000 : 81,2
3 " : 120 ¢ — 38,000 : 89,5
4 " ¢ 120 _— 29,000 : 91,9




TABLE IX (continued)

Time : Temp, & : Surviving organisms Per cent
elapsed : ¥, 302 : per cubic centimeter : reduction
September 5, 1930 (3:15 P,M.)

Before : : :
heeting: €z : 0,032 : 280,000 : -
0 ¥in, : 120 : 0,032 . 170,000 : 39.2
1" : 120 o~ 30,000 : BOLD
2 : 120 -_— 34,000 : 87.8
3 ! T 120 —_ 22,000 92,1
4 " : 120 — 16,000 94,3

September 5, 1930 (4:30 F.M.)
Before : :
heating: . 82 : 0,032 : 290,000 —
O ¥in, : 120 : 0,032 : 130,000 55,1
1" ¢ 118 —_ 29,000 : 90,0
2 : ;118 - 2 17,000 : 94,1
3 i 118 —-— 3 11,000 : 96,2
4 " : 118 i e 9,500 : 97.2
September 9, 193C (1:30 P,I,)

Pefore : : :
heating: 82 : 0,020 : 480,000 : —
0 Min, : 1256 : 0,020 : 49,000 : 89.8
1" : 125 ¢ — 17,000 : 9¢,4

" : 125 @ — 22,000 : 95,4

3 ¢ 125 ¢ -_ 2 23,000 : 95,2

4 " : 125 @ —_— 24,000 : 92,5
September 9, 1930 (3:00 P.M.)

Bazfore : : : :
heating: 82 : 0,021 : 350,000 : —_
O Min, : 185 : 0,021 : 64,000 : 21,7
1" ¢ 125 - 27,000 : 92,3
e : 125 ¢ — 25,000 : 92,7
3 : 125 -_— 2 29,000 : 1.7
4 " : 125 3 — 25,000 : 52,7

Reaction of all

samples was pH 4,.5.
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TABLE IXa, SUMVMARY OF EFIFTCT OF TEMPERA-
TURE AND TIME OF HEATING ON VIABLE ORGAN-
ISKS IN GIUTEN ATEKR,

“Period of exposure :  Per cent reduction st
at indicated tem- :

perature . 110°F, : 120°F. : 125°F,
0¥ : 27,8 : 45,3 : 85,8
1 M¥in, : — : 85,5 : 94,3
2 " : 30,6 : 87.7 : 94,%%
3 " : - : 92,6 : 93,5%"
4 " : 47,8 : 94.,5%%; 95 o¥*
6 ? : 54,8 : :
g " : 58,7

+#
Brought to the indicated temperature from an in-
itial temperature of 82°F. by passage thrcugh
heater,

3
Surviving organisms were all bacteria,

In general, 1t was found that heating the gluten water
(with a titratable SOp content of 0,020 to 0,038%) to 110°F,
effected reductions of about 25%; that maintaining this tem-
perature for four minutes resulted in approximetely 48% re-
ductions, while exposure for eight minutes effected decreases
of about 59% in visble yeast-like organisms,

Trie higher temperatures effected much more rapid de-
struction of the microorgaenisms in gluten water, Thus, when
the gluten water was heated to 120°F,, the effluent from the
heater contained 45% less organisms than that going in, The

drop in the number of viable organisms averaged 87,7% after
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two minutes and 94,5% after four minutes erposure at 120°F,
The gluten water 1issulng from the heaters at 125°F, con-

tained 85% less viasble organisms than the influent, After one

minute additional storage at this temverature there was a re-

duction of 94%, The surviving organiams were bacteria,

11, Effect of Addition of Chemicals on Growth of Organisms and
Keeplng Qualitlies of Gluten Water at Different Temperatures,

The observations here described will be considered under

the following heads:

a, Effect of addltlon of 30, to the plating medium,

b, Observations on the relastive sterilizing efficiency
of fresh and old SOs.

c. Effect of temperature and SOg on growth, reaction,
and film formation in gluten water,

All observations in thls section were on a laboratory
scale and as the technlques were different for each set of ex-

periments, these will be described somewhat in detall,

a, Effect of addition of S0o to the Plating Medlium, The

determination of the number of viable organisms in a2 liquid
consists in placing known quantities of the test liquid in
sterile containers (petri dishes) adding a suitable solidifi-

able nutrient medium, and after storage (incubation) for a
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designated verliod, counting the number of colonies of organ-
isms which develop, ZEach coleny is considered to be the
progeny of one orgenism, so that if the quantity of the test
materisl in the petri dish 1s known, the number of colonies is
taken as a measure of the mumber of organisms originally
present, and the number in any given quantity of the test med-
ium may be readily calculeted, Thus, if 1/1000 of a cubic
centimeter of gluten water is placed in a petri dish, a suit-
able medium such as wort agar is added, and 75 colonies de-
velop; then there were at least 75 organisms in the 1/1000 cc,
test sample or 75,000 per cubic centimeter of gluten water,
The dstermination 1s devendent on the nutrient medium being
suitable for growth of the organisms, If addition of SO, to
such a medium prevented growth, the prorortion of colonies
thus prevented from developing becomes a measure of the steri-
lizing action of 50,.

The number of viable organisms in three samples of gluten
water was ascertained by plating out in the usual manner using
wort agar as the nutrient medium, At the same time counts
were made employlng wort agar to which different guantities of
S0p hed teen added, This was dorne by cooling the wort agar to
122-131°F,, adding the desired quantity of S0p, then cooling
the medium to 109-113°F,, pouring the plates end finally ti-

trating the excess medium in the bottle with i1odine for a



measure of the SO0g present, The pletes thus prepared were in-
cubated for twe days at 96-98°F,, efter whichk they were count-

ed with the results shown in Talble X, below,

TABLE X, EFFECT OF ADDITION OF 80O, TO PLAT-
ING MEDIUH (7ORT AGAR) ON THE NUMBER OF OR-
RANISMS IN GLUTEN WATER,

Organisms per cublc centimeter

% S0p gluten water

Added : Sample I : Sample II : Samnle III
None . 1,200,000 : 670,000 : 230,000
0,010 : - i - : 58,000
0.015-0.018 : 625,000 : 1,000 1 2, 400
0.024-0,025 230 : o _

. . -
» L3

Per cent of organisms failing to develop
in presence of SOo esdded

-
. . Y

0.010 : — : — : 74.8
0,015-0.018 :  -48,0 : 99.8 i 99.0
0.024-0,025 - 90.9 : 100.0 : -

It is seen that the addition of 0,015-0,018% S0 resulted
in a decrease of 48% in the number of organisms developing from
one of the samples and 99% of the organisms in the other two

samples of gluten water were prevented from growing,



b. Relative sterilizinpg officlency of fresh snd old 809,

In the ceurse of the wariour oxreriments 1t became annarent
that the titretable SO, wes not a dircct measure of the steril-
i1zing efficiency, It seemed that freshly added S0, was mors
effective than an equsl curntlty of SOs elready nresent., An
experiment was designed to throw some light nn the question.
In view of the fact that it is necessari’y quite complicated
it 1s de=cribed in detall,

One hundred cubic centimeter portions of sterilized fil-
tered gluten water were placed in each of 30 blake bottles and
resterilized in the autoclave, After cooling to about room
temperaturs (95°F.) they were subdividesd into 2ix series of
five bottles esch; marked A, B, C, D, E, and F series respec-
tively, To one bottle of each of the A, B, C, end F series
was now added the following quentities of an spproximately
C.8% 80, solution: -0, 1.0, 2,0, 3.0, and 4,0 cc.

The A, B, end C series of bottles containing added S0g
and the D, and E series to which no S0p had been added, were
all pleced in the incubator at 98°F,, and the F serles im-
mediately titrated to determine concentrations of SOy, and
discerded,

The following day the "C" series of bottles was titrated
to determine the amount of 802 present and discarded, It was
found thet there was no change in the titratable S0, from that

observed in the "F" series the previous day, The titrations
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in the "C" serles of bottles were teken as measures of the ap-
parent 30p contents of the corresponding bottles of the 4, =and
B series,

To each of the bottles of the "B" series, one cubic cen-
timeter of pluten water was added, and the bottles replaced in
the 98°F, incubator, The count in this gluten water was
700,000 per cublc centimeter on both plaln and wort agar,

The "A" series of bottles remained in the 98°F,. incubator
as controls for pH, and SO as well as to determine the
sterility of the technlque,

“To each bottle of the "D" and "E" series one cubic centil-
meter of fresh gluten water was added and then to one bLottls
of each of the "D", and "B" series was added the following
quantities of an approximately 0,8% SO, solution; namely O,
1.0, 2,0, 3,0, and 4,0 cc,

The "D" series of bottles was placed in the 98°F. incu-
bator along side the "A", and "B" series, The "E" series of
bottles was immediately titrated for SOy and pH and the bottles
dilscarded, These results, which were taken as measuresz of
these constituents in the corresponding bottles of the "D
series were found to be practically identlcal with those ob-
served for the "B" series previously referred to.

There was now present in the 98°F, incubator three seriles

(4, B, snd D) of bottles of sterilized gluten water, the dif-
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ferent bottles of each series contalning various concentration
of 80, as shown in Table XII.

The "A" serles, or control, was not inoculated with fresh
gluten water,

The "B" series had received its quota of SOy one day and
was inoculated with 1,0 cc, of fresh gluten water the follow-
ing day.

The "D" series was inoculated with 1,0 ce, of gluten
water and a few minutes (2 to 5 minutes) thereafter was added
the S0o solution,

The titrations dlsclosed that the pH and SO, concentra-
tion in the "B" and "D" series wers practically identical, but
whereas the "B" seriles received its inoculum of fresh gluten
water 24 hours after the addition of S0g; the "D" series was
inoculated s few minutes before the 500 was added, The or-
genisms in the inoculum were thus exposed to "old" SO in the
"B" series and to "fresh" SO, in the "D" series, The total
titratable concentration of SO, being the same, and other con-
ditions belng avparently ldentical, the differences observed in
the "B" and "D" series are attributed to the difference in time
of addition of the S0o.

The number of viable organisms in each bottle of the "A",
"B", and "D" series was determined after 24 hours storage on
wort and plein agar (as was also the reaction pH snd S02 con-

tent).
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The results sre detailed for the "BR", and "D" series in

Table XI, below, and 1llustrsted on Plot II, page 47,

TABLE XI, ZEFFECT OF PRUSENCE OF COLD ARD FRESH
80, ON GRO™TH OF MICROORGANISMS IN GLUTEN WATHER,

200% :Organisms per cuble
: : : Total : Total :centimeter gluten
Sanple: pH : Added : at : after :water storage, 24
serles: : : start :24 hours :hours at 98°F,
: : : : :Plain agar:Wort agar
Serles B, S0z added 24 hours beforg pluten water lnoculum,
Stored 24 hours at 98°F,, then plated,

BT : 4,6 : 0 : 0.080 : 0,027 : 870,000 : 620,000
B, : 4.5 : 0,008 : 0,038 : 0,033 : 400,000 : 320,000
B,*¥: 4,4 : 0,017 : 0,047 : 0,043 : 320,000 : 310,000
B,* : 4.3 : 0,025 : 0,055 : 0,051 : 33,000 : 52,000
By 4,2 : 0.033 : 0,065 : 0,060 : 22,000 : 32,000

Series D, S80p added lmmedlately after gluten water inoculunm,
Stored 24 hours at 98°F,, then plated,

BgT T 4.6 0 1 0,029 : 0,024 : 615,000 : 645,000
Dy * . 4.5 : 0.008 : 0.037 : 0.034 : 30,000 : 52,000
Do i 4.4 : 0,018 : 0.047 . 0,045 : 5,800 : 8,100
Dy : 4.4 : 0,026 : 0,055 : 0,051 : 5,300 : 7,800

Dd s 4,3

Initial count 7000 per cubic centimeter, on both plain and
" wort agar,
“ Heavy surface growth on bottles By, By, and D, after 24
hours at 98°F,
Surface growth covered one-hnli area of llquid in bottles,
* Extremely small area {2%) of surface growth,

0.061 : 4,000 : 7,400

*s e

0.033 : 0,062
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All of the bottles of the "A" serles (uninoculated) were
found to be sterile, and the S0, values showed no significant
change during incubstion, & meximum drop of 0,003% being ob-
served,

A perusal of Table XI, page 46, shows very clesrly the
fact that it 1s not merely the total tltratable or apparent
SOB thaet needs to be considered but that the rroportion of the
S0o which 1s freshly added is of paramount significance, The
bottles marked Bg and Dy, which contalned no added S0 bveyond
that present in the gluten water itself (0,030 and 0,029%),
were really duvllicates and they showed practically identical
wort agar counts of 620,000 and 650,000, resrectively, The ef-
fect of adding 0,008% SOg & day before the inoculum (B bottle)
is indicated by a siight recductlion in the wort agsr count to
320,000 but the addition of the same quentity of S0 immediate-
1y after the inoculum (D, bottle) resulted in a count of but
52,000, Similerly in the Bg and Do bottles to which were add-
ed 0,017% and 0,018% S0o, s day before and immediately after
the inoculum, respectively, the counts of the gluten water
stored for 24 hours at 96-98°F, were 310,000 and 8,100, respec-
tively, Thus, of two bottles containing the same aprarent S50,
(0,047% as indicated by titration) there were vresent only one-
fortieth as many organisms in the bottle receiving 0.018% fres

805 (Do bottle) as there were in the bottle (Bg bottle) which
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received the same amount of S0, 24 hours before inoculation,
To put it anocther wey, in the bottle wlth freshly added 805
there was no mulitiplication, whereas in the one with old S0p
the number of orgsnisms incrcased forty fold, It is felt that
the differcnce may be explained by the action of uncombined
HoS0z on yeasts, Titration with iodine includes not only the
30g present as HoSOz but SO0y in loosely bound compounds, Sul-
vhur 4ioxide, which is bound, although 1t may be detected in
whole by the iodine titraticn, is not as aveilsable for permi-
cidal or antiseptic action on yeasts as fres S80s. The concen-
tration of freshly added and uncombined 505 1is therefore a de-
termining factor wlth respect to 1ts germicidal or antiseptic

action in gluten water,

¢, Effect of temrerature and SO0, on growth, change in

pd and film formetion in pluten water, The effect of additions

of SGyp and the iqgluence of temperature on the sterilizing ef-
ficlency of S50g when added to gluten water were observed by in-
troducirg orgenisms into sterilized gluten water to which were
then added various concentrations of S0g, duplicate samples,

being stored at various temnerstures as indiceted below in the

detalled descrintions of the exreriments,

(1) Observations on temperature and S0o with gluten

water, Portions (50 ce,) of gluten water were placed



- 50 -

in 150 cc, extraction flasks and sterilized, One set of
flasks was inoculated with a unixture of organisms X20,
X24, and X29, Varlous quantities of S0, were then added
to each of two flasks, one of which was incubated at
96-98°F, and the other at 107-109°F, A similar experi-
ment was performed employing gluten water as the inocu-
lum in place of the isolated cultures, The results are

surmarized in Table XII, page 51,

Considering the exreriment with the 1solated cultures it
will te observed that in the absence of freshly added S0g, a
surface growth (film) developed very rapidly at 96-98°F., tha
entire surface being covered after 24 hours, whereas at 107-
109°F,, only about 20% of the surface showed a film, On ad-
dition of 0,014% S0g the surface growth after 24 hours at 96-
08°F, was reduced to less than 10% of the surface area, whereas,
at the higher temverature (107-109°F, ) there was no growth at
all, even after three days incubation, With 0,029% freshly
added S0o there was no surface growth at either temperatures
after three days, It 1s anparent, therefore, that, as respects
film formation by these organisms, the addition of 0,014% fresh
S8C, exerted a retarding effect at 96—98°F., and comrlete in-
hibition at 107-109°F,, while with the higher fresh SO5 content
(0.029%) 1inhibitilon was complete at both temperatures,

A consideration of the change in reaction shows similar



.TABLE XII, GEFFECT OF TEMPERATURE AWND S0o ON GRO™TH AND
CHANGT™ OF KZACTIOU IE GLUTEN WATTR

: : Area % Surface : Organisms
% S0g: Reaction pil : film : per cc,
Added:Inltiel: 1 day : 2 days : & days : 1 day : 2 deys : 3 days :Initial: 48 hour

Experiment with mixtures of cultures X20, X24 and X29, as inoculum
¥lasks kept at 96-98°F,

.000: 4,3 4,3 7.0 7.7 : 100 : 100 : 100 : 3,500 :14,000,000
,0l4: 4,1 4,1 6.4 i 7.3 : 10 : 100 : 100 : 3,500 :10,000,000
«089: 3,7 : 3,7 : 3,7 i 3,8 : o 0 : o0 : 3,600 : 420
Flasks kept at 107-109°F,
.000: 4,3 4,2 6.6 : 7.4 : 20 : 100 : 100 : 3,500 : 730,000
.014: 4,1 4,1 : 4,1 4,1 : o : 0 : o : 3,500 : 100
.029: 3.7 3,7 3.7 3.7 H 0 (o : 0 : 3,500 : 10
Experiment with gluten water ng lnoculum
Flasks kevt at 96-98°F,
.000: 4,3 4,3 7.0 : 7.9 : 50 : 100 : 100 ¢ 2,800 : 1,800,000
.014: 4,1 4,1 4,5 6,3 : 5 : 100 : 100 : 2,800 : 1,600,000
,029: 3,7 D¢7 3 BT 3,7 : o : 0 : 0O : 2,800 : 200
FLBSKS kept at 107-109°F,
.000: 4,3 4.2 5.0 ¢ 6.7 : 5 : 75 : 100 : 2,800 : 160,000
,014; 4,1 4,1 : 4,2 s 4,1 : o : 0 : 0 : 2,800 : 100
.029: 3,7 307 3,7 : 3,7 : 0o 0 : 0 : 2,800 : 10

Initisl 80, = ,028%

It will e noted that:
(1) A small quantity of freshly added S0o (. 014%) retarded develorment of alkaline
reactions and surface films throuszh inhibition of growths of microorganisms at
96-980F,

(2) The larger quantity of freshly added SOg (.029%) completely prevented alﬁghi-
zation and film formaticn by 1ts germiclidal action on the microorganisms,

(2) The sterilizing action of uog)was distinctly greater at the higher temperature,

A concentraticn of SOo (,014%) which was inhibito at 96-98°
at 107-109°F, 2 ry F, was germicidal
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results, The flasks without freshly added 805 became progres-
sively more slknline; those kept at 95-98°F, going from an in-
itial reaction of pH 4,3 to pil 7,0 after two deys and pH 7,7
after three davs; the flask at 107-109°F, showed reactions of
pH 6,6 sand 7,4, respectively, after corresrvonding peri~ds of
incubation, The higher temnerature thus retarded the rate of
alkalinization,

The addition of 0,014% SOp markedly retarded alkalinlza-
tion, Thus, comparing the results of the flask at 96-98°F,,
containing no fresh SO, with that to which 0,014% SOg was
added, the reactions after one day were pH 4,5 and nH 4,1,
after two days pH 7,0 and nH 6,4, anéd after three davs, vl 7,7
and 7,3 respectively. Change in reaction was comnletely ar-
rested for 24 houre by the addition of 0.014% SOp at 96-98°F,
The effect of SO, was much more merked at 107-108°F,, where no
change in reaction was olserved even efter three days incu-
bation,

Another meesure of the influence of temrerature and 50o
which may be employed 1is the determinaticn of the number of
viable organisms, An inltisl count of 3,500 rose to 14,000,000
after 48 hours at 96-98°F,, and to but 725,000 at 107-109°F,
in gluten water to whick no fresh SO, had been added. The in-
hibitory effect of temperature is evident,

A much more marked effect was.observad in a comparison of

the flasks containing 0.014% fresh SO,, In this series the
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count after 48 hours at 96-98°F, was 10,000,000, whereas, that
at 107-109°F, fell to 100, A concentration of 0,014% fresh SOg
was inhibitory at 96-98°F., but germicidal at 107-109°F,

It 18 apperent that for the organisms in question toth the
higher temperatures (107-109°F,) and the addition of 0,014 to
0.029% SO, served to inhibit growth, end that the effect of SOp
was much more marked at the higher temperature.,

In the series of observations erwrloying gluten weter as
the inoculum, confirmatory results wecre obtained.

The addition of 0,014% retarded film formation at 96-98°F,,
and completely inhibited this phenomenon at s tempersture of
107-109°F,

As regards alkalinization, an initiel reaction of pH 4,3
in the flsasks without fresh S0, rose to pH 7,0 in two days at
96-98°F, , as compared with pH 5,0 at 207-109°F, After three
days ineubation the respective reactions weve pH 7,6 and 6.7,
The addition of 0,014% S0, served to markedly retard the rete
of alkalinization at 96-98°F,, the reaction after two davs be-
ing pH 4,5 and efter three davs pH 6.3, whereas. at 107-109°F.,
no change whatever in reaction was ohserved even after three
days of storage, The addition of 0,014% SO, was therefore
very effective in preventing the destruction of the acids in
the gluten water by yesst growth, varticularly at the temper-

ature of 107-109°F,

The change in counts also 1llustrates the detrimental ef-
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fects of increased temrerature and SOz, An initisl count of
2,800 rose in 48 hours to 1,800,000 at 96-98°F,, and to but
156,000 at 107-109°F, in gluten water to which no 20g had been
added, In the series containing 0.014% fresh 50, the counts
after 48 hours were 1,600,000 and 100 at 96~98°F. and 107—1090F.
respectively. Thus, thils small quentity of S0y served to
slightly retard the rate of growth at 96-98°F,, but scted as
a germicide at 107-109°F, Increasing the fresh SOs content to
0.029% resulted in ¢ decrease of viable cells sven at 96-08°F,,
the initial count of 2,800 falling to 200.

The results of these series of observations show that the
combined action of fresh SOy and elevated temnerature was

particularly efficacicus ageinst the pgrowth of the orgarisms in

gluten water.

12, Observations or Contamination and Condition of Silks,

As stated above it was thought that serious losses would
ensue if the excessive growth of microorganisms was unchecked
in the process waters, The starch and gluten, after telng
disintegrated and freed from the hull, pass through the small
openings in the silk reels, Should the interstices become
clogged by corn deposits or by the bodies of microorganlisms
some of the starch and gluten would pass through the reels and

be separated out with the hulls, 1In order to substantiate this
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contention one reel of each set of reels from the grit reels to
the fifth fine feed reel was morked for expsrimentsl purnoses.
in order to have condltlons under differ:nt plant overstion as
comparable a8 posslble, these reels had new sliks put on them
at the bLegimning of each change, The zxamct veriecd of exposure
of the sllks (age of silk) was thus known =t any tirme s pranel
was rewoved for examination, Aside from the s4l)c replacement,
there was no change in tre ireatnent acconded the reel, It wss
washed twice dally with the resular hydrochloric acid wesh,
Panels were taken for analysis seven to eight hours after the
HC1l wash, The exanlnation consisted of the determination of
the number of microorganisms adhering to the weter spraved

8ilk and ua microascoric exanmination of the silk »ronemn,

a, Fumber of orgenisms on silk, The extent of contami-

nation of the silk was determined in the following manner,
About seven to eipht hours after the regular HCl wash, the feed
to the test reel was stopped and the water spray applied for
several minutes to remove any substances which would normslly
be dislodged by the water spray wash, The reel was then
stopped and the tier, which conialned the sectioh of s1lk to

be removed, was agaln sprayed wlth water, After dralning a
few minutes, & section of silk was removed aseptically, folded
four times (inner faces of folded silk in contact), and placed

in a lsrge Mason jar, The silk was inmediately brought to the
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laboratory, placed on o weodern tloeck, and o set of disks cut

&)

out. Ar inner palr of sil¥% 2isks wue now remncvel 2nd vlaced
in a sterile [lask containing 75 cc, 0f weter znd sowe ¢lass
beads, After thorough shaking, the disks were picked upr with
a sterile forceps and cut ur irto samll pleces with & cterile
sclisseors. The rmaterlel was then gsgein thoroughly shaken snd
rlated out on wort esgar, The results are calculsted on the
tasis of the nunter of corgerisms rer sqguare inch of inner sur-

face of silk and gre shown ir Teble XIII, btelow,

TABLE XIII, EFFECT OF REDUCING STERITIZING
ACENTS QW COWTAMINLTICY OF SILK REELS,

: P, F, (Reduced Sterilization} P.F., (YNormal)

8ilk :  Reel : S0g not sdded at reels, : SO, added at

: : (Gluten water not sdded., : reels. Gluten
: : : water heated.
Orgsrlisms per square inch of inner sllk surface

F (177 : Grit : 3,300,000 : 950%

A (17) : 1st Fine : 1 700, ’ 000% : 23,000

E (9): 2nd : 3,500, ono* : 1, " 800*

¢c (9): 3rda " H 2 100, 000% : 1, 900"

D(¢g): 4tn " : 17 ooo ocn* : 1 400+

E(9): 5th " : 5, 200, 000% : 1, 400*

%*

Colonies good size, yeast-like,
*Over 90% cf the cclonies very small or nin voint si:ze,

b. Mlcroecoplc appearancs of silks, Unused portions of

silks employed for the mlcroorganism counts were washed under
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the tap to remove adhering btits of gluten or other debris,then
cut into strips and stained by Gram's method, Hand washing of
the silks under ‘the tap was found necessary because they dld
not stain properly if the gluten, etc., was allowed to remain,
Small portions of these stained silks were mounted in Canadea
balsan and examined microsconlcally,

Thelr appearance is indicated in the sccompanying photo-
micrographs, It is noted thet during the periods of reduced
sterilization the silks contalned yeasts and yeast-like forus
which frequently formed chains or massses growing out into and
scross the openings,

These filamentous types of yeast-llke forms are very
tenaclous and they are not readily removed from the silks once
they hsve gained a foothold,

There 1s another way whereby the growth of yeasts on silks
may produce ciogging, In experiments previocusly described, it
waé noted that some of the yeasts growing in gluten water pro-
duced an alkaline reaction of pH 5,6 in 24 hours and pH 7.4 to
pH 7.6 in 48 hours at 98°F, 1If these yeasts grow on silks,
there may be produced a relatively alkaline zone which when
coming in contact with the acid liquors will tend to alkelin-
ize them at the point of contact, causing precipitation to
occur, This precipitation couléd build up to such an extent

that clogeing would occur,



WASHED SILXS
{p,P. Normal)

First Fine Feed kKeel

No,17 Silk in use twenty days,
(Magnified 125 diameters)

Fourth Fine Feed Heel

No,9 Silk in use eight days,.
(Magnified 125 dismeters)

Remarks: Silk clean; no evidence of clogging.






WASHED SIIK
(P.F, Reduced sterilization)

grit Reel

No,17 Sil1lX% in use ten days,
(Magnified 125 diasmeters)

Ko,17 Silk in use ten days,
(¥agnified 250 diamcters)

View 1

View 2

Remarks: Silk pertislly clogped; fillamentous organisms not

evident,






WASHED SI1XK
(E.F, Reduced sterilization)

First Fine Feed Reel

No,17 S4ilk% in use ten days,
(Magnified 125 diameters) View 1

Pirst Fine Reed Reel

Ne,17 Silk in use ten days.
(Magnified 250 diemeters) View 2

Remarks: Silk partiaslly clogged; filamentous organisms not
evident,






WASHED SILX
(P.,F., Reduced sterilization})

Second Fine Feed Reel

No.9 Silk in use ten days.
(Magnified 1285 diameters) View 1

Saccnd FPine Feed Reel

No.9 Silk in use ten days,
(Magnified 250 diameters) View 2

Remarks: Filamentous orgarisms still not evident.






TASHED S8I1IX
(P.F, Recduced sterilization)

Third Fine Feed Recl

No,9 81ilk in use ten days,
(Magnified 125 diameters) View 1

Ihird Fine Feed EKeel

0,9 Silk in use ten davs,
(lagnified 250 diameters) View 2

Remarks: Clogging due to filamentous organisms distinctly
evident,






WASHED 217K
(P.F. Reduced sterilization)

Fourth Fine Feed Reel

No,9 S1lk in use ten days,
(Magnified 125 diameters) View 1

Fourth Fine Feed Reel

Ko,9 Silk in use ten days.
(Magnified 250 diameters) View 2

Fourth Fine Feed Reel

¥o,9 S1lk in use ten days,
(Magnified 500 diameters) View 3

Remarks: Considerable clopgging due to filamentous organisms,






WASHZD SITA
(P.F. Reduced sterilization)

Fifth Fine Feed heel

No,9 811k ir use ten deys,
(¥agnified 125 diameters)

Fifth Fine Feed Reel

No,.9 Silk in uss ten dsys.
(Magnified 250 diameters)

Fifth Fine Feed Reel

No,9 Silk in use ten days,
(Magnified 500 diameters)

View 1

View 2

View 3

Remurks: Considerable clogging due to filamentous organisms,
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13, Effect of Addition of a Highly Tonized Acid on the Growth
or Death of Microorganisms in Normal Gluten Vater.

The relative efficiency of fresh end old S0, has been dis-
cussed under heading 11-b, It was found that sulphur dioxide
lost scme of its potency as a germicide sfter it had been in
gluter water for some time, The iodine tltraticn reveals that
it has not volatilized to any great extent, Therefore, it is
not unreasonable to assume it has combined in an unoxidized
state with some constifuent of gluten water., In all prohabil-
ity, it combines with the aldehydes always found present, It
may combine with the degredated proteins which result from the
steeping and other operations,

It has long been known that most sulphite addition com-
pounds are unstable in acid or slkaline solutions snd are re-
generated to the original compounds,

Likewise, 1t has been shown (8) that 30, to be effective
63 a germiclde must not be combined as the sodium salt of
sulrhurous acid, This then leaves but one possibility for re-
activating the sulphur dloxlde which has combined with the
solids 1n gluten water,

Various amounts of hydrochloric acid (10%) were added to
unsterilized normal gluten water, The reaction (pH) and the
growth in 24 and 48 hours were noted,

The acid was dlluted in tap water and found to be sterlle.



[
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Large necked 18 ounce sterile cotton stoppered bottles
were used to store the various samples of gluten water., They
were stored at 96-98°F. for 24 and 48 hours and plated on wort
agar, incubated 24 hours at 96-98°F,

The pH of the different tottles was determined with s
Coleman electrometer which was checked against standard buffer
solutions and found to be accurate, The results of this ex-
periment are tabulated in Table YIV, page 74,

Throughout this latter work the hydrogen-ion concentra-
tion was determined with this instrument, It 1s of interest
to note the reactions tabulated, for the earlier bacteriologil-
cal studles on this protlem were determined by indicators which
were later found to give a more alkaline reaction than the
electrometer, The difference noted ranged from one to two-

tenths of a pH,



- 74 -

TABLE XIV. NOKEAL GLUTEN “ATZi AND HYDROCELO

—

Date :liater: % S0p: Acid: pH :Initial: 24 Hour : U8 Hour : Ave. : Ave.
. Cc. i __¢cc.. ¢ count : ocount count . pH : 30»

5/13/37 : 300 :.0617 :
5/15/37 : 300 :.0646 :
5/17/37 : 300 :.0576 :

.00: 4.26 :110,000:1,500,000 :15,000,000:
.00: 4.10 : 60,000:1,200,000:13,700,000:
.00: 4.15 : 30,000:1,150,000:12,000,000:

5/18/37 : 300 :.0601 : 0.00: 4.20 :100,000:9,000,000:22,000,000: :
5/21/37 : 300 :.0640 : 0.00: 4.10 : 53,000: 900,000:10,50C,000: 4.16 :.0616
5/17/37 : 300 :.0576 : 0.30: 4.05 : 90,000:1,300,000:10, 000,000 :
5/18/37 : 300 :.0601 : 0.30: .15 :100,000:1,360,000:10,100,000: :
.30:: 4.13: 58,000: 850,000: 9,800,000; 4.13 :

£/21/37 : 300 :.0640 :
60

H HREe D00 000 000 O00O0O0

5/17/37 : 300 :.0576 : 3.85 : 90,000: 300,000: 3,500,000
5/13/37 : 300 :.0601 : 0.60: 3.90 :100,000: 360,000: ;,200,000: :
5/21/37 : 300 :.0610 : 0.60: 3.85 : 5a,000: 230,000: 3,500,000: 3.7 :
5/17/37 ¢ 300 :.0576 : 0.90: 3,75 : 90,000:  6,000: 900,000 :
5/18/37 : 300 :.0601 : 0.90: %.85 :100,000: 51,000: 8&00,000: :
§/21/37 + 300 :.0640 : 0.90: 3.80 : 5%.000: 75,000: 700,000: 3.80 :
1 : 300 :.0576 : 1.20: 3.65 : 90,000 1 0:
271;533 : %OO :.Oggl : 1.20: %.75 :100,000: 200: 60,000 :
5/21/37 : 300 :.0640 : 1.20: 3.75 : 5%,000: 0: 200: 3.72
5/15/37 : 300 :.0646 : 1.50: 3.55 : 60,000 0: 0: :
5/17/37 : 300 :.0576 : 1.50: 3.50 : 90,000: 0: 0: 3.52 :
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REAL GLUTEN “ATER AND HYDROCHLORIC ACID

: : : : : Ave. : Ave.
{ Hour : U48 Hour : Ave. : Ave. : Ave. : 24 Hour : % In-: U8 Hour : % In-
ount count : pH : 800 :initisl: count :orease: gount_ :gcrease
500,000:1%5, 000,000 : :
200,000:13,700,000: :
l50,000:12,000,000: :
)00, 000:22,000,000: e : : : : :
300,000:10,500,000: 4.16 :.0616 : 83%,600:2,750,000:3,293 :14,650,000:17,500

500,000:10, 000, 000 ; : :
560, 000:10,100,000: : : : : : :
$50,000: 9,800,000: 4.13 ; : 82,700:1,170,000:1,412 : 9,970,000:12,050
500,000 3,500,000 : : :
360,000: 7,200,000 : : : : : :
230,000: 3,500,000: 3%.47 : . 82,700: 280,000: 339 : 3,730,000: 4,510
5,000: 900,000 : : :
51,000: 800,000 : : : : : :
75,000:  700,000: 3.80 : s 82,700 6,200; 0 : &00,000: 967
1: 0: : : : :
200: 6G,000: : : : o : :
0: 200: 3.72 : : 82,700: b7 0 : 20,000: 0
0; O; : : ; : :
0: 0: 3.52 : : 75,000 0: 0 0: 0
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A verussl of this teble shows quite clearly that small
amounts of hydrochloric acid added to a normal gluten weter
containine sulvhur dioxide are quite inhibitory, Larper
amounts actually exert a killine effect on the organisms
present,

Since inaibition of growth of micro-organisms is found
with but a slight change in pH it is not unreasonatle to sur-
mise that the acld has activated the S0g, This point will bhe

further dliscussed later in this paper,

14, Effect of a Highly Ionlzed Acid on the Growth or Death of
Mlcro-organisms in Normal Starch Wesh Vater,

A similaer series of experiments as 1n Ne,13 wos made with
normal starch wash water, Guite similar results will be found
by inspecting Table XV, vage 76, The chief difference hetween
Nog.13 and 14 which exists 1s a matter of degree, The starch
wash water has a2 much lower buffering value than gluten water,
This can be seen by comparing the amounts of acid necessary
to get the same pH with the two waters, It is also believed
that the lower percentage increase in growth from the initial
is due to the fact that starch wash water contains normally
more active SOp than gluten wster even though the total per-

centage of 30 1s much lower in starch wash water,
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NORMAL STARCH “:ASH WATER AND

TABLE XV.

; nitial QZQ Hour

pH

Date

count

gount
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V. NORMAL STARCH WASH WATER AND HOL

. : : : : i Ave, : ¢ Ave.
‘4 Hour :48 Hour : Ave. : Ave. : Ave. :24% Hour : % In- :48 Hour : % In-
count : count : pH : 302 :Initial : count :orecse : count :crezse

5,000 : 10,000 : : : : : , :
6,500 : 23,000 : : : : : ; :

5,000 : L3,000 :

5,000 : 10,000 : 3.625: .0336: 1,110 : 5,370 : L4&3 : 24,000 : 2,162
3,000 : 20,000 : 3.60 11,000 : 3,000 : 300 : 20,000 : 2,000
60 : 14,000 : 3.55 : : 1,000 : 0 O : 14,000 : 1,400
2,000 ¢ 6,000 : : : ; ; : ;
5,000 12,000 - : : : : : :
70 : L,000 : 3.48 : 1,720 : 2,360 131 : 3,330 : L84
50 : 2,000 : 3.40 : 1,000 1,500 150 : 2,000 : 200
o 15 : : : : : :
1,000 : 4,500 : : : : : : :
500 : 1,600 : 3.28 ; : 1,150 : 500 : o : 2,038 : 175
20 200 : : : : : :
3%0 : 5,000 : 3.12 : : 1,220 : 185 0 2,600 : 213
30 710 : 3.00 ¢ 1,80 30 0 710 : 0
0 o : : : : : :
o 5 : 2.30 : : 1,400 o 0 3 0
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Here, as in the case with pluten water, the addition of
small samount of acid to a sulphured orocess water very materiasl-
ly decreases the growth rate of the existing microorganisms,
That this difference is due to something other than pH will be

shhown later,

15, Effect of pH on Growth or Death of Microorganisms in Glu-
ten Water Free from S0:.

In order to determine the effect of pd on the growth rate
of the organisms in starch process waters it was necessary to
use a water free from 30C..

Sulphur dioxide free process water does not exist, “hen
the plant was operated with reduced sterilization thers was
some sulphur dioxide in the waters,

Gluten water was boiled for a long period of time and
it was found there remained a considerable amount of titrat-
able S0,. This further substantiates the belief that some of
the SO05; 1n gluten water 1s combined with the organic matter
present.

It was found that the addition of ne less than 125 cc, of
10% hydrochloric acid to three liters was necessary to liber-
ate the 50,5, With this esmount of acid it was possible to boil
out the 505, Bubbling alr into the boiling water expedited

the removal, With this methed it was found that the gluten
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water could be diluted back to 1ts original volume end care-
fully neutralized to the original pH with either soda ash or
dilute caustic soda, If soda ash was used it was found neces-
sary to aerate for a long time to dispel the carbton dioxlde
formed in the neutralization, The neutralization must be done
et a temperatures not much above room temperature, If 1% is
carefully done, there will be little change in the physical ap-
pearance of the liguor,

with a water of this type it was posalble to add an in-
oculum and study the effect of pH on the growﬁﬁ or death of
the inoculum, The inoculum which was used came from untreated
gluten water and was a characteristic mixture which had been
grown in a malt extract broth,

The water free from S0y was transferred ascentically to
sterile 16 ounce wide mouth bottles, Various amounts of hy-
drochloric acid (10%) were added and a few minutes later in-
oculated with the malt extract broth culture., These Lottles
were loosely plugged with cotton and stored at 96-98°F, for
24 and 48 hours., It should also be noted that the bottles
were sbout two-thirds full, One series of experiments was run
with the bottles about one-eighth full and 1t was found the
growth rates were abnormally high, This, it was felt, was due
to the low ratio of surface exposed to total volume, The vi-

able organisms were determined by plating on wort agar at 96-
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98°F,

The results are sumisrized in Teble XVI, page 80,

This table shows at a glance that the microorganisms
rresent in gluten water cen srow at reactions as low or lower
than pHE 2,68, This pH 1s far lower then that at which no

growth was found in the case of sulphured gluten water,

16, Effect of pH on Growth or Desath of HMicroorganisms in
Stsrch Wash Weter free from S0o.

Starch wash water was treated quite similerly tcgluten
water to free 1t from SOp, 1In thls case 1t was found that a
rach smaller amount of 10% hydrochloric acid was necessary
to liberate the combined 30s. In the case of gluten water it
took 125 ce, of 109 HC1 for three liters, whereas, with starch
wash water, 40 cc, were found to be ample for the same amount,

The inoculum came from starch wash water and wae grown in
e malt extract broth, The results are tabulsted in Table
XVII, page 81,

This table showsg that the orgenisms found in starch wash
water are cavable of growth et 8 vH as low as 1,8, A comvar-
1son of this with sulphured starch wash water shows quite

clearly that sulphur dioxide 1s sctivated by HC1,



- 80 -

TABLE XVI. GLUTGH MATLR Fais Fini SOp -
: : 10p : : Ay
Date : %ater : HC1 : pH : Initizl: 24 Hour 48 Hour : Ave. :Init
8C. . cc. .___count gount counst RE i cou
5/17/37 : 300 : 0.00 i 4.10 : 15,000 : 1,300,000 : 20,000,000
5/13/37 : 300 : 0.00 : 4.20 : k4,330 630 020 : %,000,000 ; :
5/13/37 : 300 : 0.00 5 4.13 3 10,000 : 800,000 f L,000,000 : .15 : 3,7
5/ 7/37 i 300 : 0.45 : 3.92 : : 1,000,000 : 11,700,000 : :
5/18/ : 300 : 0.4 : L.os 750,000 : 2,300,000 : :
5/19,37 : 300 :0.45: 420 800,000 : k, 800, GO0 : ko2 ;9,7
5/17/37 : 300 :0.90 i 3.75 : 670,000 : k,270,000 : :
5/1@/37 : 300 : 0.90 : 3.38 : 350,004 : 3,300,000 : oo
5/13/37 : 200 : 0.90 : 3.30 : 510,000 : 3,100,000 : 3.84 : 9,7
5/17/37 : 300 : 1.80 : —— — & 1,900,000 : :
5/18/37 : 300 3 1.80 : 3.53 : 900,000 : 1,500,000 &+ =
5/19/37 : 300 :1.30 : 3.55 : 600,000 : 2,000,000 : 3,54 : 9,7
5/17/37 © 300 : 3.70 : 2.95 : : 100,000 : 1,300,000 : :
5/18/37 : 200 : 3.70 : 2.93 : : 42,000 : 1, 60b 000 :
5/19/37 : 300 : 3.70 : 2.98 : : 60,000 l 300 000 : 2.95 : 9,7
5/17/37 : 300 4.50 2.50 hoG 62,000 :
5/18/37 : 300 : 4.50 : 2.75 : 8,600 : 6/,000 : L
5/19/37 : 300 : L.50 : 2.80 : 1,000 : 35,000 : 2.68 : 9,7
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L. GLUTEN ®ATER FRLL Find 805 = HO1
: T : Ave. : Ave.: : Ave. :
- Hour : 48 Hour : Ave. :Initial: 24 Hour : % In- : 44 Hour : ¢ In-
ount m counsy t_pPH ! count : count : crease: count : _Crease
00,000 : 20,000,000 : : : : : :
,oo.ooo : ,000,000 : : : : :
00,000 ¢ 4,000,000 : k.15 : 9,770 : 900,000 : 9,210 : 9,000,000 : 92,100
00,000 : 11,700,000 : - ; : , :
50,000 : 2,300,000 : : P : :
00,000 : k,000,000 : %.02 : 9,770 : 850,000 : 8,800 : 6,000,000 : 61,400
70,000 : 4,270,000 : : : : : :
80,006 : 3,300,000 : : : : :
10,000 : 3,100,000 : %.44 : 9,770 : 520,000 : %,310 : 3,560,000 : 36,500
— m 1,900,000 : m W : : :
00,000 : 1,300,000 : : : : :
00,000 : 2,000,000 : 3,54 : 9,770 : 750,000 : 7,660 : 1,900,000 : 19,450
50,000 : 1,800,000 : : : : : :
42,000 : 1,600,000 : : P : : P
60,000 : 1,200,000 : 2.95 : 9,770 : 167,000 : 1,710 : 1,530,000 : 15,69C
Boo 62,000 : : : : : :
8,600 : 63,000 : : : : : : ¢
1,000 : 33,000 : 2.68 : 9,770 + 3,300 : 0 : 74,300 : 760

"avas
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TABLE XVII. STARCH WASH WATS? NO S0p —
: : : : : : i Ave.
Date : Water : Acid : pH :Initial : 24 Hour 4% Hour : Ave. ;Initial
i _Ge. + cc. . ;. _count count gount i _pE _ : count
5/17/37 + 300 : 0.00 : 395 : 0,000 : 14,400,000 : 6,000,000 : :
5/13/37 : 300 : 0.00 : %.10 : 14,700 : 5,000,000 : 6,500,000 : :
5/19/37 300 : 2.00 : 4,00 : 30,000 : 4,500,000 : 7,000,000 : 4.01 : 41,600
5/17/37 + 300 : 0.15 : 3.77 : : 3,000,000 : 5,900,000 : :
5/13/37 300 : 0.15 : 3.90 : 4,000,000 : — : :
5/19/37 300 : 0.15 : 3.75 : 3,700,000 : 3.30 : 41,600
5/18/37 : 300 : 0.30 : 3.70 : 14,700 : 2,600,000 : 5,000,000 : :
5/19/37 : 300 : 0.30 : 3.70 : 30,000 : 3,000,000 : 6,500,000 : 3.70 : 41,670
S/17/37 300 : 0.30 : 3.70 : 80,000 : 2,300,000 : 5,750,000 : :
5/17/37 : 300 : 0.45 : 3.28 ; . 3,200,000 : 4,200,000 :
5/18/37 300 : 0.45 : 3.51 : 2,900,000 — : :
5/19/37 : 300 : 0.45 : 3.30 : : 2,500,000 : 3,500,000 : 3.36 : 41,600
5/17/37 ¢ 300 : 0.60 : 3.10 : . 3,500,000 : 4,000,000 - \
5/18/37 300 : 0.60 : 3.32 : ; 1,400,000 : 3,800,000 : :
5/19 37 300 : 0.60 : 3.20 : : 2,000,000 : 4,000,000 : 3.20 : 41,600
5/17/37 : 300 : 0.90 : 2.80 : . 1,500,000 : 1,300,000 :
5/18/37 300 : 0.90 : 3.05 : : 1,300,000 : : :
5/19/37 300 : 0.90 : 2.35 : : 1,000,000 : 3,000,000 : 2.93 : 41,600
5/17/37 + 300 : 1.20 : 2.52 : 200,000 : £,000,000 : ’
5/18/37 : 300 : 1.20 : 2.75 : 520,000 ; 2,000,000 :
5/19/37 300 : 1.20 : 2.68 : 800,000 : 1,200,000 : 2.6%5 : 41,600
5/18/37 : 300 : 1.80 : 2.25 : 280,000 : 2,000,000 : :
5/19/37 + 300 : 1.80 : 2.25 : 70,000 : 300,000 : 2.25
5/17/37 : 300 : 3.00 : 1.80 : 10,000 : 135,000 : 1.0 : 41,600
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VII. STARCH WASH WATER NO 803 — HOL
: : ¢ Ave. Ave. : : Ave. :
- Hour : U8 Hour : Ave. :Initial : 24 Hour : % In~ : U8 Hour : % In-
ount H count i pHE 1 eount ¢ gount i grezse count : grease
00,000 : 6,000,000 : : : ; : :
00,009 : 6,600,000 : : : : : :
00,000 : 7,000,000 : 4.01 : 41,600 : 4,630,000 : 11,129 : 6,530,000 : 15,690
00,000 : 5,300,000 : : : : : :
00,000 — : : : : : :
00,000 : i 3.30 : 41,600 : %,600,000 : 8,650 : 5,900,000 : 14,130
00,000 : 5,000,000 : ; : : : :
00,000 : 6,500,000 : 3.70 : 41,600 : 2,300,000 : 6,730 : 5,750,000 : 13,320
00,000 : 5,750,000 : : : : : :
00,000 : 4,200,000 : : : : : :
00,000 — : o : : : :
00,000 : 3,800,000 : 3.36 : 41,600 : 2,970,000 : 7,148 : 4,000,000 : 9,600
00,000 : 4,000,000 : : : : : :
00,000 : 3,500,000 : : : : : :
100,000 : 4,000,000 : 3.20 : 41,600 : 2,300,000 : 5,540 : 3,930,000 : 9,430
00,000 : 1,900,000 : : ; : : :
100,000 : : : : : :
00,000 : 3,000,000 : 2.93 : U1,600 : 1,265,000 : 3,040 : 2,450,000 : 5,830
100,000 : 2,000,000 : : : : :
20,000 : 2,000,000 : : : : :
f00,000 : 1,200,000 : 2.65 : 41,600 : 507,000 : 1,218 : 1,730,000 : K 160
180,000 : 2,000,000 : : : : : :
70,000 : 300,000 : 2.25 : : 175,000 : 420 : 1,150,000 : 2,760
10,000 : 135,000 : 1.80 : 41,600 : 10,000 : 0: 135,000 : 324
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17, Regrouving and Summarizine Sections 13, 14, 15, and 16,

In order to further clarify the results obtained with
activation of sulphur dioxide, the results were combined and
plotted to scale,

The firat point to stress is the difference in the smount
of acid necessary to produce like reactions in gluten and
starch wash water,

The results are shown on Plct III, page 83,

The points on these curves were obtained from the waters
wvhich were used in experiments dlscussed under section 15 and
16, It is to be noted that a much larger quantity of acld is
necessary to produce & given pH in gluten water than in starch
wash water,

A comparison of the increase in numbers of microorganisms
in gluten water with and without sulphur dioxide 1s made in
Plots I% and V, pages 84 and 85, respectively, The data for
these figures is contained in Tables XIV and XVI, pages 74 and

80, respectively.
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Both the effects of combined snd free 502 as inhibitory
agents are shown, Sulphur dioxide, in the combined form, does
inhibit growth, Thls 1s shown bty comparing the percentage in-
crease from the initial in the sbsence of any added acid, 1In
the case of the 48 hour incubation tests it 1s seen that the
orgenisms in the gluten water free from S0p at pH 4,15 in-
creased 92,100 per cent. The organisms in gluten water having
an average 0.616% 0ld or combined 802 at pH 4,16 increased to
but 17,500 per cent, In other words, the sulphur dioxide which
was in the latter gluten water, even though it was combined,
inhirited the growth of microorganisms to & very marked extent,
The 24 hour lncubatlion tests show the per cent increase in the
unsulphured gluten water 9,210 while in the case of the sul-
phured water the lncrease was 3,293,

The effect of freeing or activating the sulvhur dioxide
is shown by comparing the growth increase a2t similar renctions
between the sulrhured and unsulphured sets of experiments, In
each case it is noted that the sulphured gluten water retarded
the growth of microorgenlisms to a much more marked extent thesn
in the unsulphured gluten water,

In the 48 hour series, the following percentage increases

were obtained:
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£ Increase in Gluten 4 Increase in Glu-
pH Yater, no SOo ten Yater, 0,618% SOo
3,80 - 9677
3,84 36 ,500% _—
3,87 — 4,510%
4,02 61, 400% _—
4,13 — 12, 050%

A comparison of the growth percentsge increase in starch
wash water with and without SOp 1s mede in Plots VI and VII,
pages 88 and 89, respactively.

Here, as with gluten water, the effect of combined and
free 202 is graphically illustrated. The same general find-
ings exist, The chief differcnce between starch wash water
and gluten water is one of degree,

In Plots VIII and IX, pages 90 and 91, respectively, the
per cent growth of microorganisms in unsulphured gluten snd
starch wash water is shown, In Plot VIII (48 hour experiments)
it is noted that the gluten water 1s the better medium for
growth, Plot IX (24 hour experlments) shows about the same
number of organisms growing in both media, The 24 hour counts
on starch wash water are only a little lower than the 48 hour
counts on this same medium, It is felt the food supply in the
starch wash water 1s 2 1limiting factor, From the average
analysis of the two waters it 1s seen that the sluten water
contains three to four times more organic solids than starch

wash water,
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18, Gluten and Starch Wash Water Freed from S0, Containing Var-

Tous Amourts of Added 3505.

Both process waters were treated with acid and boiled un-
til free from 505, The liquors were diluted bhack to their
original volumes, the pH adjusted to 3,9, and various amounts

of S0, water added. The results are shown in Table XVIII, below.

TABLE XVIII, FEFFECT OF DIFFERENT AMOUNTS SO0o
IN PROCESS WATERS.

: : : Initial : 24 Hour
HpO : %80z | P . “oount :  count

300 eec, Gluten water : 0,01 : 3,9: 18,460 : 900, 000
300 cc., Gluten water : 0,02 : 3,9: 17,300 : 200,000
300 ce, Gluten water : 0,03 : 3,8: 16,000 : 80,000
300 cc, Gluten water : 0,04 : 3.,8: 15,000 : 400
300 ce, Gluten water : 0,05 : 3,7: 14,000 : 10
300 ce, Starch wash water 0,00 : 3,9: 40,600 : 1,206,000
300 cc, Starch wash waterr 0,01 : 3,6: 37,700 111,000
300 cc, Starch wash water: 0,02 : 2,4: 35,200 : 0
300 cc, Starch wash weter: 0,03 3.,2: 33,000 : 0

@luten water (0.02-0,03% SOg) at pH 3,9 was inhibitory

and with starch wash water 0,02% S0o at pH 3,4 was germicidal,
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Chemical

1. Jodine Titration of S0o in Corn Starch Process Waters,

Throughout the entire bacteriological section of this
paper the ner cent of sulphur dioxide in the waters under con-
sideration has been glven, It has eglso been stated that the
total amcunt of SOg present was determined by the lodine ti-
tration method,

A descrivtlon of thls method follows,

Reagents

Iodine solution, The 0,02 K lodine solution was prepared

by dissolving 10 grams of KI (free from i1odic acid) in a liter
flask, using as little water as possible, To this solution
2,54 g, resublimed iodine were added and dissolved by shaking,
The s&lution was diluted to the liter mark with HgO, The lo-
dine was standardized agalnst a NagS50z solution that had
recently been standardized against 2 KoCroOr,

Starch solution., Two to three grams of potato starch or

five grams of soluble starch were stirred with 100cc, of 1%
salicylic acid solution, then 300-400 cc, of boiling water were
added and the whole boiled until the starch was gelatinized,

It was then diluted to one liter,



Method

A definite volume of the water under consideration (usual-
ly 10 cc,) is delivered to o small beaker or bottle, The 1o-
dine sclution is run into the sample fairly recvidly (with very
little stirring) until about three-fourths of the necessary io-
dine has been added, At this point, e dror or two of sterch
solution is added, then more iodine until there persists a deep
blue color which does not fede out in one-half minute,

This method 1is reliable for determinine the 895 in corn
sterch vprocess waters which ranges from 0,01 to 0,087,

There are several precautions which must be observed in
order to obtaln accurate results, The iodine solution must be
standardized at least twice a day. When titratine samples
which contain over 0,08% SO5 it is necessary to dilute the
sample with water which has been previously titrated with lo-
dine for any reducing substance present., Vigorous stirring is
to be avoided because of the voletiiity of the sulphur dloxide,

In the regular routine testing of S0, in corn starch
process ligquoras the acidity of the semple 1s first determined,
This same sample is titrated for S0g, In this case the solu-
tion 1s alkaline to phenolphthalein and most of the iodine is
added before it is acidified with dilute hydrochloric acid,
when determining SO, in this manner 1t 1s not necessary to be

so careful about excess stirring,
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The first methnd has been checked againast the second and
both against the official method (13) of A,0.2.C, For all
practical purposes either the ['irst or second method yields
results whilch are very well in accord with the official method,

Sulphur dioxide in corn syrup is combined in such a man-
ner that the lodine titration value does not check with the
officlel distilletion method,

The methods used by R, R. Tatlock snd Thompson (14) for
determininge SO05 in corn syrup are as follows:

Method I, The method consists essentially of distilling
rapidly, 50 g, of sample acidified with HCl and receiving the
distiliate in water containing 2 cc, of a filtered 17 starch
sglutior and a few drors of N/20 iodine, As soon as the lo-
dine is decolorized, th~ distillate is continuously titrated
with N/20 lodine while the distilletion is going on, This is
continued until the color duc to 0,1 cc, N/20 iodine persists
for more than two mimutes,

Method II, Fifty grems of syrup are dlssolved in 50 ce,
of water at 50°C., cooled to 15°C,, and 20 cc, of 5% NaOH add-
ed ard allowed to stard 15 minutes, Then a mixture of 30 cc,
of 20% HpSO4 with 100 ce, of water is added, and the liverated
205 titrated st once with N/20 iodine, until & blue starch
color, permanent for at least one minute, 18 produced, Method
II is ordinarily employed, but where an excess of SO0o 1s

found, the results are always checked by.the first method,
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The total and combined sulphur dicxides in wines are de-
termined by the French workers usine the Rinpert Method (15),
In this method the free S0y, is determined by direct titration
with iodine in a‘dilute sulphuric acid solution; the total S50o
by titraticn after treatment with potash, and the aldehvde
comblned SOy by difference, The statement is made by Riprert
that aldehyde sulpvhur acids will not oxicdize with iodirnse,

The total sulphur dioxide content of gluten and starch
wash water 1s determined by the regular ilodine tltration method
without addition of acid or alkali, It has been shown, fronm
& bacteriological analysis, that all of the S0 in gluten and
starch wash water is not of the same germlcidal strenpgth, It
1s seen, from the results atove with corn syrup and wines, that
the S0o which has corbined with aldehyde must first be liber-
ated by caustic and then titraeted in an acid solution, It
follows that the combination of SO; with the organic constit-
uents of corn starch rrocess waters is of a different nsture,
It is thought that the comwbinatlon in the case of gluten and
starch wash water is & weak chemical addltion product with the
degradated protein or amino aclds present,

It has been shown that very small amounts of hydrochloric
acid caused the 805 which was contained in the water to becomse
much more toxic towards the microorganisms present,

If the acid libersted the 802 from some cowrbined form and
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thus freed 1t as SOg or as HpSOz then it should be extractable
in 2 sclvent which is immiselble with water hut one which dis-

solves 300,

2, Benzene Extraction of S0, from Digtilled Water,

The technique for determining the extractability of un-
comblned 30p was worked out using sulphur dioxide dissolved in
distilled water,

Small well stoppered bottles were used, A definite volum
of a known strength 80, solution was shaken with varicus quean-

tities of benzens, (CgHg). '"™e benzene used was C,P, benzene,

a, Determingticn of equilibrium time or time necessary to

shake solutions of gulphur dicxide in distilled water and glu-

ten water for conctant results, The reanlts are tebulated be-

low in Takle XIX.

TABLE XIX, DETERVMINATICON OF EQUILIBRITYM TIVE,

: : % 305 Removed by 40 cc.
Tem~ :Time shaken and: benzene from 20 cc, solution
perature:allowed to stand:Gluten water:SOo 1In distilled water

85°F. : 5 Minutes : 5.32 : 47,4
85°F, : 30 Minmutes @ 4,48 : 47,5
85°F, 1 Hour : 3,61 : 47,5
85°F, 2 Hours : 2,32 : 47,5
85°F, 12 Hours : 2,32 : 47,4

*» o 3




It 18 to be noted that in the cese with sluten water, the
results obtained were not constant until after two hours had
elapsed, 'These results are believed to exist due to the slow-
ness of sensratlon of the form and froth which occur when glu-
ten water 1s shaken with benzene, It was noted that the ali-
quot mortions were not clear and free from benzene until thevw
had stood mractleally two hours,

In the work with all watcrs, the procedure followed in
repgards to time was: the mixtures were shaken for about five
minutes, allowed to stand 5 to 10 minutes and shaken again
for lve minutes, This was irepeated at lesst five times and
then the :esultinm emulsiong were allowed to stend until the
aqueous layer was free from beunzene.

A1l experiments were verformed in a room where the temper-
ature did not very more than five degrees from 80°F,

ATter thoroush sheiking and an equilibrium was reached
the bottles were allowed to stand untll two distinct lavers
formed,

'The amount of S0g and the volume of the criginal water
were known, A titratlon of an aliquot rortion of the aquecus
leyer after extractlion reveeled the smount of SO¢ remaining in
the water, PRy simple cslculation, it was possible to determine
the percentage of 50, that the various amounts of benzene ex-
trscted,

A check on the above method, SOp in aliquot portions of
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benzene was determined, This was done by transferrinc the ben-
zene to a glass stoppered bottle and shaking it with a large
excess of distllled water, titratine it at the ssme time with
iodine, Since the iodine ig quite soluble in benzene, great
care must be exercisecd in reading the end point, It is pos-
slble to do this by shaking after each addition until the ben-
zene shows no red color, The 30g in the benzere cculd also be
determined by adding an excess cof bromine and determining the
sulphate so vproduced ss barium sulvhate,

From the data used in dztermininpg the percentage <02 re-
moved by the benzene the distributicn coefficient cen also be
determined, The calculations for both per cent removed and the

distribution coefficient follow,

b. Per cent SQ0s removed,

Originsl iecdine titratlon for 10 cc, of SOo water = 8,3 cc.
Mixture = 20 ce, 30o solution plus 60 cc, benzens,

Jodine titraticon for 10 cc, of aquecus iaver after extraction
= 3,65 ce,

8.3 x 22 = 16,6 cc. titration for all of S0p originally present
in 20 cc.

3,65 x %% = 7,30 cc. titration for all of SCg remaining in 20 cc.
of agqueous layer.

16,6 - 7.3 = 9,3 cc, titration for the SO2 which is in the 60 cc,
of benzene,

16,6

=5z = 56.02% SOp removed by 60 cc, benzene.
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c. Distribution coefticient,

Let W = cc, of solution containing X5 g. sclute.
NL = cc, of extracting solvent,
X1 = Kesldue unextracted,

Then X1 = Concentration of extracted solution,

™"
iy

=

Concentraticn of extracting solvent,

"

NL

Coefficient = X =

(Xo-X1)
NL
NL _ (Xg - X7)
Kw ~ EX15
- K# _ ) tp
X1 = 57 g5k = The emount extracted in terms of X5, the amount

originally present,

If there 1s more than one extraction, then after the flirst ex-

traction the unextracted amount would be

KW
X]_:-i—;-—-—-xo

After the second extrasction, the amount unextracted would be

; W
K% KW - /_K 7§°,

KW _ —
-/ L+ KW _/

X2 =54 % X1 T T RW T v KW %o
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Or

Substituting in these equations the data above, we have

7,5x0,02 x0,032
_ 50 _
K = e s 500050038 - (7. 350,000 035 = 2.354

o0

Or

x 16,6 x 0,02 x 0,032 = 0,004671
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Tables Numbers XX to XXIII, pages 102, 103, and 104, give
results of extractions of S0o dissolved in distilled water,

Table XXIV, page 104, shows the distribution raetios summarized,

TABLE XX, EXTRACTION OF 20 oc, WATER WITH
20 cc, BENZENE.

: cc. K/50 I : cc, K/50 I : % 80g

£ S0o : for 10 cc. AQ : for 10 cc. BZ : <G, : removed
originally : layer after : layer after : \75\\ : by

__present. : extraction. : extraction, : b : benzene
0.0259 : 2.85 - 2,90 : 1,175 . 2,44 : 25.95
0.0259 : 2.85 - 2,88  : 1.200 . 2,38 : 26.39
0.0316 : 3.50 - 3,50 : 1,450 . 2,42 : 29.29
0.0531 : 5.20 - 5,20 :  3.100 . 1,68 : 37.40
0.0512 : 5.00 - 5,05 : 3,000 i 1,66 : 37.50
0.0505 : 4.82 - 4,82 : 3,080 : 1,67 : 38.97
0.0998 : 8,50 - 8,50 : 7,100 : 1,20 : 45,10

0.0992 : 8.50 - 8,50 :  7.000 . 1.21 : 45.10
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TABLE XXI. EXPRACTION OF 20 cc, WATEK WITH
40 cc, BENZENE,

: cc, N/50 I, : cc. N/50 Ip : % SO0,
% S0o : for 10 cc, AQ : for 10 cc, BZ : . Cy : removed
originally : layer after : layer after : \YT\\ : by
present : extraction : extraction : b : benzene
0.0259 : 2,55 : 0,750 : 3,40 : 37,03
0.0259 : 2,50 : 0.775 : 3,25 : 38,27
0.0316 : 3,00 : 0.975 : 3,08 : 39,40
0.0531 : 4,25 - 4,30 2,010 ¢ 2,12 : 48,40
0.0505 : 4,05 : 1,920 ¢ 2,10 : 48,70
0.0998 : 6,70 : 4,450 : 1,80 : 57,00

0.0992 ¢ 6,65 4,42 : 1,80 : 57,10

TABLE XXII, EXTRACTION OF 20 cc, WITH 60 cc,

BENZENE,
: cc, N/SO Io : cc, N/6O Io : i % 800
% SO0o : for 10 cc, AQ : for 10 cc, BZ : ~Cy : removed
originally : layer after : layer after : \\EB\ : by
__present : extraction : extraction : : benzene
0,0259 : 2,20 - 2,21 0.616 : 3,57 : 45,70
00,0259 ¢ 2,15 : 0.633 : 3,40 : 46,99
0.03156 s 2,60 - 2,60 0,783 : 3,32 : 47,50
00,0531 1 3,65 : 1,550 : 2,354 ;. 56,02
0.0512 ¢ 3,60 : 1,460 : 2,462 ¢ 55,00
0.0505 : 3,80 : 1,440 : 2,48 : 55,69
0.0998 : 5,85 : 3,280 : 1,80 : 62,580
0,0992 : 5,85 :

5.280 : 1,80 : 62,50
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TABLE XXIII., EXTRACTION OF 20 cc, WITH 80 cc,

BERZENE,
: cc, N/50 Iz : cc, N/SO I ¢ : & 805
% 80g : for 10 cc, AQ : for 10 ce, BZ : ~Cyp : removed
originally : layer after : layer after : \7?\\ : by
present : oxtraction : extraction : b : benzene
J,0259 : 1,95 : 0.525 : 3,62 : Bl,9
0.0259 i 1,95 : 0.525 ¢ 3,62 : 51,9
0.0316 : 2,25 s 0,675 ¢ 3,00 : 53,5
0.0631 P 3.25 - 3,30 ¢ 1.280 ¢+ 2,54 : 60,9
00,0512 : 3,15 : 1,180 : 2,66 : 61,0
0.0805 ¢ 3.10 : 1.200 : 2,58 : 61,8
0.,0998 : 5,00 : 2,650 : 1,90 ¢ 68,0
0,0992 ¢ 5,00 - 5,10 ¢

2,610 : 1,93 . 67,7

TABLE XXIV, DISTRIBUTIOF COEFFICIENTS
(805 IN WATFR AND BENZERE),

.
-

cc,

benzene: :0,0512:0,0505:0,0998:0,0992
20 i 2.44 : 2,38 : 2,42 : 1.68 : 1.66 : 1.67 : 1,20 : 1.21
40 : 3,40 : 3.23 : 3,08 : 2,12 : — : 2,10 : 1.50 : 1.50

ar se 84 e

60 : 3,57 : 3,40 : 3,32 : 2,35 : 2,46 : 2,45 : 1,80 i 1,80

1,93

80 : 3,62 : 3.62 : 3,00 : 2.54 : 2.66 : 2,54 : 1,90 :
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That the distribution ratioc of S0, between water and ben-
zene is not a constant is plainly shown in the above table,
The ratio changes both in repards to the quantity of benzens
used and the concentration of S0, originelly present,

However, inspection of the ratios for low concentrations
of SO0p such as exist In process waters show the distribution
coefficient to be fairly constant, Since this fact has been
estatlished one can comvare sulphured process weters with the
same percentage of S0y in distilled waters, The comparison
will be more valid i1f the same ratlo of water to benzene in
each case 1s employed,

In Plot X, page 106, is shown the amount of SOp extract-
ed from different concentrations of S0o in distilled water and
in starch wash and gluten water, .

Plot XI, psge 107, srows the pH of differocnt concentra-
tions of S02 in distilled waters,

Curves No,1, %o.2, sand No,3 are for different concentre-
tions of S0 in distililed water,

Curves No.4 and No.,5 are for gluten and starch wash water,
Comparison of the curve for 0,05% SO0o in distilled water with
the gluten water curve (ave, 0.06% S0,) shows 47,5 and 3% S0p
extracted by 40 cc, of benzene, A comparison of the curve for
0,025% SOp in distilled water with the curve for starch wash

water (ave, 0,03% SOg) shows 37.5% and 7% of SOp extracted by
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40 cc. of benzene, It is quite evident the SOo in both process
waters is conbined in some form which 1s not extracted with

benzene,

3. Benzene Extraction of S0o from Aqueous HC1,

The amount of SO which 1s extracted from agueous HC1 has
been determined, The results are tabulated in Table XXV and

shown graphically in Plot X, page 106, curve No,54,

TABLE XXV, % SOo REMOVED BY BENZENE FROM
AQUEOUS HC1,

: : S0o Removed by Benzene from
Mixture : HC1 0.0246% : 0,04736% : 0, 1004%

HoO BZ : sp.gr. 1,1875 : S0g S0 S02

se e

s eo o4 | we

20-10  : 1 ce. . 53,76 54,00 : 52.51
20-10 1 cec, . 53.76 54,00 : b52.51
20-20 : 1 co., . e7.07 . 66.66  : 67.80
20=-20 : l.cc, : 67,27 : — s 67.80
20-40 : 1l cc. s 78,19 : 79.46 : 79,28
20-40  : 1 co. . 7wg.61 : B80.13 : 179.28
20-60 1 cc. . 85.06 : B85.81 : B84.61
20-60 1 co. . 85,00 : ©5.81 : 84.61
20-80  : 1 cc, . 87.74 : ©88.656 : 88,70
20-80  : 1 co. . g7.92 : 88.65 : B88.70

An inspection of this table shows that in aqueous hydro-

chloric acid the original concentraticn of SOp does not influ-
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ence the amount of S0, extracted by piven quantities of berzene,

4, Benzene Extracticn of 80, from Gluten Water,

The ssme technigue for extrecting 502 from gluten water
was used as with S0g dissolved in distilled water, 1In Tatle
XXVI, telow, the results are shown,

Curve No,5 on Plot X, page 106, should be insyected or

corparisen wlth 30o in dlstilled HoO.

TABLE XXVI., % S0o REMOVED BY BENZENE FIOM
GLUTEN WATZR,

: ¢ S0o Removed by Benzene from
Mixture :0,0743%:0,0640%:0,0640%:0,0601%:0, 0630%:0,0560%
HoO Benzene : S0p ¢ 802 : 8S0p : 802 : 802 : 802

20 20 t 2,33 1 2,5 1 e I - —

20 40 1 2,33 1 2.5 v 3,5 3,72 1 2,73 : 5,3
20 60 PR35 1 3,0 1 = T - : 5 —
20 80 $ 2,35 : 3,0 : — T e P — ¢ —

5. Benzene Extraction of S0o from Gluten Water Acidified with
Strong HC1.

a, Effect of excess HCl, The ssme amount of concentrated

HC1 as with SOo dissolved in distilled water was used, The
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results are tabulated in Table XXVII, helow, and i1llustrnted

in Plot X, nage 106, curve ¥o,8,

TABLE XXVII, % SOg REMOVED BY BENZEKE FROM
GLUTEX WATER ACIDIFITD ITH HC1.

: : % S02 Removed by Benzene from
Mixture : HC1 : 0,0743% ¢ 0,0640% : 0,0640%
HoO Benzene : sp,or, 1,875 : 305 : S0¢ : 309
20 10 1ce. i 54,82 1 - i —
20 o 10 1l cc, : — : — . —
20 20 : 1l cec, : 63,80 : 64,25 ¢ 87,20
20 20 : l cc, : — i 64,58 . 67,45
2 40 : 1l cc, : 72,980 : 72,50 1 74,80
20 40 : 1l cc, : — + 73,05 : 74,80
20 60 : 1l cc, : 77,40 : 78,00 : 79.00
20 60 : 1l cc. : — : — + 79,00
20 80 : 1 cc, s 80,00 . 80,20 ¢ 81,10
20 80 : 1l cec, : — s 80,20 : 81,10

- -—

Here as 1in the case with 50g in agqueous HC1l the oricinsal
concentration of the 50, does not influence the percentage ex-

tracted,

b, Ammint of HCl necessery to liberate the SO0o which 1s

combined in gluten water, Ten per cent C,l', hydrochloric acid

was prepared and different amounts of this acid were added to
the 20 cc, portiona of gluten water after the benzene had been
edded. A ten ner cent concentration was used aoc as not to have

too large dilution of the aqueous phase, The acld was added



'
[
]
=

1

by means of a callbrated pirette after the tenzenc was added,
T™is order of additicn was fnllowed to prevent any libterated
SOz to escape hefore the bottles were stopvered,

Four samples of gluten water collected at different times
from the zluter settler overflow sirhons were taken,

In the calculations for ver cent SOo, removed the dilution
by the acid was taken Into consideration, The results are
tabulated in Table XXVIII. below, and nlotted on Plot XII,

paze 112,

TABLE XXVIII. AXOUNT 10£ HC1l NECESSAIY TO LIBER-
ATE COMBIWED $50o IN GIUTEN WATER, 20 cc, GLUTEN
WATER EXTRACTED “ITH 40 cc, BENZERNE,

cc. : Ave, pH : % 80o Removed by Ranzene from Uluten
BC1 All four : Water Containing the Following % SO
added : samples : 0,0683&6 : 00,0640 : 00,0640 : 0.0627

0.01 - 4,10 : —_— : — : 3,20 : 3,15
0.056 3,80 : - : — : 6,48 : 6,38
0.10 : 35.50 H 10,0 9.98 9,97 : 9,90
0,20 3,00 : 15,0 s 17,30 —_— : —_
0,30 2,63 : 30,0 : 28,70 : 296,87 ¢ 29,79
0,40 : Lo 23 : 43,0 42,50 —_— : —
0,50 1.93 52,0 : 52,40 : 52,47 : 52,45
0.55 : —-— : —_— : 58,56 : —-— : —
0,60 1.72 : 62,5 : 62,50 : 62,60 : 62,60
0.65 : —_ : - : 65,00 —-— : 64,90
0,70 1,50 : 66,0 : 65,50 — : —
0.80 : 1.32 : 66,5 : 66,50 - : —
0,90 1,30 : 67,0 i 67,50 — : -—
1,00 1,25 : 70.0 : 68,00 : 69,00 : 69,00

.
*s
L]
.
.
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The table and graph show that as the solution becomes more
acid more SOs 1s liberated from the combined form and becomes
soluble in benzene,

It has been shown from a bacteriological analysis that
the microorparisms are inhikited to s greater extent in gluten
water to which had becn added a small amount of hydrochloric
acid, It wss slso shown that the lowering of the pH was not
alore sufficient to explain the inhlilition, Thus, tetween
~H 2,5 end 4,0 1n the bacteriological work s very marked in-
hibltion on growth occurred, One can see from Plot XII,
page 112, that at pH 2.5 there is over 30% SOy extracted by
benzene, In the earlier bacteriological work it hes been shown
that concentrations of 305 (fresh SOy added) as low as 0,01%

wera quite inhibitory,

6., Benzene Extraction of S0, from Starch Wash Water,

Four samples ¢f starch wash water were collected at dif-
ferent times and the amount of SCo extracted with benzene was
determined as shown in Tutle XXIX, page 114, and plotted on

Ploet X, page 106,
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TABLE XXIX, AMOURT CF S0Qo EXTRACTID BY BYXN-
ZENE FROY STARCH "WASH YATER.

% 809 Removed by Benzene from Starch Wash

Mixture : Water Contsining tha Pollowins % SO,
_Ho0  Benzene : 0.0352 : 0.0317 : 0,000 : 0,0198
20 10 ; — : 5,6 i —_ ; -
20 20 : —_— ; 6,6 ; —_ ; 7.0
20 40 i 7«30 ; €, 8 ; 7.4 2 -
20 60 : —_— : 646 ; —_— : —_—
20 80 i 732 i — i 73 i 7.0

7. Benzene Extraction of 30, from Starch Wash Water Acidified
with HCI1,

a, Bffect of excess HCl, The same amount of concentrated

acld was added to starch wash water as with S0p in distilled
weter and gluten water, The date will be found in Table XXX,

page 115, snd 4llJustrated on Plot X, rege 106,

b. Amount of 10% HC1l necessary to liberate combined S05

in starch wash water, Varicus amounts of 10% HC1l were added

to starch wash water and extracted with benzene. The same
procedure as with gluten water was followed, Table XXXI and
Plot XIII, pages 115 and 116, respectively, contaln the data

of this series of experiments,



TABLE XXz, f S0, LINOVLD BY DENLILLT FROH
ACIDIFIED STARCH WASE VATER.

. HC1 : % 50, Removed by Benzene from Starch
Mixture : 8D, gr. @ Yash Yater Containing

Ho0  Benzene : 1.1875 @ 0.0317% SO0g : 0.0300% SOg

20 10 :  1ece. : 55,23 : 53,10
20 20 ; 1l cc, ; 65,90 ; 62,90
20 0 i 1 cc. 55,40 : 73.70
20 60 : 1ac. : 78.70 : 77.80
20 80 i 1 cc. i 80,00 ; 80,10

TABLE XXXI, AMOUNT 10¥ HC1 NRCESSARY TO0 LIBRERATRE
COMBINED S0o IN STARCH WASH 4ATER., 20 cc, STARCEH
HATER ELTRACTED “ITH 40 cc, BUNIZENE,

cC, : % SOo nemoved by rPenzene from Starch ‘iegh
HC1 : Ave, : _%ater Containing followinrg % SOo
added : pH : 0,0317% : 0,0300% : 0,0292%
0,01 : 3,65 : 8,0 : 7.6 : g,0
0,06 : 2,86 : 24,6 : 23.8 : 25,3
0,08 : 2,45 : 40,0 : 39,6 : 39,8
0.15 : 2,08 : — : — : -—
0.20 : 1,86 : 60,0 : 56,9 : €0,1
0,30 : 1,60 : 68,0 : 68,1 : 68,3
0,40 : 1,42 70,0 : 63,2 : 69.9
0,50 : 1,34 71,0 : 71,2 : 70,8
0,60 : 1,28 : 71,8 : 71.6 : 72.0
0,70 : 1,23 : 72.5 : — : 72,6
0.80 : 1,14 : 73,0 : - : 73,0
0,90 : 1,08 : 74,0 : 73.6 : -
1.00 : 1,03 : 74,5 : 75.0 : 74,3
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As shown on ¥Plot XIII, pcpe 131G, at pd 2,88 - 4,80 *therc
is frowm 8 to 25% 30p ertracted by 40 cc, of tenzene, That this
corresponds to more than the alove rercentapges of 30o liberat.-
ed c¢an be deduced Irom the fact “hat one exztractior with 40 cc,
of terzene in e stromely reid sclution does not extract all

the fre: 30g as in the case with 500 dlissolved in distilled

water,
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DISCUSSION AND RESULTS

The seversal phases of this problem will be briefly dis-
cussed and joined together,

It has been found that microorganisms which abound in
starch process waters are of three general types, They are
practically all yeast or yeast-llke organisms, It is true
thet some spore forming, starch digesting types are occasilon-
ally encountered. Due to the high acidlty of the liquors the
condition for growth of bacteria ia unfavorable.,

These yeast and yeast-like forms will grow luxuriantly
if the usual methods of preventing their growth are not fol-
lowed, Serious losses will be entalled if thelr growth is
unchecked. It has been seen that a count of a few thousand
organisms per cubic centimeter will increese to almost 80
million in two to three days.

It has been shown that heat and SOo will inhibit growth
of many organisms and also actually kill a large percentage of
them,

The fact that total SOo is not a measure of the germicidal
or inhibiting effectiveness of this chemical has been estab-
lished. It has further been found that the 505 in starch wash
water is more effective than that in gluten water, The sd-
dition of small percentages of fresh uncombined 505 very

materially reduced the contamination due to microorganisms,
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It has teen shown from a chemical standpoint that all of
the 305 in starch process waters does not exist as free or un-
comblned 50g., It has been possible to correlate the amount of
505 wnich 1s extracted by benzene with the inhibitory effect
of SOg 1n process waters,

Small additions of a highly ionized acid such as hydro-
chloric acid liberate a large percentage of the combined SOo,
This 1s manifest both by its extraction with benzene and by the
incressed inhibiting or germicidal effect.

In early days it was general oractice to send the process
waters, especially gluten water, to the sewer, During these
times 1t was not unusual for the various corn starch processors
to burn from 125 -~ 175 pounds of sulphur per 1000 bushels of
corn ground,

Most corn starch plants are reusing their process waters
today, It is general practice to burn from 75 - 100 pounds
sulphur per 1000 bushels of corn ground,

Should it be found that a slight decrease in the pH of
the process waters has no operating disadvantages, a still
greater reduction in sulphur will be possible,

The smallest amount of SOp (on a plant size scale) which
inhibits growth in a given range of pH should be investigated.
The maintenance cost of equipment in a starch plant is quite
large, It may be found by the starch processors that more

acidic process liquors would increase the damage due to cor-
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rosion, On the other hand, it may te found that a much smeller
amount of SOg than is normal practice may actually be advantag-
eous,

Concentraticns of 0,02 - 0,03% in gluten water at pH 3,9
were found to be inhibitory to growth of microorganisms, 1In

atarch wash water 0,02% 805 at pH 3.4 was found to be germi-
cidal,
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SUMMAKY AND CONCLUSIONS

Microorganisms which are found in starch process waters
are mainly yeasts or yeast-like forms,

They are facultative aerobes and the continuous pumping
and recirculaticn furnishes idesl conditions, so far as air
is concerned, for growth,

Heating the process waters at cruciasl noints to temvera-
tures ranging from 105°F, and upwards has a decided inhibiting
effect on growth of microorganisms in starch process waters,

Sulphur dloxide, whether combined or free, has &n in-
hibiting effect,

A combinstion of heat and SO, 1s quite effective in pre-
venting excessive growths,

Sulphur dioxide in starch process waters is not all of
the same germicidal potency,

The combined SO0 may be literated by additlons of small
amounts of hydrochloric acid.

A measure of the liberated S0g 1s obtained by extracting
the acidified waters wlth benzene,

There exlists a correlation between the amount of SO0g
dissolving in benzene and the inhibiting or germicidal effect
of this chemical,

A large saving , both in regards to costs of maintaln-

ence and sulphur, appearsquite possible,
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