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INTRODUCTION 

Corn Starch Is used In the manufacturing processes of more 

than thirty modern industries. The separation of starch frcin 

the other constituents of the kernel is 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 tho Treasure in Corn". The follow

ing diagramatic 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 tine 

various constituents of the corn kernel, each of them storing 

a different material or mixture of materials. 

The hull, or thin outer skin, is fibre. 

Ke^^t to the hull is a shallow layer of gluten, a substance 

rich in protein. 

On the sides and back of the kernel, inside the layer of 

gluten, a mixture of starch and gluten bulges in towards the 

center. 

Pilling the upper part of the kernel and extending down-
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ward to partly surround the germ, is the v/hite starchy part of 

the kernel. 

The germ itself is level v/ith the flat "front" of the 

kernel and contains protein, most of the oil and a large share 

of the minerals. 

These five parts can be seen clearly in a kernel that is 

softened in water and 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 examrsle, 

contains a percentage of starch and the white starchy part 

contains 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 is 

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

The term "ash" refers to the mineral content. The ash of 

the corn kernel contains salts of calcium, magnesium, phos

phorous, aluminum, iron, sodium, notassium, and chlorine. 

The process of manufacturing corn starch, corn syrup, corn 

oil, corn feeds and products derived from these materials is 

"based upon a most complete disintegration of the corn kernel 

Starch (and other carbohydrates) , , , 
Protein .,,, 
Oil 
Fibre 
Ash 

80.0^ 
10,05^ 

^.5% 

2.0% 
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and the separation of the various parts, one from the other. 

The process is hoth exceedingly simple and exceedingly 

complex; simple in that it is merely the separating of the 

parts of the corn and using these in the manufacture of a large 

variety of materials; complex in that the proper separation 

and treatment req^aire very extensive equipment and an endless 

amount of detail. 

Milling of the Corn 

Cleaning. The com used in the manufacture of corn 

starch, corn syrup and allied products is received in the 

shelled condition, and before being used is thoroughly cleaned, 

thus removing chaff, dirt, cracked corn, wheat, oats, bits 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 amount of sul

phur dioxide is added until the corn is covered. The temper

ature of the water is then raised to the desired degree, the 

exact temperature being dependent upon the character of the 

corn and the length of time it is to be soaked or steeped. An 

average temperature is 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 pluten removed from the hull, and the corn thus 

separated into its coiTiponont parts, i.e., gem, hull, gluten 

and starch. 

Separation of the Gern. After the corn has teen steeped, 

it is passed through mills which tear it apart without grind

ing, thus liberating the gerin from the rest of the kernel. The 

torn corn is mixed v/ith water containing enough starch to give 

a starch milk heavy enough to float the oil laden germ, while 

the rest of the corn sinks to the bottom. The germs are 

allowed to float off the top while the heavier part of the 

kernel is continuously pumped from the bottom of the separators. 

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 is ready to send to the oil 

house. 

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 fr-om the hull. This 

permits of the subsequent separation of the hull from the 

starch and gluten, by means of reels or shakers. These de

vices are covered with silk bolting cloth, through the pores 

of which the microscopic particles of starch and gluten pass. 
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while the fragments of the hull remain on the silk and are 

dischai'ged at the end of the reels or shakers. 

Separation of the Starch from the Gluten. The mixture of 

gluten and starch suspended in water is then run on to so-call

ed starch tables or starch runs, These consist of long flat 

troughs from 24 to 30 inches wide, about 8 inches deep, and 

about 100 feet long. The mixture of gluten, starch, and 

water, containing: something like 8 to 10 per cent solid matter, 

is run on to these tables in a slow stream v/hlch spreads into 

a thin film. The tables have a gentle slope so that the water 

runs slo. ly to the lower end carryinp; ivith it the (iliiten in 

susnension, but dropping the starch. The starch builds up on 

the tables, and finally the flow is stopped. The starch re

maining on the tables is then ready for removal, to be used in 

the manufacture of dry or modified starch, or for the manu-

facttire of corn syrup or corn sugar. The gluten is pumped to 

the feed house for the inanufacture of ^-l^ten meal, or mixed 

with the hull for the manufacture of ,c::luten feed. 

Recovery of the Corn Solubles. The v.'ater in which the 

corn la soaked or steeped dissolves certain substances from the 

corn kernel, Tliese consist chiefly of the soluble nitrogenous 

compounds or proteins, mineral matter, organic phosphfites and 

a trace of sugars. By concentrating the steep v;ater in vacuum 

pans, it Is possible to save the corn solubles by adding them 
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to the gluten feed thus putting back into the feed msterials 

which are of considerable value in animsl nutrition. 

Since this investipatior. dee.Is only with the process 

waters in the initial separetlor. of the constituents, the true 

manufacturing process v.'ill not be considered in thlr^ thesis. 

It is seen that tlie separation of (>orri Irto Its constitu

ents is one of grinding, sievinji;, flotation and washing. All 

of these operations are carried out in v/ater. The re-use of 

this tremendously large volxorae of water is necessary from an 

economic standpoint. The .re-ciroulntion of these waters also 

solves an otherv^ise complex and costly sewage disrosal -problem. 

It was the purpose of this investigation to study the 

microbiological problems in the re-use of starch process waters. 

It is of importance to describe scinev/hat more in detsll the 

main two types of ro-circulated water. 

Gluten Water 

The name gluten water characterises the rater which la 

siphoned from the gluten seltl'3r tanks. 

For every bushel of corn ground (3) there are aprroTci-

mately 36 gallons of gluten water returned to the process. 

These 36 gallons are redistributod approximately as follows: 

about 11 gallons go to the steeps; about 25 gallons to the 

mill house for washing, flusliing, 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; 

The name starch wash water is 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 sojids 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, both dissolved 

and suspended, are of a 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 per cent composition and content of starch wash 

water (6): 

Solids . . 
Protein , 
Sulphur , 
pH . . . , 

. . 1100-1200 grains per gallon 
. . 60% on dry substance basis 
, . 0,03-0,07^ as SOg 
. . 4,1-4.5 

Nitrogen free extract, 40% 

3tarc_h Wash Water 
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Solids 350-400 grains per frallon 
Protein 60% 
Sulphur 0,02-0,0%% as SOg 
pS « * • • • » • • • • 
Hitrogen free extract. 405^ 

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 a short time be attacked by 

microorganisms which abound in the water. This perishability 

is inherent in the process of starch manufacture wherein the 

crushed and ground corn is suspended in a large amount of water. 

It, therefore, is of prime importance for the manufacturer to 

provide adequate means for prevention of excessive growths. 

If this is not done, serious losses will 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, Steirch to be a sale

able commodity must be quit© free from protein. Cattle feed 

which comprises a large proportion of the material derived from 

com is sold on a nitrogen percentage basis. Therefore, it is 

seen that an improper separation results in a part of the more 

expensive starch being mixed v/ith the feed. 

Because of the nature of the materials and necessity for 

maintaining suitable working conditions it is 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 a 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 employed 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 it will not grow, and 

a maximum temperature above which growth will not occur. In 

the early days of corn starch manufacture it was recommended 

that the manxifacturing processes be carried out at very low tem 

peratures to check bacterial 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 responsible for 

fermentation, provided these temperatures are below the point 

at which heat deterioration of the product would ensue. Fur

thermore, should chemicals (such as sulphur dioxide) be employ

ed, the elevated temperatures would enhance their germicidal 

efficiency. The addition of chemicals (such as a highly ion

ized acid) to a liquor containing sulphur dioxide 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 terorersture, sulphur dioxide, and a highly ionized 

acid on the grov/th of microorgani sins found in starch wash and 

gluten v/aters. 

ExceriTnents were made to lenrn if there were a method of 

determining the inhibitory effectiveness of sulphur dioxide 

without act\ially wakinp, a bacteriolofrical examination. 

The bacteriological phases of this problem will be con

sidered first. By this work, the nature of the orKanisms 

present in the process waters has been determined. The effects 

that SOg, temperature, and hydrop:en-ion concentration have on 

these microorganisms were observed^ 

The second section of this paper v;ill deal v/ith the deter

mination of sulphur dioxide and a method for determining that 

which has combined with the organic solids present in corn 

starch process waters. It will be shown that a correlfltion 

exists between uncombined SOg and germicidal effectiveness. 
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HISTORICAL 

The only data found in the literature pertinent to this 

problem sre that of Dr. Max Levine's direct testimony (v) in the 

patent infringement suit of Penick and Pord, Ltd,, Inc., v s  

Corn Products Refining Comoany. T> 1 s litigsticr concerned the 

sterilization and re-use of corn starch process waters. It 

was the author's good fortune to have raster3ally aided in the 
/ 

collection and presentation of these data, A poodly portion of 

the bacteriological data in this thesis has been taken from 

this brief. Indeed it is doubtful if this thesis would have 

been presented by the author had it not been for recop:nition 

of the necessity for further work on this subject. 

Throughout this thesis, reference is made to combined SO2 

in the v/aters. That sulphur dioxide does combine with ketones, 

aldehydes and amines has been shown by Peigel, P, (9), Seven

teen corapound.3 were prepared by treating various amines with 

different ketones and S02« The compounds so produced corres

pond to the general foi'mula: 

0^ ̂IIRR'R" 

Divers and Ogama (10) state that ammonia and SOg combine 

and form various compounds. Thus, with an excess of SOg amino 

sulfinic acid (IIH2*S02H) is always formed but with an excess of 
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KH^ eithor ^vhite (NH2'S02KH4) or red 802^^)2 are formed. 

William P. Pcxic3 (11) describes an apparatus v/hich takes a 

definite qucmtity of 3O2 and measures the residual gas after 

solvents such as CCI4, and CgHs have been saturated, 

Lloyd (12) has determined the solubility of SO2 in soveral 

solvents inclucUr^ benzene. He found 44,C cc, SO2 (standard 

pressure temperature) per cc, of saturated solution. Pron these 

data it was learned that SOg was soluble enough in benzene to 

attempt extractions of SO2 from process waters. 
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EXPERIMSRTAL 

Blacterlolo/3:lcal 

1, MlcroorRanlsma In Starch Process Watera. 

During the suinrner of 1929, s»mp3.en wore taken at various 

points in the Penick nnrt Ford plant at Cedar Rapids, Iov;a, and 

examined "bacterlologlcally, A nurnber of organisms ivere fished 

from wort agar plates for further examination. 

Some of the characteristics of 59 cultures are shown in 

Table I, pages 20 and 21. The organisms are yeasts and close

ly related forms. Microscopical exarainatior, shcv?ed them to be 

spherical, oval or elongated cells. The latter frequently 

formed chains or filaments. The filflmentous forms generally 

produced heavy surface gravths (films or membranes) on liquid 

media, and dry and tenacious growths on wort and f,luten v;ater 

agar. The other types generally produced moist grfiylsh growths 

on wort agar, films on liquid media were relatively unconmon. 

In addition to yeast-like forms, bacteria were occasion

ally found. They were usually spore forming, starch digest

ing types. The acidity of the process waters furnishes an un

favorable condition for most bacteria. 

The photomicrographs, pages 22 and 23, show the three 

general types of yeast-like forms found. 
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T/iBLE I. OHARAaTStxISTIOS OF lilGROORGAHI3M3 FROl ?LA,li 
(9$_9g®F. hra.) 

Isola • 1 Growth Malt • 
1 

Lab. tion Source on wort Broth Gas Fila\ Morpholog 
Ho. No. ag:ar Growth 

Morpholog 

1 23 Silk reel +"f + Oval, irr 
2 23a Silk reel ++ - - Oval 
3 5/ Steep + - Oval 
4 64 Starch wash water ++++ - + Slong. ov 

stain 
5 65 Starch wash water ++++ - -t- Elonp:. ov 

stain 
• 6 95 Grluten from table ++ - Spherical 

7 30a Silk reel +-i-^ ++"f .. •f JClongated 30a 
shaped 

g 42 Silk reel "f-t - + Elongated 
shaped 

9 3ilk reel -H- - "f Elongated 

4g 
shaped 

10 4g Silk reel ++++ 5 + Slongated 
shaped 

11 65 Crluten aettler water - + Klongated 
shaped 

12 S Silk reel ++ 3 - Spherical 
19 Silk reel +++ b - Ovcl, sph 

14 7S Starch wash water ++++ — im — Soh€ rical 
15 79 Starch wash water - - -

16 10 Silk reel ++++ •f - - -

17 61 Gluten from table ++++ _ + 'illong. ov 17 
stain 

IS 33 Starch cake +++ + " Spherical 
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^OTiiRIBTiaS OF IXiaROORGAiaSLlS Faoli- PLANT Liquoas 
(96-9^°F. ̂  hrs.) 

>wth Malt • 
9 

wort 3roth Gas Filra Morphology from wort Appearance on wort 
ir Growth •io ' aprar 

h+++ + Oval, irregular stain Gray, dull, pasty 
!•+++ ++ - - Oval Gray, glistening, pasty 

— — Oval Like Ho.2 
h+H-+ ++++ •> •f Elong. oval olub, irr. Like No.l 

. atsin 
h+++ ++•+• - "t Slong. oval club, irr. Like Mo.l 

stsin 
++ — — Spherical Dull, slightly wgrt-Spherical 

like 
h++4- — + Slongated and club~ Cretaceous, coral-like, 

sheoed whi ti sh 
h++ + + + -r + — + Elongated and club- Like No.l 

shaped 
h+-f-+ -H- — + Slongated and club- Like No.7 

shaped 
M-++ +++ 5 + Elongated and club- Like Ho.7 

shaped 
+•+ + — + Elongated and club- Like No.7 

ishaped 
++ 3 Spherical Like No.2 

++•<- b — Ovfl, spherical Like No.2 
<•+++ — — _ Sphe rical Like Ko.2 
H'-f-t — > — Gray, glistening. 

butyrous 
f+++ "f _ Gray, ??li!5it''ning. 

butyrous 
f++-t •+•+++ — + Slong. oval club, irr. Like No.l 

stain 
f+++ + -• — Spherical Like No.15 
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TABLK I. (continued) 

l8ola-> Growth Malt 
Lab. tlon Source on wort Broth Gas Film Morpholoj 
No. No. agar growth 

Morpholoj 

19 9S Starch wash water Oval, irr 
20 5 Silk reel ++++ "H-f+ 10 Oval, 8ph( 

21 110 Starch cake ++++ +++ 5 ± Elongated 
22 Xlg Table slime ++++ +-H- 100 Oval 

2? 75 Gluten from table ++++ + — Oval 
24 34 Starch cake +++ + ++ 10 — Spherical 
25 112 Starch cake +++ ++-f 5 1 Spheri csl 

26 S5 Steep corn +++ +++ - + Irregular 

27 S6 Steep corn •f+++ +++ + Irregular 
23 54 

56 
Silk reel ++++ ++ — - Lone: filai 

29 
54 
56 Silk reel ++++ + - - Long filai 

30 40 
9^ 

Silk reel +++-f - + Long irrei 
31 

40 
9^ Gluten from table +++4- — •f Oval, irr( 

32 12 Silk reel ++++ ++4- — H- Oval, ema'. 
33 15 Silk reel +++•+ ++ — + Long, irri 

3^ 24 Silk reel •f++ •)•++ _ + Olub, irr< 
35 14 Silk reel +++ +-f+ — + Spherical 
36 39 Silk reel +++ +-H-

t % 
— + Long filai 

37 101 Gluten settler water •H-++ + + Oval and 1 

33 113 Starch cake ++">•+ ++••- - Long, fi l! 
39 117 Table elime •f++ + Chains, r( 
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TABliti I. (continued) 

Malt 
rt Broth Gas Film Morphology from wort Appearance on wort 

growth •'/» : agar 

•f Oval, irregular stain Like No.6 
+ "H-++ 10 H" Oval, spheres Like No.19, but growth 

more spreading 
+ +++ 5 ± Elongated Like No.19 

+++ 100 - Oval Oreamy, glistening. 
butvroua 

+ + - — Oval Like No.15 
+ 10 — Spherical, small Like No.15 

+++ 5 ± Spherical, small Like No.15, hut 
slightly brown 

+ +++ — Irregular long fila Dry, white, adherent 
to medium 

+ Irreg\ilar long fila Like No.26 
-f •f+ .i> — Long filaments Tenacious colonies 

+ — — Long filaments Like No.28 
+ 4-++ - + Long irregular stain Like No.36 

•••+++ - •f Oval, irregular stain Dry, wrinkled, gray, 
pastv 

+ +++ •f Ovalp small Like No.36 
H- ++ - + Long, irregular Dull, grsy, slightly 

• raised 
+ +++ + Olub, irreeulsr stain Like No.36 

+++ — + Spherical and fila Like No."53 
+ +++ — + Long filaments Spongy, gray, orateri-

• 
• form colonies, ad

herent 
+ — + Oval and miscellaneous 

Like No.36, but white •+ +++ + Long, filamentous Like No.36, but white 
•+ +++ — + Chains, rectangular Like No.26 
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TYPES OP MICROORGANISf^S PROF STAKGH FLAI5T OF 
PEKICK AND FORD AT CEDAR HAPIDS, IOWA 

Group 1« Oval or sphorical cells; sinply or in irregu
lar masses; "rarely produce surface p.rowths in liquid media; 
growth on solid media, nolst, pasty, resenitlinp, the common 
yeasts in consistency; Generally fnil to proyi or are killed 
at 107-109°P. 

Gram stain, Magnified: 500 Diameters, 

Group 2. Elongated oval or irregularly shaped cells; 
frequently form chains; generally -oroduce heavy surface grov/ths 
on liquid media; growth on solid media generally dry, membran
ous, chalky, and wrinkled; generally grow at 107-109 F. 

Gram stain. Magnified: 500 Diameters. 

Group 5, Filamentous organisms; cells long, sometimes 
branches; slimy, tenacious growth in liquid 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 live preparation. GraTt: stain. 

Magnified: 500 Diameters, 
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2, Effect of Temperature of Incubation on Growth of Orffanl31113 
on IVort Media. 

Thirty-eight cultures, which were obtained from various 

places in the plant, were streaked on wort agar slants. They 

were incubated at 96-98°P, and 107-109°P, for tvio days and 

relative vigor of growths ascertained. The results are summar

ized in Table II, below. 

TABLE II. SHOWING EFFECT OF TEMPERATURE OF IN
CUBATION OH GROWTH OP MICROORGANISMS ON WORT 
AGAR AND MALT EXTRACT BROTH. 

Grew equally : Qrov^th in- : Ho growth : 
well at 96-98°F. : hibited at : at 107-109®F, : 
and 107-109®P, : 107-109°P, : 48 hours, : 

Number of 
organisms 
observed. 

Observations with Wort Agar 
« • • 

14 (36,9) ; 7 (18,4) ! 17 (44,7) i 38 

Observations with Malt Extract Broth 
• • • 

11 (29) i 9 (23,7) i 18 (47,3) i 38 

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

It is evident that on the very favorable wort agar med

ium, the higher temperature (107-109°P,) was detriJTiental to 

the growth of a large proportion of the organisms. Thus, 

44,75^ which grew Ivixuriantly at 96-98°P, failed to show any 

growth at 107-109°P, in two days. 



www.manaraa.com

- 25 -

A larger percentage failed to show growth or were 

distinctly inhibited by exposure to 107-109^P, on the very 

favorable v.'ort apar medium. 

3, Effect of Temperature of Incubation on Growth of Organisms 
on Gluten 'Vater Agar. 

In Table II, page PA, the results of the inhibitory ef

fect of tem-oerature were given on a very favornble medium. 

The same experiment was conducted using a medium which was not 

so favorable for prowth. The medium was made by adding 2^ 

agar agar to platen water. On this mediuir; it was found that 

60% of the organisms which grew well at 96-98°P. were inhibited 

or failed to prow at all at 107-109°F. Of these vshich failed 

to shov/ growth at 107-109°P., 45/a failed to grow on subsequent 

Incubation at a favorable temperature {70-75°P.) showing that 

exposure to 107-109*^?. was gerrcicidal for these strains. 

4, Effect of SOg on Growth of Organisms on Gluten Water Agar. 

To gluten water agar, prepared as described above, were 

added various quantities of SO2 and the materials tubed 

aseptically ; after cooling, the agar slants were inoculated 

from 24-hour malt extract broth culttires of the various test 
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organisms and incubated at 96-98°?, The results are shewn in 

Table III, below. 

TABLE III. jSPPECT OP ADDITION OF SOg TO GIITTEN 
WATER AGAR ON GROWTH AT 96-98°P. 

% SOg 
Added 

No, or Slight 
inhibition of 

growth 

Distinct 
inhibition 
of growth 

No 
growth 

Number 
of test 
organisms 

None 20 (100) WW 20 
,009 19 { 95) 1 ( 5) 1 ( 5) 20 
,018 14 { 70) 2 (10) 4 (20) 20 
,028 6 ( 30) 5 (25) 9 (45) 20 

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 SOg increased, a larger proportion of cultures failed to 

grow. Addition of 0,016 to 0,018/^ SOg markedly Inhibited or 

completely prevented growth of 20% of the cultures. Addition 

of 0,024 to 0.030^ SOg effected marked inhibition of growth of 

2b% of cultures, whereas, complete prevention of growth was 

effected in of the test cultures. 

In consideration of the effect of addition of SOg, it 

should be noted that the organisms inoculated on the surface 

of agar media are not exposed to the full force of the SOg 

present as would be the case If they v?ere completely immersed 

in a liquid medium to which the same quantities of SOg had been 
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added. The organisms were all found to be aerobes (air loving) 

and therefore find more favorable conditions for growth on the 

surface of an agar slant than would be the case in less well 

aerated liquid media. The concentrations of added SOg which 

were found to be inhibitory (0,016 to 0,030jS) are therefore 

considered in excess of what would be necessary to effect a 

similar inhibition in gluten water or similar liquid media, 

5, Effect of Temperature on Sterilizing Action of SOp, (Ob
servations v/ith Qluten Water Aĵ ar), 

To ascertain the influence of temperature on the germici

dal or antiseptic effects of added SOg, It Is necessary to 

employ organisms which, in the absence of freshly added SOg, 

grow about equally well on gluten water agar, at the tempera

tures under consideration. Observations on seven organisms 

which fell in this category will "be considered. The relative 

vigor of growth at 96-98°P, and 107-109°F, on gluten water agar 

containing various concentrations of added SOg Is indicated in 

Table IV, page 28. 
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TABLE IV. EFFECT OF TEMPERATDRE AND SO2 

% SOp : 
Added Hone : 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) 

c; +++ +++ : +++ + + -r + + + -
_ it 

1 + ++ + + + ; + + + + + + + + + + + + + -

10 + + + + + + « + 4- + + + + + + + + + + + -

11 + + + + + + : + + + + + + + + + + + + f -

31 + + + + + + ; + + + - + + + - + + + -

32 ++ + + + + ; + + + + + + + + + + + + -

36 + + + + + + : + + + •h T + + + + + + -

ia inh. 0 0 : 0 14.3 0 71.5 20.6 -

$ 1?.G. 0 0 : 0 0 0 28,6 14.3 100 
% Killed 0 0 : 0 0 0 0 0 100 
^Culture killed as no grov^th developed on subsequent storage at 

96-98®F. 
Number of + indicates relative vigor of growth; - indicates no 
growth, 

Inh, indicates inhibited. 
K.G, indicates no growth. 

6. Effect of Temperature of Incubation on Growth of Isolated 
Organisms in Gluten Water. 

In the experiments with solid media, the effects of vari

ous agents on growth of a given organism cnuld be determined 

only qualitatively by observing the relative vigor of growth. 

Quantitative data may be obtained by employing liquid media. 

Several experiments with isolated cultures were performed in 

the folloviTing manner. 

Small flasks containing 100 cc, of gluten water were 

sterilized. Some were stored at 96-98®P., and others at 107-
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109*̂ P. On the following day they were inoculated with Ictioto 

quantities of 48 hour wort cultures of various organisms, pre

viously isolated from plant liquors. The flasks were replaced 

in their respective incubators, and the number of live organ

isms ascertained after 24 arai 48 hours storage by plating on 

wort agar (48 hours, 96-98°F,), 

Illustrative results are sViown in Table V, below. It is 

evident that organisms are present which are adversely affect

ed by exposure to temperatures of 107-109°P. in glxiten water. 

In general, the long chain forming types which nroduce heavy 

surface growth in liquid 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'̂ , 

TABLE V. EFFECT OP TEMPTCRATURE OF IlICUBATION ON 
GROWTH OP ISOLATED OROA>^ISMS IN GLITTEN WATER. 

Period of Organisms per cc. in Flasks 
Storage Stored at 
(Days) 97-98°P, : 107-109OP. 

1* 
0 (Initial) : 900 900 
1 day ; 850,000 980,000 
2 days : 8,400.000 : 16,000.000 

Organiams II P.P. (Large irregi^ar shaped. Beavy sixrface growth 
0 (Initial) 
1 day 
2 days 

1,600 
5,000,000 
18,000,000 

1,600 
480,000 

2,000,000 
Organisms III P P, (Oval yeast)* 
0 (Initial) 
1 day 
2 days 

700 
5,000,000 
10,000.000 

700 
100 

1,300 

Observations in gluten water (pH 4,5; SOg, 0,004^)« 
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7. Effect of Concentration of SO2 on Growth of Isolated Orgsn-
isma in Gluten 'Vater. 

Flasks or large tubes containing gluten water were steril

ized and, after cooling, inoculated v/ith known quantities of 

organisms from malt extract broth. Various quantities of SOg 

were then added, the tubes incubated at 96-98°P,, smd the num

ber of viable organisms determined by plating on vynrt agar. 

The results of a nujnber of experiments are shov/n in Table VI, 

page 30a, 

It is evident that the organisms grew very well in the 

gluten water v/hen stored at 96-98°F,, but that addition of SO2 

markedly inhibited or even killed off the organisms. It is 

also of interest to note that the sterilizing action of SOg is -

most effective when freshly added and disappears as it becomes 

old. Thus, considering the resxxlts in the mixture of organisms 

(A6, A12, Al3, A17) it was found that an initial count of 

30,000 rose to 2,500,000 after 24 hours, when no fresh SOg was 

added, whereas, addition of 0,010^ SOg kept the count down to 

40,000 or practically no growth. Extending the incubation 

period to 48 hours, resulted In a count of 33,000,000 in the 

flask without added SOg and 12,000,000 in that to which 0,010̂  

SOg 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 pone, because it had 
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TABLE VI. EFFECT OF ADDITION OF SOg OK ORO'VTH OF 
ISOLATED 0RGA15ISMS ITi GLUTEI WATEK STORED AT 96-98°F. 

"Viable orfganlsnia per cu. cm. 
SOg % 
Added 

pH ; 
4 
• 

; After 24 hrs. 
Initial ; at 96-98°P. 

: After 48 hrs, 
: at 96-98®P. 

Organism Xis"®" 
.000 4.3 : 600 ; 640,000 
.012 4.3 : 600 : 300,000 
,028 4.3 ; 600 ; 6,000 

Organism Xgo* 
.000 4,3 : 180 : 150,000 
.012 4,3 : 180 : 8,000 
.028 4,3 : 180 : 36 

Mixture Organisms Nos. Al, A8, A14, 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 3 

Mixture Organisms Nos, A6, A12, A13, A17̂ '''-" 
.000 4.3 : 30,000 ; 2,500,000 33,000,000 
.010 4,3 : 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 Organisms Nos. A3, A5, A7, A23 
. 000 : 4,3 : 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 

Orfianisra I P.F."^ 
.000 : 4,6 : 800 : — : 7,900,000 
.020 : 4,4 : 800 ; — : 870.000 

Organism I P.P. 
.000 : 4,5 : 900 : 850,000 : 8,400,000 
.034 : 4,0 : 900 : 600 : 3.300 

Organism HI P.P."*" 
.000 : 4.6 ; 30,000 : — : 16,000,000 
.020 : 4,4 : 30.000 : 530,000 

Organism III P.P. 
.000 : 4,5 : 700 : 5,000,000 : 10,000,000 
.034 ; 4,2 ; 700 ; 10 : 110 

Gluten water with initial (old) SOg of ,050% employed. 
**Gluten water with initial (old) SOg of .028^ employed. 
+01uten water with initial (old) SOg of .024̂  employed, 

•'"'"Gluten water with initial (old) SOg of ,004̂  employed. 
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disappeared as free active SOg, 

I'ith addition of larger quantities of SOg the sterilizing 

action was gro tei' and persisted for longer times. Thus, with 

0,020% and 0,029̂  ̂SOg, the counts after 24 hours were 20,000 

and zero, and after 48 hours, only 99,000 and 44 cuhlc centi

meters resnoctively, whereas v/lthout SOg addition, the count 

had risen to 3.'5,000,000, 

8, Observations on Effect of Storing Qluten Water. 

In order to ascertain whether gluten water would remain 

sweet or become foul on storage, a number of samples v/ere col

lected and observed as to chanfies taking place on standing. 

The observations consisted of deterralnlng the number of living 

organisms (capable of growing on wort agar) before and after 

storage and changes in the physical appearance of the sample. 

These data v/ill be found in Table VII, page 32, 
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TABLE VII. EFFECT OP STORAGE ON THE HUIffiER OF 
VIABLE? ORGANISMS lU GIXITnTI WATER. 

: SOg^ Organisms per cc, after storage at 96-98°F, 
Date : Old 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/ 8/50 : 0.062 93,000 83,000 
5/ 9/30 : 0,057 56,000 2,400,000 
5/ 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 is apparent that the number of living organisms increased 

materially on storage of gluten water. Generally, after 24 

hcura, a surface growth, or film developed on the liquid; and in 

48 to 72 hours, the liquid became putrid when stored in ves

sels to which air had access. The return of such a contami

nated and putrescible liquor to the process constitutes a 

serious hazard. 

9. Effect of Air Supply and Stirring on Growth of Microorganisma 
in Gluten Water. 

It was noted in some of the observations with gluten watei* 

that there was a decrease Instead of grov.'th, if storage was in 

closed containers. It was felt that the availability of air 

mi^t explain this phenomenon, and in view of the fact that the 
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gluten water returned to the system is subjected to constant 

aeration and agitation, on the reels, the influence of these 

factors on growth of microorganisms was ascertained as describ

ed belov/. 

Samples of gluten water were collected in sterile r»*ason 

Jars (pints). In the first series one jar was filled about 

nine-tenths full, and tJie lid screwed on tightly, while another 

jar was filled about one-fourth full and the lid left slightly 

ajar, so that air could enter. The closed jar will be referred 

to as anaerobic, the open jar ?.s aerobiCe The second series 

was slrjilar except that two aerobic jars one-third full v/ere 

employed and one of these was supplied with a stirrer. 

The results which are tabulated in Table VIII, page 54, 

show clearly that air and agitation markedly favor the growth 

of microorganisms in gluten water. 

In the anaerobic (closed) jars, considerable decreases in 

counts were generally obtained. In the aerobic (partially 

open) jars the counts rose very rapidly. Thus, a sample of 

fresh gluten water with an initial count of 630,000 per cubic 

contimeter showed only 480,000 after storage in a closed jar 

for two days at 96-98°P,, whereas, the same gluten water 

stored In the presence of air gave a count of 48,000,000, 

It is apparent that the presence of air and agitation 

favors the growth of microorganisms in gluten water. The con-
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TABLE VIII. EFFECT OP AIR SUPPLY AlfD STIRRIHG 
OS GHOWTH OP MICROORGA?«SMS IK OLUTEH WATER. 

% 3O2 : Initial 
; brgaTiisras 
: ' 48 

por cubic centiineter after 
hours at 96-98°F. 

Old ; coxmt ;Anaerobic: Aerobic :Aerobic (stirred) 
Observations wTth Qluten Water Tfo.l 

0.022 630,000 : 480,000 : 48,000,000 : — 

0.0S4 1,400,000 : 460,000 ; 88,000,000 : — 

0.043 13,000 : 250,000 : 32,000,000 : — 

0.042 44,000 : 390.000 : 54.000,000 : — 

Obaervations with Gluten IVater No, 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 

Anaerobic - jars sealed; air kept out. 
Aerobic = Jars not sealed; air admitted. 

ditions on the reels, because of the abundant air supply, are 

therefore conducive to growth of microorganisms, introduced 

with returning gluten water, unless sane factors such as in

creased temperature or concentration of SOp, are made opera

tive to counteract this favorable inflvience. 

10, Effect of Heating Gluten Water. 

Qluten water samples were heated to various t^^mperatures 

as indicated below and the number of viable organisms capable 

of growing on wort agar at 96-98°F, ascertained. 

Samples of gluten water entering and leaving the heaters 

wei*e collected in sterile jars, and one cubic centimeter por
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tions iiomediately transferred to fstorlTie dilutlor! water. The 

heated sample was quickly placed in a water bath at a teTnr>er-

ature of the heated gluten water and sarples v/ithdravm into 

dilution water at one or two ininute intervals as shown in 

Table IX, The samples v/ere -nlatftd on wort agar and the plates 

counted after 48 hours at 96-98*^?, The results are detailed 

in Table IX, below, suxrwiarized in Table I7.a, page 38, and 

plotted on Plot I, page 39. 

TABLE IX. EFFECT OP PAr.BIIIG GLUTEN WATER THROTIGH 
PLANT Hh:ATER ON VIABILITY OP MICROORGANISMS, 

Time Temp. % Surviving organiama Per cent 
elapsed °P • * • SOo per cubic centimeter reduction 

September 5, 1930 (9:45 A.M.) 
Before 
heating 82 0.035 190,000 — 

0 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 
8 " 107 — 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 22.5 
2 " 111 — 240,000 22.5 
4 " 111 180,000 41,8 
6 " 111 — 150,000 51.6 
8 " 111 — 150.000 51.6 
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TABLE IX (continued) 

Time : Tenp, % : Surviving; organisms I Per cer.t 
elapsed : ; SOp ; per cubic centimeter : reduction 

September 5, 1930 (ItlS P) 
Before 
henting 82 0.035 250,000 
0 Min, 113 0,030 190,000 24.0 
2 " 111 — 150,000 40.0 
4 " 111 — 110,000 56.0 
6 " 111 ~ 110,000 56,0 
8 " 113 — 100,000 60,0 

September 9, 1930 (9:30 A,M.) 
Before 
heating 82 0.021 420,000 — 

0 Min. 110 0,021 300,000 28,5 
2 " 110 — 310,000 26.2 
4 " 110 — 270,000 35,7 
6 " 110 — 210,000 50.0 
8 " 110 — 190,000 54.7 

Senteraber 9, 1930 (10:30 A.M.) 
Before 
heating 82 0,020 580,00.0 
0 Min, 110 0,020 330,000 43.0 
2 " 110 _ 360,000 38,0 
4 " 110 290,000 50.0 
6 " 110 230,000 60.4 
8 " 110 200,000 65.6 

September 5, 1930 (2:00 P.M.) 
Before 
heating 82 0.034 360,000 
0 Min, 120 0.034 210,000 41.7 
1 " 120 — 82,000 77,2 
2 " 120 — 68,000 81,2 
3 " 120 — 38,000 89,5 
4 " 120 — 29.000 91.9 
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TABLE IX. (continued) 

Time Temp, Surviving organisms Per cent 
eJapsed O ly 302 ver cubic- centitneter reduction 

September 5. 1930 (5:15 P.M.) 
Before 

82 0.032 280,000 .P—. 
0 Kin, 120 0.032 170,000 39.2 
1 " 120 — 30,000 «9. 3 
2 " 120 -1— 34,000 87.8 
3 " 120 — 22,000 92,1 
4 t, 120 — 16,000 94.3 

September 5. 1930 (4:30 P.M.) 
Bef oi'o 
heating 82 0.032 290,000 — 

0 Min, 120 0.032 130,000 55. 1 
1 " 118 __ 29,000 90.0 
2 " 118 _ 17,000 94.1 
5 " 118 11,000 96.2 
4. " 118 9.500 97,2 

September 9, 1930 (1:30 P.M.) 
Before 
heating 82 0.020 480,000 — 

0 Min. 125 0,020 49,000 89.8 
1 " 125 17,000 96.4 
2 " 125 22,000 95,4 
3 " 125 — 23,000 95,2 
4 " 125 — 35,000 92.5 

September 9, 1930 (3:00 P.M.) 
Before 
heating 82 0.021 350,000 — 

0 Min, 125 0.021 64,000 81.7 
1 " 125 27,000 92,3 
2 " 125 — 25,000 92,7 
3 " 125 — 29,000 91.7 
4 " 125 — 25,000 92.7 

Reaction of all samples was pH 4,5. 
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TABLE IXa, SUMMARY OP EPPRCT OP TEMPERA
TURE AND TIME OF HEATING ON VIABLE ORGAN
ISMS IN GLUTEN 'VATER. 

Period of exposure 
at indicated tem
perature . 

Per cent reduction at Period of exposure 
at indicated tem
perature . 110°F, 120°P. 125°P. 

0* 27,8 45.3 85,8 
1 Min, 85.5 94,3 
2 " 30.6 87.7 94,1J* 
3 " 92,6 93,5* 
4 " 47.8 94,5** 95,0** 
6 " 54.8 
8 '' 58.7 

Brought to the indicated temperature from an in 
itial temperature of 82°F, by passage through 
heater. 

Surviving organisms were all bacteria. 

In general, it was found that henting the gluten water 

(with a titratable SOg content of 0,020 to 0,038^) to 110®P, 

effected reductions of about 25^; that maintaining this tem

perature for four minutes resulted in approximstely 48^ re

ductions, while exposure for ei.eht minutes effected decreases 

of about 59^ in viable yeast-like organisms. 

The higher temperatures effected much more rapid de

struction of the microorganisms in gluten water. Thus, when 

the gluten water was heated to 120*^?,, 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 exposure at 120°P, 

The gluten water issuing from the hoetors at 125^P, con

tained 85^ less viable organisms than the influent. After one 

minute additional storage at this temperature there was a re

duction of 94$^, The surviving organisms were bacteria, 

11,. Effect of Addition of Chemicals on Growth of Organisms and 
Keeping Qualities of Gluten Water at Differont Temperatures. 

The observations here described will be considered under 

the follov/ing heads: 

a. Effect of addition of SOg to the plating niedlum. 

b. Observations on the relative sterilizing efficiency 
of fresh and old SOo, 

c. Effect of teimperature and SO2 on growth, reaction, 
and film formation in gluten water. 

All observations in this section wer'^ on a laboratory 

scale and as the techniques were different for each set of ex

periments, these vd.ll be described somewhat in detail. 

Effect of addition of SOp to the Plating Medium. The 

determlnatiors of the number of viable organisms in a liquid 

consists in placing known quantities of the test liquid in 

sterile containers (petrl dishes) adding a suitable solidlfi-

able nutrient medium, and after storage (incubation) for a 
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doaignated period, counting the nTiraber of colonies of organ

isms v/iiich develop. Each colony is considered to be the 

progeny of one organism, so that if the quantity of the test 

material in the petri dish is known, the number of colonies is 

taken as a measure of the number of organisms ori/s-inally 

present, and the number in any given quantity of the test med

ium may be readily calculated. 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 determination is denondcnt on the nutrient medium being 

suitable for growth of the organisms. If addition of SOg to 

such a medium prevented growth, the prorortion of colonies 

thus prevented from developing becomes a measure of the steri

lizing action of SOg. 

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 employing wort agar to which different quantities of 

SOg had been added. This was done by cooling the wort agar to 

122-131®F,, adding the desired quantity of SOg, then cooling 

the medium to 109-113®P., pouring the plates and finally ti

trating the excess meiiium in the bottle with iodine for a 
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measure of the SO2 present. The pistes thus prepared were in

cubated for tv.'o days at 96-SB°F,, after which they were count

ed V:;lth the results s>'.own in Tahle X, below. 

TABLE X. EFFECT OF ADDITION OP SOg TO PLAT
ING MEDIUM (^ORT AGAR) ON THE KUMBER OF OR
GANISMS IN OLUTEH WATER. 

% S02 
Added 

Organisms per cubic centimeter 
gluten water % S02 

Added Sample I Sample II Sample III 

None 1,200,000 670,000 230,000 

0.010 — — 58,000 

0.015-0.018 625,000 1,000 2,400 

0.024-0.025 230 0 — 

Per cent of organisms failing to develop 
in presence of SOg added 

0.010 •— — 74.8 

0.015-0.018 •48.0 99.8 99.0 

0.024-0.025 99.9 100.0 — 

It is seen that the addition of 0,015-0,018^ SOg 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 fron growing. 
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"b. Rel.q.tl̂ ê rll y l n p  o f f i .  o l c n c y  o f  fyjigh ;md olf5 SOg;. 

In the cci3rs«> of fho vrtvxov.r •^ynerimcnts it becsme Rnriaront 

that the tltretahle SO,- was not a dir'^ct measure of the sterll-

idling efficiency. It seemed that freshly added SOg was more 

effective thin an equsl cu'-ntity of SOg already present. An 

expe riment was designed to throw some light nn the question. 

In view of the fact that it is neceasari^'y quite complicated 

it is described in detail. 

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 

temrerature (95°F, ) they were subdivideo into «?ix series of 

five bottles eflch; marked A, B, C, D, E, end F series respec

tively, To one bottle of each of the A, B, C, and P series 

was noT? added the follo?'inp qupntities of on approximately 

Q,B% SOg solution: -0, 1,0, 2,0, 3,0, and 4,0 cc» 

The A, B, end C series of bottles containing added SOg 

and the D, and E series to which no SOg had been added, were 

all pieced in the Incubator at 98°F,, and the F series im

mediately titrated to determine concentrations of SOg, and 

discarded. 

The following day the "C" series of bottles was titrated 

to determine the amount of SOg present and discarded. It was 

found thpt there was no change in the titratable SOg from that 

observed in the "F" series the previous day. The titrations 
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in the "C" series of bottles were taken as measures of the ap

parent 30g contents of the corresponding bottles of the A, and 

B series. 

To each of the bottles of the "B" series, one cubic cen

timeter of e;luten water was added, and the bottles replaced in 

the 98°P. incubator. The count in this gluten water was 

700,000 per cubic centimeter on both plain and wort agar. 

The "A" series of bottles remained in the 98®P,. Incubator 

as controls for pH, and SOg as well as to determine the 

sterility of the technique. 

To each bottle of the "D" and "E" series one cubic centi

meter of fresh gltiten water was added and then to one bottle 

of each of the "D", and "E" series was added the following 

quantities of an approximately 0«8^ SO2 solution; namely 0, 

1.0, 2,0, 3,0, and 4,0 cc. 

The "D" series of bottles was placed in the 98®P, incu

bator along side the "A", and "B" series. The "E" series of 

bottles was immediately titrated for SOg and pH and the bottles 

discarded. These results, v/hich were taken as measures of 

these constituents in the corresponding bottles of the "D" 

series were found to be practically identical with those ob

served for the "B" series previously referred to. 

There was now present in the 98®F, incubator three series 

(A, B, and D) of bottles of sterilized gluten v/ater, the dif
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ferent bottles of each series containing various concentration 

of SOg as iSiown in Table XII. 

The "A" series, or control, v;as not inoculated v/ith fresh 

gluten water, 

Ths "B" series had received its quota of SOg one day and 

vms inoailated with 1,0 cc, of fresh gluten water the folloViT-

ing day. 

The "D" series was Inoculated with 1,0 cc, of gluten 

water and a few minutes {2 to 5 minutes) thereafter was added 

the SO2 solution. 

The titrations disclosed that the pH and SO2 concentra

tion in the "B" and "D" series were practically identical, but 

whereas the "B" series received its inoculum of fresh gluten 

water 24 hours after the addition of SO2; the "D" series was 

Inoculated a few minutes before the SOg was added. The or

ganisms in the inoculum were thus exposed to "old" SOg in the 

"B" series and to "fresh" SOg in the "D" series. The total 

titratable concentration of SOg being the same, and other con

ditions being apparently Identical, the differences observed in 

the "B" and "D" series are attributed to the difference in time 

of addition of the SOg, 

The number of viable organisms in each bottle of the "A",  

"B", and "D" series was deterifnined after 24 hours storage on 

wort and pleln agar (as was also the reaction pH and SO2 con

tent ), 
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The results are detailed for the "E", and "D" aeries in 

Table XI, below, and illustrated on Plot II, page 47, 

TABLE XI. EFFECT OF PRESENCE OF OLD AKD FRESH 
SOG ON GRO-VTH OP MCROORGAT-IISMS IN GLITTSI! ^VATER, 

; SQp^ : Organisma'per cubic 
; ; Total : Total ;centimeter gluten 

pH : Added ; at : after :water storage, 24 
: : start ;24 hours :hour3 at 98 P. 
I : : ; Plain agar:Wort agar 

Series B, SOg added 24 hours before gluten water inoculum, 
Stored 24 hours at 98 F., then plated. 

Bo* 4.6 0 0.030 0.027 870,000 620,000 

w * ®1 4.5 0.008 0.03S 0.033 400,000 320,000 

°2 4.4 0.017 0.047 0.043 320,000 310,000 

4.5 0.025 0.055 0.051 33,000 52,000 

4.2 0.053 0.063 0.060 22,000 32.000 

Series D, SOg added 
Stored 

immediately after gluten water inoculum 
24 hours at 98°P,, then plated. 

D ^0 4.6 0 0.029 0,024 615,000 645,000 

4.5 0.008 0.037 0.034 30,000 52,000 

®2 4.4 0.018 0.047 0.043 5,800 8,100 

4.4 0.026 0.055 0.051 5,300 7,900 

J>4 4.3 0.033 0.062 0.061 4.000 7.400 

Initial count 7000 per cubic centimeter, on both plain and 
wort agar. 

Heavy surface growth on bottles BQ, B^, and DQ after 24 
 ̂hours at 98°F. 
Surface growth covered one-hnlf area of liquid in bottles. 

* Extremely small area (2^) of surface growth. 

Sample 
series 
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All of the bottles of the "A" series (uninoculated) v/ere 

fotmd to be sterile, and the SOp values showed no significant 

change during incubation, a maximum drop of 0,003^ being ob

served, 

A perusal of Table XI, page 46, shows very clesrly the 

fact that it is not merely the total titratable or apparent 

SOg that needs to be considered but that the •proportion of the 

SO2 which is freshly added is of paramount significance. The 

bottles napked BQ and DQ, which contained no added SOg beyond 

that present in tlie gluten water itself (0,030 and 0,029%),  

were really duplicates and they showed practically identical 

wort agar counts of 620,000 and 650,000, respectivelyo The ef

fect of adding 0,008% SO2 a day before the inoculuin bottle) 

is indicated by a slight re^^ction in the wort agar count to 

320,000 but the addition of the same quantity of SO2 immediate

ly after the inoculum bottle) resulted in a count of but 

52,000. Similarly in the B2 and 1)2 bottles to which were add

ed 0,017'^ and 0,018/^ SO2, a day before and immediately after 

the inoculuin, respectively, the counts of the gluten water 

stored for 24 hours at 96-98®P, were 310,000 and 8,100, respec

tively, Thus, of two bottles containing the same apparent SO2 

(0,047^ as indicated by titration) there were -present only one-

fortieth as many organisms in the bottle receiving 0»018^ fre^ 

SO2 {I?2 "bottle) as there were in the bottle (B2 bottle) wMch 
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received the same amount of SO2 24 hours before inoculation. 

To put it another way, in the bottle with freshly added SOg 

there was no multiplication, whereas in the one with old SOg 

the number of organisms increased forty fold. It is felt that 

the difference may be explained by the action of uncombined 

HgSOj on yeasts. Titration with iodine includes not only the 

SO2 present as H2SO3 but SOg in loosely bound compounds. Sul

phur diozide, which is bound, althaiph it may be detected in 

whole by the iodine titration, is not as availnble for ftermi-

cidal or antiseptic action on yeasts as free SOg, The concen

tration of freshly added and uncombined SOg is therefore a de

termining factor with resnect to its germicidal or antiseptic 

action in gluten water, 

c, Effect of tenroerature and SO^ on ̂ ro^th, change in 

pH and film formation in gluten water. The effect of additions 

of SOr> and the influence of temperature on the sterilizing ef-

ficiency of SOg when added to gluten water wer-e observed by in

troducing organisms into sterilized gluten water to which were 

then added various concentrations of SOg, d\xplicate samples, 

being stored at various temperatures as indicated below in the 

detailed descriptions of the experiments. 

(1) Observations on temperature and SO? with p:luten 

water. Portions (50 cc,) of gluten water were placed 
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in 150 cc, extraction flasks and sterilized. One set of 

flasks was inoculated with a mixture of organisms X20, 

X24, and X29„ Various quantities of SOg were then added 

to each of two flasks, one of which was incubated at 

96-98'^P, and the other at 107-109®P, A similar exneri-

ment was performed employing gluten water as the inocu

lum in place of the isolated cultures^ The results are 

summarized in Table XII, page 51, 

Considering the experimftnt with the Isolated cultures it 

will be observed that in the absence of freshly added SOg, a 

surface growth (film) developed very rapidly at 96~98°F,, the 

entire surface being covered after 24 hours, whereas at 107-

109®P., only about 20;^ of the surface showed a film. On ad

dition of 0,014^ SOg the surface gro';vth after 24 hours at 96-

98®F, was reduced to less than 10^ of the surface area, whereas, 

at the higher temoerature (107-109°?,) there was no growth at 

all, even after three days incubation. With 0,029̂  freshly 

added SOg there was no surface pcrowth at either temperatures 

after three days. It is anparent, therefore, that, as respects 

film formation by these organisms, the addition of 0,014;^ fresh 

SOg exerted a retarding effect at 96-98°P,, and complete in

hibition at 107-109®P,, while with the higher fresh SOg content 

(0.029'O inhibition was complete at both temperatures, 

A consideration of the change in reaction shows similar 
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TABLE XII. EFFECT OP TTilMPERATTTRE AIID SO2 ON QRO"'TH AND 
CHANG-: OP H''AGTIO]T IN GLT̂ TE?! "'ATT̂ R 

% S02*: 
Reaction pH Area % Surface 

film 
Organisms 
per cc. 

Added: Initial 1 day : 2 days : 3 days 1 day : 2 days 3 days Initial; 48 hour 

Experiment with mixtures of cultures X20, X24 and X29, as inoculum 
Flasks kept at 96-98°P. 

.000: 

.014: 

.029: 

4.3 
4,1 
3.7 

4.3 
4.1 
3.7 

: 7.0 
: 6.4 
: 3.7 

: 7.7 
: 7.3 
: 3,8 

100 : 100 
10 : 100 
0 : 0 

100 
100 
0 

3,500 :14,000,000 
3,500 ;10,000,000 
3.500 : 420 

Flasks kept at 107-109^F. 
.000: 
.014: 
.029: 

4.3 
4.1 
3.7 

4.2 
4.1 
3.7 

: 6.6 
: 4.1 
: 3.7 

: 7.4 
: 4.1 
: 5.7 

20 : 100 
0 : 0 
0 ; 0 

100 
0 
0 

3,500 : 730,000 
3,500 ; 100 
3,500 : 10 

Experiment with gluten water ns Inoculim 
Flasks kept at '96~98̂ 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 3.7 3.7 : 3.7 : 0 0 0 : 2,800 200 
Flasks kept at i07--IO90F. 

.000 4.3 4.2 5.0 ; 6.7 : 5 75 100 ; 2,800 160,000 

.014 4.1 4.1 4.2 : 4.1 : 0 0 0 : 2,800 100 

.029 3.7 3.7 3.7 : 3.7 : 0 0 0 : 2,800 10 

Initial SO2 = .0887? 

It will be noted that: 
(1) A small quantity of frorhly added SOg (,014'0 retarded developinent of alkaline 

reactions and surface films throu^?h iJnbitition of nrov/fhs of Tdicfoorganisms at 
96-980F, 

(2) The larger quantity of freshly added SO2 (.029^) coinpletely prevented alk^ni-
zation and film formation its germicidal action on the microorganisms. 

(2) The sterilizing action of 30p was distinctly greater at the higher temperature. 
A concentration of SOg (.014^) which was inhibitory at 96-98°F.^ was germicidal 
at 10'7-»109 F. 
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results. The flasks without freshly added SO2 became progres

sively more alkaline; those kept at 96-98°P. going from an in

itial reaction of pH 4 , 3  to pH 7 , 0  after two days and pH 7 , 7  

after three days; the flask at 107-109°P, showed reactioris of 

pH 6,6 and 7,4, respectively, after corresponding peri'^ds of 

incubation. The higher temperature thus retarded the rate of 

alkalinization. 

The addition of 0,014^ SO2 markedly retarded alkaliniza

tion, Thus, comparing the results of the flask at 96-98*̂ ?,, 

containing no fresh SO2 with that to which 0,014 3̂ SOG was 

added, the reactions after one day were pH 4 , 5  and P H  4 , 1 ,  

after two days pH 7 , 0  and P H  6 , 4 ,  and after three D A : V S ,  pH 7 , 7  

and 7,3 respectively. Change in reaction was completely ar

rested for 24 hoi.irs b3^ the addition of 0,014/B SO2 at 96-98°F. 

The effect of SOp was much more marked at 107-109®F,, where no 

change in reaction was observed even after three days incu

bation. 

Another measure of the influence of temperature and SOg 

which may be employed is the determination of the number of 

viable organisms. An initial count of 3,500 rose to 14,000,000 

after 48 hours at 96-98°?,, and to but 725,000 at 107-109°F. 

in gluten water to which no fresh SOg had been added. The in

hibitory effect of temperature is evident, 

A much more marked effect was observed in a comparison of 

the flasks containing 0,014^ fresh SOg. 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°P, fell to 100, A concentration of 0,014^ fresh SOg 

was inhibitory at 96-98°P,, but germicidal at 107-109°F, 

It is apparent that for the organisms in question both the 

higher temperatures (107-109°P,) and the addition of 0,014 to 

0.029;^ SOg served to inhibit growth, and that the effect of SOg 

was much more marked at the higher temperature. 

In the series of observations ernrl07;''inp gluten wster as 

the inoculiun, confiimatory results were obtained. 

The addition of 0,014̂  retarded film formation at 96-9S°P., 

and completely inhibited this phenomenon at a terapersture of 

107-109°P, 

As regards alkalinization, an initial reaction of pH 4,? 

in the flasks v;ithout fresh SOg rose to pH 7,0 in two days at 

96-98®B',, as compared v/ith pH 5,0 at 107-109°P, After three 

days incubation the respective reactions were pH 7,9 and 6,7, 

The addition of 0,014% SOg served to markedly retard the rate 

of alkalinization at 96-98°P,, the reaction after two days be

ing pH 4,5 and sfter three days pH 6,3, whereas, at 107-109®?,, 

no change whatever in reaction was observed even after three 

daTs of storaffe. The addition of 0,014;^ SOo was therefore 

very effective in preventing the destruction of the acids in 

the gluten water by yeast growth, oarticularly at the temper

ature of 107-109®F. 

The change in counts also illustrates the detrimental ef
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fects of increased temperature and SOn, An initisl count of 

2,800 rose in 48 hours to 1,800,000 at 96-98°P,, and to but 

156,000 at 107-109°P, in c;luten water to which no 302 "been 

added. In the series containing 0.014^ fresh SO2 the counts 

after 48 hours wore 1,600,000 and 100 at 96-98°F, and 107-109°P, 

respectively. Thus, this s^iall quantity of SOg served to 

slightly retard the rate of growth at 96-98°F,, but acted as 

a germicide at 107-109°F. Increasing the fresh BO2 content to 

0,029% resuDted in a decrease of viable cells even at 96-98®F,, 

the initial count of 2,800 falling to 200. 

The results of these series of observations show'that the 

combined action of fresh SOg and elevated temnerature was 

particularly efficacious against the grovth of the organisms in 

gluten water. 

12, Observations on Contamination and Condition of Silks. 

As stated above it was thought that serious losses wo\ald 

ensue if the excessive growth of microorganisms was unchecked 

in the process waters. The starch and gluten, after being 

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 microorganisms 

some of the starch and gluten would pass through the reels and 

be separated out with the hulls. In order to substantiate this 
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contention one reel of each set of reels fvnrr< bVie grit reels to 

the fifth fine feed reel vibp wivrlced for experijnentR.1 purioose^. 

In 02*der to have conditions under differ )nt plant ororRtiori as 

comparable as possible, these reels had new silks pnt on thern 

at the Let;lni'iing of c£ch change. The -sr.act period of exposure 

of the Bilks (age of silk) was thus knovm f?.t Pny tlir.e a "panel 

was reruoved for exaTnlnatlon, Aside fro:ri the filk rer>]acen^ent, 

there v.'as no change in tr.e treatment accorded the reel. It was 

washed tv.'ice daily v/lth the re(:ular hydrochlor.lc acid wssh. 

Panels were taken for analysis seven to elgiit hours after the 

HCl tvash. The exaiiination consisted of the determination of 

the number of microorganisms adhering to the wntor sprayed 

silk and u laicrosoor^ic ejcarilnation of the silk ->roner, 

of organisms 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 normally 

be dislodged by the water spray wash. The reel was then 

stopped and the tier, wSiich contained the section of silk to 

be removed, was again sprayed with water. After draining a 

fev.' minutes, a section of silk was removed aseptlcally, folded 

four times (inner faces of folded silk in contact), and placed 

in a large Mason jar. The silk was immediately brought to the 
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out, Ar; inrier pair o? sl]k disks was now removed er.d •nlaced 

in a sterile flask containing 75 cc, of water and soi.ie flass 

beads. After thorough shaking, tlie disks were picked up with 

a sterilo forceps and cut ur ir.to s.-iall pieces v.ith a Eterile 

scissors. The naterial was then again thorou/shly shaken and 

plated oat on v^ort agar. The results are calculated on tho 

"basis of the nun:ler of organisins per- sqaare inch of inner sur

face of silk and are shown ir Tahle XIII, "belovi'. 

TABLE XIII. EFFECT OP REDUCING STERILIZING 
AGEKTP. OK COTJTAMINATICII OF SILK REELS. 

Silk Keel 
P.P. (Reduced Sterilization); P,F, (rfoimal) 

Silk Keel SOg not added at reels. 
Gluten water not added. 

SO2 added at 
reels. Gluten 
water heated. 

Orgarisnis per square inch of inner silk surfacc 

F (17) 
A (17) 
E ( 9) 
C ( 9) 
C ( 9) 
E ( 9) 

Grit 
1st Pine 
2nd " 
3rd " 
4 th " 
5th. " 

5,300,000''' 
1,700,000* 
5,500,000* 
2,100,000̂ '" 
17,000,000* 
5.200,000* 

950-" 
23,000 
1,800"̂  
1,900'̂  
1,400̂  
1.400-̂  

Colonies good size, yeast-like, 
"•'Over 90̂  of the colonies very sm-all or nin noint size. 

b. Microecopic appearance of silks. Unused portions of 

silks employed for the microorganism counts were washed under 
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the tap to remove adhering bits of frlnten 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 did 

not stain properly if the gluten, etc., was allowed to remain. 

Small portions of these stained silks were mounted in Canada 

balsani and examined microscor)lcally. 

Their appearance is indicated in the accompanying photo

micrographs, It is noted fchat during the periods of reduced 

sterilization the silks contained yeasts and y/east-like forms 

which frequently formed chains or masses growing out into and 

across the openings. 

These filamentous types of yeast-like forms are very 

tenacious and they are not readily removed from the silks once 

they have gained a foothold. 

There is another way whereby the growth of yeasts on silks 

may produce clogging. In experiments previously described, it 

was 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, If these yeasts grow on silks, 

there may be produced a relatively alkaline zone which when 

coming in contact v.'ith the acid liquors will tend to alkalin-

ize them at the point of contact, causing precipitation to 

occur. This precipitation could build up to such an extent 

that clogging would occur. 
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WASHED SILKS 
(p.p. Normal) 

First Fine Feed Reel 

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

Foiirth Pine Feed peel 

Ho,9 Silk in use eight days. 
(Magnified 125 diameters) 

Remarks: Silk clean; no evidence of clogging. 
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'IVASHLD SILK 
{P.F, Re(2uc©d sterilization) 

grit Reel 

No,17 Silk in use ten days. 
(Magnified 125 diameters) View 1 

Grit Reel 

Ko.l? Silk in use ten clays, 
(Magnified 250 diameters) View 2 

Remarks: Silk partially clogped; filamentous organlsTns not 
evident. 
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WASHED SILK 
(p.p. Reduced sterilization) 

First Fine Peed Reel 

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

First Fine Reed Reel 

Ho, 17 Silk in use ten days. 
(Magnified 250 diameters) View 2 

Remarks; Silk partially clogged; filamentous organisms not 
evident. 
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WASHED SILK 
(P.P. Reduced sterll.lzation) 

No,9 Silk In use ten days. 
(Magnified 125 diameters) View 1 

Second Fine Feed. Reel 

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

Remarks; Filamentous organisms still not evident. 
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WASHED SITjC 
(P.P. Reduced sterilization) 

Third Fine Foed Reel 

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

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

Remai-ks; Clogging due to filamentous organisms distinctly 
evident. 
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WAfiHBj SILK 
(p.p. Reduced sterilization) 

Fouyth Fine Peed Reel 

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

pourth Fine Feed Reel 

Ho,9 Silk in use ten days. 
{Magnified 250 diameters) View 2 

Fourth Fine Feed Reel 

Ho,9 Silk in use ten days, 
(Magnified 500 diameters) View 3 

Remarks: Considerable clogging due to filamentous organisms. 
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mSÊ j SILK 
(P.F. Reduced sterilization) 

Fifth P'lne Feed Reel 

Ho,9 Silk in use ten days. 
(Magnified 125 diameters) Viev/ 1 

Fifth Pine Feed Reel 

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

Fifth Fine Feed Reel 

Ho,9 Silk in use ten days, 
(Magnified 500 diameters) View 3 

Remarks; Considerable clogging due to filamentous organisms. 
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3̂, Effect of Addition of a Highly Ionized Acid on the Growth 
or Death of Microorsanisms In Kormal Gluten Water" 

The relative efficiency of fresh and old SOg has heen dis

cussed under heading 11-b, It was found that sulphur dioxide 

lost seme of Its potency as a germicide after it had been in 

gluten water for some time. The iodine titration reveals that 

it has not volatilized to any great extent. Therefore, it is 

not unreasonable to assume it bss combined in an unoxidized 

state with some constituent o? gluten water. In all probabil

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 tmstabls in acid or alkaline solutions and are re

generated to the original compounds. 

Likewise, it has been shown (8) that SO2 to be effective 

as a germicide must not be combined as the sodium salt of 

sulrhiirous acid. This then leaves but one possibility for re

activating the sulphur dioxide \\^lch has combined with the 

solids in gluten water. 

Various amounts of hydrochloric acid (10;^) were added to 

unsterilized nornial gluten water. The reaction (pH) and the 

growth in 24 and 48 hours were noted. 

The acid was diluted in tap water and foiind to be sterile. 
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Large necked 16 ounce sterile cotton stoppered bottles 

were used to store the various samples of gluten water, The7r 

were stored, at 96-98°P, for 24 and 48 hoixrs and plated on wort 

agar, incubated 24 hours at 96-98®F, 

The pH of the different tottles v/as deter'-nined vsfith a 

Coleman electrometer which was checked against standard buffer 

solutions and found to be accurate. The results of this ex

periment are tabulated in Table XIV, page 74, 

Tiiroughout this latter work the hydrogen-ion concentra

tion was determined with this instrument. It is of interest 

to note the reactions tabulated, for the earlier bacteriologi

cal studies on this problem v/ere 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, 
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TABLE XIV. NOHiiAL GLUTEN AND HYDROOHLO 

Date Vj'ater 
oc. 

^ 302 Aold 
cc. 

pH Initial 
oouat 

24 Hour 
count 

4s Hour 
count 

Ave. 
pH 

Ave. 
30? 

5/13/37 
5/15/37 
biyim 
5/18/37 
5/21/37 

300 
300 
300 
300 
300 

.0617 

.0646 

.0576 

.0601 

.0640 

0.00 
0.00 
0.00 
0.00 
0.00 

4.20 
4.10 
4.15 
4.20 
4.10 

110,000 
60,000 
90,000 
100,000 
53,000 

1,500,000 
1,200,000 
1,150,000 
9,000,000 
900,000 

15,000,000 
13,700,000 
12,000,000 
22,000,000 
10,500,000 4.16 .0616 

5/17/37 
5/18/37 
5/21/37 

300 
300 
300 

.0576 

.0601 

.0640 

0.30 
0.30 
0.30 

4.05 
4.15 
: 4.1s 

90,000 
100,000 
5s,000 

1,300,000 
1,360,000 
350,000 

10,000,000 
10,100,000 
9,S00,000 4.13 

5/13/37 
5/21/37 

300 
300 
300 

.0576 

.0601 

.0640 

0.60 
0.60 
0.60 

3.35 
3.90 
3.35 

90,000 
100,000 
53,000 

300,000 
360,000 
250,000 

3,500,000 
r,200,000 
3,500,000 3.37 

5/18/37 
300 
300 
300 

.0576 

.0601 

.0640 

0.90 
0.90 
0.90 

3,75 
3.35 
3.80 

90,000 
100,000 
53,000 

6,000 
51,000 
75,000 

900,000 
300,000 
700,000 3.30 

5/17/37 
5/1S/37 

300 
300 
300 

.0576 

.0601 

.0640 

1.20 
1.20 
1.20 

3.65 
3.73 
3-75 

90,000 
100,000 
5^5,000 

1 
200 
0 

0 
60,000 

200 3.72 

bh-ilyi 
300 
300 

.0646 

.0576 
1.50 
1.50 

3-55 
3.50 

60,000 
90,000 

0 
0 

0 
0 3.52 
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)HMAL GLUTSH ViATBR AND HYDROOHLORIO ACID 

I- Hour 
jount 

1+3 Hour 
count 

Ave. 
pH 

Ave. 
SOp 

Ave. 
Initial 

Ave. 
24 Hour 
count 

% In
crease 

Ave. 
43 Hour 
count 

% In
crease 

>00,000 
J00,000 
L50,000 
>00,000 
?00,000 

15,000,000 
13,700,000 
12,000,000 
22,000,000 
10,500,000 4.16 .0616 33,600 2,750,000 3,293 14,650,000 17,500 

500,000 
560,000 
J50,000 

10,000,000 
10,100,000 
9,300,000 4.13 32,700 1,170,000 1,412 9,970,000 12,050 

500,000 
560,000 
>30,000 

•S, 500,000 
.̂,200,000 
3,500,000 3.37 32,700 230,000 339 3.730,000 4,510 

6,000 
51,000 
75,000 

900,000 
800,000 
700,000 3.30 32,700 6,200 0 300,000, 967 

1 
200 
0 

0 
60,000 

200 3.72 32,700 67 0 20,000 0 

0 
0 

0 
0 3 •52 75,000 0 0 0 0 
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A nerusal of this tgblc Bhcwf qii^.te clenrly thH/'" small 

amounts of hydrochloric acid added to a normal gluten water 

contflinlnG sulnhur dioxide are quite inhibitory, Lnrper 

amounts actually exert a klllinp effect on the organisma 

present. 

Since inhibition of growth of micro-organIsma is found 

with but a slifrht chance in pH it is not unreasonable to sur

mise that the acid has activated the SO2. This point will be 

further discussed later in this paper, 

14, Effect of a rilgrhly Ionized Acid on the Grovjth or Death of 
Micro-orp;anisgi3 in Kormal Starch Wash '.'jater. 

A similar series of experiments as in Ko.l? W H S  made with 

normal starch wash water. Quite similar results will be found 

by inspecting Table XV, oage 76, The chief differ^-nce between 

Nog.13 and 14 which exists is a matter of degree. The starch 

wash water has a 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 lov/er percentage increase in grov'/th from the? initial 

is due to the fact that starch wash water contains normally 

more active SOg than gluten wster even though the totnl per

centage of SO2 Is much lower in starch wash water. 
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v. NORMAL STAHOH V;ASH ^SATER AND HOI 

Hour 
Ave. Ave. 

Hour Hour Ave. Ave - Ave. 24 Hour % In- 4g Hour % In-
count count pH 90p Initial count ores 96 count cres se 

5,000 10,000 
6,500 23,000 
5,000 4̂ ,000 
5,000 10,000 3.625 .0336 1,110 5,370 iî 3 24,000 2,162 

3,000 20,000 3.60 1,000 3,000 300 20,000 2,000 
60 li|,000 3.55 1,000 0 0 14,000 1,400 

2,000 6,000 
3.55 14,000 

5,000 15,000 
70 4,000 3.4s 1,720 2,360 131 3,330 1»̂ 4 
50 2,000 3.40 1,000 1,500 150 2,000 200 

0 , 15 
150 

1,000 4,500 
500 1,600 3.2s 1,150 500 0 2,033 175 

20 200 
2,033 

350 5,000 3.12 1,220 135 0 2,600 213 
30 710 3.00 1,S00 30 0 710 0 
0 0 
0 5 2.90 1,400 0 0 3 0 
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Here, as irx the case with tluten water, the addition of 

small amount of acid to a sulphured r)roces3 water very material

ly decreases the grw th rate of the existinf? rnicrcorganisms, 

Tliat this differ^.nce is due to soinethlng other than pH will be 

shown later, 

15, Effect of pH on Qrovjth or Death of Microcrganiams in Glu
ten Water Free from SOo. 

In order to determine the effect of rjH on the growth rate 

of the organisms in starch process waters it was necessary to 

use a water free from SO2. 

Sulphur dioxide free process water does not exist, "^en 

the plant was operated with reduced sterilization there was 

some sulphur dioxide in the waters. 

Gluten water was hoiled for a long period of time and 

it was found there remained a considerable amotint of titrat-

able SOg. This further substantiates the belief that some of 

the SOg in gluten water is combined with the organic matter 

present. 

It was found that the adr'iltion of no less than 125 cc, of 

10^ hydrochloric acid to three liters was necessary to liber

ate the SOg. 'Vith this amount of acid it was possible to boil 

out the SOg. Bubbling air into the boiling water expedited 

the removal. With this method it was found that the gluten 
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water could be diluted back to its original volume end care

fully neutralized to the original pH v/ith 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 carbon dioxide 

formed in the neutralization. The neutralization must be done 

at a temperatiire not much above room temperature. If It is 

carefully done, there will be little change in the physical ap

pearance of the liquor, 

With a water of this type it was -oossible to ar^d an in-

oculuDi and study the effect of pK on the grcwfth or death of 

the inoculum. The Inoculum which was used came from untreated 

gluten water and was a characteristic mixtxire which had been 

grovm in a malt extract broths, 

The water free from SO2 was transferred asceptically 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 bottles 

were loosely plugged with cotton and stored at 96-98°P, for 

24 and 48 hours. It should also be noted ttiat the bottles 

were about two-thirds full. One series of experiments was run 

with the bottles about one-eighth full and it was found the 

grow'th rates were abnormally hi^. 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 suiTiraorlzed in Table XVI, page 80. 

This table shows at a glf.nce that the Tiinroorf^sni sna 

present in gluten ivater can :';rovv at reactions as lov/ or lower 

than pH 2,68. Tills pH is far lower than that at which no 

grov.th was fcund in the case of sulphured glisten water, 

• Effect of pH on Growth or Death of Titleroorganiems in 
Starch Wash '^Vater free from SOo, 
• , M-r^- _i I II - I, -- -1- , - - . F-. 

Starch wash v/ater was treated quite sinllerly tc gluten 

water to free it from SOg» In this case it was found that a 

much smaller amount of 10% hydrochloric acid was necessaxn' 

to liberate the combined SO2. In tbe case of gluten water it 

took 125 cc, of 10% HCl for three liters, whereas, with starch 

wash water, 40 cc. v/ore found to be ample for the same amount. 

The inoculum came froni starch wash water and was grown in 

e malt extract broth, Tlie results are tabulated in Table 

XVII, page 81, 

This table shows that the orga-ilsns found in starch wash 

water are capable of grov.-th at a nH as low as 1,8, A comoar-

laon of this with sulphured starch wash water shows quite 

clearly that siilphur dioxide is activated by HCl, 
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TABLE XVI. GLUT^Cii FH-;,. F\OlL 30^ -

Date Water 
oc. 

10;to 

HOI 
CO . 

pH Initial 
oount 

2^- Hour 
oount 

Hnar 
OOUllt 

Ave. 
DH 

Inil 
001: 

ol} im 
'in^m 
5/19/37 

300 

300 

300 

0.00 
0.00 
0.00 

k. io 
4.20 
^^-.13 

15,000 

4,330 

10,000 

1,300,000 
600,000 
300,000 

20,000,000 
000,000 

h, 000,000 
4.15 9,7 

5/ 7/37 

"iMiyi 

300 

300 

300 

Q.K3 
0.45 
0.^ 

3.92 

4.05 
K.ib 

1,000,000 
750,000 
SOOjOOO 

11,700,000 
2,300,000 
4,000,000 4.02 

9 , 7  

300 
300 

300 

0.90 
0.90 
0.90 

3 - 7 5  

3.iSg 

3.90 

670,000 
3210,000 
510,000 

4,270,000 
3,300,000 
3,100,000 3 . 3 4  9 , 7  

5/17/37 

5/18/37 

5/19/37 

300 

300 

300 

1.30 
l . S O  

1.30 
3 . 5 3  

3 - 5 5  

900,000 
600,000 

1,900,000 
l,iJ00,000 
2,000,000 3 , 5 4  9 , 7  

5/19/37 

300 

300 

300 

3.70 
3.70 
3.70 

2.95 
2.93 
2.9s 

4-00,000 
te,ooo 

60,000 

1,300,000 
1,600,000 
1,200,000 2.95 9 , 7  

ilyihi 
5/1S/37 

300 

300 
300 

4.50 
ii-.50 

i<-.50 

2.50 
2.75 
2.̂ 0 

I|00 
3,600 
1,000 

62,000 
63,000 
9̂ ,000 2.6s 9 , 7  
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TABLi XVII. STARCH IVA3H V.AT!ii^ NO SO2 — 

Date Water 
cc. 

Acid 
cc. 

PH Initial 
oount 

24 Hour 
count 

4S Hour 
oount 

A.ve. 
pK 

Ave. 
Initial 

oount 

5/17/37 
'bnnv 
5/19/37 

300 
300 
300 

0.00 
0.00 
0.00 

^95 
h. io 
ll.OO 

30,000 
111,700 
30,000 

4,400,000 
5,000,000 
4,500,000 

6,000,000 
6,600,000 
7,000,000 4.01 41,600 

5/17/37 
5/13/37 
5/19/37 

300 
300 
300 

0.15 
0.15 
0.15 

3.77 
3.90 
3.75 

3,000,000 
4,000,000 
3,700,000 

5,900,000 

3.30 41,600 

'ilyihi 
5/19/37 
5l i l lv  

300 
300 
300 

0.30 
0.30 
0.30 

3.70 
3.70 
3.70 

lit-, 700 
30,000 
30,000 

2,600,000 
3,000,000 
2,SCO,000 

5,000,000 
6,500,000 
5,750,000 

3.70 41,600 

'iiyini 
5/1S/37 
5/19/37 

300 
300 
300 

0.4-5 
0.45 
0.45 

3.2^ 
3.51 
3.30 

3,200,000 
2,900,000 
2,500,000 

4,200,000 

3,aoo,ooo 3.36 41,600 

5/17/37 

5/19/37 

300 
300 
300 

0.60 
0.60 
O.bO 

3.10 
3.32 
3.20 

3,500,000 
1,400,000 
2,000,000 

4,000,000 
^,aoo,ooo 
4,000,000 3.20 41,600 

btyini 
5/18/37 
5/19/37 

300 
300 
300 

0.90 
0.90 
0.90 

2.SO 
3.05 
2.95 

1,500,000 
1,300,000 
1,000,000 

1,900,000 

3,000,000 2.93 41,600 

5/17/37 
5/13/37 
5/19/37 

300 
300 
300 

1.20 
1.20 
1.20 

2.52 
2.75 
2.63 

200,000 
520,000 
300,000 

2,000,000 
2,000,000 
1,200,000 2.65 41,600 

5/13/37 
5/19/37 

300 
300 

i.go 
l.SO 

2.25 
2.25 

230,000 
70,000 

2,000,000 
300,000 2.25 

'il'i-llV 300 3.00 i.go 10,000 135,000 1.30 41,600 
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!*''• Regrouplnp: and Summarizing 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 first point to stress is the difference in the amount 

of acid necessary to produce like reactions in gluten and 

starch wash water. 

The results are shovm on Plot III, page 83, 

The points on these curves were obtained froin the waters 

which were used in experiments discussed under section 15 and 

16, It is to be noted that a much larger quantity of acid is 

necessarjr to produce a 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 is made in 

Plots I'V and V, pages 84 and 85, respectively. The data for 

these figures is contained in Tables XIV sind XVI, pages 74 and 

80, respectively. 
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Both the effects of combined and free SOg as inhibitory 

agents are shown. Sulphur dioxide, in the combined form, does 

Inhibit growth. This is shown by comparing the percentap:e in

crease from the initial in the absence of any added acid. In 

the case of the 48 hour Incubation tests it is seen that the 

organisms in the gluten water free from SOg at pH 4,15 in

creased 92,100 per cent. The organisms in gluten water having 

an average 0,616^ old or combined SOg 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, 

inhibited the growth of microorganisms to a very marked extent. 

The 24 hour Incubation tests show the per cent increase in the 

unsulphured gluten v/ater 9,210 while in the case of the sul

phured water the increase was 3,293. 

The effect of freeing or activating the sulnhur dioxide 

is shown by comparing the grori'th increase at similar reactions 

between the sulphured and unsulphured sets of experiments. In 

each case it is noted that the sulphured gluten water retarded 

the growth of microorganisms to a much more marked extent than 

in the unsu^phtired gluten water. 

In the 48 hour series, the following percentage increases 

were obtained: 
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in Increase in Gluten 
pH Water, no SOp 

% Increase in Glu-
ten ^"^ater, 0.616^ SOg 

3.80 
3.84 
3.87 
4.02 
4.13 

36,500?̂  

61,400^ 

967fo 

4,510% 

12,050^ 

A comparison of the growth percentage increase in starch 

wash water with and without SO2 is made in Plots VI and VII, 

pages 88 and 89, respectively. 

Here, as with gluten water, the effect of combined and 

free SO2 is graphically illustrated. The same general find

ings exist. The chief difference between starch wash water 

and gluten water is one of degree. 

In Plots VIII and IX, pages 90 and 91, respectively, the 

per cent grovvrth of microorganisms in unsulphured gluten and 

starch wash water is shov/n. In Plot VIII {48 hour experiments) 

it is noted that the gluten water is the better medium for 

growth. Plot IX (24 hour experiments) shows about the same 

niimber 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 medii^m. It is felt the food supply in the 

starch wash water is a limiting factor. From the average 

analysis of the two waters it is seen that the aluten 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 SO^ Containing Var
ious Amoû  of Added 302̂  

Both process waters were treated with acid and boiled un

til free from SOg, The liquors were diluted back to their 

original volumes, the pH adjusted to 3,9, and various amounts 

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

TABLE XVIII. EFFECT OP DIFFERENT AJ.roUNTS SOg 
IN PROCESS WATERS. 

H20 ^ SOg ; Initial 
P : count 

24 Hour 
count 

300 co, Qluten water 0,01 
• • 

3,9: 18,460 900,000 
300 cc. Gluten water 0,02 3,9: 17,300 200,000 
300 co, Gluten water 0,03 3,8: 16,000 80,000 
300 cc, Qluten water 0,04 3,8; 15,000 400 
300 cc, Gluten water 0,05 3,7: 14,000 10 

300 cc, Starch wash water 0,00 3,9: 40,600 1,200,000 
300 cc. Starch wash water 0,01 3,6: 37,700 111,000 
300 cc. Starch wash water 0,02 2,4; 35,200 0 
300 cc. Starch wash water 0,03 3,2: 33.000 

• 
* 

0 

Oluten water (0,02-0,03?^ SOg) at pH 3,9 was inhibitory 

and v;ith starch wash v;ater 0,02^ SOg at pH 3,4 was germicidal. 
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Chemical 

Iodine Titration of SOp in Corn Starch Process Waters. 

Throughout the entire bacteriological section of this 

paper the per cent of sulphur dioxide in the waters under con

sideration has "been given. It has also "been stated that the 

total amount of SOg present v/as deterained by the iodine ti

tration method, 

A descriotion of this method follows. 

Reagents 

Iodine solution. The 0.02 H iodine r.oluticn was prepared 

by dissolving 10 gr&rcs of KI (free from iodic acid) In a liter 

flask, using as little water as possible. To this solution 

2,54 g, regublimed iodine were added and dissolved by shaking. 

The solution was diluted to the liter mark r;ith HgO, The io

dine was standardized against a NagSgOg solution that had 

recently been standardized against a KgCrgOy, 

Starch solution. Two to three grams of potato starch or 

five grams of soluble starch were stirred with lOOcc. 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. 
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Method 

A definite volume of the water under consideration (usual

ly 10 cc,) is delivered to a small beaker or bottle. The io

dine solution is run into the sample fairly raridly (with very 

little stirring) until about three-fourths of the necessary io

dine has been added. At this point, a drop or two of starch 

solution is added, then more iodine until, there persists a deep 

blue color which does not fade out in one-half minute. 

This method is reliable for determinini;? the SOp in corn 
a* 

starch process waters ivhich ranpes fro™ 0,01 to 0,08^. 

There are several precautions which must b© observed in 

order to obtain accurate results. The iodine solution must be 

standardized at least twice a day, ?/hen titrating samples 

which contain over 0,08^ SOg it is necessary to dilute the 

sample with water which has been previously titrated with io

dine for any reducina; substance m-esent. Vigorous stirring is 

to be avoided because of the volatility of the sulphur dioxide. 

In the regular routine testing of SOg in corn starch 

process liquors the acidity of the sample is first determined. 

This same sample is titrated for SOg, In this case the solu

tion is alkaline to phenolphthalein and most of the iodine is 

added before it is acidified with dilute hydrochloric acid. 

When determining SO2 in this manner it is not necessary to be 

so careful about excess stirring. 
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The first Tnotbod has 11)6671 checked against the seconc'. and 

"both against the official Tnethod (15) of A.O.A.C, For all 

practical piirposea either the first or second method yields 

results which are very well in accord with the official method. 

Sulphur dioxide in corn syrup is eonibined in such a man

ner that the iodine titration value does not check with the 

official distillation method. 

The methods used by R, R, Tatlock and Thompson (14) for 

determining, SOg 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 

distillate in water containing 2 cc, of a filtered 1'^ starch 

solutior and a few drors of N/20 Iodine, As soon as the io

dine is decolorized, thn distillate is continuously titrated 

with N/20 iodine while the distillation is going on, Tliis is 

continued until the color duo to 0,1 cc, K/20 iodine persists 

for more than two minutes. 

Method II. Fifty grams of syrup are dissolved in 50 cc, 

of water at 50°C., cooled to 15°C,, and 20 cc, of b% NaOH add

ed a'-^l allowed, to stand 15 minutes. Then a mixttire of 50 cc, 

of 20^ H2SO4 with 100 cc, of water is added, and the liberated 

SO2 titrated at once with N/20 iodine, until a blue starch 

color, permanent for at least one minute, is produced. Method 

II is ordinarily employed, but where an excess of SO2 is 

found, the results are always checked by the first method. 
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The total and cornbined ŝ ilphxxr dioxides in wines are de

termined by the French workers usinp the Rippert Method (15), 

In this iTethod the free SOg is determined by direct titration 

with iodine in a dilute sulphuric acid solution; the total SOg 

hj titration after treatment with potash, and the aldehyde 

combined SOg by difference. The steteinent is made by Rippert 

that aldehyde sulphur acids will not oxidize with iodine. 

The total sulphur dioxide content of gluten and starch 

wash water is deter/nined by the regular iodine titration method 

without addition of acid or alkali. It has been showi), from 

a bacteriological analysis, that all of the SOg in gluten and 

starch wash water is not of the same germicidal strength. It 

is seen, from the results above v/ith corn syrup and wines, that 

the SOg which has eombined with aldehyde must first be liber

ated by caustic and then titrated in an acid solution. It 

follows that the combination of SOg with the organic constit

uents of corn starch process waters is of a different nfiturr. 

It is thought that the con^binatiori in the case of gluten and 

starch wash water is a v/eak chemical addition product with the 

degradated protein or amino acids present. 

It has been shown that very small amounts of hydrochloric 

acid caused the SOg which was contained In the water to become 

uruch more toxic towards the microorganisms present. 

If the acid liberated the SOg from some combined form and 
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t hus  f r e ed  i t  a s  SO2  o r  a s  HgSO j  t hen  i t  shou ld  " be  e x t r ac t ab l e  

in a solvent vvhioh is iaimisslfcle with vmter but one which dis

solves SO2. 

2. Benzene Extrflction of S Oq from Piatilled Water. 

The technique for determining the extractability of un~ 

combined SO2 was worked out using guliDhur dioxide dissolved in 

distilled water. 

Small well atoppered bottles were used, A definite voluias 

of a known strength SOg solution was shaken with varicua quan

tities of "benzene, (CgHg). The benzene used was C.P, benzene, 

a, Determination of equilibrium time or tiice necessarrf to 

shake solutions of 3ulphur dioxide in distilled water and ftlu-

ten water for constant reaultg. The results are tabulated be

low in Table XIX. 

TABLE XIX. roTEK.'IIlTATIO>' OP EQTJILIBFFTM TI!^lj;. 

Tem
perature 

Time shaken and 
% 3O2 Reimovei by 40 cc. 
benzene from 20 cc, solution Tem

perature allowed to stand Gluten water SO2 In distilled water 

a5°p. 5 Minutes 5.32 47.4 
85®F. 30 Minutes 4.48 47.5 
85OF. 1 Hour 3.61 47.5 
85°P. 2 Hours 2.32 47.5 
85°?. 12 Hours 2.32 47.4 
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It is to be notod that 1 r tho esse vl.tH itlulen water, the 

results obtained were not constrrnt until after two hours had 

elapsed. These results are believed to exist due to the slow

ness of sensration of the fo-??! and froth which occur when glu

ten v/ater is shaken with benzene. It was noted that the ali

quot t>ortlons were not clear and free from benr.ene until they 

had 3tood practically two hours. 

In the work with all waters, the procedure followed in 

regards to time wast the mi^ttures v/ere shaken for about five 

minutes, allowed to stand 5 to 10 mimites and shaken again 

for five minutes. This was vepeateci at least five times and 

then the resultin;?; emulsions v/ere allowed to stand until the 

aqueous layer was free froin benzene. 

All e.xper iments were Derfonned In a room where the temper

ature did not vary more than five decrees from SO*"*?, 

After- thorouj!;h shaking and an equilibrium was reached 

the bot,tie3 were allowed to stand until two distinct layers 

formed, 

The amount of SO2 and the volume of the criginaH water 

were tocwn, A titration of an aliqi^ot portion of the aqueous 

layer after extraction revealed the amount of SOg remaining in 

the water. By simple calculation, it was possible to determine 

the percentage of SO2 that the various amounts of benzene ex

tracted, 

A check on the above method, SOg in aliquot portions of 
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benzene was determined. This was done by transi'errlnp the ben

zene to a glass stoppered bottle and shaking: it with a large 

excess of distilled water, titrati.np it at the same time with 

iodine. Since the iodine is quite soluble in benzene, greet 

care must be exercised in reading the end point. It is pos

sible to do this by sliaking after each addition until the ben

zene shows no red color. The SOg in the benzene could also be 

determined by adding an excess of bromine and determining the 

sulphate so produced as barium sulrhnte. 

Prom the data used in dstermininfr, the percentage re

moved by the benzene the distribution coefficient can also be 

determined. The calculations for both per cent removed and the 

distribution coefficient follow, 

b. Per cent SOg removed. 

Original iodine titration for 10 cc, of SOg water = 8,5 cc. 

Mixture = 20 cc, SOg solution plus 60 cc, benzene. 

Iodine titration for 10 cc. of aqueous layer after extraction 
= 3,65 cc, 

20 8,3 X ~ = 16,6 cc, titration for all of SOp originally present 
in 20 cc. 

3,65 x —• = 7.30 cc. titration for all of SOg remaining in 20 cc 
of aqueous layer, 

16,6 - 7,3 = 9,3 cc, titration for the SOg which is in the 60 cc, 
of benzene, 

= 56,025̂  SOg removed by 60 cc, benzene. 
» O 
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c. Distribution coefficient. 

Let W = cc. of .solution containing X© fi, solute. 

HL = CO, of extracting solvent, 

" Kesidue unextracted. 

Then ̂  _ Concentration of extracted solution. 

—- Concentration of extracting solvent. 

-Xl 
Coefficient = K = ——r-

NL 

Hi _ (Xo - Xi ) 
K W  -  ( X I )  

^  X Q  = 'The araount extracted in terms of X Q, the amount 
HL + Jv'v originally present. 

If there is more than one extraction, then after the first ex

traction the unextracted amount would be 

KW Xr 
~  L  +  K W  

After the second extraction, the amount unextracted would be 

V K^V V _ K'̂  KVV _ /~ KW__ 7^ 

' L + KW -^1 - L~TKW L + KW XO ~ Z L + KW_Y ""O 
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Or 
n 

X - /" KW 7y 
^ L + KW J 

Substituting in these equations the data above, we have 

0,02 xO.032 
20 

I -
"oO 

20 
^ ~ (16.6 X 0.02 X 0.032) - (7.3 xO.OS x 0.052) ~ 2.354 

Or 

^ 6ol^(g!554f?SO) X ^ 0-02 x 0.032 = 0.004671 
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Tables Niimbers XX to XXIII, pages 102, 103, and 104, give 

results of extractions of SO2 dissolved in distilled water. 

Table XXIV, page 104, shows the distribution ratios sumriarized. 

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

S02 
originally 
present. 

cc. N/50 I2 
for 10 cc. AQ 
layer after 
extraction. 

CO, N/50 I2 
for 10 cc, BZ 
layer after 
extraction. 

% SO2 
removed 

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 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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T.ABLE XXI. EXTRACTION OP 20 cc. WATER WITH 
40 cc. BENZENE. 

cc, N/SO I2 cc, N/50 Ig % SOg 
% SOg for 10 cc, AQ for 10 cc, BZ removed 

originally layer after layer after ty 
present extraction extraction d benzene 

0,0259 2,55 0.750 3.40 37.03 
0,0259 2.50 0.775 3.23 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 1.50 57,00 
0.0992 6, 65 4.42 1.50 57,10 

TABLE XXII. EXTRACTION OP 20 cc. WITH 60 cc. 
BENZENE, 

% SOg 
originally 
present 

cc, N/60 Ig 
for 10 cc, AQ 
layer after 
extraction 

cc. W/50 Ig 
for 10 cc. BZ 
layer after 
extraction 

% SOg 
removed 
ty 

"benzene 

0,0259 2,20 - 2.21 0.616 3.57 45̂ 70 
0,0259 2,15 0.633 3.40 46,99 
0,0316 2.60 - 2,60 0.783 3.32 47,50 
0,0531 3.65 1.550 2.354 56,02 
0,0512 3,60 1.460 2.462 55.00 
0,0505 3,50 1.440 2,45 55,69 
0,0998 5.85 3.250 1,80 62,50 
0,0992 5.85 3.250 1,80 62,50 
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TABLE XXIII. E)?PRACTIOK OP 20 cc. .^ITH 80 cc. 
BENZENE. 

% S02 
originally 
present 

cc. N/50 I2 
for 10 cc. AQ 
layer after 
extraction 

cc. N/50 I2 
for 10 cc, BZ 
layer after 
extraction 

% SOq 

removed 
by 

benzene 

0.0259 1.95 0.525 3.62 51.9 
0.02b9 1.95 0.525 3.62 51.9 
0.0316 2.25 0.675 3.00 53.5 
0.0531 3.25 - 3.30 1.280 2.54 60.9 
0.0512 3.15 1.180 2.66 61.0 
0.0505 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. DISTRIBUTION OOEPPICISNTS 
(SO2 IN WATER AND BENZENE). 

cc. % SO2 Originally in Water 
benzene 0.0259 0.0259 0.031§ 0.0531 0.0512 0.0505 0.0998 0.0992 

20 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 

60 3.57 3.40 3,32 2.35 2,46 2.45 1,80 1.80 

80 3.62 3,62 3,00 2. 54 2.66 2.54 1,90 1.93 
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That the distribution ratio of SOg between water and ben

zene is not a constant is plainly shown in the above table. 

The ratio changes both in regards to the quantity of benzene 

used and the concentration of SO2 originally present, 

Hov/ever, inspection of the ratios for lov/ concentrations 

of SOo such as exist in process waters show the distribution 

coefficient to be fairly constant. Since this fact has been 

established one can comoare sulphured process waters with the 

same percentage of SOg in distilled waters. The comparison 

will be more valid if the same ratio of water to benzene in 

each case is employed. 

In Plot X, page 106," is shown the amount of SOg extract

ed from different concentrations of SOg in distilled v/ater and 

in starch wash and gluten water. 

Plot XI, page 107, sbows the pH of diffex-cnt concentra

tions of SOg in distilled waters. 

Curves Wo.l, TIo,2, and No,3 are for different concentra

tions of SOg In distilled water. 

Curves No,4 and No,5 aro for gluten and starch wash water. 

Comparison of the curve for 0,05^ SOg in distilled water with 

the gluten water curve (ave, ^Og) shows 47,5 and 3*^ SOg 

extracted by 40 cc, of benzene. A comparison of the curve for 

0,025^ SOg in distilled water with the curve for starch wash 

water (ave, 0,03^ SOg) shows 37,5^ and 7% of SOg extracted by 
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40 cc, of benzene. It is quite evident the SO2 in both process 

waters is combined in some form which is not extracted with 

benzene. 

5, Benzene Extraction of S O Q  from Aqueous HCl, 

Tl'xe amount of SO2 which is extracted from aqueous HCl has 

been determined. The results are tabulated in Table XXV and 

shown graphically in Plot X, page 106, ciirve No.5A. 

TAB3LE XXV, % SOo REMOVED BY BENZENE PROM 
AQUEOUS HCl. 

% SOg Removed by Benzene from 
Mixture HCl 0.0246% 0.04736% 0.1004% 
HgO BZ ap.gr, 1,1875 SOg SO2 SOg 

20-10 1 cc. 63.76 54.00 52,51 
20-10 1 cc. 5.!). 76 54.00 52, 51 
20-SO 1 cc. 67.27 66,66 67,80 
20-20 1, cc« 67.27 67,80 
20-40 1 cc. 78.19 79,46 79,28 
20-40 1 cc. 79.61 80,13 79.28 
20-60 1 cc. 85.06 85.81 84,61 
20-60 1 cc. 85.00 85,81 84,61 
20-80 1 cc. 87,74 88.65 88,70 
20-80 1 cc. 87.92 88,65 08,70 

An inspection of this table shows that in aqueous hydro

chloric acid the original concentration of SO2 does not influ-
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ence the amount of SOg extrgcted by given qi;jantitles of benzene. 

Benzene Extraction of SO9 from Gluten Water. 

The ssme technique for extT'!?ctinp, 302 f'rom gluten water 

\fcas used as v^iih SOg dissolved in distilled v/ater. In Table 

XXVI, below, the results are shown. 

Curve No,5 on Plot X, page 106, should be insrocted for 

cornparison v.lth "Oo in distilled HoO. 

TABLE XXVI. ^ SO2 REMOVED BY BENZENE FJtOM 
GLTJTEK WATER. 

% SOg Removed by Benzene from 
Mixture 

H2O Benzene 
0.0743% 
SOg 

0.0640% 
SO2 

0.0640̂  
SOp 

0.0601% 
S02 

0.0630̂  
SOg 

0.0560̂  
SOg 

20 20 2.33 2.5 — — — — 

20 40 2.3? 2.5 3.5 3.72 2.73 5,3 

20 60 2,35 3.0 — — — — 

20 80 2.33 3.0 — — — — 

5. Benzene Extraction of SOp from Gluten Water Acidified with 
Strong HCl. 

a. Effect of excess HCl. The same amoxint of concentrated 

HGl as with SO2 dissolved in distilled water was used. The 
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results are tabula ted ir Table XXVII, below, ond ill\5strnt.ed 

in Plot X, pafre 106, curve ?Jo,6. 

TABLE XXVII. % SO2 REMOVED BY BENZENE FROM 
QLUTEN '"ATSR ACIDIFIED ''.'ITH HCl. 

Mixture 
H2O Benzene 

% SO2 Removed bj Ber izene from 
Mixture 

H2O Benzene 
HCl 

sp.gr. 1,875 
0.074Sf, 
SO2 

0,0640% 
SO2 

0,0640̂  ̂
SO2 

20 10 
20 10 

1 cc, 
1 cc. 

54.82 — — 

20 20 
20 20 

1 cc, 
1 cc. 

63,80 64.25 
64.58 

67,20 
67.45 

20 40 
20 40 

1 cc, 
1 cc. 

72.90 72,50 
75,05 

74,80 
74.80 

20 60 
20 60 

1 cc, 
1 cc. 

77,40 78,00 79.00 
79,00 

20 80 
20 80 

1 cc, 
1 cc. 

80.00 80,20 
80,20 

81.10 
81,10 

Herf-' as in case with SOg in aqueous HCl the oririnal 

concentration of the SO2 does not influence the percentage ex

tracted. 

Amount of HCl necessery to liberate the SOp which is 

combined Ir. gluten water. Tfen per cent C.p, hydrocViloric acid 

was prepared and different amounts of this acid were added to 

the 20 cc, portions of gluten water after the benzene had been 

added, A ten per cent concentration was used so as not to have 

too large dilution of the aqueous phase. The acid was added 
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by means of a calibrated pi'nehte aftr::" the benzenes v.'ss adde?, 

Tiis order of addition was followed to ]nrevent anj liberated 

SOg to eaCGpe before the bottles were stoppered. 

Pour samples of gluten water collected at different tines 

from fcTic gluten settler overflov; siphons were taken. 

In tho calculations for per cent SOg removed the dilution 

by the acid was taken into considoration. The res\iTts are 

tabulated in Table X5CVIII, bolov;, and plotted on Plot XII, 

page 112. 

TABLE X:CVIII. AĴ TOTINT 10̂  HCl NEGESSAiy TO LIBER
ATE COMBINED 302 I® GTIJTEN WATER. 20 cc. GLUTEI? 
WATER EXTRi\CTED'"(ITH 40 CO. BENZENE. 

cc. 
HCl 
added 

Ave, pH 
All four 

^ sop Removed by Bensene from <iluten 
Water ContaininR the Following ia SOf> 

cc. 
HCl 
added samples 0.06336 0.0640 0.0640 0.0627 

0.01 4.10 __ 3.20 3.15 
0.05 3.80 — 6,48 G.38 
0.10 v). 50 10.0 9.98 9.97 9.90 
o.ao 3.00 15,0 17.30 — — 

0o30 2,63 30.0 29,70 29,87 29.79 
0.40 2,23 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 67,50 >— — 

1.00 1.25 70,0 68.00 69.00 69.00 
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The taMe and graph show that as the solution becomes more 

acid more SOg is liberated from the combined form and becomes 

soluble in benzene. 

It has been shown from a bacteriological analysis that 

the microorganisms are inhibited to a greater extent in gluten 

Wfite-"' to v'hioh had been added a small nmount of hydrochloric 

acid. It was also shovm that the lowering of the pH was not 

alone sufficient to explain the Inhibition, Thus, between 

rH 2,5 find 4,0 in the bacteriological work a very marked in

hibition on growth occurred. One can see from Plot XII , 

page 112, that at pH 2,5 there is over SO2 extracted by 

benzene. In the earlier bacteriological work it has been shown 

that concentrations of SO2 (fresh SOg added) as low as 0,01% 

were quite inhibitory. 

6, Benzene Extraction of SOg from Starch Wash Water, 

Pour samples of starch v/ash water were collected at dif

ferent times and the amount of SOg extracted with benzene was 

determined as shown in Table XXIX, page 114, and plotted on 

Plot X, page 106, 
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TABLE XXIX. ATifOUi:^ OF SO2 E/TH^CTiD BY BEN-
ZENS FROM STARCH ".'.'ASH "VATER. 

Mixture 
% SOg Removed by Benzene from Starch Wash 

!*/at0r Containlnft the Pollowincr % SOp 
HoO Benzene 0,0352 0.0317 0,0300 0.0198 

20 10 — 5,6 — — 

20 20 — 6, 6 — 7,0 

20 40 7,30 6,6 7,4 — 

20 60 — 6,6 — — 

20 30 7,32 — 7.3 7,0 

7. Benzene Extraction of SOp from Starch Wash Water Acidified 
With HCl. 

Effect of excess IIGl, The same amount of concentrated 

acid was added to starch wash water as with SO2 in distilled 

water and gluten water. The data will Le found in Table XXX, 

page 115, end illuptrat̂ d on Plot X, page 106. 

b. Amount of 10^ HCl necessary to liberate combined SOp 

In starch wash water. Various amounts of 10% HCl 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, contain the data 

of this series of experiments. 
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TABLE XXX. '/o SC.> I.T^MOVLD BY FKOM 
ACIDIFIED 3TARCH"'VA3E '.VATER, 

Mixture 
HCl 

ap. gr. 
% 0O2 Removed by Benzene from Stard 

'Vash '.Vater Containing 
H2O Benzene 1.1875 0.0317:?i SO2 0.0300% SO2 

20 10 1 cc. 55.23 53.10 

20 20 1 cc. 63.90 62.90 

£0 40 1 cc. 75.40 73.70 

20 60 1 cc. 78.70 77.80 

20 30 1 cc. 80.00 80.10 

TABLE XXXI. AKOTTHT lOt HCl NECESSAIW TO IIBERATT? 
COMBINHO SO2 IN STARCH 'VAv'^^H ?ATSR. 20 cc. STARCH 
WATER SlTR̂ CTl̂ D "'ITO 40 cc. BÊ ẐEKlj:. 

cc. % SOo Reinoved by Benzene from Starch '-eah 
HCl Ave, ^ater ontainin^ following % SO2 
added pH 0.0317% 0.0300% 0.0292% 

0.01 3.65 8.0 7.6 8.0 
0.05 2.86 24.6 23.8 25.3 
0.08 2. 43 40.0 39.6 39.8 
0.15 2. 08 — — 

0.20 1.86 60.0 59.9 60.1 
0,50 1.60 68.0 68.1 68.3 • 
0.40 1.42 70.0 69.2 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 
O.GO 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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iis shov*ri on V-lot XIII, pc IIC, at pli 3,̂ 5 - <;-,&0 there 

is from 8 to 2^% 3O2 ertractcd by 40 cc, of "benzene. That this 

corresponds to more than tho a'. ove r^rccntaRes of 0O2 liberat

ed can be deduced i'rora the fact '/aat c::e ey^tractior with 40 cc, 

of ber:iene in k 55tror;j,ly acid solution does not ejctrfict all 

the freo SOg as in the case with SOg dissolved in difitillod 

water. 
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DISCUSSION AND RESULTS 

The several phases of this problem v/ill 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-like organisms. It is true 

that some spore forming, starch digesting types are occasion

ally encountered. Due to the high acidity of the liquors the 

condition for growth of bacteria is unfavorable. 

These yeast and yeaat-like forms v/ill grow luxuriantly 

if the usual methods of preventing their growth are not fol

lowed, Serious losses will be entailed if their growth is 

unchecked. It has been seen that a count of a few thousand 

organisms per cubic centimeter will increase to almost 80 

million in two to three days. 

It has been shown that heat and SO2 will inhibit growth 

of many organism.s and also actually kill a large percentage of 

them. 

The fact that total SOg is not a measure of the germicidal 

or inhibiting effectiveness of this chemical has been estab

lished. It has further been found that the SOg in starch wash 

water is more effective than that in gluten water. The ad

dition of small percentages of fresh uncombined SOg very 

materially reduced the contamination due to microorganisms. 
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It laas been shown from a chemical standpoint that all of 

the SO2 in starch process waters does not exist as free or un-

comhined SOg, It has been possible to correlate the amount of 

SOg Is extracted hy benzene with the inhibitory effect 

of SOg in process v/aters. 

Small additions of a highly ionized acid such as hydro

chloric acid liberate a large percentage of the combined SOg, 

This is manifest both by its extraction with benzene and by the 

increased inhibiting or gorraicidal effect. 

In early days it was general practice to send the process 

waters, especially gluten water, to the sewer. During these 

times it was not unusual for the various com 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 grovmd. 

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 SOg (on a plant size scale) v/hich 

inhibits growth in a pAven 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 be found that a much smaller 

amount of SO2 than is normal practice may actually be advantag

eous. 

Concentrations of 0,02 - 0,0Z% In gluten water at pH 3,9 

were found to be inliibitory to growth of microorganisms. In 

starch v/ash water 0,02^ SO2 at pH 3,4 was found to be germi

cidal. 
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SUBeaKT 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 recirculation furnishes ideal conditions, so far as air 

is concerned, for growth. 

Heating the process waters at crucial points to tempera

tures ranging from 105®F. and upwards has a decided inhibiting 

effect on growth of microorganisms In starch process waters. 

Sulphur dioxide, whether combined or free, has an in

hibiting effect. 

A combination of heat and SO2 is quite effective in pre

venting excessive growths. 

Sulphur dioxide in starch process waters is not all of 

the same germicidal potency. 

The combined SO2 njay be liberated by additions of small 

amounts of hydrochloric acid, 

A measvire of the liberated SOg is obtained by extracting 

the acidified waters with benzene. 

There exists a correlation between the amount of SOg 

dissolving in benzene and tbe inhibiting or germicidal effect 

of this chemical, 

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

ence and sulphur, appears quite possible. 
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