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SUMMA RY

The so-called "froth fermentation" of edible molasses was

studied in an attempt to determine its basic cause. The theories

&gt;f spontaneous chemical action, surface action, enzymstic section,

and microblal action were among those investigated. Lxperiments

eliminated rmlcrobilal action ss the bssic cause of the froth. It

vas further shown that the gas, carbon dioxlde, was supersaturated

In the molasses, and the r:lease of this dissolved gas resulted

in the frothing. Surface action might sid in the release of the ges

Other investigations showed that the Maillard reaction could very

vell be the chemical reaction resulting in the formation of the

sarbon dioxide. A method of preventing the froth by changing the

oH was suggested.



INTRONUCTION

iolesses is that uncrystallizable mother liquor from which

nas been crystallized out suger. Due to the extreme difficulty

of extracting out the last portions of the sugar present in the

rnolasses, this product 1s produced in great quentities each year

ns 8 by-product of suger refining. Blackstrap molasses is thet

molasses from which all the commercially recoverable suger hes

peen recoveren. hdible molasses 1s obteined when only pert of the

commercially rzcoverable sugar hss been removed.

Baible molasses js commercially menufectured by aduing a

muentity of pure suger to cane blackstrap molasses. (Beet wmolr-res

is invariably inedible due to its high mineral content.)

In order to extract the maximum possible sugar from the mo-

lasses verious proces:e ¢m: used. Thess Include cerbonation,

sulphitstion, end icon exchange. Th» newest of these, ion exchenge,

sxchenges hydrogen fens for mineral ions in the molssses, thus

giving a purer, more dilute liquor from which sugsr cen crystel

[he first two involv the addition of grseous products to ths

pleckstrap 1rolesses to obtain this maximum crystallization. Carbon-

ction involves the sdaition of cerbonic acid and ceslclum oxide to

mcke &amp; direct consumption sugar containing more non-sugsr solids

then refined ccne sugar but fewer of these impurities then raw

suger. Sulfitation involves the sddition of sulfur dioxide sand

lime to give a similar product. However, wost mills using the

yr

sulfitation process produce edible rether then blackstrap molesses



[here are many types of molasses each useu for a different

ourpose. Blackstrep 1s used in the fermentetion industry and in

the snimal feed industry ss a binder. Invert or high-test molasses

Is &amp; high concentration, ineaible molasses with part of the sucrose

inverted to inhiblt crystallizetion. This procuct is used in the

fermentation of molasses to produce © thyl alcohol. Kdible molasses.

of which Derk, Puerto Rico, Barbedoes, and New Orleans are exsmples.

Ls used in the homes as &amp; spreza, in pastries end cekes. etc.; in

the New bngland otyle Bsked Bean Industry; in the beckery industry;

ln the soy sauce lndustry, etc

The manufacture of sugar from cane involves pressing the cane

to obtain suger cane juice from the fibers. To this julce is added

lime as &amp; precipitating egent to ala in bringing down Impurities.

the lime and impurities sre filtered out, the juice is boiled down,

and &amp; portion of the crystalllizeble sugsr 1s removed from it. This

juice 1s first molssses. Second rnolesses or second-jet messeculte

is fir:t molesses dlluted with cene juice and re-extrascted. Third

nolesses 1s second-jet masseculte diluted with water znd rz2---fractea.

fourth molasses is blackstrep,andnofurthersuger can be commer-

&gt;1a8lly crystellized out from this product.

Basket centrifuges are used to throw the molesses off from

he sugsr crystals. All of the boiling processes involve high

enough temperatures to destroy all but thermophilic micro-organisms

and very heat-stable enzymes.

Throughout the history of the sugar refining industry, it has

been noted that under certsin conditions of storage, these molssaes

vould froth or fosm &amp;nd verv often expend with such violence ss to



purst their storage container and cause irrepersble dsmege.

Jccesionally so much heat develops that &amp; charring of the molasses

occurs, finelly turning the molasses into &amp; solid black mess. The

froth 1s especially noticeable upon heating. when stored in tenks,

nmolesses often becomes too viscous to flow eat any reasonsble rste

of speed, end therefore it 1s necessary to heat the molasses to

lower its viscosity and meke it flow rapidly. Such heating often

causes a violent frothing in the molesses.

his frothing has also been noted in massecuites. In this

cese the frothing hes ccused severe economic loss due to 1) over-

flowing the conteiner, sand 2) requiring storage in containers which

voulu hold two to three times the cepecity were it not for the large

volume of the froth. iYhen edible nolesses is bottled for home con-

sumption, the frothing prevents a legal fill of the corntalner.

aousewives are often skeptical esbout buylng a bottle of the molasses

vith the froth on its surface. Further, bottles conteining froth-

ing molesses have been known to nov their covers or burst. The

buckled tin of molasses due to internal gas formstion is well

known in homes and industry. Many lebels on molasses contalners

Instruct the buyer to uricover the container and store st low tem-

peratures to prevent damage due to the "volatilizing”" of the molesse.

It has been observed that once a molasses has comrienned foam-

ing, only low temperatures or the addition of en anti-foz® ggent

#111 stop the frothing. Generally, molasses froths only uuring

the summer months or when stored under high temperatures, However

not all molasses foem unuer these conaltlons - some not foaming

ander any varving physical conditions. futher, there seems to be



no particular type of edible molasses which is immune to this

ohanomenon.

Investigations to date could not have uisclosed &amp; s:tisfsactory

method of combatting or preventing this phenomenon which is often

referred to =s the "froth fermentation” since if such a method

vere found, it would be in use todsy by the lesding molasses pro-

lucers.,

[t was with the view of finding a sclicfeactory prrrentative

chat this investigation was begun.



LITARATUR&amp; SsARCH

The first reference to the "froth fermentation’ in the litera-

cure searched is by Durin in 1683, reported by Zerban in 1947.

serben's report indicates Durin believed the phenomenon wes caused

oy microbial action. 1

The original classic re-~arch on the phenomenon is by Geerligs

in 189, reported by Tempsny inl90l. The Zast Indian sugar expert

oeleived the frothing of molesses in storage was csuseda by the

oreekdown of unsteble primary products called glucinates (formed

oy the action of lime and glucose) in the presence of alkali. 2

Work by Lexa in 1698, egain reported by Jlerban in 1G47, indi-

cates the isolation of thermophilic bacteria in &amp;« fillmsss which

nad frothed. However, these thermophiles did not produce the

foaming in new samples of molesses, 3

geerligs, in his classic volume on the manufacture of sugar

in the ast Indies in 1903, made the first reference to the froth-

ing of massecuites upon cooling down, and the frothing of second

znd third molasses. Since cisinfectsnts proved useless in inhi-

oiting the action, Geerligs deduced thet micro-organisms were not

the major csusative agent of the froth. The odor of the escaping

zases indliceted that the bregkdown products of the molasses in-

cluded carbonic, formic, and acetic ecids. Other end products

founc were humus and caramel. The massecuites frothed only while

tooling down, creating the hypothesis that the unsteble bodies

present in molasses break up spontaneously upon conc~—' ~~tion of

the solutions in which they sre suspended. The cooling down of the

aasamciites causes the cryst:rl.izeation of suger end thus the con-



sentration of the impurities. There was still enough heat present

in the cooled massecuite to promote the dissociation of the unstable

sonstituents was supported by the facts thet 1) frothing ceased

apon the completion of the cooling process, end 2) frothing wes not

50 violent in small tenks which cooled repidly. Geerlligs belleveu

that the unstable bodies which broke down et high temperatures in-

zluded glucinic acid. Ly

I'smpany, in 1907, m:tde some observations on muscovado molasses

and vacuwn-pan molasses. and followed up these observations winich

fended to prove some of Geerligs' theories. The frothing of vacuum-

pan molasses in storage was always sccompanied by a rising to the

surface of a thick, black scum Increasing in volume with ti-

Samples of a sterile molasses were inoculated with frothing vacuum-

pan molasses and incubated for three weeks to confirm Geerligs'

experimental data that microbes did not csuse the foaming. No.

Frothing was observed sfter the three week period, and so again

sxperimental data showed that microbigl activity had no effect on

the "froth fermentation". To further confirm this belief, a sample

of frothing molasses was sterilized for one-half hour at 100 C

after which gas evolution ceased =- proving little since the high

sterilization temperature doubtleas caused the rapid decomposition

&gt;f the gas-evolving compounds. Tempany observed differences in

the rate and manner of gas evolution with the nature of the molasses.

uscovado molasses was processed at higher temperatures than vacuum-

pan molasses thus causing a greater destruction of breakdown products

and creating a slower gas evolution in the muscovado. The gummy

scum which rose to the surface when isolated frothed violently.



Analyses of the gum showed it to have a five percent higher ash

content than molasses itself. This fact went another step toward

proving Geerligs' theory that the gas-producing products were com-

oounds of bases with compounds formed by glucose breakdown. Line

salts of glucinic acid are soluble although thie basic salts or

apoglucinaces are not indicating these might be the scums which

rose to ths surface. &gt;

Lafar (191) believed that micro-organisms caused the bulk cf

~he decomposition of amino acids in molasses to produce nitric

b&gt;xide and carbon dioxide. Fission or budaing yeasts such as

Lygosacchsromyces mellls acid! and Saccharomyces thermantitonum

produce gas from saccharine media under similer condltions es gas

is produced in the "froth fermentation.© Zerban reported (1C4T7)

-hat Lafar's earlier stucies indicated that he believed a mold

fermentation of amino acids to be responsible for the phenomenon.

dowever, Lafar attributed a portion of the gas evolution to the

walllard reaction during which an amino acid such &amp;s glycocoll

reacts with glucose and water to produce carbon dioxide.

lerzfielau, in the same year reporteus the work of his superior,

Kraisy, in which both agreed with Lafar. Kraisy showed that invert

sugar plus an ami‘o acid ( in this case, glutamic acid) plus hest

vould yield carbon dioxide. The varying viscosity of different

types of molasses appseared to be the reason for the off-again, on-

again frothing. Kraisy had a new theory concerning the frothing

of massecuites upon cooling down to 65 - 7 Co. He believed that

neating of themasseculte caused the chemlcal breskdown to produce

rarbon dioxide snd further rzsulted in the supeorr~tursaetion of the



liquid with the gas. The crystals of sugar exert a catalytic action

ond start the gas evolutlon which stops only when the mass has cooled

down sufficiently that reducing sugars are no longer formed. How=-

sver, Kralsy believed the bulk of the frothing was caused by mlcro-

blal action at the expense of amino acids. C

[n 1915, the International Sugar Journal reviewed the theories

oresented to date on tho phenomenon. This journal concluded that

wafar's theory held for the best molasses with which he worked, and

Geerligs' theory was best for cene molasses with which he worked.

leasons advanced for these conclusions were l)cane molasses has a

very low amino acid contant, the total nitrogen content being but

Delile in cane molasses whereas beet molasses has a nitrogen content

&gt;n the order of 2%, 2) Under the Lafar-Kraisy theory, frothing

should oceur in clarifiers, eliminators, etc., in audition to the

after product stage, and 3) Amino acid (glycocoll) - reducing sugar

reaction yields pleasant smelling products whereas the "frothy fer-

sentation” yields foul aromas similar to those roaculting from redu-

sing sugar decomposition by heat In the presen- ~ 8lkall. There-

fore, the journal's editors concluded that can molassss' spontaneous

frothing wgs due to spontaneous cecomposition of products resulting

from the heating of reducing sugars in the presence of alkali and/or

also of products resulting from superheating sucrose or re ucing

sugars, this spontaneous decomposition resulting in the formation

&gt;f humic, acetic, and formic acids, and carbon ailoxide and othsr

sases. To support these theories, various experimental data was

ited:

l) heating a basic reducing sugar solution resultec

in violent frothing,



2) a very concentrated sirup stored at a high temperature

for a long perlod of time frothed to six times its

original volume when cooled suddenly, and

}) Second molasses from a raw julce treated with excess

lime frothed violently on heating. ?

sgillet, in 1017, studied the froth fermentation of second jet

nassecultes in beet sugar manufacture. Examining only one specific

sample of frothed product microscopically, he discovered thermophilic

nicro-organisms, one of vhich had en optimum temperature for growth

of 70 C and evolved carbon dioxide. This organism, upon isolation,

vas found to thrive on invert sugar in a slightly acid medium.

further, Gillet claims to have observed the frothing in a molasses

zontaining but traces of nitrogen thus seemingly invalidating the

Lafar-Kraisy theory. However, Claassen, in the seme year, showed

shat the "frothy fermentation could occur at GO C, and Gillet

showed by experiment that the micro-organism he isolated could not

row at that temperature. 10

Claassen believed that the high sugsr concentrations in the

rolasses and the high temperatures‘towhichthey werc exposed pre-

cluded any possibility of microbial action bein; the cause of the

ohenomenon. He sdvenced the theory that the cause was the inter-

action of invert sugar or other decomposition products by heat and

amino acids, oxygen being necessary to start the reaction.1d

The classic chemiesl analyses with reference to this phenomenon

vere made over a fourteen year period and reported in 1G2G by the

late C. A. Browne of the United States Department of Agriculture.

serples of sgnae-sugar molasses were allowed to undergo spontaneous



deterioration for fourteen years end were periodically examined

vith respect to total sugars, invert sugars, organic non-sugars

and total solids. No samples showed any yeasts, molas, or bacterls,

and, further, toxic formic acid was present in sufficient quantities

(from decomposition) to assume their absence; ana therefore 1t is

safe to assume that organic activity played no role in the decompo-

sition changes noted.

[t was found thst approximately 10% of the sucrose had besn

inverted, and as a result of the dehydroxylation, a partial dilution

had been effecteu. The percentage of carbon in the orgenic non-

sugers was found to be 4% higher than those of fresh molasses while

"he hydrogen percentage decreased. The progressive dehyaroxyletion

causing this phenorienon was especially pronounced in molasses mude

oy the lime clarification method. It was further found that about

1072 of the invert sugar had been converted to organic non-suger.

Jf the two purely chemical theories put forward to explain

he deterioration, Browne tended to agree more with the gluclic acid

theory. Glucic acid the approximate formula of which 1s Coly Hip 038

when isolated was shown to be a parent substance of formic sacld,

known to be present in deterioration froth. It had been further

shown by both Browne and contemporaries that calcium hydroxide usea

for clarification reacts with reducing sugars to give an unsaturated

compound unstable in thie presence of atmospheric oxygen or organic

impurities having much the same nature as glucic acld. The poly-

nerizetion and/or reaction products of glucic acid could theoreti-

cally give rise to the organic non-sugars which have been shown to

increase during the storage period. Further, 1t was suggested that



zlucic acid was ¢ parent substance of scrolein which had also been

reported present in frothing molesses and also gives rise to some

&gt;of the acid ena products reported.

{owever, Browne did not exclude the kaillaru reaction, but

rather believed it played only a minor part. A typical kaillard

reaction might involve glucose and glycocoll condensing to give a

zlucoss=-glycocoll condensate product, end tals product converting

to a glucose methyl amino product. The glucose methyl amino product

is also highly unstable and dehydroxylates, doubles carbon linkeges.

end condenses with aaditional glucose to producs melanoidins, me-

lanoidic acids, and nitrogenous humic substances of the C10% gN0

ype. These substances may be those surface sctive agents which

lower the surface tension to such an extent that foauing may occur.

Although not mentioned in any literature covered, 1t ssems likelvw

hat a destruction of these surface active agents would go a long

vay to preventing the formation of the foam.

Srowne snowed thet alanine, glutamic end asvartic acids, and

asparagine all of which sre present in molasses woula act on glucose

and fructose to give similar end products ena such other substances

as C,oHpg0p 3, typlcal of certain organic nitrogenous colloids.

However, the reaction of a reducing suger upon an amino acid oro-

iuces no volatile acids which have been founu as end products of

che froth fermentation." This fact seems to exclude the Maillard

reaction as the major cause of the phenomenon under consideration.12

ducker and Brooks of the Geneva Experimental Station of New

fork State (1Ql2) performed a series of experiments in order to

ascertain the optimum conditions of frothing and from these condi-

ions, attempted to explain the reaction. They found that slthough



an increase in hydrogen lon concentration decreased csrbon dioxide

production (foaming) in a test reaction of glycine anda glucoss, the

raising of hydrogen ion concentrationinthemolassestested did

not esppreciably decrease the gas production. A study of the rela-

-ionship between the optimum temperature of carbon dioxide produc-

tion and volume of carbon dioxide produced showed a direct relation-

ship indicating the foam reaction 1s primarily a spontaneous che-

mical resction. To check this fact, semples of frothing molasses

vere ilnoculated into sterile media an. incubate. at various toempe-

ratures. The micro-organisms present were found to produce gas at

“he optimum temperature rsnge of [5 - 65 C. These micro-organisms

iid not grow in the undiluted molasses but did grow well in the

jilute product. This would indicate that any condensation water

on the surface of the molasses would provide and ideal medium for

zas production. It would also indicate that once Irothing begins,

the ges production of the micro-organisms probably plays sone smal.

sart in aiding in the foaming.

Taking the foaming of the micro-orgenisms quantitatively into

consideration, Hucker and Brooks found that the effect of tempera-

ture on carbon dioxide production follows a logarithmic curve with

2 critical temperature at which gas production

nounced to produce violent molasses foaming. T

alflciently pro-

Lewoveraturs was

found to bs dependent upon the type and sourcs

varies with the viscosity, specific gravity. and teumverature to

thhe molasses and

vhich the molasses has been subjected during factory vrocesses.

[n an attemot to find a oractical method of controlling the

foams Hucker and Brooks attempted to vary the viscosity and spe-



:1flc gravity of molasses by the addition of water. However, the

juantity of water necensary to reduce the foaming was e¢v~~ccivye

and not practical.

In other observations, not closelv invertigated, the addition

of the germicide phenol (25%), was found to reduce the frothing,

ut not appreciably. The calcium oxide content of the molasses

which some practical men believed had some effect on the reactions)

ls not a significant factor in the rcactlion, according to these

investigators. =

Zerban (1647) revorted the work of &gt;andere in 1946, in which

ne stated that the "froth fermentation’ reaction is cr”

netaellic iron. 15

jenry and Clifcorn, in 1949, investigated the hypotheses that

‘he mineral constituents of molasses exert some catalytle effect

sn the unstabl: organic constituents causing the ges formation.

Jane sirup ssmples were analyzed and from these analyses, synthetic

sirups were created. A sirup of suger, water, and added minerals

sroduoed no gas and were therefore used as controls. The two inves-

tigators then added an unstsble organic acid naturally occuring in

nolasses which could conceivably produce cerbon cioxide by cecarbvo-

xylation. The scid used was :aconitic and the various minercls

vere acced by ion exchange methods. The minerals used included

iron, mensanese, alcium, snd magnesium.

he zuthors, integrating their findings with those of other

investigators reached some conclusions. A typical kaillard resction

is known to ba speeded up by increase of pl, but a decresse in pi

ves found +o increase the rate of reaction in the natural product.



further, the reduction in amino eclid and protein nitrogen wes found

v0 be small compared to the tendency to produce gas. Therefore,

he Maillard reaction was shown to be a minor factor in the froth-

ing. The authors' investigations showed that the ash constituents

{Calcium and magnesium) of the molasses created » catalytic influ-

snce upon aconitic acid (or some similar acid) to produce the car-

son dioxide which creates the unwanted foam, 16

a summary of the theories thus fer advanced in the llterature,

none of which have been thoroughly disproved now follows.

The microbial theorv believes that micro-organisms cause the

jecarboxylatlion of amino wcids with the resultant carbon ajoxlde

being evolvad to cause the foaming. The Kraisy theory. states that

the high processing temperatures during the manufacture of molasses

results in chemical decomposition of certain constituents with the

resultant formation of carbon Jiloxide which is dissolved in the

not sirup. This supersaturated sirup releases ths gas wlth foaning

at the surface upon cooling uown possibly with the ald of sugar

srystals formed.

Ylucic scid, and end product resulting from the reaction of

lime and invert sugar, may decompose with heat to form carbon

ijoxide. Another theory states that this gluclc acid (or possibly

&gt;ther unidentified constituents of molesses) reacts with more invert

sugar in the molasses without the presence of heat to produce car-

son dioxide. The #aillard theory states that the interaction of

amino acids and invert sugar results in the decarboxylation of the

amino acids to produce carbon dioxide. A similar theory believes

thet sucrose decomposition products such as glucic acid reccts with

amino acids to produce a decarboxylestion reaction. However, this



heory also includes a catelysls by oxygen gas as necessary for the

reaction.

[he most recently advanced theory in the literature hes cer-

cain mineral constituents in molasses catalyzing the decarboxyla-

ion of amino acids to produce the carbon dioxiue of the foam,

The only unanimous fact found in the literature was that car-

oon dioxide was the gas evolved in the foam, other gases belng pre-

sent in only trace amounts.

In the face of these many varylng and confllcting reports it

vas necessary to sttack this problem from many different aspects

to prove or cisprove each theory advanceu in the litersture.



PLAN OF RuessARCH

At least one bottler of molasses had certain fects to offer

concerning the "froth ferment-tion'. In ten years of employment,

ne had noted the frothing head occured only during the summer months

Indicating that a high temperature is necessery to initiate the

reaction. He further steted that if the molasses had not frothea

in the barrel in which it was held, 1t would not froth in the bottle.

Although most of the barrel gave &amp; constant amount of frothing for

sach unit of molasses bottled, the ena portion or that containing

crystallized sugar sediment gave e&amp; molasses which frothec fer more

violently. This bottler handled Dsrk, New Orleans, Puerto Rico,

and BSerbsdoes molasses, and of these Derk snd New Orlesns often

frothed, Puerto Rico not very often. and Barbsdoes only rarely.

Ihe statement concerning the relation suger crvotrls to

3eems to be supporting evidence to the Krelsy theorv cf supersaturation

of molesses with the gs c=susing the foam. Since sll ¢” the molasces

jealt with in this pleni c-~atained sulfur dioxics, it we.

“tureted with sulfur dioxide

“the r.I.T. Chemistry Department who

ned previouslv worlked wi™!

the suggestion that t

Ne.8 &amp;n enzyme, ,such e&lt; cen

suger Reseerch roundetion offereo

teat cause of the froth fermentetion"

ylase., de believed that slthough

1

th: boiling processe- through which sugar, sirups, end molasses sre

put ere severe enough to c¢estrov most heet-sensitive enzymes, certain

types of micro-organisms such as the thernophiles or heat stsble

nicrobes, and ssccherophiles, or "sugar loving" microbes might pro-

juce sn exoanzvme which wes the ccuse of the frothing. The term



sxoensyme was specificslly used since .. number of experimenters clten

in the literature added germicldes to frothing molasses in order to

zliminate microbial action gs .. source of gas. ouch germicldes gre

sf fective in doin their jobs but often do not serve to innibit

enzyries which had been excrete. into th: me ium by he micro-organisms

rior To their death. Such ewoenzymes could doubtless ceuse foaming.

Another former worker in the field believed that ths important

feetor in th: frothing was the sction of surface activs agents uo.

whieh Have conéentragteds at the intorfsce of solesses end sir. It

wes suggested thst the protein of molasses (nutritionally insigni-

Ficant) maue up the bulk of surfice ective agents, but the rresenc:

of cellulosic and pectinacsous meterials which could concentrate

at the interface could not be ignored.

One further factor not menti nec in the literstur:s as &amp; source

of the frothing was the presence of cerbor.ates due to the addition

juring csrbonation process=s, If the molessses turned very acid,

39y due to the action of flat sour organisms, this gas oul. be

released with resultent frothing.

Although the literatures searched voted in the majority of cases

zgainst microbisl sction, various men, both those acquainted with

the problem, indicated a desir= to s=23 thes:2 results confirmed, i.=

they doubted ths validity of thoss experiments stating thst micro-

organisms were not the cause of the phenorieron.

The literaturs, 2s 1naicsted sgbove, showec various ucgrees of

snthusiasm for various theories of spontaneous cnemlec:l action

s3susing the evolution of carbon dioxice which in turn resulteua in

foaming. Lost of the literature, however, sgreea that some sort of



sponteneous chemical degracatlon wes, end still is, responsible

for the frothing.

here would therefore seem to be thr:e basic approaches to

-he problem. These would include sttacking the problem by deter-

«ining the cause of the gas formation. This would involve four

rasic espproaches, chemical, enzymstic, microbiological, or addition

in the form of carbonates. Another sa. nroach to the problem would

pe the supersaturation theory, end still enother the surface active

gent theory.

3ecsuse of the wide variety of these approaches, it was decldec

0 attack esch in &amp;¢ more gqualitstive then guentitative menner in

order to get more fundsmentel results. Once qualitctive results

vers obtsined, quasntitativs results would more sasilry follow. It

ves further decided to attempt at least a delving into exch aspect

to some extent and to follow the lesd which proved most promising

zt the start. In practice, this wes difficult to do because of

the wide magnitude of results obtained.

lhe initial phase of the exverirental work involved obtaining

a sample of mol:rsses which had been known to foam (as has been pre-

viously stated,a semple which hes not been known to foam could neve:

se made to fosm.) and to subject this molasses to verying conditions

of temperature under which optimum foeming would occur. while at

rach temperature, the: pH snd density was &amp;lso varied to determine

If variations in these properties would influence the foaming. The

importance of density was not considered as much as was viscosity

vhich decreased with a decreasing density end Increased with in-

sreasing gensity though not necessarily in any special relation to
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sach other.

Once the optimum conultions of temperature, pH, snd density

for frothing wer: obtalned, these conditions could he, and were,

Juplicated on semples of molessses on which experiments were con-

jucted, in order to determine if the experimental procedures in-

nibited! or incressed the frothing. In all cases, the volume of

7i1sible foam was us=2d es the index of extent of the "froth fer-

mentation."

Because most investigators believed that micro-organisms were

not the cause of frothing, it was decided to ascertein this fact

2s the first excerimental procedure. Bacteriological counts were

teken on ssmples incubated at various temperatures. Attempts were

nade to isolate the individual microbes and determine if any one

nas a gas former, Other experiments along thls line involved 1in-

cubation in various medi, espeeially the more saccharine types,

to determine if the molasses contslned asnserobic or aerobic gas

formers. thermoohilic gss formers. or flat-sonur formers. The most

significent experiments plenned concernins the microblal theory

involved. The sterilization of the molssses by various methods,

and. following this. the determination of the volume of froth forming.

among the methods of sterilization would be cathode rey, ultrasonic

chemical, end heat.

nxperiments involving surface-azctlive agents followed these.

/erious snti-foamers were added to frothing molasses in en attempt

50 inhibit the foaming. In adaition, various sgents known to

jestroy or degrade possible naturel surfage active sgents = ~7

presentinthefrothingmolasseswere added to. the foaming samples.
further, some of these natural surface active agents were added to non-



roeming sezmples In zn rttemst to create the frothing &amp;nd In such

a way, determine the cesuse.

'o inhibit enzymatic ection, various experimentel [rocoures

vere attempted on s amples of frothing molasses followed by measure-

ments of foam while the molasses was being held under optimum con-

iitions.

Initial plans called for an inv. “tigation of each of the so-

cglled chemical theories. This would involve heat treating non-

foaming molasses in and out of the presence of calcium salts as .

starting point for determining the validity of the glucie acid thecry

The results of this experiment would determine the course of sction

to follow to prove the various glucic acld theories.

To prove the validity of the Msillerd reaction, v. rious amino

acids end invert sugar were added to non-fosming molisses to deter

nine the extent of foaming these would create. Plans called for

ion exchange and other chemical methods to inhibit these compounds

in the foaming sample to datarmine if such inhibition would inhibit

the frothing.

The newest of theories, thst c¢” miners. cal" ysis of a decar-

boxylation resction, was to be proven or disproven by the addition

of these minerals to a non-foaming samnle snd the removal or

tying-up of these minerals in r foamine sr

irnerimental procedures on the supersaturation theory involved

he addition of various inert crystals to molasses, both foaming

snd non-foaming. A L{vacuurm pu.

conditions would prove the wv.

»1 on molasses samples at sub-optimum

.11ditvy of the theorv.

AS the final phsse of the zxzperimentsl work, &amp; g8s analysis

va3 performed on the ges evolved by the fosming molasses to
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substantiate any theorles formed by results from other experiments

and to clarify any doubts in the minds of any future investigators

in the field.



sXPERTHNTAL ORK

The first step was the construction of a constant temperature

levice In which molasses could be held to determine optimum froth-

ing temperatures. A water bath wes the device used. This water

cath consisted of a cylindrical tank roughly one and one half feet

In dismeter and ten inches deep fllled with water. As a thermal

regulator, a helical bimetallic thermostat was immersed in the

vater and connected to two electrical resistance heating knives

which were also immersed in the water. 4 vertical motor with sa

me-foot long glass shaft on the end of which was a glsss propellor

served to stir the water and to keen the waster temperature constant.

he lowsst temperature which could be maintained was that of tep

veter which was supplied tr the bath, the tempercsture of this water

renging up to 25C. Room temperature, being lower then water tcunpe-

ature, tended to cool the water. at which polnt electrical contact

vas made in Lh thermostat snd the heating knives heated up the

vater. The bath was sccurste to within 1 C. of the sdjusted tem-

reratures.

As measuring containers in which to hold the molasses in the

vaeter bcth, six standard 50 cc. laboratory burets were sealed off

on their lower end and wired to a horizontal rod above the bath

30 that the lower nine inches of the burets were immersed In the

vater. To detormine whether the liquid in the burets heated up to

vater bath temperature in a reasonsble time, thermocouple measure-

nents were made using a coprer-constantan couple, inserting the

measuring junction in the molasses in the immersed burets end in-

serting the reference junction in an equilibrium mixture of ice

nd water. These measurements, made sat 65 C., showed that it took



less than five minutes for the interior of the molesses to reach

the temperature of the water beth.

The initial sample of frothing molasses used in tests was a

sample of Dark molasses. However, the supply of Dark was eventu-

211ly exhausted and was replaced in experimental work by frothing

Sarbadoes molasses. There a)peasreu to be no difference in the

section of the two.

Bacteriological tests constituted the first of the experimen-

tal procedures. Samples of dark end daerk non-foaming molesses were

iiluted, plated out with nutrient agar, and incubated at 30 C. and

37 Co. Counts revealed the results tsbulated in table (1)-

These counts were not very accutately done in gs much as no

juplicates were made, but they serve to illustrate that there is

an adequate flora present in molasses, the bulk of which tends to

be thernovhllic in character.

Prom these plates were isolated fourteen differcnt soecies of

nicro-organism, including yeasts anu bacteria. These were jfsolsted

oy picking out those colonies which, by appearance, were different

from each other, and transfering by means of an inoculating loop

some culture to s Smith gas tube filled with 2 nutrient broth.

[hese tubes were incubated at 37 C. for a total of six days end

sxamined periodically. Only two tubes showed the formation of gas,

hese two having been inoculated with micro-organisms isolated from

ark non-foaming molasses. Again, these tests were ‘inconclusive

3ince thers may well have been more than fourteen species of mi-

robes in the samples, and some of those 1solated may not have

-hrived in the non-sugary nutrient broth or at the comper-iively



low temperature for thermnophiles of *7 C.

The next series of bacteriological tests were more positive

In nature. ocamples of Dsrk and LDark-non-foaming molasses were in-

culated into Smith gas tubes containing lj» suger in a nutrient

broth and incubated at 50 C. (It hed been proven bv this time that

50 Co was an optimum temperature of frothing.) However, evaporation

of the liquid precluded any accurate results.

At the same time. samples of Dark and Dark non-foaming molasses

vere inoculated into tubes containing liver broth, sealed with agar

and vaseline. and incubated at 50 C. for 30 hours as a test for

anaerobic gas formers. ©Similerly, a le sugar nutrient broth was

Inoculated with the two samples of molasses, sealed in a like manner,

and incubsted thermophilicslly. In a.cdition, tubes of this nutrient

oroth containing gas tubes were inoculated without sealing end 1in-

substed as a test for aerobic thermophilic gas formers. uJuplicate

tests were made on each sample. In no case was the form tion of

res evident...

some timelater, the same tests wer: , repesatec, However, this

-ime, the nutrient broth contsined 2% sucrose, and in addition to

Jerk end Dark non-foaming molasses, a semple of foaming Barbadoes

vas inoculated into the media to test for gas formation. Again,

ests were run in duplicate, and again, no gas formation was evi-

ient in any tube.

At the same time, the samples were inoculated in dextrose-

sryptone agar to test for flat sour formers. All samples showed

sbundent evidence of flat sour or acid forming microbes.

[n two instsnces, one cc. samples of foaming uverk molasses



vere inoculated into 20 cc. of Dark non-foaming molasses and held

at 52 C. for an appropriate length of time to determine if the in-

culation of a "cold" molesses with "hot" molasses would initiate

the frothing as a confirmation of the above microbial results.

[In neither case did the non-foaming sample show eny appreciable

frothing at any time after inoculstion. This last experiment, in

sdaition to disproving the microbial theory of frothing also lends

svidence to the case against surface active agents.

The final phase of the bacteriological work consisted of

sterilizing samples ¢ © foaming Barbadoes molasses using cathode

ray lrradiation. 10 cc portions © molasses were irrsalated at

0.5, 1.0, 2.0, and LN million F I

mits-the unit of irradiation.’

* (Roentgen equivalent physical

The irradiated samples were incu-

sated at 50 C. and the following quantities of foam wer: observed,

respectively, 0.2 cc... 02 cc.- © ce... 0.5 cc., anda 0.0 cc.

[noculation of the irradiatec molasses into

and incubation at 50 C. resulted in = zero count after 30 hours -

indicating that the molasses was sterile.

Vhile these microbiological tests were taking place, the waster

rath tests were being run to determine optimum frothing conditions.

[t was found that holding the riolasses at refrigerator temperatures

110 C.) inhibited the frothing. However, due to tep water tempera-

ture, it was reguired that weter bath temperatures commence at 35 Ca

[n each case between 15 and 20 cc of molasses was poured into a

»uret and held for a minimum of 18 hours. Bach buret had a diameter

&gt;f about 0.5 inches and therefore presented a surface area of about

)o2 square inches per 20 cc to the molasses which is roughly one-



third of the surface area which 1s presented by the usual bottled

molasses. Hesults Indicate that this difference ln surface area

ves not significant.

The % solids of the molasses was measured by an Abbe refrac-

-ometer. Again, this /» solids was used as an index of viscosity,

she higher the % solids, the higher the viscosity. The acidity of

che molasses was measured by means of a Beckmann pH meter. The

neximum volume of visible foaming was used as the measure of the

froth. After some experimentation, it was found that this meximum

securred within one hour after reaching temperature, although peri-

odic measurements were usually taken after one hour. lhe percent-

age of foam should probably have been the measure used, but because

20 cc was the usual volume of molasses in the byuret, it was decided

that a direct measure would be better.

In 811 cases, the molasses wss poured into a gradusted cylinder

:nd mixed with the neccessary reagent for 00 seconds. Air was beaten

Into the molasses in .this process, but this was taken into account

by controls while taking megsurements.

Initially, both Dark snd Dark non-foaming molasses had &amp; pH

&gt;f Slt end a solids content of 76.3%. However, both enjoyed a pH

irop to lL .8, probably due to the action of flat-sour organisms over

a long period of time.

Pable (2) indicctes the results of the experiments. (D is the

symbol for Dark molasses and DNF for Dark non-foaming.)

The tabular values are but typical values indicative of the

tendencies of the various molasses. The table shows a sharp break

at 45 C. indicating that the critical temperature above which mola-
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sses foams vigorously is 45 C. The molasses further showed a non-

cosming tendency at pH greater than 6.0.

I'he foaming molasses showed excellent foaming tenaencles at

50 C., and, therefore, this was the temperature chosen as thet op-

imum for frothing. (Higher temperatures gave no real difference

In the foaming tendency.) |

surface active agents we: then added to Dark and Barbsadoes

non-foaming molasses held at 50 C., keeping the pH within foaming

limits and the density within the range experimental results showed

vas adequate for foaming in an effort to induce this foaming.

fAmong the surface active agents which crested no foam were

silicone oil, Span 20, Span 85, Tween 21. capryl alcohol, emulsol.

sodium borate, pectin, and gelatin. The two spans and Tween sare

fatty acid esters. Among the sur’: active agents whose asduition

resulted in a foam wr ac.” (. +." cc.), albumin (l.5cec.).

casein (0.bcec).and an 1

Um. ra which will be wescribed later

In en effort + SLUTTY  ¢e thing in Dark and Bearbadoes

“oaming molasses v¢ Yiousd E17 - s.zents were adued. cmong these

were Span 20. Span 85, Tween 21. silicone oll, emulsified silicone

il, end Dow-Corning anti-foam A. All gave ldentical results.

None inhibited the foam. Rather, they acted &amp;s defoaming agents

in making the formation of froth less violent and in causing the

suppression of the froth in a much shorter time than normally occurs

vithout thelr presence.

A protein precipitating agent in the form of trichloro-acetic

acid was added to foaming Barbadoes molasses in sttempt to precil-

yitate any protein vhich had collected at the interface of molasses



and air and might be acting as « surface active agent.

ally no inhibition of the frothing was obtained.

S&gt;ubstanti-

In other efforts to remove proteinsceous materiel which might

RCt as surface active agents, various proteolytic enzymes were adaed

under different conditions, in varying concentrations, and after

verious lengths of time being sllowed for resction time. The en-

zymes included papaln, pancreatin, end trypsin. All sample:

3d a tendency to froth more vigorouslr after such treatment-

3imiler experiment with taka-diastase, a starch digestant also re-

sulted in mors violent frothing.

lo test the Henry theorv cf mineral cetalysis -~ decsrvoxya-

sion, mineral salts were added In varying quantities to nun-foaming

3arbacoes molasses. The cations tested wers calcium, barium, mag-

nesium, iron, and copver. In no case did a substential foam result.

A variation of this experiment was to add carbonate precipita-

:ing cations to foaming Barbadoes molasses in en effort to tie up

he gas. Tnis experiment worked well when calcium wes the cation

ut not at all using barium. However, this experiment was not con-

rolled carefully, and so the results may mean little.

In order to determine the validity of the enzymatic theory,

rerious proteolytic enzymes were zdded to non-foaming Barbadoes

molasses in varying quantities, under varying conditions. These

included papain and pancresatin, and trypsin, of which papein and

cpancreatin created a substantial foam. The amylase, taka-diastase

rregted a simliler foam.

[he addition of the enz me inhibitor potassium cyanide to both

foaming and non~foaming Barbadoes molanres resulted in a violent



ruption of froth indicating tlmt the acld molasses had reacted to

form gaseous ~ hydrogen cysnide. However, the use of mercury bich-

loride as sn enzyme inhibitor resulted in no cessation of the fro-

thing in a foaming sample.

The Maillard theory of interaction of amino acid on Invert

suger wes next attacked. Various combinations of liquid and solid

glutamic acld, glycine, ana aextrose in various concentrations were

added to non-foaming Barbadoes molasses. IMurther, the amino acids

vere added alone in znother set of runs. All samples showed sub-

stential foaming, although the froth did not have the more or less

aomogeneous consistency typlcal of naturel molasses foam.

The final phase of the experimental work consisted of sascer-

taining the validity of the theory of supersaturation of the mo-

lasses with gas. The table shows that the aeduition of suger crys-

tals and salt crystels at a temperature below the criticsel resulted

in a formation of froth. Other inert crystals, even ssnd, crested

3imilsr foaming.

If, as the experiments with crystals seem to indicate, a foam-

ing sample is different from 2 non-foaming sample only through the

presence of dissolved gas, a vacuum dulled on &amp; foaming sample at

room temperature will create a froth. ouch a vacuum wes crested

zsbove a foaming Barbadoes molasses using a simple laboratory aspl-

rator and pressure flesk. Within five minutes the semple was fro-

hing violently. This frothing continued for at least one hour.

1 similar vacuum pulled on non-fosming Barbadoes molasses at the

same room temperature (29 C.) resulted in absolutely no sign of

Poam even after one hour.



The pH of the molasses prior to frothing under this vacuum

vas found to be 3.9, and after frothing it md increased to l.2

indicating an acid gas hed been removed.

To settle all doubts concerning the identity of the dissolved

sas, an Orsat analysis was performed. 300 cc of foaming Barbadoes

molasses was incubated at 55 C. in a specially designed 1000 cc

Liason gr for 18 hours. The ges in the jr was run into the measu-

ring buret of an Orsat and then into 30% KOH. Duplicate runs show-

ea lio 5% of an acid gas in the ges in the jar ebove the molasses.

Ain acid gas would mean carbon dioxide, sulfur dioxide, or hydrogen

sulfide. Because of the peculiar odors of the latter two, they

are essy to determine organolepticelly. ouch a test indicated that

sarbon dioxide was the gas which had left the molasses during in-

cubation, since carbon dioxide is present in alr in a concentration

of less than 0.15.



DISCUSSION of RaSULTS

As mentioned above, little significance except that there is

a substantial microbial flora present in molasses can be attached

0 the counts made on the fresh molssses. However, experiments run

0 determine the presence of anaerobic and serobic gas formers in-

licate conclusively that although thermophiles sare present in mo=-

lasses (there was definite turbidity in most tubes) no thermophilic

zs formers could possibly be responsible for the gas forme tion in

frothing molasses. The presence of thermophilic gas formers could

yery well cause the formation of acid (and seemingly did as shown

oy the gradual decrease in pH by molesses over long periods of time!

vhich could ralesne oorbon dioxide gas from carbonates which were

added during processing. Further evidence countering the microbial

theory of foaming include the fact that the molssses which did froth

cegan its foaming inmedistely upon reaching the critical temperature

microbes require 18 - 2li hours before they begin their work), and

the fact that a "hot" molesses could not conteminate &amp; "cold" mo-

lasses with ges forming microbes. Further, tabulestea date showed

chet frothing occurred at temperatures as high as 80 C., a tempe-

ature at which no micro-orgenism thrives.

[he crowning bacteriologlcel work wes the ste

foaming Barbadoes molasses by cethode ray irradiation. The sterile

molasses frothed although less then normally. Since the msximum

irrediastion raised the tempersture but 3 degrees, it appears that

the tempersture at which the molssses was held wes at some point

above the critical, or perhaps some amino acid which might have

lecarboxylated to evolve carbon dioxide gas was destroyed thus

-ying up the carboxyl group. Since there was a 2LL hour time lapse



vetween irradiation end examination, it appeers that either the

irradiation or the handling of the molasses immediately before or

after irradiation resulted in its foaming during the 24 hour period

and subsequent low foam resulting from incubation. (The molasses

as received from the operator was frothing.)

In determining the optimum conditions of frothing, the factor

&gt;f viscosity is probably very importent, and it was thought that

6 solids was directly proportional to viscosity. However, a lite-

rature search revealed that the relstionship is some sort of a lo-

serithmic one, snd all that cen be said is that if the % solids

vas low, so then was the viscosity, etc. The table shows &amp; trend

cowsrds a minimum densitv (viscosity) below which frothing will

not occur, but this was not followed up. The table also indicates

thet there seems to be no mreimum % solids (viscoty) sbove which

nolasses will not froth. This tendency is probebly arrested at

5 % solius well above the narmal range of commercial molasses and

need not concern us in this problem.

The critical temperature found below which molasses shows little

;endency to foam agreed well with the findings of Hucker and Brooks.

[he maximum pH above which molasses would not froth seemed to be

5.0, but this was not followed up accurately and could be off by

2 half a pH unit either way. A change in the pH to the more besic

3ide of acld might well be the most practical solution to this pro-

blem for molasses producers since sulfur dioxide 1s usually added

co inhibit microbes and a little less acid would probably not sup-

oort the growth of any more micro-organisms.

» Possible explanation for the difference between the sections



Of the surface active agents may b- md by an examination of their

individual constituents. Those agents causing frothing included

en acid (stearic) end proteins (albumin, casein.) The acid might

well have released carbon dioxide from cerbonate, or being a solid

acid, released dissolved carbon dioxide gas. The protein might well

nave been broken down to amino acids which in turn decarboxylated,

The surface active agents creating no froth were all neutral and

aon-protein, except gelatin. Gelatin showeu a tendency to gel in

he saccharine and acid medium and may well heve increasea the vis-

cosity to above the critical

Since th pH of molasses is in the range of isoelectric pH of

oroteins, it is entirely possible (assuming the gelatin viscosity

theory accurate), that a surface active agent under optimum condi-

tions is necessary to release chemically formed gas from the medium.

Ihe isoelectric point of proteins is that point st which they show

their maximum activity. Stearic acid might well be an ideal agent

vhereas the others used might not be.

The precipitation of the protein might indicate that orotein

is not the surface active-ggent in molasses. The addition of en-

zymes to remove the surface-active ggents resulted in the addition

&gt;f proteins to the medium (all known enzymes are proteins), end

this procedure, regardless of the concentration of enzyme used may

vell have added surface activity to the molesses. Further, it is

sossible that the enzymes initiated a chemical reaction resulting

in gas formation. It would seem that the surface-actlivity theory

bears much investigstion because of the strong contradictory evi-

ience for it. Due to the inconsistencies, this theory deserves much



nore careful consideration before it is discarded.

in neither set of experiments concerning cation cetalysis or

cation tie-up of carbon dioxide were runs carefully made. This

aspect deserves a great deal of work since it offers so many possi-

0i1lities of variation.

The addition of enzymes to a non-foaming molasses, as indicated

sbove, adds a surface agent to a medium which msy need such zn agent

to effect the release of gas from its body. Three of the enzymes

&gt;reated a foam, and one of them was a starch digestant, resulting

in the hypothesis that since starch breakdown products are not ga-

seous and are not chemically converted to gaseous products, the

action of these enzymes was surface action. This argument wes

supported by the action of en enzyme inhibitor in a foaming mole-

such an agent caused no effect on the frothing indicating that the

action of an enzyme, if any, is in the surface rather than chemi-

cally. Again, this surface activity theory must be carefully in-

vestigated before discarding it.

The Maillard theory of frothing seems well substantiated on

the basis of the experimental work conducted. The fact that the

foem was not typical may well have been due to the absence of ne-

cessarv surface active sgents to act in combination with chemical

reactions.

By far, the most significant experiments conducted were those

shat proved conclusively that a frothing molasses contains carbon

1ioxide in a supersaturated form. This fact explains why molasses

will froth at below critical summer temperatures after being sub-

jected to violent agitation in barrel-racklilng processes. It also



3Xplains why molasses containing a sugar crystal sediment froths

nore violently than does a molasses without sugar crystels. It

&gt;xplains why once a barrel starts foaming, the entire barrel

froths. The fact that non-frothing molasses will not foam regard-

less of how one changes the physical conditions 1s also explained

Oy supersaturation.

Among those agents which will release gas from a liquid su-

cersaturated with it are the sharp edges of crystals, agitation,

snother gas, heat which expands the gas and forces it out of solu-

tion, and a lowering of the pressure sbove the surfece by a vacuum

(so that the vapor pressure of the dissolved gas is greater than

-hat of the gas sbove the liquid). It is possible that a lower=-

ing of the surface tension of the molasses (by eduition of a sur-

“ace active agent) opens the way for the escape of the dissolved

28.8 e



CONCLUSIONS

The most significant finding of this inveitigation appears

50 be that carbon dioxide gas is supersaturated in foaming molasses

All findings indicate this fact. However, conclusive evidence is

not present. It is possible that when the dissolved gas was pulled

out of solution (and this dissolved gas need not have been satura-

sed or supersaturated), a chemical equilibrium wes shifted in such

2 manner as to effect the release of more sas.

dlowever, assuming the supersaturation theory correct, we can

further theorize. Carbon dioxide gas, under this assumption hes

entered the riolasses at .some earlier stege in the process. It 1s

doubtful that it entered during storage br erv chemical or bacteri-

ological means since : way shown to contain

no gas-formers, and 7‘ th

neld for a period of eir

holding molasser) withc

this fact is hvpoothcii-

coerhaps bv holding manv different non-fosming samples ( taken fresh

from the plant' for long periods cf time and examining them for

foaming power

The superssturation, il nroven conclusively, would inulcate

hat many researchers were wrong in their basic oremise, that mo-

lesses foams by = chemicsl reaction upon recsching specific storage

sonditions. However, any one of 2 number of chemlcal reactions may

be the correct one accounting for the froth. 4ven nicrobes may

nave produced the froth at some very carly stege in processing prior

:0 being destroyed. It 1s also possible that some catalyst inherent

in molasses from the sugar cane stags either accelersted the re-
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lease of gas from the molasses thus preventing its superssturation

. to create a non-foaming molasses) or accelerated its supersatu-

retion (to create a foaming molasses.) Such a catalyst may well

nave been a surface active agent. The addition of csesrbon dioxide

;88 to a non-foaming molasses and then to a foeming molasses whose

sas has been removed might go a long way to proving or disproving

this theory.

rxperimental work to prove or disprove the chemical theories

of gas formation would involve either a careful step by step analy-

31s of the menufacturing process to determine where the production

of foaming and non-foaming molasses differs or a careful study of

ecch of the chemical reactions thus far mentioned in the litera-

ture. Of those studied in this investigation, the Maillard reaction

&gt;ffers the most promise as a source of ges. Although this reaction

accelerates at higher pH, it could easily account for a portion of

the foam. The fact that foaming fell off with increasing pH 1.

‘ration of carbon dioxide by bese or a neu-

sralization of emino acid necessery for the reaction bv bes:

Further evidence for the malllerd theory is had bv an examination

of the action of verious enzymes on non-foaming molasses. It has

now been shown that they could not have acteu as surfac~ active

agents (as indicated above) on non-foaming molasses and therefore

their most likely action is the formation ¢” amino scids to raact

vith reducing sugar and produce gas. It is vr

non-foaming molasses 13 one extracted in such a manner as to mini-

mize amino acid formetion or one from which sufficient gas has

avolved to use up all the amino acid presente.



All the hypotheses presented sbove arc vague and require fur-

"her investigetion before reaching any definite conclusions, The

nagnitude of the sugar and molasses industry warrants further ex-

oeriments along lines outlined in this investigation so as to de-

termine the basic cause of the froth and thus eventually eliminate

 5%
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APPENDIX

Fable Noe 1 = 3acteriologlical counts of Dark and Dark non-
foaming molassese

30 Centigrade

Dark molasses Dark non=-foaming molasses

Dilution Count Actual Count Dilution Count Actual count
wee Sie SEE Homi BG Gee har

1:10 235
1:10, 50
1:10% 50
1:10 -

Average count:

hah =

235
500

5000

1900/cce

—b Gum Gas — - — - SN ome ~ — aun QRS GNP owtGi SN GN NN

l:1
1:10

1:10%1:10

100
39

100
390

+“.

Average count: 2Lh5/cce

37 Centigrade

1:1
[210
L:10°
"eC

ak

lo: 1.6600
1h, 50000

63 630000
39 3000000J CJ”

Average count :1300000/cc.

l:1
1:10
1:10%
L:10p1:10 - -

] :10° 200 20000000

50 600
11 4100

Average count:7000000/cce



Table Z2e Juantity
chemical

35 Ce
D = tartaric acid
DNF « tartaric acid
D = boric acid
DNF « borlec acid
D «= NaOH

DNF. NaOH
D « HCl

DNF « HCl

10 Co.
)
DNF
J) = HCl

DNF « HCl

D = acetic acid
ONF = acetic acid
0 = water

DNF',=- water
D = tartaric acld
DNF « tartaric acid
D « Boric acid
DNF « Boric acid

D «= sugar crystals
DNF = sugar crystals
D « NgOH

DNF « NaOH

D = salt crystals
DNF'- salt crystals
5 Ce.
D
DNF
50 Ce
D
DNF
D « tartaric acid
DNF « tartaric acid
D « HC1
DNF « HCl
D = NaOH

DNF « NaOH

55 Ce
D = tgrtaric acid
DNF « tartaric acid
D
ONE

of foaming
conditions.

unaer

Foam (ce)

' Nn

 XL
)
1.5

-0

Joly
3

08
0

Selt -
J
1.0
)
2eb
)
)
)

940
0

LOO

varying

pE

lhe2
2a)
39
306
{9
Sel
340
3,0

Le9
Le9
4e3
lel
1e9
le 3

&gt; ad
Ted

lea

3.8
Leb

.1
Sel
Te3
lel
1e9
Le9

5¢0
De0

19
Le9
363
348
Le?
J +7

ol)

oO
lLeO
Le8
L1e8

physical and

% solids

76

-

-~
foe

ro

y

tr
™

oy
Sh

71
78

”

rt
1:
66
77
772

(9
30

79
30

JM
{0
{1
70

75
»



Fable 2 Quantity of foaming
chemical conditions,

under varying physical and

Foam (cco) pH Jo soli ds

50 Ce
D
DNF
D = tartaric acid
DNF « tartaric acld

340
0

1.5
I

Le
18
2¢5
3.

78
79
75

55 Ce
D
DNF
D = HCl

DNF « HCl

D = NaOH

DNF « NaOH

50
)
2.5
)
)
3

le
Le?

30
30
70
58
67
69

Le

-

wd

[0 Ce
D
DNR

300
)

lhe G 80
lie 8 73

30 Ce
D
DNF

Ire 7 80
lhe 7 80




