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Introduction

‘Uhe physical phepomena which control the rate of arvstallization of
sucrose from solution are not well defined. Although much work has been
done on the subjects (V¥ sucrosesalt solutions, {2} suevosc-non-sucrose
solutions, (3 and real massccuites (1) ndications are that the Noves-
Whitney-Nernst equation, which assumes that diffusion ol the sucrose mole-
ceules o the arystal surface s the rate contralling mechanism, is not valid.
Rather it is shown, that the rate closely approximates that of a unimolecular
reaction, particularly when sucrose activities are utilized rather than con-
CONITatIons,

The eficct of purity upon the crystallivation of sucrose from hect-house
situps Bas beens dearly shown by Nees and Hungerlord (3. Seasonal and
district variations are indicated by the same work and also hy the later
work of Ttungerford (6). It is the general belicl, that all impurities asso-
ciated with natural beet sirups impede crystallization, although Suzuki (7)
has obwined evidence (not well verifiedy ol o benclicial action by traces
ol manganese sullate.

Van ook and Shiclds (2) have se
natural sirups into two groups: the electrolytes or ash portion and the non-
clecirolytes or organic nomsugar  constituents. In each case, they have
correlated sadslactorily their own data as well as that of other workers (8)
(1 with the activity concept of erystathization behavior,

arated the hmpurities found in

Data on the relative inhibitory effect of Duopurities normally lound in
heee sirups are rather meager. Amagassa has reported on scveral salws, in-
cluding Na,CO,, K,CO,. NaCl, KCI NaGH, O, KC,H, O, and Na,50,,
listed in the approximate decreasing order ol their effect upon arystallization
(3} Other workers confirm the inhibitory power of salts, but gencrally do
not compare their relative effects.

Of the organic non-sugars, the inhibitory power of raflinose has been
giverr considerable attendon (6, 3) . Other materials on which work has
been reported dinclude invert sugar, dextrose, amino acids, and  caramel
(3. 10, 9. European  literature  contains many references 1o “noxious
nitrogen” and “harmbul pivogen™ with no definite information as o the
exact role of individual nitrogenous substances as molasses formers or their
cffect on crvstallization.

The solubility of purc sucrose in water has heen determined by several
workers with the dat of Herrfeld (11, published i 1892, having been
accepted more or less as standard, even up to the present time. However,
information regarding the solubitity of sncrose in solutions of the common
sugar-house impuritics is limited. Brown and Nees (12) have determined

k chg‘zn'ch 1.;1%)0@:[01‘} Manazoy and Chemical Engineer, rospectively, Holly Sugur Corp-
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2 Nwnbers in parcntheses refer 1o Hieratnre eited.
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the solubility in a wide variety of beethouse sivups. Jackson and Silsbee
{13y have measurcd the solubllity iu invert sugar solutions. Shukow (14}
determined the wmount of sucrose which would dissolve in various salt
solutions, and Kelly (13) more rm‘cntl}) determined the equilibria of some
similur ternary systems,

The desirability of segregating the relative cffects of the various im-
puritics upon the erystallization ol sucrose from sugar-house siraps hays long
been recognized, but lack of analytical data and methods has prevented
the sugar wechnologisis from being able o control adequately, experimental
conditions so that quantitative interpretaton of resubs in tenus of individual
components  (some ol which could not even be identifiedy bhas been im-
possible. With the development of vew analytical technigues, such as paper
chromatography and lon exchange, Owens and his assaciates have been able
to add cousiderably o the knowledge of the composition of bect-house sirups
and juices (16, 17, 18, 19).

The prosent work was undertaken for the purpose of obtaining prac-
tical information regarding the relative effect of somce of the more prevalent
impuritics found in beet sirups after carbonation upon the crystallization
of sucrose. The identity and amount of these contaminants were lurished
by Owens (2050 Benefit resulting from determination of such refative in-
hibitory eflect was visualized as twolold. i the firse place, knowledge of
which impuritics cause the greatest difficalty in orystallization would allow
the focusing ol attention upon removal by existing, as well as supplement
ary, processing techoiques. Also, and probably of cven greater value, would
be the opportunity to develop a beet breeding program aimed at eliminating
or reducing the more troublesome compounds [rom the beet iwsclf, since a
great wmany of the impurities arc impossible to remove in the factory with
the processing methods used today. I beets can he selected o give a high
sugar vicld per acre and. in wurn, be low in impuritics that cause trouble in
processing and crystallization, it [ollows that more sugar can be recovered
per ton of heets processed and at a lower cost.

The work as developed can be divided into three separate phases. The
first phase volved the wse of actual becetdiouse massceuites which were
recrystallized in the presence of known amounts of individusl fmpurite. &
sccomnd phase involved the preparation of synthetie sivaps from pure sucrose
amd known added amounts of chosen impuritics. In rhis case, ervstallization
tests were carricd out both with the addition of increments ol individual
impuritics and, also, with the climination of such impuritics. The thivd
phase induded solubitity determinations of sucrose dissobved in solutions of
individual hmpurities,

Procedures

The experimentad work was carrivd out In a constant temperature air
bath, a picture of which is shown in Figure 1.

The temperature was maintained constant by passing the aiv in the
thermostar through slots in the false bottom, over a bank of ordinary
light bulbs, through a circuluting Tan, and back into the main body of the
thermostal. The tempersture sensing clement was an ordinary  mercury
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Figure 1.— Air bath for
crystallization tests showing
circulating fan and manifold.

thermometer and a “Thermocap” relay, which controlled the heat source.
Very accurate control of temperature is possible.

The samples to be erystallized were placed in pint [ruit jars held in
ring adapters. This assembly was then placed in the thermostat on a pair
of rubber-covered rollers which were rotated mechanically, thus turning the
ring adapter and [ruit jar. The jars were rotated at a speed of 14 R.P.M.
to provide continuous gentle agitation of the sample,

In the frst phasc of crystallization studies reported herein, a Tow-raw
massecuite [rom the Sidney, Montana, factory was employed. This masse-
cuite had a true purity (on R.D.S. basis) of 81.76. A series of runs was con-
ducted with this low-raw massecuite as the basic material.

A batch of the low-raw massecuite was first diluted in order to dissolve
all of the crystalline sugar present. It was then evaporated under vacuum
to a concentration slightly above the 1.1 supersaturation desired and finally
diluted carefully with distilled water to the exact concentration as determined
by the Bausch and Lomb precision refractometer. Supersaturation of 1.1
was calculated as given by McGinnis (21). Concentration of saturated beet
sugar syrups at varying temperatures and purity are arbitrarily taken from
Brown, et al. (22

For each individual sample 250 grams of the base solution was weighed
into a pint [ruit jar and the desired impurity to be tested was added in the
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Figure 1-A.—Inside view of
air bath showing rolls and
adapter rings on jars.

approximate amount reported, based on its occurrence in molasses (20).
After the impurities had been dissolved, the jars were fastened in the ring
adapters previously described and the assembly placed in the air bath held
at 120° F. The samples were held in the air bath overnight at this tem-
perature to allow them to reach equilibrium at this temperature.

At 8:00 the following morning the samples were sceded with 75 grams
of screened seed sugar (—42 | 48-mesh). Since all could not be seeded
simultancously, they were seeded individually at five-minute intervals (start-
ing at exactly 8:00 a.m.). The air-bath temperature was arbitrarily lowered
5° F. every hour on the hour to provide a simulated crystallizer temperature
pattern. The final temperature adjustment to 85° F. was made at 3:00 p.m.

At 4:00 p.m., the first seeded sample was removed and its R.D.S.
determined. The remaining samples were removed and their R.D.S. deter-
mined at five-minute intervals in the order in which they were seeded. Loss
in R.D.S. was taken as sugar crystallized.

In addition to the determination of crystallization alter eight-hours
crystallization, the samples were also allowed to remain in the air bath
at room temperature for several days in order to determine total crystalliza-
tion at equilibrium conditions. In these tests, all heating elements were
turned off at 5:00 p.m. on the day seeded, thus allowing the temperature to
drop slowly from 85° F. to room temperature (73° F.) and remain at room
temperature for the rest of the test.
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I the second phase of these studies, synthetic solutions of chosen im-
puritics were emploved. Two approaches to the problem were used. In
the first, cach individual tmpurity whose eflect was to be studied  was
climinated from once sample, with the relative inorease in arvstallization
due o i climination being taken as its relative inhibitory power. For the
second approach, a stock solution of all chasen impurides was prepured and
cach individual impurity added o further quantity as io was tested, with
decrease in arystallization being taken ws o measure of melassigenic power.
All pupurities were tested i equal concentration exeept as noted.

Of necessity, in the series in which the impurity components were in-
dividually chiminated, cach sample was prepared separately. Each impurity
was present in the ratio of T part per 100 parts of sucrose except the Teucings,
which were added in the amount of 0.35 pare per 100 parts of sucrose due
to their limited solubility. A final sivup purity of 92.3 was cmployed in every

dst.

Fhe ampurities, sucrose, and water were accurately weighed into the
pint sanple jars o provide 250 grinus of sicup at the concentration desived,
The jars were then sealed and the solids dissolved by agitation of the jars
in a hotwwater bath. The samples were then cooled 1o abow C.oand
final munor adjustnent of concentration to 11 supersaturation made accord-
ng o RJILS. As in the massecuite samples, the samples were allowed 1o
rewain overnight in the air badc ar 1209 F. Seeding temperaiure lowering,
and final R.D.S. determination at cight hours and several days were also
conducted in the same munner as before. Levels of pH o were held the same
by adjustment with potassium hydroxide 1o a pH ol 9.

o
T

For the test series in which impurities were an added factor rather
than an eliminated one, a stock solution of impurities was finst prepared
i the approximate ratio in which they have been found in beet molasses
(20, 21y, with the pIl adjusted o 90 Samples were then prepared i pint
jars from weighed amounts of stock solution, sucrose, and cach individual
added mmpurity. Dissolution ot selids, concentration adjustment, and actuud
arystatlization testing were all cuoried out in the same muomer as helore.
Added impuritles were all in dhe vatio of T part per 100 parts ofwsucrose
except leucine, which was added in the ratio ol 8.5 part per 100 parts sucrose.
Sene difficulty was encountered in obuaining complete dissolution of a few
of the mmpuritics with K50, being the most troublesome. Tt was thought,
however, that all impurities dissolved in the presence of sucrose in the hot-
water batln, Whether or not some of the least soluble ones were precipitated
out in the crystallization runs is not known.

The final phase of the present studics involved determination of the
solubility of sucrose in solutions ol some known tapurities found o beet
wmolasses. Solutions of the individual impuritics were prepared in ping
fruit Jars in concentrations of 10 grams bmpurity plus 100 gvinns water,
except aspartic and glutamic acids which were saturated solutions  (at 30°
Coyo Aler the solutions were allowed 1o reach equilibrium at 30° € an
exeess of o 42-mesh ervstalline sugar was added. The jars were then re-
placed in the air bath ar 30° C.and allowed to vemain with constant slow
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agitation for six days. 'The jars were then removed and R3S, determined
in order 1o calculate the amount of sucrose dissolved.

Resubts—Phase I, Natural Sirups -l Added Impurities

The ciicet ol several chosen impurities upon orystallizaton from a
low-raw massceuite buse stock was determined by the mcthods previously
deseribed. The hmpurities chosen for the tests are shown in Table L

In cight-hour crystallization tests, all of these impurities significanty
lowered the erystallization rute {to 1 percent level of statistieal signilicance}
exeept betaine.

A choeck of the predsion of the method of running the crystallization
tests was deemed an essential Tactor iu the carly runs in order o prove ithe
usclulness of the method. Tnoa series ol tests involving three replications
ol seven wreatments, it was found that the standavd deviation among rephi-
cations was 0,028 R.D.s.

This small deviation hetween veplicadons and the fact that differences
between woauments in the order of .10 RS were {ound significant to
the T opercent level indieates that the method should be very wselul in
detecting smadl changes fn orystallization rate. It also poins up the Tact
that extreme care must be usad in preparation of samples for testing, as
well as o the actual measurements involved.

Included i Table 1 s a st of the various fmpuritics used in decreasing
arder ol thelr orystallivation inhibitory power. The first column shows the
relationship at the approximate concomtration level known 1o oxist in
cretain beet sirups. The sccond columny gives the list on the calculated basis
of cqual concentrations ol b part per 100 parts ol sucrose,  This was cal
culated by the difference i RS, obtained divided by the parts ol im-
purity per 100 parts sugar used in the rest. This may not be necessarily
true as it asstmes the effect s Hneuwr with concentration: however, it pro-
vides a relative cffect of the individual Impurity,

Table L—Dhnpuritics Given in Decreasing Order of Their Effect Upon Crystaltization.

Actual Concentration Basis Equal Concenuvation Basis

1. Betaing

2. Ghetamic acid
4. Aspartic acid

4. Leueines

3. Sodium sulfate

Cakctum chloridé
Serine

Calcium sulfate
Aspartic acid
Leucines

6. Alanine Glntamic acid
7. Scring Alanine
8. Culcium chloride Sodimm cultate
4. Calcium sultate Betainge

It by inunedintely apparent dea the difference in basis mkes a great
difference in the relative ranking of the melasigenic power. Although the
unit cffect of betaine is the lowest of any ol those impuritics tested, its
cumulative effect, due to s vather high concentration in beet sirups, s
the greatest of any, Conversely, the two caleium salts and serine are present
in such small quanitities that their effect is relatively small, but if they were
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present in egual concentrations to the other maternials their effear would
top the list,

Results—Phase 11, Part 1—>8ynthetic Sirups with Individual
Impurities Eliminated

In the sceond phase ol the present work synthetic sivups were employed
exclusively. The synthetic sirups were comprised of purse sucrose, water,
and chosen impuritios known to exist in beethouse sivups in significmt
quantitics. Bestdes the synthetic nature of the sivups, the tests in this phasce
of the work also dilfered from the first in another important respect. Whereas
impurity concentrations approximating those found naturally in beet-house
sirups were ciployed with the nawural sivaps, cqual weight concentrations
were used withe the syathetic sirups unless solubility Thmitations provented,
ABv\j using cyual concentrations the relative melassigenie effects of the in-
dividual impuritics could be compared divectly.

Since the impuritices 1o be studied in this series of tests were climinated
from the individual samples, their inhibitory effect was also chiminared
Thus, in the results of these teses the arvstallization was greater for those
smples which bave the greater inhibitory power. In Pable 2 are shown
the results of this series of runs with data taken at &hours, 21-hours and

Adavs orystallization time.

Table 2~8ynthetic Sirups With Individual Impurities Eliminated.

8-lrours 24-hours 4-days
Crystallization Crystallization Crystallization
Impurity Percent Percent Pereent

Etliminated R.D.S. Crysiallization RS, Crystallization RIS, Crystallization

Mabic acid 71.86 71.00 70.62 85.71 70.50 88,09
Factic acid 7165 75,90 70.62 B5.71 7049 88,27
Kason = — 7046 89.15 70,42 89.091
Selsine 71.58 774 T0.49 884 7087 90.56
Leucines —_ o 70.37 90.75 70,52 91.70
Glutamic ueld TLA4L 80.20 7040 811,04 70.27 92.48
Aspartic acid 7144 79.01 70,87 40.56 70.26 271
POCAL 7l 80.48 7057 au.44 F0.25

| - P 70.28 .72

Alanine 71.36 81.57 T052 714

NOTE: Al nmpuritics present in concentration of 1 part per 100 parts of suorose oxeept
leucines which, due to Jow solubility were added in conceniration of 0,35 pavt per
OO parts sucrose.

A plot of crystallization time versus pereent crysiallization realized s
given i Figure 2 for the fastest and slowest crystallizing sivups, as well as
two dntermediate ones. The curves show that after sbout 214 davs’ time
Hetde additional crystallization takes place and, therefore, any crystallization
tinte greater than this could be considered essentinlly at cquilibrium condi-
tions. The Tollowing list shows the impurities jn order of the decreasing
eflect upon the crvstallization.
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Table 3.-—Some Bect-House Impurities in Order of Their Decrcasing Etfect Upon
Crystallization of Sucrose From Synthcetic Sirups.

1. Leucines? 6. Glutamic acid

2. Alanine 7. Betaine

3. Potassium chloride 8. Potassium sulfate
4. P.C.A. 9. Lactic acid

5. Aspurtic acid 10, Malic acid

' Leucines corrected to 1 part per 100 sucrosce. Ranked between glutamic acid and
Letaine on L35/100 as tested,

A comparison of this table with the results obtained for both cight-
hours crystallization and onc-day crystallization will show only minor changes
in the order between impuritics which have been very close to the same
effect. Shuilarity of the results to those obtained with natural sivups, as
given it Table 1, will also be noted.

In order to assign a specific value in terms of the amount ol sucrose
lost (held n solution) per unit weight of impurity, we assumed that malic
acid has little or no cffect upon the crystallization; actually, it had the feast
cftect. Thus, if the difference between the offect ol malic acid and each of
the other impurities is determined, an arbitary measure of the amount of
sucrose lost will he obtained. In effect 1t could then be said that, if malic
acid could be exchanged for the impurity involved, an increased recovery
ol sucrosc could be realized. Under the condition of these tests and the
assumption above, the following increase in sugar recovery could be realized
i pounds sucrose per pound ol impurity per 100 pounds original sucrose in
solution belore crystallization.
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Table 4d—Incrcased Sucrose Recovery Obtained by Exchange of Malic Adid For Otha
Impuritics.

Pounds
Impurity Additional Sucrose
Lactic acid 0.07
Potassium sullite 0.60
Betaine (0L.62
Glutamic acid 1.28
A 1.52
Aspartic acid 1.42
Alanine 2.55
Leucings! 545

teovrected to 1o part/ 100 purts sucrose.

A comparison of thus nature shows up the practical significance ol dhe
difference in cffect of the various upurities. For justance, those impuritics
which have the greawest effect per unit ol weight are severaliokd more
troublesome than those on the lower aud of the group.

Phase IL, Part 2—Svnthetic Sirups with Added Impuridies

Lo provide a bewer basis ol caleulations of the smount of suarose held
in solution by a given weight of impurlty and o make further comparison
of the relative cffecr ol variows impurities upon the orysatlization ol suc
additional conrducted  which  consisted ol arystallization
runs inwhich known sonounts ol individual impuarities were added o o
synthetic stock sivup of kiown composition. Not only could the relative
effect ol cach tmpurity be dewermined, as in the tests deseribed earlier, but
also dhe specific effect of cache coudd be caleulated in comparison Lo crystal-
lization from the basic siock sirup.

YOse, tests were

In these tesws, sinee the impurities were added o o basic sirup, the
cffect will be a lowering of

the crvstadlization. The relative crystallization

for d-day and Gday tests s presented in Table 3.

Table 5—Relative Crystallization Obtained With the Addition of Selected Impurities
to @ Synthetic Base Sirap.

4-days Crystallization fi-days Crystallizagion

Fmpuarity - - e
Added R.D.S. Percent Cryst. R.D.S. Pereent Cryst,
7107 60,82 7098 62.28
KT 70.38 63.88 7077 635,64
Leucine 70.68 f . —
Clraamic acid M 0.67 67.24
Alanine 0.5 70.64 67.69
Aspartic acid .73 6H6.28 e e
PUCAL T0.57 67.21 057 f3.81
Lactic acid /.04 67.59 - —
Malic acid 70,62 68,01 70.52 £9,59
Betaine 38 G8.65 T0.49 70.04
KaSO), 70.54 69.27 70.16 70.52
Check 70.51 69,27 70.48 70.20

NOTE: Al addad impuoyites present in the amount of | part per 100 parts sucrose cxcepl

teucin

cwhich was added o the amount of 0.5 part per 100 parts sucrosc,
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As noted i e previous serics, the crystallization had neurly reached
cquilibrium condivons alter {our days. Adthough there was a measurabie
drop in RS, between four and six days, the wmount was small and virtu-
ally constant lor all samples, Dbeing from 008 w .11 RS, uuits. No
difforences at all could be measured, for o tew chosen samples, between the
six-day readings and readings alier [0-days crystadlizaton.

Some changes in ranking will be noted from Table 5 in COmparison
with previous results. Potassium cuobonate, which was not included in
other tests, proved to be the worst olfender of alll Aasine dyopped a
couple ol notches, and POUAD and glotamic adid more or less “swapped”
positiops, Lactic and madic adids, which were previowsly the least inhibriive,
climbad above betaine and potassivn sulfute, although all ol there were
relatively low., Nevertheless, the same general pazl:;tin persists in that the
previously high vanking impurities sull ranked high and the low ones still
Tow.

The “chedk™ sample inchuded in this series ol gosts provides o good
basis upon which 1o culculate the absolute amount of sugar tost (held in
solution) by a given guantity of cuch impurity, since the “choedk™ sample
consisted of the basic sivup only without added impurity corrected 1o the
same RUDS, and purity as the other solutions, The dilference between the
absolute quantity of sugar aystallized from cach sample and dhae arystallized
from the “cheek”™ sample will give the quantity of sugar lost per unit ol
impurity added per 100 units of sucrose i the original sirup at the purity
ciployed (86.0 in oviginal sivup) . It should be recognized that, since the
eifect upon crystallizaiton s not directly proportional 1o concentration,
other concentrations at other purites would not necessarily give the swme
vilues. Yer, ay already pointed out, such figures will be more significant in
estimation of actual dollars and cents oss and witl show clearly the wrea
in which elimbrtion of spedific hmpuritics, regardiess of method ol climina-
tion, will be most profitable.

In Table 6 are presented the relative quantities of sugar lost in tenms
ol pounds per pound of nmpurity per 100 pounds sucrose originally present,

Table 6.—Pounds of Sucrose Lost Per Pound of Individual Impuarity Por 180 Pounds
of Sucrose Oviginally Present.

Tmipurity Pounds Sucvose Losi
Patassium. carbonate 3.70
Potasdum chloride 2.506
Lencine? 1.91
Glutante neid 145
Alanine 1.8
Aspurtic acid 1.31
P.CAL .89
Lactic acid .69
Malic acid 0,535
TBetaine 0.27

Porassiuny sulfate _—

CCaorrected to concendration of 1 part per 100 paris sucrose,
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Again, it will be noted that the impuritics having the greatest effect
upon arystallization hold several times as much sucrose in solution as those
which have the Jeast ctfect. I we now combine the additioual Factor of
concentration with the sucrose holding power, as given above, while keeping
inomind the face that the offiect need not be directly propovtional 1o con-
centration, a good indication s obtained of the total melassigenic power of
same of the major inpurity constituents found in beet-house sirups,

To ‘Fable 7, s given the average compuosition for molasses as furnished
by Owens {20y, and the rotal sugar which would be held v solution by
such quantity of impurity based upon the data given in Table 6.

. Table 7—Total Sugar Lost in Molasses hy Crystallization Inhibiting Effvct of Some
Chasen Impurities.

Average Occurrence Total Sugar
in Molasses Held by Impurity
Tmpurity {grams/ 100 grams Sucrose)  (pounds/ 100 pounds Sucrose)
Potussium carbonate! 8.00 24.60
Porassium ehlorider 2,00 1883
Leucines .35 0,68
Glutamie acid 1.25 1.81
Alanine 885 117
Aspurtic acid 1L490 1.18
POAL 5.50 1.90
't 2.80 1.93
Loe 0.55
Burainge 3.00 243
Potassium suifates 370 -
TOTAL §1.05 62,13
R 63.13%
i oLl yETTE K st ‘\ A,‘ 2
urity TR x 10 3044

P Not reported by OQwens,  FPaken here as eqind o chdoride content. Carhonate yeported
elsewhiere (21} as ever twice the chloride
CCHloride and sulfrie content as the peotassium salt,

Table 7 provides food for thought along several different lines, In the
first place, It will be seen that over 75 percent ol the towd sugar htld m
moluasses is there as o result of two of the ash components, potassium car-
bonate and potassium chloride. Not ondy are these compounds the two top
inhibitors of sucrose crystallizadon, but they are also high on the list of
average occurvence. Thus, their combined effect becomes a farge fraction
of the total effect of all impurities,

We have found very hule in the literature on the concentration of
carbonate in molasses or other beerhouse sirups. ITn MeGinnis™. text on
“Sugar Beet Technology”™ {p. 439) o wypicad analysis for Califoronia molasses
shows carbonate content over twice thar of chloride. We have arbitrarily
taken the carbonate content as cqual o the chlovide. Therclore, i the an-
bonate content were doubled, it alone would account for aver 60 percent
of the sucrosce loss. Regardless, however, it appears that any measures which
cn be wken to lower the carbonate and chlorvide content of beet sirups
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would be of great benehit. Following the carbonate and chloride salws, the
amino acids and betaine are next most troublesome. Next i line come
the non-nitrogenous organic acids and, last, with litde or no apparent hann-
ful effiect, will come the sulfate salts.

Of the nitrogen compounds, P.CAL plus glutamic addd have the greatest
total effect upon crystallization primarily hecause ol their veladvely high
concentration. Thelr combined effect is over 10 percent of the totd und,
thus, comprises a significant portion of the sugar loss,

Lo is fortunate, mmdeed, that betadne has a reladvely small effect upon
crystadlization. Bewine provides nearly 22 percent of the total impurities,
as given in Table 7, vet dess than 4 percent of the sucrose loss is atiribated
to the compound. On the other hand, the leucines and alanine are relatively
high in the ranking of inhibitory power, but their Timited concentration
makes them a small factor in over-stl molasses forming tendency.

Malic wnd lactic acids are present in molasses i significant quantities,
but they do not conribute grearly to sucrose loss since they are not strongly
nuclassigenic,

Pouassiunn sulfate, at least o these tests, is i oo class by fsel. Linde
effcet upoun rystadlizavion was indicated.

Phase HI-—Solubility of Sucrose in Some Solutions of
Selected Impurities.

In this finad phase of the present studies, a briel series of Lests were
conducted in which the solubilitv of sucrose was determined v some solu-
tons ol several of the hmpurities studied in the crystallization tests, These
tests were conducted at a constant wemiperaure of 309 Coin the sane equip-
ment used v the arystallization studies, Table & gives the results ol the
solubility tosts,

Table 8.~Solubility of Sucresc in Solutions of Some Sclected Ympuritics,

Final Solubility R.IDLS, of
Impurity RIS grams Sucrose/ 100 grams H20 Impurity Solution

276.4 8.96
205.9 ’ 7.88
Malic acid 266.0 7.52
Alanine 213.1 10.72
Glutamic acid? 1.%4

Aspartic actd!
Potassium carbonate

Potassium chioride

Potassium sulfate

Soditm carbonuic VARIA!
sodiwm chloride GU.67
Sodiam sulfate

Check

P Satuvated selution (at 30° C.) employed for Aspariic and Glutamic acids,

I'he results ol the solubility tests scem to point out scveral things. In
the first place, the results should be fairly accurate. since the solubility of
sucrose i1 water (the “check” sample) is in good agreement with the value
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of Herdfeld (1. The dia Jor solubility in sale solutions c¢hedks the ary-
stllization results 1o that the arder of effect of carbonate-chloride-sulfate
correspouds o the same order of cffect Tound dn the erystallization tests.
These tests abvo provide a comparison of potassium with sodium and indicate
that sodium should be more harmiful than potssium, This relationship has
been given proviously in the Iternture (8},

Betaine s shown to hold a low amount of sucrose in selution, also in
agreement with the aystallizadon results reported hereme The effect of
the amino acids doos not chock well with the erystudlivation results, and an
even greater discrepancy s noted for malic adid, which allowed the second
greatest solubility of suerose.

A recent paper by Wiklund (23 suggosts the prosence of molecular
compounds between suorose and sales which, if his hypothesis iy valid,
would help explaim some of the differences in solubilicv not following the
vesults obtained by crystallization.

The last column in Table 8, giving the RIS, of the impurity solation
before the addidon of sugar, s irduded o show the RIS, variations of
the various materinls,. RS for the impurity solutions  {except glutamic
and aspartic acids) <houkd have heen 0000 since 10 grams were dissolved
i 100 grams H,O, I we take the greatest variation from this 9.09 figure
we find sodium corbonaie to be 401 hiotor and malic ackd 1o be 176 lower,
At a total solids of about 220 grams/100 grams H,O this variation would
amount to 8.9 to L8 percent deviation,

Discussion of Results

In general, the order in which some of the common beet-sirup impuri-
tics affece erystallization was found o be as follows:
I Carbonate and chloride salts
2. Amino acids
3. Betaine and non-unitrogenous organic acids
4. Sulfate sales

Somie variation in position among individuals in these groups was en-
countered, but the pattern of groupings, as shown, was rather consistent
throughout these tosts,

Te i unfortunate, indeed, that chlorides and carbonates ave so strongly
melassigenic, since they are presens in relatively large concentrations in the
beet sivups and, therefore, account for a hurge fraction of the towd sugar
tost in molasses,  Yeto on the other hand, it is {ortunate that betaine and
the sullate salts, also present in rather large quantitios, are ai the bottom

of the list

From the dats which we have gathered, it would appear that the most
fertile ground for improvement of the ovstallization characterisies les in
the chiminution of carbonate and chioride sales with lowering of POA.
and gluramic aoid the second most tikely point of attack. Vhe former pair,
swhich appear to accownt for over 34 of the wotal mclassivenic power, should
warrant the most concentrated efforts. The later two also rate some atien-
tion, since they contribure over 10 pereent to the total,
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Ihe case against PG and glutamic adid s a two-edged one, since
not only are they major contributors to sugar loss i mobwsses, but also
decomposition of glutaminge, the amide Irom which they originate, causes
processing difficultios through lowering of buflering capacity of juice and
lowering of alkalinity. At the present time no method of climination of
glutamine by processing technigues is usable in the sugar lactory, thus its
climination is also in the haunds of the beet breeder,

Since glutamine in Steffen waste (in the form of POA and glutamic
acidy has some value as a raw material for the production of monosodium
glutamate, its presence in beet juices & not a total doss. I i problematic
whether lowering the amount prescut would increase ense of processing 1o
a sufficient extent to offset s value in Steffen waste. On the other hand.
it would scom wise 1o think twice helore purposely increasing the glutamine
content of beets merely to inercase the amount recoverable from Steflen
waste,

Our work has indicated that, aside [rom carbonate and chloride salts
and the decomposition products of glutamine, the remainder of the -
puritics examined present in molasses account for less than 15 percent of
the sugar loss. It would scemt logical, then, to concentrate first on climina-
tion of the aforementioned compounds and disregard, for the present at
least, the rest of the impurities,
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