
"llieh (Olllrol till' r,llc of ny,tallil:tlioll oi 
IITll dc/iucd. much work has l)('cl1 

SIHTO'('sait soluti()ns. (2) ,\I( r'hC lion-sunose 
('I) indicaliOils ;Ire lilal the 

\Vllil equal iOll, which as;'lllll(', lhal diffusion 01 SU(T(N, mole­
'cuks 10 the surl,\( is the rate ( mcchanlsm, j, 1I0t \':did. 

on (I ') 
alld real 1lI<1"Clui1CS 

The Effect of Various I mpurities on the 
rysta II iza ticn Sucrose 

GUY RORAH,IC(;f1 Y\D LLOYD \V. 1\OR\IA:\1 

ImroduClioll 

R,llhcr it is ,lulII'it. lil;ll the rale thai of a llllimoiccular 
IT<lCliol1, when ,U(T<h(' ;«tll'Ilies utilized raliH'r than (011­

ceil t ra t iOlls. 

district ,,:[riatiolls an: 
\lork of 

upon the 
,I\(IWII hy ;\ecs 

indi(,ILcd the 
II 

(iaced with n:Hur:t! beet 
11;1) oiJtaiucd nidellCl' 

beCi-housc 

traces 
of m;lllgancse suliatc. 

Hook ;md Shielc!" 
inlo two groups: 

tbe 
ash 

found in 

cle( 1 

(orreblcd ,;1 

(9) III tIl I he 

org-;lllic lloll<;;ugar constituents. In c;tch ca~{', have 
their own data as as that of otller \,orb.'rs 

Data (m thl' Il1 

of their dfcn upon 
powcr of salts, InIl gellu 

not (OllJparc I 

been 

Of the org,luic ll{)n~sugars, the 
(ollsidcra iJie aHent iOI I 

incllU'e imeTI 

power of raffillmc 11<1.' heell 
Other m:lIcrials Oil which work has 
dextrose, amino and caramel 

(3. 10. ~». literature rdcTcnu's noxIous 
to theand "11;lnnlul nilr0i-\cn" i III orllla I ion 

eX;lCI role of individual II 

crfect on lOlL 

of purl' ~sU, i<lSC ill water has been dCI('llllincd by ,evcral 
\\~()rk(')s with Ih" (/;1(:1 d Hcpkld (11), in H92. been 

'l;milan!, evell up to the preselll time. Howcver. 
lilt' '"Iullilil\, of SU(TOSC ill solutiol!.s of common 
is lilllited. Brown and ?\'c(s (12) have determined 

( :orpand Chcll1ifal 

1\) Hlcral:llr(' cited. 
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the in a wide of h( ('I ~hOlh(' and Sibbcc 
1l1(';»U1Td the ill inn:rt 'ligar solution" SImko\\" ("1) 

tile whi< Ii would db,oh-c' tn \;tri01" ,all 
,olt!! iOlh, and determined t he of snnw 
similar tefnary 

The pH'sell I work \\'a, uI](lcrl;lkeIl for IIw plIl"j)o'ie of pra("~ 

tical information of 'iOIllC of the mOll' Pl'(,' alcUI 
found ;11 leI" Glrhona t jOll upon the i/;; I iOll 

of ,UCl"O,{', The amoullt ()f the'!' ("ont;tlllilJ<lnts \\-ere lurnishnl 
by Owens from dct!'lllli nation of ,>uch reLIt i\"l: ill 

I wo[ol£!. [Jl the fir'il of 
whidl impUlilic'i GHh(' the greatcst cliifi(\lliy in crystall 
the f oi at!clliioll upon rCllloval as well as 
ary. prO( icclmiljllcs, ,\iso, ;mel prol>alJly or CI01 greater value, would 
be the opportunity to a heet proglam iliIm:11 at ciimIIl:tt 
nr redllcing t he more trouhlesollle COllljlOUlHb from t.he heel i!selL sill( l' 'I 

grcat llIallY o[ the impurities an: to reJIlon' ill til(' LJ( lory with 
the processing metlio(b (hcd If IWCh call be selected to ,I 
sugar yield per acre and, ill turn, low ill t.hat C:II!.)e t.rouble ill 
prOCl'SSillg' and (l"\""talIil:llion. it [ollows that more sugar CUI be rccovered 
pcr lOll or he-us proec",ul and at a lowcr cost. 

The '\\"()rk :lS dcyclopu! can be (liyidctl imo three sc;parafc 
first phase ilJl'oh'cd the usc or actual 1J(:(;t-home 

I[/C'd in the pn"C1Hl" 0/ known amounts or 
second [undyed the 
,llld kno\l'l1 added amOllnh of choscn 
!(',t.-; wcre carried Olll both with the 

:llId, also. with the e1iminatioll 
included so]uiJil dt'tcl"mill;niolls of ,U(Tmc dhsol\ed in solutions of 

l'rocedures 

was carri"d out ill 
\);;!h, III I. 

lIas maintained ( Ollsl;tllt In (he air III (hc' 

slot, til (he false bottom. on'!' it bank or 
a LlIl, ;111<1 back into tlie malll body of the 

thermostat. I'll(" Helllpcra ttl rc ,;cnsinp; clemenl \\';1, ;1l1 Illercury 
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Figure I. - Air bath for 
crystallization tests showing 
circulating {ao and manifold. 

thermometer and a "Thermocap " re lay, which controlled the heat source. 
Very accurate control o f tempera ture is possible. 

The sampl es to be crystallized were placed in pint fruit ja rs held in 
ring adapters. T hi s assembly was then placed in the thermostat o n a pair 
of rubber-covered rollers which were rotated mechanica lly, thus turning the 
ring adapter a nd fruit: jar. The ja rs were rotated at a speed o f Y3 R.P.iVI. 
to provide cont inuous gentle agitatioll of the sample. 

In the first phase of crystallization studies reported herein , a "low-raw 
massecuite from the Sidney, Montana, factory was emp loyed. This masse­
cuite had a true purity (on R.D.S. basis) of 81.76. A seri es 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 crysta lline suga r present. It was then eva porated under vacuum 
[0 a concentra tio n slightly a bove the 1.1 supersaturat io n des ired a nd fin ally 
diluted ca refully with dist ill ed water to the exact cO ll centrat ion as determin ed 
by the Bausch and Lomb precision refractometer. Supersaturation of J.I 
was calculated as given by McGinnis (2 1) . Concentration of saturated beet 
sugar syrups a t vary ing temperatures a nd purity a re arbitrarily taken from 
Brown, et a l. (22). 

For each individual sa m!)l e 230 gra ms of the base w lutio n was we ighed 
into a pint fruit jar and the desired impurity to be tested was added in the 
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Figure l-A.-Inside "iew of 
air bath showing rolls and 
adapter 'rings on jars. 

approximate amount reported, based o n its occurrence in molasses (20). 
After the impuriti es had been dissolved, the jars were fastened in the rin g­
adapters previously described and the assembly pl aced in th e air bath held 
a t 120° F . The samples were held in the air ba th overnig-ht a t this tem­
pera ture to all ow them to reach equilibrium at th is temperature. 

At 8:00 the following morning- the samples were seed ed with 75 g-rams 
of scree ned seed sugar (-42 + 48·mesh). Since a ll could not be seeded 
simulta neously, they were seed ed in d ividually at fiv e·minute interva ls (start­
in g at exactly 8:00 a.m .). The a ir·bath temperature was arbitrarily lowered 
5 ° F. every hour on the hour to provide a simulated crystallizer temperatu re 
pa tte rn . T he fin al temperature adjustment to 85 ° F. was made a t 3: 00 p.m. 

At 4: 00 p .m., the first seeded sample was removed and its R.D.S. 
determined. The remaining- sa mples were removed and their R.D.S. deter­
mined a t fi ve·minute interva ls in the order in which they were seeded. Loss 
in R.D.S. wa s taken as suga r crystallized. 

In add iti on to the determin atio n of crystallization after e ight-hours 
crystalli zat ion, the sa mples were a lso a llowed to remain in the a ir bath 
a t room temperature [or several days in order to d etermin e tota l crystalliza­
ti on at equi li brium conditions. In these tes ts, all heat ing- elements were 
turned off at 5 :00 p.m. on the clay seeded , thus allow ing' the temperature to 
drop slowly (rom 85° F. to room tempera ture (73° F.) and remain at room 
temperature for the rest o f the test. 



OF Tll\,; . \, S, 

() I these ,t llei ies, Sollltiolh ul CI!O>UI lIll· 

purities were '1 \1( I apprn:l( to the problem \\'crt~ (bcd, III 

eliminated Ir<llll one \\'jth the rdalln: IlI(TCaSC III 

due to il.s dilllill:ttioll powcr. For the 

and 

III Wilh 

de( taken 

/\11 (OlHl'lllratioll ex('cpt as lloted, 

III lI'hidt thc impurity (Olll}lOllCllts 

lI'as E;u h 
I';ll'l per lOt) pans oj sucrmc l'xcqa the Icurlm>, 

amounl o[ O,~J:) l';(l'l pCI' roo pans of smrosc duc 
to their lilllited solnlJililv, .\ {nul oj 92,3 W;IS III e\cry 

inlo the 
desired, 

ill a hot waler and 
Illlal lllillor madc ;H COl d· 

to R.Il,'>. \, ill the lll:"sc(uilC \1 lTe ;( Ilowed t () 

re1Jlain ()\ ill the air halh at 1211" temperature 
:lIId Una! R.D,S, delnlllilJ:llioll hours ;ltld ,SCHT:tI were also 
COltduc\cd ill Ille Salll(; I.C\'eLs 01 pH were hdd Ihe 'aml' 
In melll with pH of 9, 

were at! addul 
th,llI :111 e1illlillated Olle, pI 

mo];",,(', 
ill 

SU(),()SC, dud ca( h illdi\,idual 

solids. «(jll( elliralioll ad men!. and a( tu~t! 


were all carried oUI ill lhe "Illle lll;Ullll'l' as heIOlt,. 


wefe all ill the r<lti" or [ 1);'1'1 per of. sucrose 

cpt kucillC', \\'hich \\'a, ,Iddcd il1 the Lilio oj (J,:) l':lrl ,S[l(nhC'. 


SOllie dilflCU II \ or :1 [C,,' 


of the IIIos t \\'a, 11I01l,,,11l. 


the pn'scll( e "I' Sll( III the hOI 
least ,oiubk Olle:.> \,'Crt' Cllcd 

OUI III kll()\\'ll, 

fill:!l st uti ies i II\'o!vnl detel'milla Iion or the 
sol u hi Iii v ]ouud ill heel 

lllola',,'s, S"lul ious the III pillt 
Iruit ill u)l)(cmraliOlls oj III grams 100 grams \\',1(er, 

0:((':1'1 ,I'parti( :ll'ld ,l('id, whill! wen' saturated so]uli()1lS (at ,we 
,\fllT thl' \oJmiolls wele all(Hlcd 10 rcacl: hriulll at ')00 C, all 

("(,(',, of '12'lllcsh ( sugar \\,;lS ;aldt'd. I'he \\'('1'(' lhen lT~ 

(:(1 ill the air halh ;11. C, ~lIld ;dlO\\'(.'d to rcm:lilt \I,ill! tOlhlalll ,loll' 



Resulls--Phase I, :-\alllral 

cHl:ct o[ sevcr,d choscn from it 

1IIaS;CCU!tc 
Tile ies choscn lor the lcsb ~Irc shown 

upulli;alioll lesrs, all of thcse 
rate (to I perccllt ICl'd 01 

L 
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lor SIX 1 he \\'cre [hcll relliolcd alld R,]),S. dUcl'lIlillcd 
III order to calculate lite amount :;ucrUSl: dissolved. 

The 
low·raw 
([csnillcd, 

In 

lowered 
('xc cp t bCla; nc. 

,\ dlt'ck 01 the of the mcthoci 01 
tests dcclllcd ;111 csst't)[i,tl facLor ill the 
LhclulllCSS of the Illcthod. III ;1 ,serics o[ lcsts 
o[ scvell treatments. it \\,;1, ioulld tilal Illc 
('<Ilion,; \\as 0.028 R.n's, 

This small dcviation l)nWCCll ClIH! the fa( L th'll ditktTllCes 

1Jct\\'een 1l'l'aLIllCllls ill the order 01 0.10 R.D.S. 
perccnt kvd ind iCltes tlla t the metilod 

small ( ill Cl Lite. It 

that cIre must he llsed ill preparation of 
well as ill the ;IUU;,] mG!SIHcmellls ill\ol\ed, 

used 
shm\'s the 

loll( clltration to cxbt III 
net;1 ill iJeet '('(ond columll the on the c;ilcubtcd 

n! (OlHClllraLiolls 01 ) pan pcr JOO parts of "lIlTO"C. fhis was ct!· 

(ulatcd by tbe dilicrcllcc ill l{,]),S, oht;lincd di\'idcc! by the pans 01 im· 


purity pCI 100 P;lrlS 'ugal llsed III tlte test This Bot be 

true as it assullles the cHeet is linear with COllccntralion: !l,)\\'('1 cr, it pro· 

lides a cffcn oj the Indll'ldual 


Tahle I,-Impurities Given in De{TCasing Order of Thdr E[f('Cl l~pon Crp·aaHhation. 

the 

stallllard deviation 

ilTre fOUlld 
,shou III ill' 

also 

At:tual COllfCtltration Bash EquaJ Conct'ntratioll Basis 

(:a!cium (hlnr!(I,"'; 
Serine 
Calcium 
;\,pan ie ;ldd 
(,('\Jelnes 

(), Alanine GlnuBllc acid 

" ,\ianln(' 
;-.:, Calcium dlioridc ~odimn rull:He 
iL Calcium "1IJ fate Belalne 

], B('~ain(; 

I I is Ihe difkrlcllcc ill 
dilrerellce r he 
unit ellcct of betalllc IS lhe lowest oj allY oj those 
cumulat drCCl. due to its rather C()Jllclltratioll ill heet IS 

iJ",i., m;lk('s 

jlml"eL :\ 

tested. its 

the 
in such 

calcium sails and scrine arc pres(,llt 

j,s Tel'll small. but II were 
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prescnt III «()ll(Clltraliotl' to thc other malniais their cfleet \1!)!Ild 

top the Jist. 

with Individual 

III the second SilUpS ,,','n' 
('''Cith! \ The syllt hell! siru [ls werc purse Sll( 

;tlld ci:osen Known to e>.:i,t in iJCl'l·ilOU.SC III 

quantitics. thnic nature of the sirups, the lesh ill 
of the work ;tbo diilcrcd lir,! ill an()ther VVherc;ts 

wcre 
wei,' w>cd Ililh 

lound 

SilKC the to he studied ill this 'l'lics of lests IITrc eliminated 

110m Ill<' individual dICe! 11':1.' abo dimin:t[(',L 

ita lioll was lor Ih,)sC 

11·11 irll have the grca Icr powcr III ('able "IT shoWI! 

the rcsults of this scrics of rUllS with ,LlI:1 lakcll 

li/atiotl time. 

T;tI)k' 2.-SyntlH'tic Sirups 'Vith Inrlividual Impurities Eliminated. 

hnpurhy 
Eliminah'd 

~bJj( acid 
I ,;ICtiC acid 
H.·,SO, 
lkt;dnr 

I.curine" 
(;lui:Hnic add 
.,\~pan:t· add 
r,C\, 
1,,{'1 

·\l;minc 

8~hours 2.j·hours 

Cn"htalliza tion Cq stallization 


l)cn:cnt 1'('H,'cut 
R.D.S. 	 Crystalliz3liOil R.D,S. Cryslallimlio(l 

- .. ­- ..... ....~ -,-~.-

.j·days 
Cf)',lalli/alioll 

I'rrrcnt 
R,D.S. Crystallization 

88.09 
8B,:n 
89!Jl 

70.:17 90.56 
70.32 91.70 
70,27 
70,26 

70.H 

71,6(; 

7 L}b 

7l.11 
-71.11 
71.11 

71.00 
7:;,90 

77.11 

80,20 
71J.O) 
SIUS 

8157 

70,62 
70.()2 
70. Hi 
70.'E) 
70.;17 
70.·H) 

8').7) 
85,71 
Sn,I:, 

19 

HIl.!.)~ 

'lO.:;6 
<)O,tl, 
92,50 
9U,9 

:\0"1 F,; 	 ,\ll impul 11 ics present in concentration of 1 per 100 pan, of ,;ucros(' 
kllcllWS which, due to low solubility were added in (On.ccnlraliol1 of 0,35 pan pCI' 
toO pa rt~ StH.TO."C. 

A ion Ii me \T!',lIS percellt 
the i'astest and slowcst 

(lIlCS. The cunTS show that 
takes p];IH' 

liJlle glc;tt(T tital! this could be considered 
The 

realilcd is 
a.s \\'ell 

http:iJCl'l�ilOU.SC
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Figure 2.-Percent crystal­
lizalioll versus time. 

Table 3.-Son\(' Hect-l-Iollsc IJnpuritk~ in On.ILl' of Their Decrcasing EHed VPOll 
CrystalliIatioll of StHTO:\C Frmu Syntilclk Sirups. 

1. l.ew_incs' G. Glutamic acid 
2. \\;willl' 7. Betain(' 
3. Potassium chloride g. Potassium sulfate 
4. I'.C.\. ~I. l.auic acid 
:)< \sparti( acid It), :\[;dic acid 

I Lcucines COflT('ICd to I pal t pc)' 100 ~lIcro'ic. Ranked between gluLlInic atid awl 
lll't;Jlflt' on .,.L~),' 100 as te:-.!cd, 

.\ comparison ni this ublc with the rbults oiJtained for both eight­
bours (l'plalli/alioll alld olle-day cl'yslalli/:1tioll will ,how Il}iIlOr ,h:lllgn 
ill the order hetween impurilie, ,,-hich have becn nT; (lmc to the "lIlIl' 

elleeL. Similarity of the rcsulh to tllme "hl:lined with tl:ltural sirups. as 

gin:1l ill Table I. will also he Hoted. 

In order to a,sign a specific \',due 11I terms ol the :Illj()llllt 01 sucro,e 

lost (held ill solution) ]'er unit \\Tight of impurity, we :1SSUlllCd th:iI m:di( 
acid has littlc or 110 effect upon the cryslalli/:ltion: actu:dly, it h:ld the least 

dInt. '1'11\1" iJ the dilkrcll(c between the ellen oj m:di( acid and e:Hh of 
the other impurities i,s cktcl'Iuincd. an arilitr;lry measure or the :lnlOllllt or 
sucrose lost ,,·ill Ill' oiJt:lincd. In cflell it could then be ,aid that, if malic 

acid could be exchanged for the impurity ill\·O!\'(·d. ;11l illcrc:tsed Inovcry 
01 )Ucro,c could be reali/cd. 1 'nder the conditioll or these test.s and the 
:hmmption abm c. the rollowing in( rcasc III sugar fl'( onTY could he rcali/u] 
ill [,ounds sucrose pcr ['ound ol impuril) pcr 100 pounds original SlHT(bC ill 
solution IJcI'orc (rY,'Lalli/:Jtion. 
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Tahle ·1.-I"u",,,,,·<1 Sutrose RewHT)" Oblained b, Ex,hangc of Malic Add ror Otlle. 
IlllPUrilieS. 

Pounds 
Irnpurity .Additional-Sucrosc 

r,;1{;1 Ie acid 
POl;)~si!!m ~ul£atc 0.61} 
Bet<lllle 0.62 
(;Iutantlc add L28 
P.L.\. l.f)2 
Aspartic add lA2 
Alanine 
l.curine>i 

. \ ol tius II,! tun' 
diHcrellu; ill cHell of the various 
which halc tile dlul 
l]'oubksolllt, Ihall lhost' (Ill the 10\\ 

PhaSe; I I, Part Sirups with Added 

III soluliol! by iI oj alld to lJldkc junl,cr 
o[ tlie relative ellen oj ",Il'IOlh upon tile Ion oj sue­

lOse, additional couducted "hidl COlbislcd oj li/;Illo!! 
llllic!t 01 indhidual \lcn' ;llided [0 " 

stock ( (luld [be lelall'" 
effect "I e,leb ribed earlier, but 
:llso tlte effect 01 <;lell could 10 

Ii/atioll [rom the b;ISi, 

In these tests. the 

cliett II'ill I)e 01 tbe (TVSlallil.:tli()ll. relative cnst:dI i/,llioll 

lor and 111 Tal)Jc .J. 

Table :}.~Rdalin' Cr~stal1ilation Ohtained 'Vith the ~\ddition of Splel'ted Ilnpul'iiies 
to a Synthetic Uast' Sirup. 

[leI' II Jt i I 
elid or Ihe group. 

4-days Crystallization fi~days CrystaHi.latioH 
Impuriq. 

Added R.U.S, PCl:("ellt Cryst. R.D.S. Percent Cr),sL 

K,(:O, 71,07 (){),82 7U.9H 62.2S 
KU 70,(1) /):).;',;(3 70.77 G5'(H 
I ,cl~rilic 70.(i8 
Cltuamic add i(J.G7 67.24 
\IZllline 711.71 ()().12 67J,9 

,\;..:partic G6.28 
p.e.A. n7.21 ''iO ..,) 7 ;;8.81 

add 7!U,1 
vJ"I;c acid '70,02 I;~.IJI 7(1.!)2 69,59 
Betainl' 7(l.;"S ,0..19 70.0-1 
K"O, 70.:"j 70. 'Ill 70,52 

Ch.-ck 139,27 70..18 71),20 

:\0 I E: \jj add(;~: impurities preSl'Il[ in the amount ()j 1 part per iOO parts :.tKrOse except 

ku("}nc. "dd! h \\ added ill the amount o[ O..~ part per 100 SUlrose. 
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,'\s noted in Ute pre\ ious hilt! n:d( hed 
c<I Ut Iibn um londllIoll' aIteT (our mC;1 surallJc 

ill R.D.S. bCt.\\'('Cll fUllr ;Illd six the <I111ilUiII \\'iI' slllal! and vinu­
(om(;llll ie>l' [rum (l.Ot) to 0.1 i R.ns twits. J\o 

dillt-rclllc, at all conld be llleasured, lor ;, lew ,ho,cn betweell the 
iOIl. 

Some III \\'i!! be nOled Irom Tallie :', Jll 

",ilit prc\ ious resulls. l'olaosium ulriJOnalc. ",hieh W.IS IlOt indwled 
other tcsts. to be tile \Vor:.t "ltcndc'!' oj ;ilL \lallillc 

oi llotchcs, and l'.e .. \. and acid molT or 
I.:leli, nd malic ;tei(h, the 

dilllhul iJetaine and all oj 
]\c\ cnhcless. the S;llll~ in lilat the 
ranking' 111es still Llnkcd the low ones .slill 

low. 

The "check" included ill this scrics oj leslS 

In Tahlc 
oj per 

·Tallie u.-Pntuuis of Sucros(' Lost P('f Pound of Indhidual Impurity PtT 100 l>ounds 
of SlHTO(.iC Orhdnally Presellt. 

which 10 c;tlcuialC lilC alJsniulc alllOUll1 oj SUg;ll' Ithl 

or cach , SllllT Ihe '''leek'' 

\\'itllCJlII ,Hided <OlTC( ted 10 tlte 
The dillnell( l' hCI \It'Cll IIie 

tite 
dl'ect 11 pOll ( Ill( ell Iralioll, 

othcr (OIl((~111 La liOll S 

altu's. YCI. a., 

liOll, will I)c most 

lilc,al1Jc 

ificalll in 
"'hol\' Ill(' 

or !!letillll! 01 l'iilllilla· 

or slIgal Ilhl ill llTIlIS 

Iy present. 

Iutpurhy Pnunds SUlTOS(' LO'il 

Pot~L";.,i lim carhonate 3.i(j 
chlorfde 

Cllli<1mt( add 
,\lanil1c 
hPilrtic acid 
I',C.A, 
Lactic add 
:\fZllic <1dd 
Betaine 0.27 
Pora~sium .;;ul !'~ll" 

COl feetcd to concentration of 1 lXlrl per 100 sucrose 

http:SlHTO(.iC
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will be noted that the lhe greatest dice! 
hold sCH:ral tinl(" ~" much sucrose ill solutioll those 

whit h han: lile lea,t c!!'cct. JI 'IT 1l0\\ (omiJi Ile the addit ioual btlnr oj 
COIl(C1ilratio!l with sucrose po\\'cr as 
ill lIlilld [he L:n that the dlen need not be 
eClItr;t!i';!I, illdiGllioll is obtaincd oj the total mclassi,e,clli( pmnT of 
SOIlIC of the Illiljnr cOllstitllent> lound ill beel,house 

III Tallie i, IS tilt: aycrage lor lllolasse,; ;h furn ished 
Iotal mgar which would be held in solutioll by 
/);hed upon the d:ll<i ill 'Lillie (i, 

Tahle i.-Total Sugar Lost ill .'\-lola~st's hy CrystaHi:zalion Inhihiting Eftert of SOIll;~> 

Chosen hnpurirh's. 

dire( to (Oll' 

alld the 

Itnpurity 

l'ot;t~sium Glrbtm;ltc1 

I'otassi III 11 ell jorid« 
1,(,lleines 
(;1 add 
Alanine 
'\:'Pdflic ~!dd 
P,L\, 
LaC! ic :lcid 
,\Ltlic 'Hi" 
BC'faiHl' 

POia'isiulH 

TOT\!.: 

,\ v{'rage O<:rurrenc(' 

iu ;\iolalOs('s 


(grams; )00 g.ram;; SUtrOSt') 


R,Otl 

H,OO 


0(11) 

.,.:,0 
280 
100 
'lOll 

70 

Purl!) 

Total Sug~1 r 

Held by Impurity 


(poll!Jtit)./-lOO pounds Sucrose) 


29,no 

,Ui'; 
1.81 

1.17 
LIB 
1.90 
I.!!!l 
O,[J5 

ll:\,13 

100 

1 :\n! reportcd h} ()V,·C'HS. i'akctl here :/) equal to chloride content. 

OVC1' l\\.'lce the chloride, 


and sl!!lafc conTent tht' pota:);;Jlll1l salt. 


Tahle 7 lood JOI \('\eral dillcrcl1l III the 
Illst place, it will he SCCli tl!;lI percellt or tile [olal sugar heJd in 
moidsscs j, :, result 01 Iwo of lilt ash COl1lPOlll'lIt\, car, 
ilollale alld pOiassium chloride. '\ot arc these top 
inhibitors 01 sucrose IJUI abo of 

OC(UnCIH(', 'fhus, their combillui eifel t bccmlles a largl' fractiou 
01 the IO(;t! dIed 01 all 

\1\'(' han: fouud Yl'l';' lillie ill the liler;llut'c Oil Ihe COll(eJllratioll or,' 
carbonate ill llIolasses or other bCCl,ho(hC slrul's. III !'IfcGillllis', lexl on 

Beel lor Califortlia lllol,lsscs 
shows carilollate (Ol!leut (ncr [win' lit;n of chloride, '-\Ie Inv/' 
UkCll the cariHm;Hc (Olllerlt as to tbe (hl,Hidc, Thcrciorc, if the (;lr­
bonatc content wcrc doubled, it ;dollc would ;\((OUllt for over GO percellt 
of the SlHTo:-;e loss, RcganlIcS), ho\\,ever, it ,IPllc:!rs that allY measures which 
can he lakclI to lower the carlJon;J!c and chloridc contenl 01 Ilcct 
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would I)c of great benefit. ill(' carlJ(lIl;ltc and chloridc salh. the 

amillo acid, and hetaine arc IlC.\'[ most tl'oublc"llIlC. :\ext ill linc cornc 
the llollllill'ogellollS organic acids and, last, with litlle or no apparcnt !J;lrltl ­

fill effect, will comc lhcsulfatc <alts. 

or the II 
toLli cHeel lljlon n-),.,t;dli/;ltioll 
c()]l(clltralioll. J'hcir combined 
tllU.s. ( 

Illic 
iJCC<lU'C oj their 

oj 

acid h
reb lively 
tile total 

an, the gn';ll('sl 
high 
and. 

It h lOrlulla[c·. indl'( d, that 
BClainc plm ide;.. 

in TaiJIe 

to sucrose loss ,ince 

POL!s,iultl suli'ale, lea" ill these [csl\, i, ill a cias, h) i(sdL Little 
effed UpOIl (f)'talli/alio!l was iudi, all'd. 

Phase of Sll(rOSe In Some Solutions of 

Selected Impurities. 


III this fll1;tl of the pn',clll studies. a brief seric, of i.e,(" 
(olldu('led ill "hid) the solllililitl' flf ,!lcrose' \\,,is ckt('nnil1cd ill somc solu­
110m of several 01 tlie illl]lllrilics studied in lile lCs(S. These 
[("I'; Wt'IT (OmlUllcd ;It ;, (Olhl<tllt ll'IllDlT,IllI'C of 'lOo c:. ill the ',;nlll' equip­
me!ll uscd ill the O'y,lalli/,'ilinn sludics, TaiJle R gin',s the n'sult'i 01 the 

j'ahl<' H.-SolubiHtl or Suo'osc in Solutions of SOnIL" Se1e('it'd lm.putitics. 

Final Soluhilit), R.D.S. c)[ 

Impurit ~ R.n,S. grams IiiUffOSC/] 00 ~u~nns l-bO hnpnrily Solution 

1.12 ::76.'1 
t4 20~L9 

\falic ,tcid 2ol).(i 
1 

clrhoqalC 
218Pota:':'lum (hlndd" 

Pofd~\iIIIH 210.1 
"iodiuUl 
Sodium 

71.111 
(;~Lb7 

(l~A:t 

I:U() 
2(,). 10,63 
20,.'1 (/.10 
217.7 

:10" C.) clnplo}cd for A:-.par!tf and GJlItamic 

rile 1'C's1.Il h 01 the solu bil II) lC,[s s('em to In 
the first p1:1 ('(' , lhe rc,ulls SllOUld be birl\' :lll urate. Sln(e the "I 
SLHTOSC ill water "check" ,ampIc) is in agrccnlcllt with the \':liuc 
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oj lkl'lfcld ([ I). The d;lta Jf)r ill "ilt ,;olutiolls (ilt'( ks the uy 
,,,t:illi/;!t iOIl reml hill Ihal the o)(l\>r oj cirCe! oJ cari)(JlIal hloridc-,ullarc 

to tl\(' SCUlll: ()ldn oj ,Ile! 1 fOllild ill ,I,c cq"alli/aliol1 tcstS, 

oJ \lilh sodiulll alld Indic:llc 
'1 hi,) rd:11 ha" 

hCCl] ]Jl 

Helaine ShOWll to hold In\\' .IlllOUlll 01 also III 

the ( The clrcct 01 
result>, and all 

lIIalk .Icid. which ailowed [be second 
grcatcsl 

\Yik]Ulld suggest-; 
SU(P)Sl' alld :,alts wili,]" 

ill SOl!lC or Ihe dillerelln:'s III 
(1\ 'lailizatioll. 

lhe R,]),S, of [he solut iOIl 

hdorc the l,dditioll or sugar. is illl lulled to ,110\\' the R,n.S. \;;ri;lliolls of 
lile ,,:nimh Ill,llniak R,D.S, Jor the so]Uliolls (CX(q>l 
and ;1<1'111'1;( ;I( i(h: ,hlll,ld [,"''<' iJeen :l.O!). since JO VI;lllh "'ere di,,,,ln'd 
ill 100 gnlm H}), If we l:lke the gll:ate,l var;ation from this f).Oc) 
\\(' filld "'([tUnl clrilollalc to ill' 'l.01 il ;llId malic ;I(id to 1)(' l.if) ]nw('r 

.\[ a [OLd solid, or about 00 granb H"O this lari;Hion would 
amoullt In 0,') In 1,R pl'ITem dCl ialioll, 

Di"CHSsion of Results 

III the order ill which SolllC oJ lite COllllTlOn beel-sirup impuri­
lit'S :lfln I crpl:illi/alioll \\'as [ound [I) Iw :h fnil()\\'s: 

1, Carbollate ;Ind chloride s;dh 

4, :\millo acids 
Bct:tinl: and nO[]-il organ ic at id...; 
Su lJa t t' s:l1 h 

SOlllC linn ill iOll among- indi\'iduals in 111('.'(' ,~rollpS 

oj ;1'; s!Jo\\'n, w;" ra [her ! 

;Intl c;lriJonalcs an' so 

COI](ClllLl Lit H1S the' 

ilU:linc :lnd 

the sulLlte salb, arc thl: bouom 
of the 1lSI. 

From the dat:I wlti( It we have it would apl'e;lr Ihat the 
fenile for of the (n:it;dli/alioll cl!ar:1C[(Tislils 
tlw dimill:llioll of carbonale am! dtiorir/c 'iallS \\'ilh oj 

:1nd ;Hid the sl'contI ilHht poinl 01 lormcr 
which 10 ;Ul Ollill for 01'('1' ~..~ of Ihe IO(;ol pml,(,l', should 
warralll till: ]It(ht (Ol\(l'lIlratcd ('ITon>;. The Lltler 1\\'0 ,!IV) r:llc smile :tuell, 
lioll, rOlllribuk O\'(:!' J[l percent to llie total. 



:2.) I 

rile P.<:'.\. ami ,Icid a one, si !lee 
III Illol;"s(;s. but aho 

alld 
no method of dilllinillioll of 
tn the thus i Is 

eliminatioll is aho lit 

Since ill Sldlcll wasle the form of 1'.(. .. \. 
value :\ law lllalerial for the mOliosodiulli 

its presence in beel 's not a lol:d It 
the amount pre.sellt \\'ould or 

a suflident extent to ofrset "aIut' in Stdlell w",le. 011 the other h;llld. 
it vl'oule! scem wise think twice before the glutlllllillC 
content of bects to irHn:lhc the amoullt rClO\'Cl\lhk from Sldlell 
waste. 

Our work has indicated Ihal, aside from carb')ll,,[e lIlld chloride salh 
and the of till' Tt'lll:lindt'l' of the 1m· 

examined present in mO!<I>Scs COUllt for less thall I percellt or 
the sug'ar loss. It wuuld seell! COIKClltratc lirs\ on elimina· 
tion of the aforementiolled lor lhl' present at 
least, the rcst of the 
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