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ABSTRACT 


Chemi c al s ubstances which occur natura lly In t h e beet ma y be 

use d a s tracers of s ucrose i n process. The r atios of s ucrose as 

determi ned by gas chromatography a nd the concentrat i on o f these 

s ubstances can be determined and fo l lowed through out the diffusion 

and purification process. The ratios a lso may be corre l ated to 

bacter i al concentrations and to losses which occur in the beet end. 
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THE USE OF NATURALLY OCCURRING TRACERS TO 

EVALUATE "UNACCOUNTABLE" LOSSES 


M. Fowers , J. Olmstead, et ale 

I ntroduction 

The importance of unders t a nding a nd reducing the microbial 

load in the sugar process has been widely discussed . optimal use 

of GMP ' s, t e mperatures , a nd bioc ides can greatly reduce the amount 

of sucrose lost to microbial degradation. The experiments 

described in this paper were carried out in an attempt to answer 

the following questions: 

(1) 	 Where in t h e process is sucrose lost? 

(2) 	 How high of a c orrelation exists between losses and 

microbial concentrations? 

(3) 	 How much of the " unaccountable" l osses can be identified 

with natural tracers? 

Natural tracers a re chemi cal c ons tituents which a re found in 

the beet at processing. Those se lected for e valuation in this 

study were betaine, potassium , and chloride. Over 800 samples were 

taken in this study. 

Results 

One of The Amalgamated Sugar Company 's f aci lities, Nampa, 

installed flow meters around t he beet end f o r use in ma ss balances. 

The balances seemed to indicate that no sucrose was being lost in 

the diffuser or purificatio n but rather in the evapora tors. Means 

of evaluating the losses chemically were discussed and three 

chemical "tracers" were chosen for evaluation. Betaine, p o tassium, 

and chloride were chosen due to their inertness in the process. 

The ratio of gas chromatographic (GC) determined percent sucrose 
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divided by the concentrati on of the tracers was used to evaluate 

both the tracer and the location of sugar loss. Since the 

concentration of the tracer should no t change throughout the 

process any change in the ratio would indicate a change in the 

sucrose concentration . Samples collected and analyzed included 

fresh cossette s, mid - tower diffusion juice, diffusion juice (raw 

juice), pressed pulp water, tailings return , diffuser supply water, 

thin juice, and thick juice. For this paper only the samples of 

cossettes, raw juice, thin juice, and thick juice will be 

discussed . The other samp les contained negligible concentrations 

of sugar and tracers. 

Bet aine was c hosen because of i t s relat ively high 

concentration and reporte d inertness through the process. The GC 

per cent s ucrose /be t aine rat io was plotted a ga inst the thermophil ic 

bacteria c oncentrations and showed an excellent correlation in the 

cossettes a nd i n the r aw juice . Figure 1 i s a graph of the rat i o

plate count c orrelation of raw j uice i n hour l y samples taken over 

a six-hour period. Beta i ne was r ejected a s a trace r however 

becaus e when t he rat i os betwee n th i n a nd thick juice were compar ed 

t he th i c k juice demons t rated a higher r at i o. Since s ucr ose cannot 

be made in t he evaporator t his ind icated a bet a i ne loss. We 

theorize tha t t here is some t hermal degradat ion of the betaine in 

the e vapora tors. 

Potass i um was also determi ned i n several sets of s amp les f r om 

t wo locat i ons . The potassium l evel s fl uct uated throughout the set s 

of samp les . An exa mple of a plot of GC / potassi um vs . plate counts 

is shown i n Figu re 2. Compar isons of GC/ pot assium ratios from 
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cossettes to thick juic e were too erratic to be used for 

comparisons. 

Chlorides a r e found in lower concentrations in beets than the 

other t racers but seemed to give the best results. In all cases 

t he ra t i os decreased f rom cos s e ttes to raw juice with o n ly small 

d e v iations f rom r a w j uice to thick juice. Figur e 3 illustr ates the 

resu l ts of t wo days of hour ly samples o f GC/ch l orid e ratios plotted 

agains t t he micr obial t i ters of the samples . 

The correl ation of 0 . 57 is quite g ood s ince i t is a compari s on 

between a chemical s ystem and a biological system. The question 

was asked if the sucrose/chlorid e ra t io change i n r aw juice was due 

to micr obial degrada t i on or changes due to var i able i ncoming beet 

qual ity. A plot of the suga r /chloride ratios f or c osset t es and r aw 

j u i ce i s shown on Fi gure 4. 

Good corre l a tions were obta i ned f rom sample s ets taken in 

Nampa. Figures 5 and 6 are e xamp l e s . The h igh c orre l at ions 

i ndica te t he direct relat i ons h ip o f bacteria l c oncent rat i ons and 

s ucrose lost i n the process. 

Evaluating the answer to quest i on 1 i n the introduct i o n was 

i mportant in light of the ma ss balances done a t the Nampa f a ctory. 

A complication a t Nampa is that chlorides a re adde d t o t he syste m 

as s od i um ch l oride in the lime k iln. The s odium c hloride i s used 

a s a fl ux to reduce clinkers. Si nce the chlor i de concentrat i on of 

the thin j u ice would be affect e d calcu l a tions were done t o correct 

f or the added chloride. Figure 7 summa r izes the calculat ions use d. 

The opera tors document t he a mount of s a l t added p e r day a nd so 

daily a verages of percent sucrose/chloride r at ios were u s ed i n the 
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Calculated GC/CI in Thin Juice 


Slice(cossette %sugar-pulp loss)x 2000= Ibs sugar 


Ibs CI in r j= Ibs sugarI GC/CI of r j 

Ibs CI + CI added in lime = Ibs CI in Thin juice 

Calc. GC/CI of thin juice = Ibs sugar/lbs CI in tj 

Fipe 7 

GC/CI Ratios 
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% Loss on beets 

Then: 

GC/CI of 

A sume: GC/CI = lb. sugar/lb CI 

Ge/ CI of cossettesl %sugar = Ibs beetsl Ib 

coss. - Ge/el of thin juice = Ibs sugar lostl 

Ibs sugar lost I Ibs beets = oalc. loss 

calc. loss - pulp loss - " loss I beets 

CI 

Ib CI 

Figure 9 
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% Loss on Beets 
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