
Computer Method for Calculating Percentage 

Apparent Purity of Sugar Beet Thin Juice' 


GEORGE A. M ILLIKEN AND RICHARD .J. HECKEI<2 

Received for t)lL(Jlic{ffinn 1 1117t' i, 1()6; 

The percentage apparent puri ty of sugar bee t thin juice is 
used to de termine the processing quality of sugar beets. Because 
of the increasing importance of pu r ity, sugar beet 'breeders are 
carrying out more extensive research programs on this character. 
The apparent thin juice purity is ordinarily determined on 
sugar beet pressed juice whic h has been defecated w ith lim e, 
then parti a lly neutrali zed with oXiliic or phosphoric acid. This 
thin juice closely approx imates th e factory second carbonation 
juice, Carruthers and Oldfield (3)". This ca lculation of percent­
age thin juice purity from the thi n juice saccharim eter and 
refrac tom eter readings is a time-consuming and costly opera­
tion when done manually. H ence a mf' thod was developed to 
compute this apparent purity on an electronic computer. A 
com puter is designed to do routine calculations, sLlch as this, 
with high speed and accuracy, resulting in lower computation 
cos ts and elimination of human error in the calculating and 
check ing processes. 

The purity of a sugar solu tion may be defined as t.he per­
centage of Lotal solids (dry substance) of tll(" solution which is 
sugar. as expressed in the simple formula: 

percent suc~ose X (100) P URITY = [ 1 ] 
percen t solids 

T he m ethod for purity dete rmina tion of thin juice, according 
to Brown and Serro (2) as modified by Carruthers and Oldfield 
(3), employs a refractome ter and a saccharimeter. The refracto­
meter provides the refrac tive index and th e sacchar imeter pro­
vides the poloriza ti on of the thin juice based on th e International 
Sugar Scale. Because th e thin juice is an impure sollltion, and 
the above two readings a re based on the refractive index and 
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saccharimeter r eadings of a pure sucrose solution, the labora tory 
determination is called "apparent purity". 

In the normal process of purity determination a sampl e of 
thin juice is placed in a precision refractometer and a reading 
is taken. The refractive dry substance (RDS), or total soluble 
matter in an impure sugar solution, corresponding to the re­
fractive index, is read from the refractometer conversion tables. 
Each refractometer instrument has its own set of RDS conversion 
tables which depend upon th e calibration of the instrument. 
Thus the statements in this paper concerning the refractometer 
tables are for the Bausch and Lomb precision reb-actometer used 
at the Sugarbeet Investiga tion Laboratory, Crops R esearch Di­
vision, U. S. Department of Agriculture, Fort Collins, Colorado. 
The remaining thin juice is then poured into the saccharimeter 
(200 mm tube) to obtain the polarization on the Internationa l 
Sugar Scale. 

Using the RDS and th e saccharimeter reading the apparent 
purity is calculated by 

APPARENT PU RITY = FACTOR X SACCHARI­
METER READI NG r2] 

where the factor is determined by 

FACTOR = 26.00 [3]
0.99717 X sp gr X Brix 

where: 26.00 is th e " normal weight" for sucrose, [Bates (1) p. 79]; 
0.99717 is the apparent density of water at 20 °C [Bates (1) p. 
632 ] ; and sp gr is th e specific gravity of water at 20 ° / 20°C for 
the Brix of the solution. Brix in this case is RDS. 

Consider a sample of thin juice with a saccharimeter reading 
of 40 .3 and a refra ctive index of 24.29. The RDS corres ponding 
to this refractometer reading is obtained from the refractometer 
convCfsion tabl es and is read to be 11 .70. The speciiic gravity 
corresponding to this RDS (or Brix) is 1.04706 [see Bates (1) 
pp. 614-02 3] . Thus, the Llctor is : 

FACTOR == __ 26.00 __ 2. 1284. 
(0.99717) (1.04706) (11.70) 

The apparent purity is then: 
APPARF~T PCRITY = (2.1284) (40. 3) = 85.77. 

An instrument called a "purity wheel" has been constructed 
ltl the fonn of a circular slide rule where the scales are such 
that when th e RDS and saccharimeter readings are lined up the 
apparent purity is calculated, taking- into account the specific 
gravity corresponding to the given RDS. Thus, in effect, one 
scale corres ponds to the values of the factor and the combination 
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of the scales carries out the multiplication of the factor and the 
saccharimeter reading. The purity wheel is probably the most 
frequently used method for calculating percentage apparent • 
purity. There are two weak points in using the purity wheel. 
First, the purity wheel is not finely scaled. For example, if the 
RDS is 11.73, it would be hard to locate exactly the position 
of the hairline, which could result in a purity error as high as 
0.2 percent. Second, the purity wheel is not constructed such 
that low values of RDS (below 8.0) can be used. A set of tables 
has been calculated to handle these lower values, but they are 
in increments of 0.05 units on the RDS scale. If one has an RDS 
of 7.38, he 'would have to interpolate between 7.35 and 7.40, 
or' he would use the purity value corresponding to the RDS of 
7.40. \fost interpolations are carried out on a linear basis and 
it could bias the results since the proper interpolation is not 
linear in form. 

One method 01' calculating- the app;-rrent purity on a computer 
directly from the refractometer reading and th e saccharimeter 
reading, would be to enter the refractometer conversion tables 
and the specific gravity tables into the computer. From this the 
computer could be programmed to call from storage the RDS 
value corresponding to the refractometer reading and then recalJ 
the specific gravity corresponding to the RDS of the solution. 
The apparent purity could then be calculated, using equations 
[2] and [3]. However, this is not a feasible method, since these 
tables are very large and the average computer is not big enough 
to store the tables and the progTam needed to do the calculations. 
Thus the computer method which we have developed for cal­
culating the percentage apparent purity consists of programming 
the computer to obtain an equation which approximates the 
refractometer conversion tables; i.e., given a refractometer read­
ing, the equation gives the RDS value. The computer was also 
programmed to obtain a second equation which approximates 
the FACTOR (equation [31); i.e., given tbe RDS value, the 
equation gives the corresponding factor. Then the computer is 
programmed to use these two equations to obtain the factor 
and to multiply the factor and saccharimeter reading to obtain 
the apparent purity. 

Specifically a computer is used to determine an accurate 
equation to approximate the refractometer conversion tables fur­
nish ed with the refractometer (Table I, columns I and 2). The 
process consists of fitting a polynomial equation to the refracto­
meter readings (scale) and the corresponding RDS values by .. 
using a standard polynomial fit computer program. The particular 
program used generates five equations, linear through a fifth 



VOL. 14, No.8, ]AN UAK¥ 1968 677 

degree polynomial. For each equation, the program expresses 
the goodness of fit by calculating the coefficient of determination 
(R2). 

TahIe l.-Comparison of tabular and compuler calculated refra("tive dry substance 
values, using- equation [41. 

Refractometer Computed 
reading Tabular RDS' RDS 

21.50 1.70 1.72 
22.00 358 ~.59 

22.50 5. '12 5.41 
23.00 7.22 7.21 
23.50 8.98 897 
24.00 IU.71 10.71 
24.50 IV11 12.40 
2:;.00 1'1 .07 14.07 
25.::>0 15.70 1;;.70 
26.00 [7 .29 17 .30 
26.50 18.86 18.87 
27.00 20.39 20.40 
27.50 21.90 21.90 
28.00 23.38 23.37 

1 T hese RDS values a re from the conrersio n la b'cs furni shed with the Bausch and Lomb 
precision refractometer at Sugarbeet In vestiga ti ons, Fort Collins, Colorado. 

The equation chosen to approximate our set of conversion 
tables vvas: 

RDS =c - 109.4991 + 6.58860 (REF) - 0.065836 (REF)2 
where RFF = refractometer reading. [41 

The quadratic equation was chosen because its R2 value is 
0.9999 . Thus the approximation could not be improved by using 
a higher degree polynomial. Conversion tables for other refracto­
meters may oe best approximated by a higher degree polynomial. 

The next step was to obtain the equation from which the 
factor can be cafculated by using the RDS calculated above. A 
table of factors was calculated by Rice (4), using equation [31. 
the fa ctors being wholly determined by the RDS. The graph 
of the table (RDS vs. FACTOR) is hyperbolic in form (the 
form y = a/ x). Thus in order to use the polynomial fit program, 
the points in the factor table (I, 25.9725; 2, 12.9360; etc.; see 
Table 2) were transformed by multiplying each factor by the 
corresponding RDS. Polynomial equations were then fit to the 
transformed data (I , 25.9725; 2, 25. 8720 ; etc. ). The quadratic 
equation was chosen to approximate the transformed factor table, 
since its R 2 = 0.9999. The equation is : 

TRANSFORMED FACTOR = 26.0731- 0.100654(RDS)
+ 0.0000453 (RDS)2 [51 

FACTOR = TRANSFORMED FACTOR / RDS. r61 
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Referring to the above example where the saccharimeter read­
ing was 40 .3 and the refractometer reading 24.29, let us calculate 
percentage apparent purity, using the above equations, thus, 
simulating the computer method. 

RDS = - 109.4991 + (6.58860) (24.29) - (0.065836) 
(24.29)2 

= - 109.4991 + 160.037 1 - 3R.8435 
= 11.6945 

TRANSFORMED 
FACTOR = 26.0n J - (0.100654) (11.6945) ·I 

(0.0000453) (I \.6945 )2 
= 26.0731 - 1.1771 + 0 . 006~ 
= 24.9022 

FACTOR = 24.9022 / 11.6945 = 2.1~94 

APP:\RENT PPRITY = . (2.1294) (40.3) = Hr).~ I 

It the calculations ·were carried out on a calculatur, the above 
equatiuns would not be practical to use, whereas a compnter can 
utilize them very efficiently. 

To show how accurcate the approximations are , portions of 
Tables 1, 2, and 3 were generated by using equation r4] and 

Table 2.-Approximated factors (or purity computed from saccharimeter reading and 
dry substance, and purity factors [from Rice (4)]. 

Factors 
Dry substance Computed (rOin 

(RDS) or Brix [actor Rice (4) 

1 25.9725 2!J.9725 
2 12.9360 12.9360 

3 8.5905 8.590!) 

<I 6.4178 6.4 178 

5 5.1142 ". 1142 
6 ~.2451 4.245 1 

7 3.6244 3.6244 

8 3. 1588 tl. 1589 

9 2.7968 2.7968 
10 2.5071 2.507 1 
II 2.2701 2.2701 

12 2.0726 2.0727 
13 1.9056 1.9056 
14 1.7624 1.7623 
15 1.6382 I .G3R2 
16 1.5290 1.:,296 
17 1.4 ,13 8 1.4 ,\38 

18 1.3487 1.3487 

19 1.2725 1.2725 
20 1.2039 1.20~9 

21 1.1419 1.1 4 19 
22 1.0855 1.0855 
23 1.0340 1.0340 

24 0.9868 0.9868 
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equations r51 and [6]. Columns 1 and 2 of Table 1 are a seg­
ment of th e conversion table used to calculate purity the manual 
way, and column 3 was generated from equation r4]. Com­
parisons of the tabular RDS values and the computed RDS 
values show deviations of at most 0.02 RDS units. A segment 
of the table of computed factors IS shown in Tabl e 2 and it 
compares almost identicall y (to 0.0001) to the factors produced 
by Rice (4). T able 3 IS a cbeck of the accuracy of the method 
and contains 40 purity calc ul at ions from actual data. These 

Table 3.-COJllparisoH of computer ca lculations with lubu ~ar dry st ubsta nccs and 
hand calculated apparent purities. 

Computer Purity 
Sacha· Refrac­ Tubular calcul a ted wheel Compute.' 
rimetcr tometer dry dry Apparenl calcul ated calculated 
reading l'Cading substance substance purity purity purity 

40.50 23.95 10.54 10.5:3 96. 13 96 .10 96 .1 9 
42.70 24.3:3 11 .83 11.83 89.84 89.70 89.84 
42.10 2-1.05 10.88 10.88 9(Ui7 96.70 96 .70 
43.60 24. 15 11.22 11 .22 96.% 97.00 96.97 
35.80 23.57 9.22 9.22 97.6!) 97.70 97.66 
42.40 2+. 17 11.29 11 .29 93.li7 93.80 93.70 
43.00 24. 13 ILlS I LI S 96.24 96 .30 96 .24 
44.60 24.22 11 ,46 11 .46 97.0 1 97.00 97.04 
42 .30 24. 12 IU 2 ILl2 94.95 94.90 94.98 
41.50 24.00 10.71 10.71 96 .87 96.90 96.92 
38.50 23.93 10 .47 10.47 92.02 92. 10 92.06 
19.50 22.'13 5. 16 5. 16 96.57 96.50 96.56 
42.50 21 .1 4 11.1 9 ILl 8 94.77 94 .80 94.82 
50.50 24.70 13.07 13.07 95.fi9 95.80 95.66 
50.50 24.6'1 12.87 12.87 97.2:) 97 .40 97 .23 
44.20 24.25 11.56 11 .5u %.2b 90.'10 95.28 
H.80 24. 15 11.22 11.22 99.li2 99.60 99.64 
40 .30 24.29 I UO 11.69 ~!\.77 8,1.70 85.82 
'16 .70 24.40 12.07 12.07 91i.2 1 9(;.00 96.23 
45.40 24.34 11.87 11.8u 95. 18 95.~0 95 . 2~ 

HAO 2'1.28 II. fio II .u6 94.85 94.90 94 .8'1 
45 .70 24.36 11.93 11 .9~ 95.~0 95.30 95 .29 
36.70 23.fi8 9.60 9.60 96.0U 96.00 95.98 
4 1.10 24 .06 10.91 10.91 94. 11 94.10 94.10 
47.80 24.52 12.48 12,47 9~.08 95.10 95. 16 
4l.50 23.97 10.GI 10.60 97.82 97. 80 97.90 
44.00 24.2·1 11 .53 11.52 95.09 95.110 95. 14 
'~ 1. 60 24.03 IO.S I 10.8 1 96. 17 96.20 96 .1 9 
+ 1.00 23.99 10.68 10.67 95.99 96.00 96.07 
'12.70 24. 17 11 .29 11.29 94 .34 94.40 94 .37 
35 .90 23.69 9.G4 9.64 9 ~1 .5 0 !J3.50 93.54 
46 .60 21.40 12.07 12.07 96.00 !)6. 10 90.03 
40.50 23.94 10.5 1 10.50 96.4 1 !JOAO 96.,)1 
40 .60 23.90 10.37 10.36 98.0 1 98. 10 98.09 
4 1.50 24.04 10 .85 10.84 95.!l7 95.60 95.64 
43.30 24. 18 11.32 11 .32 95.40 95.40 95.39 

.:. 
46.80 
41.40 

24.36 
24.06 

J1.93 
10.91 

11.93 
10.9 1 

97 .60 
94.79 

97.60 
94.80 

97.59 
94.78 

38.50 23 .84 10.16 hU6 94.94 9.';.00 94.99 
41.00 23.94 10.S I 10 .50 97.60 97.70 97.7 1 
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purities in column 5 are the actual apparent purities calculated 
by using equations [2] and r3 ]; those in column 6 were obtained 
on the purity wheel; those in column 7 were obtained by the 
computer, using equations [4], [51, and [6]. The calculation 
of the dry substance showed an average deviation of 0.003 RDS 
units and a standard error of 0.0007. These comparisons show 
a maximum deviation of 0.01, which is less error than can be 
accounted for by temperature control which should be held 
constant at 20°C when obtaining the refractometer reading. The 
computer calculation of apparent purity from the calculated 
dry su bstance showed an average dev iation of 0.030 percent and 
a standard error of 0.0056 percent. The purities calculated on 
the purity wheel from the tabular RDS values showed an average 
deviation of 0.028 percent and a standard error of 0.0103. The 
standard error of the purity wheel calculations was twice that 
of the computer method. This shows how human error can 
enter into the calculation. By using the computer method , the 
interpolation is carried out in the proper form for the purities 
obtained when the dry substance becomes too small to use the 
purity wheel. 

To use the computer method, one must first have an equation 
fit to the points (refrac tive index vs. RDS) of his refractometer 
conversion tables, since each refractometer has its own set of 
tables. If a programmer is not available to assist in obtaining 
an equat ion, take the conversion tables to a computer center 
where this equation can be generated. The type of equation 
needed is one which calculates the RDS value from a given re­
fractive index. This is the only new equation required since 
the factor does not depend upon the refractometer used. Using 
this developed equation and equation [5], a program can now 
be written to calculate the percentage apparent purity. If the 
user is already doing analysis of variance or some other .types 
of analyses on the apparent purity data, the above equations 
can be inserted into the program, thus computing the apparent 
purity before continuing with the analysis. Therefore the sac­
charimeter reading and the refractometer reading would be 
punched into the data cards instead of the apparent purity. 

A scientific electronic computer with a high speed memory 
can compute the 40 apparent purities in Table 3 in less than 
one second. Even though computers are expensive to operate, 
the cost of making large numbers of purity calculations by com­
puter is still mu ch less than calculating and checking the purity 
determinations on a purity wheel. Moreover, the computer 
lIlethod is at least as accurate. 

Co 
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Summary 
A computer method was developed to calculate the percentage 

apparent purity of sugar beet thin juice. These computations 
were made directly from the thin juice saccharimeter and re­
fractometer readings. 

First the refractive dry substance values (specific for each 
refractometer) and a table of factors were approximated by using 
a polynomial fit computer progTam. A quadratic equation was 
satisfactory in each case. However, the quadratic equation ap­
proximating the refractive dry substance values would not neces­
sarily be the best equation in every case. Percentage apparent 
purity was then computed directly from the l-efractive dry sub­
stance and (he factor, using existing equations. The computer 
method was found to be at least as accurate as the purity wheel 
method of calculating apparent purity of sugar beet thin juice, 
but should be much more economic when many purity determina­
tions are necessary. 
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