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Color Evaluation in the Cane Sugar Industry l 
Victor R. Deitz 

A fundam ental uni t of s ugar color based on t he Nat ional Bureau of Standards color 
sca le is described a nd used to evaluate a variety of com mercia l sugar products . The r es ults 
a re in good agreement with actual visua l experience. The proposed scale is based on color 
differences, whereby t he color of t he sugar solu t ion is evaluated by t he amount of depa rt ure 
from a colorless sucrose solu t ion. Some information on spectral distribu t ion is lost , bu t 
t his is ba la nced by t he great gain in s implicity. A specia l co lor chart is presen tcd, whcrcb.v 
t hc value of t he color can be read directly from a kn owledge of the attenuat ion at \\'av('
lcngths 420 and 560 millimicrons. 

1. Introduction 

In the sugaJ' indu try it is generally agreed that 
color is of prime impor tance. Sin ce early in the 
19th cen tury, the industry has used an estima,tion 
of color in four general ways. F irst, raw sugars were 
originally described by their color and taste, espe
cially those once known as the M uscovado sugars [ ]J.2 
Today, color is only an inciden tal factor in the 
purchase of raw sugars. Second, a comparative 
measure of color is used by all manufacturers and 
refin ers as an index to the changes that occur during 
processin g. These values serve for comparisoll and 
for. record, and from them an operating staff can 
adJust the variables of the process to ob tain an 
accep table producL. Third, color is used to evalu
ate liquid sugar produ cts. This is a eOll temporary 
developmen t and m akes impor tant demands on 
visual color measuremen t. It has emphasized the 
n eed for a universal color evaluation based on 
fundamen tal units. 

The four th importan t use of color measurement is 
for the evaluation of an adsorben t. The first 

FIG U R E 1. P ayen's decolorirnetre proposed in 1822 to evaluate 
the color removal capacity of bone char. 

The decolorlzed solution is can tained in t he long tube (B) and matched aga in st 
a shor t depth of t he initial liq uor CPl. 

1 This investigation was s ponsored as a Joint research under taken by the Bone 
C har Research Project, I nc., and the National Bnreau of Standards. 

2 Figures in brackets indicate t he li terature references at the end of t h is paper. 

quan titative color measurement was apparently 
made in 1822 by M . P ayen [21 , who described a pro
cedure to evaluate the capacity of finely divided 
bone char to remove color. In fact, the instrumen t 
he invented and described was called a "decolori
metre" and is shown in fi g ure l. The visual appear
ance of the decolorized solu tion con tained in the 
long tube was matched against a smaller dep th of 
the ini tial liquor . The cell dep th was adjusted 
un til a match ,vas ob tain cd. ColoI' determinations 
for the evaluation of adsorben ts have been lIsed 
ever sin ce, and many kind of colorimeters have 
been devised. 

The greatest obstacle to the successful use of color 
measurement in the sligar industry has been the 
lack of standards and of a suitable color uni t. 
During the last 50 years many reference materials 
have been proposed , but n one has been satisfactory 
in all respects. The obj ect of this paper is to 
presen t the NBS uni t of sugar color and to describe 
some typical applications of color measuremenLs. 

2 . General Characteristics of the Spectro
photometric Data 

Spectrophotometric meas m ements in t h e visual 
spectrum supply the primary data for t he calculation 
of sugar color on the NBS scale. The compar atively 
recent int roduction of various commercial spectro
photometers has made possible the examination 
of sugar liquors in sugac laboratori es and has justifi ed 
the proposed new approach t o t he meas mement 
of an index of visual color. T ypical graphs of t he 
t ransmittancy of commercial sugar solutions as 
a function of wavelength are given in figm e 2. 
These dat a have two gener al characteristics : (1) t he 
transmittancy always incr eases as t he wavelength 
changes from t he short -wave (blue) end of t he visible 
spectrum to t he long-wave (red) end, and (2) a simple 
algebraic relat ionship exists between t he increase in 
transmittancy and wavelength . 

I t is seen in figure 3 t hat t he logarit hm of t he 
attenuancy 3 follows closely a linear variation wit h 

3 ~r hc tenn "attenuancy" CA·) was introduced by Deitz, Pennington, and 
H otT man [12] to replace absorbaney CA) for t hose solu tions that conta in appre
eiahle ligh t-scattering material. T he p resence of appreciable light-scatter ing 
iInpul'itics invalidates Deor's law. A* is defi ned as - log 10[ T.o!utioD/ T aolventl . 
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FIG U RE 2. 7'mnsmittancy curves for typical sugar liquors at 

a solids concentmtion between 0.77 and 0.78 grams per 
mill il iter. 

,.- A, granulated sugar (b= 10 em); B , ehar-t reatedwholt Cuban raw (b= l em); 
C washed Cuban raw (b= l em); D, whole H awaHan raw (b=0 .5 em); E, whole 
C~batl raw (b=0.5 em); F, blaekstrap (b=0 .041 em), where~b is cell depth. 
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the logarithm of the wavelength (}..) . The behavior 
shown in figme 3 has been confirmed for many other 
sugar products. The linear relationship between 
log A * and log A makes possible a real simplification 
in the evaluation of visual sugar color on the NBS 
scale. Because two points are necessary to define 
a straight line, it is possible to construct the complete 
spectrophotometric cmve from transmittancy 
observations at only two wavelengths. 

3. Scope of the Optical Measurement 

To obtain perspective in the determination of 
color of commercial sugar liquors, several factors that 
influence the optical measmement must be con
sidered. The appearance of a sugar liquor is influ
enced by both the dissolved impmities and the 
colloidal suspended solids. It is important to recog
nize that there can be dissolved impmities with no 
color and, likewise, suspended matter with no 
tmbidity. If the term "color" is reserved for a de
scription of visual appearance, the sugar industry is 
on common ground with almost all other industries 
where color is an important factor . Zerban [3] has 
stressed that the sugar chemist needs information on 
the quantity and nature of the coloring matter pres
ent in sugar products. It is obvious that trans
mittancy has definite limitations for such a pmpose 
as a nonsugar impmity without color and showing no 
tmbidity may escape detection by a photometric 
measurement alone. 

Experience has shown that two-word terms, such as 
"color bodies," "coloring material," etc., tend to be 
abbreviated to "color" and lose their distinctive 
meaning. The general term "colorant" has been used 
by physicists to indicate material that is either a dye 
that absorbs light with negligible scattering, or a 
pigment that both absorbs and scatters. It is recom
mended to the sugar industry as a term to designate 
the coloring materials in sugar. The sources of the 
colorant in sugar liquors are complex and are not 
known with any degree of certainty . Gillett [4] sug
gested a classification into tlu'ee general categories: 
(1) colored nonsugars originally in the sugar cane, 
(2) colorless nonsugar bodies that may develop color, 
and (3) colored nonsugar bodies that result from de
composition of the sugar. The formation of the 
colorant bodies has b een attributed to complex reac
tions between invert sugar, organic acids, certain 
inorganic salts, and nitrogenous compounds such as 
proteins. This viewpoint again indicates a limitation 
on the use of color (i. e., visual appearance) as a 
measure and identification of the colorant bodies 
present in commercial sugar products. The con
siderations that follow are solely concerned with the 
visual measmement, which is of value to the indus
trial sugar chemist. 

FIGURE 3. Linear dependence of log A * on log A for three 
sugar products. 

A, Granulated sugar (b=lOem, c=0.613g/ml); B , Cuban raw, unfil tered (b= O.2 
em, c=0.780 g/ml) ; C, Blaekstrap (b= 0.2 em, c=0.0204 g/rn]) , where b is cell depth 
and c is total solids concentration . 
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4. NBS Unit of Sugar Color 

It is well known that perception of coloI' is tridi
mensional. Zerban and his associates [5,6] have 
specified the colors of a variety of raw and refined 
sugars by use of the coordinate luminous transmit-

tancy (also called brightness), and two other coordi
nates to describe the chromaticity, namely, the 
purity and the dominant wavelength. They found 
that the dominant wavelength varied only slightly 
(573 to 578 m,u) , which indicated that only one 
variable was sufficient to define the chromaticity of 
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sugar colors. Liggett and Deitz [7] plotted, as in 
figure 4, the chromaticity coordinates for a variety of 
commercial sugar products and found that the 
majority of the points were grouped within a narrow 
band drawn from the point representing the standard 
light source C so as to approach asymptotically the 
spectrum red locus. The previously mentioned 
approximate linearity of the spectrophotometric data 
for commercial sugar solutions illustrated in figure 3 
is another indication that sugar solutions have a 
simple colorimetric character. 

There is another important way to view the 
problem. The differences between colors closely 
resembling each other can be evaluated with consid
erable precision and accmacy by the technique of 
small-difference colorimetry, and these differences 
can be expressed on a sqale yielding high correlation 
with visual estimates of the differences [8]. Such a 
scale would permit the use of a single number to 
represent visual appearance, and could be readily 
applied to all phases of sugar manufacture and sale. 
It is true that in reducing the complete color speci
fication to a single scalar quantity, some information 
is lost; however, because sugar colors occupy such a 
narrow band on the chromaticity diagram, the loss 
of this information is of minor consequence and may 
indeed be balanced by the great gain in simplicity. 

The natural choice of a reference color in sugar 
colorimetry is that of a highly pmified sucrose solu
tion viewed with the standard light source C.4 It is 
proposed that all sugar colors be evaluated by the 
amount of departure from this colorless solution. 

Of the several formulas already devised for evalu
ating color differences, the Adams formula [9] has 
been chosen as the basis for the proposed NBS scale 
because it meets the major requirement of expressing 
color by a scalar quantity on a uniform scale of per
ceptibility. The Adams formula is an empirical 
relation, which was developed for evaluating the 
difference between the nearly equal colors of two 
reflecting surfaces. The application of this formula 
to transmittancy data was reported in 1952 in the 
Technical R eports of the Bone Char Research Group. 
It is to be noted that the differences observed in 
many cases are not small and, hence, the formula 
for color difference is being used for a purpose other 
than that for which it was devised. Experiences to 
date indicate that this is not a substantive limitation. 

4.1. Complete Procedure 

The spectrophotometric data between 400 and 
720 mJL are converted first to the tristimulus values 
X, Y, Z. Computation forms for this calculation 
are given by Judd [8]. The Munsell value functions 
V x, V y, V., which are related to the tristimulus 
values, are then obtained from the table which was 
calculated by Nickerson [10] and quoted by Judd.s 
The Munsell value functions are then substituted 
into the Adams equation. 

• The standard sourceS recommended in 1931 by the International Commission 
on Illnmination are: Source A, representative of gas·filled incandescent lamps; 
source B , representative of noon sunlight; and source C, representative of average 
daylight, such as that from a completely overcast sky . 

' See tables A, B, and C on pages 352,354, and 356, respectively, of [9]. 

Because one of the colors in the calculated differ
ence will be the standard source C, the Munsell value 
functions for the reference sucrose solution (Xc= 
Yc=Zc) can be entered into the Adams equation, 
which can be written in the form 

6,.ENBS = 

50 ~=[ 0-=. 2-=-3(:-1-=-0 -=V;-:"y)=]2-:-+""'[V=x---;V=y=p+-:-;-:[ O~.4'C7(V=z----'V=v~) p. (1 ) 

Under the conditions of observation used in the 
present work, which are given in detail in the sub
sequent paragraphs presenting the data, the observ
ers could usually distinguish a difference of about 
one unit of 6,.ENBS • Therefore, the computations 
need be made only to the nearest integer. 

Values of 6,.ENBS for a variety of typical sugar 
products are given in table 1 at the conditions noted 
for cell depth and sugar solids. The values are, of 
comse, dependent upon cell depth and the concen
tration of total sugar solids. Thus, a solution of a 
granulated sugar viewed in a very long cell can have 
a greater value of tlENBS than a diluted blacks trap 
viewed in a very short cell. This illustration serves 

TABLE 1. Yalues of t.ENBS for typical sugar products calcu
lated for the specified depth and concentration 

Sugar sample Depth 

em 
Hawaiian raw (fi ltered) ________ ._ . _.__ 0.2 
Cuban raw (filtered) __ . ___ ._. _____ ._. .2 
W ashed Cnban_. ______ . _______ . ____ ._ 1.0 
Blackstrap ____ __________ . _ ._._ .. _ _ _ _ _ 0.041 
RaW' beet sugaL . ___ _ __ __ _ _ ____ ____ __ _ . 2 

Corn sugar __ . ___ . __ . ___ .. ___ .. . __ ._.. . 2 
Corn sugar (second) _. ___ . __ .. .. __ ._._ .2 

Con centra· Calculated 
tion ~ENBS 

aiml 
0. 725 
.750 
.746 
. 100 
.75 

. 67 

. 62 

51. 8 
66.0 
73. 6 
57. 3 
81. 2 

68.9 
59.8 

Some products investigated by Peters and Phelps· 

Soft su~ars 7x_. _____ . _____ ... _____ ____ 1.0 1.0 74.2 
Soft sugars 9x_. __ . _______ . ____________ 1.0 1.0 92.0 
Soft sugars JOx. __ . _______________ _____ 1.0 1.0 9S.0 
Soft sugars llx .. ______________________ 1.0 1.0 lOS 
Soft sugars llz. ______ . ___ ... _______ . __ 1.0 1.0 108 

Sirup 3a to pan __ ___ _____ . _ . __________ 1.0 1.0 4.5 
Sirup 3c from pan _____ _______________ 1.0 1.0 33.4 
Granulated sngar (4a) ___ ____ . ___ _____ 1.0 1.0 3.2 
Grannlated sugar (5d) . __ __ . ___ ___ __ ._ 1.0 1.0 5. S 
Soft sugar 8L _. _____ . __ . ____ ________ ._ 1.0 1.0 83.4 

Soft sugar 2z ______ . ___________________ 1.0 1.0 5.7 
Soft sugar 3z ______ .. ___ ___ ___ _ ._. __ . __ 1.0 1.0 1l. 9 
Soft sugar 4z_. ___ ___ __________________ 1.0 1.0 19.6 

a H. H. Peters and F. P . Phelps. BS J. Research 2, 335 (1928) RP38. 

only to emphasize that two sugar products must 
always be compared at the same concentration of 
sugar solids and cell depth. It has been found that 
values of 6,.ENBS less than 40 are linear with respect 
to cell depth. It is not feasible to compare all sugar 
products at the same cell depth and sugar concen
tration. Efforts are being made by the National 
Committee for Sugar Analysis to specify these con
ditions for different types of products, and agree
ment on this point will be a real contribution to 
uniform reporting of results . 

An additional specification must be made when the 
presence of suspensoids in sugar liquors is appreciable. 
The proposed evaluation of color tolerates the pres-
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ence of turbidity to such an exten t t hat a small bu t 
definite Tyndall beam can be seen . However, for a 
reliable color evaluation it appears necessary to place 
an upper limit on t h e amount of the suspended 
m atter presen t. It h as been found that the color 
evaluation can be made with a r eproducibility of 
about ± 1 percent after the sugar liquor has been 
filter ed through a frit ted fil ter of Pyrex glass of 
porosity F. Experien ce usually dictates when such 
a filtration is necessary . Most refinery liquors re
quire no filt ra tion, par ticularly those for dark
colored products. 

4.2. Color Chart 

Because of the inher en t simplicity of sugar colors, 
it has been found possible to obtain the color of a 
sugar liquor on the N BS color scale from a simple 
graph wit hou t using the Munsell value functions in 
the Adams formula. As the ent ire 'spectropho to
metric curve can be defined by only t wo points, 

0 .8 
50 

because of the linearity observed in figure 3, the 
tristimulus values can be calculated from t he curve 
defined by t wo obser ved poin ts . Consequently, the 
value of t::,.EN B S can also be determined from these 
same two points. 

Two experimental point s are used to represen t th e 
straigh t line in tb e plot of log A * versus Jog A, 
namely, th e values of A * at 420 mM and 560 mJ..l . 
The use of a wavelength near the shor twave ex trem e 
of th e visible spectrum is par ticularly helpful be
cause th e absorp tion of sugar liquors is greatest in 
this par t. Th e par ticular value at 420 mM was taken 
to agree wi th one of th e wavelengths used by Gillett 
and H eath [ll] . The wavelength of 560 mM cor
responds to th at extensively used in the pioneer 
work of Peters and Ph elp [13]. 

The color chart calcula ted by the above procedme 
is shown in figure 5. 6 Speeified values of A;20 

6 T he theoret ical development of the color cha rt \\' ill be the subject of a nother 
publi cat ion by the Bone Char Resea rch Project , I nc. 
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(ordinate) and At60 (abscissa) determine a point 
on the graph and the position of this point is noted 
relative to the nearest curved lines. Each curved 
line represents a constant value of t:..ENBS • Values 
of t:..ENBS that fall between the plotted lines may be 
es timated by interpolation. 

The color chart has been checked in several ways. 
The values of t:..ENBS were calculated from the 
transmittancies over the visible spectrum for a 
great many sugar liquors and the results compared 
with the values determined from the color chart. 
Table 2 gives some of the results. The agreement, 
in general, is rather good, especially as the smallest 
difference detectable by the average eye is only 
about one unit. The coefficient of rank correlation 7 

is 0.99. The colors of the sugar liquors described in 
tables 1 and 2 ranged from that of granulated sugars 
to that of blackstrap . The concentration of total 
solids and the cell depths must be adjusted to 
equality before comparisons among various products 
can be made. 

Zerban and his associates, following the work of 
P eters and Phelps, proposed that the visual appear
ance of solutions of refined [5] and raw [6] sugars 
be quantitatively measured by the single value of 
the attenuancy index (-log t ) at 560 m,u, where t is 
the transmittancy at unit depth and solids concen
tration. As the spectrophotometric data at 420 
m,u and at 560 m,u were given in these publications, 
it was possible to determine t:..ENBS from the color 
chart. Their data for dark sugars were compared 
at a cell depth of 0.1 em and a solids concentration 
of 1 g/ml, and the white sugars were compared at a 
cell depth of 10 cm and at the same solids concen
tration. Table 3 shows that the arrangement in 
decreasing attenuancy at 560 m,u for Zerban's data 
correlates in general with decreasing value of t:..EN B S , 

but the agreement is far from perfect in regard to 
the sequence of decreasing values. There are a 
number of reversals; for example, Zerban's granu
lated sugars 48 and 59 have attenuancy values of 
0.0680 and 0.0851, respectively, but the correspond
ing values of t:..ENBS , 35 and 29, are in the reverse 
order. It is to be expected that attenuancy at 560 
m,u will correlate somewhat with visual appearance 
of sugar solutions because it is a direct measure of 
the darkness of the sugar color and, as attenuancy 
at 420 m,u is somewhat correlated with attenuancy 
at 560 m,u, it is also an indirect measure of the 
yellowness of the sugar color. As t:..ENBS is based 
on direct measures of both yellowness and darkness, 
it is expected to yield a more reliable measure of 
visual appearance of sugar solutions, and these 
reversals may be interpreted chiefly as indications 
of the approximate nature of the connection between 
sugar color and attenuancy at the single wavelength 
560 m,u. 

7 The numerical calculation s were made with the use of the following formula 
for the rank coefficien t: 

r= l - 6S(d2) • 
n (n ' - I ) 

where n is the number of observation s an d Sed') is the sum of the squares of 
th e rank-differences. The author is indebted to D. B. Judd of the Bureau for 
t h e su ggestion that this sta t istical treatment be u sed. 

T A BLE 2. Comparison of t.ENBS val1ws obtained from the color 
chart with those ca lculated with the Adams equation 

8ample 
Graph I Calcn

lated 

Solution observed at 60° Brix and a depth of I cm 

W ashed C uhan raw No. 15__________________________ 31 29.5 
Liquor deeolorized with ground char 101. ____ . 2.5 g __ 20 18. 5 

Do ______ ________ . __________ ____ __________ o. 5 go. 15 14. 2 
Do __ o. __ o. __ o. ______ ____ __ __ __ __ o. __ o. __ __ 10 g __ 12 12. 1 
Do __________ o. ____________________________ 20 g __ 11 10. 9 

Liquor decolorized with Darco G60 _____________ 1 g __ 4 4.1 
Do __ o. __ o. __ ___ ___ __ __ o. __ o. __ __ o.o. ______ _ 2 g __ " 0. 8 
DO __ o.o._o.o. __ o. _____ o.o.o. __ _ o. __ _____ __ .. 4 g __ ". 21 
Doo. o. ____ ___ o. ___ o. __ o. __ o. __ o.o.o._o. ___ . 8 g __ ". 14 

Granulated sugars observed at 60° BrJx and a depth of 13 cm 

Sample Sample 

Graph Calculated Graph Calculated 

S- 7 33 32.3 S- 9 31 30. 3 
S- 3 40 39.3 S- 11 29 28.3 
S- 1 44 43.2 S-12 29 28. 4 
S- 2 43 42.0 S- 16 24 24.0 
S- 5 35 35.4 8-14 26 25.9 
8- 4 36 34.9 S- 17 24 24.3 
8- 6 34 33.6 8-15 25 24.6 
8- 8 32 31. 5 8-18 21 20.8 
8-13 28 28.9 8-19 12 12.3 
8- 10 29 30. 7 

" The transmittancy was observed in a lO-cm eell and the attcnnancy calculated 
to a I-em cell. 

T ABLE 3. Calculation of t.ENBS values j1-om data I'e ported by 
Zerban and his associates [5, 6] 

Filtered raw gugars Granulated sugars 

b ~O . 1 cm c= l g/ml b=lO em c~ 1 g/ml 
Sugar Sugar 

A~o mf.l IlENBS Ar60 mp IlENB S 

- -
18 0.0232 7 45 0.0022 4 
21 .0329 12 39 . 0044 6 
42 . 0443 15 28 . 0097 9 
73 .0477 19 17 .0123 7 
51 .0531 22 71 .0132 10 

40 . 0550 19 56 .0191 2 
86 . 0625 23 6 . 0209 10 
29 .0646 23 21 .0255 17 
61 . 0675 26 67 .0301 15 
32 . 0705 21 11 . 0311 15 

74 .0726 25 50 . 0329 19 
101 . 0748 30 7 .0376 17 

46 .0780 25 38 . 0405 23 
36 .0809 25 19 . 0482 21 
71 . 0867 33 25 . 0521 22 

87 .0905 31 84 . 0595 29 
20 . 0946 31 48 . 06&l 35 
9 .1013 30 59 .0851 29 

102 . 1092 38 20 . 0851 38 
3 . 1192 35 9 .1415 59 

80 . 1352 43 85 .4342 68 

'When the values of At60 in table 3 are plotted as a 
function of the corresponding t:.ENBS, the plotted 
points approximate a straight line rather poorly_ 
Although the calculated correlation coefficients for 
the ranking of these solutions were high (0.94 and 
0.96 for the filtered raw and the granulated sugars, 
respectively), there are appreciable fluctuations 
based on the magnitudes of At60 and t:..ENBS ' The 
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TABLE 4. Results of arranging nine sugar liquors in order of 
decreasing color 

P osition of N umber or ob· 
samples visu- .6.ENB S servers placing 
ally deter· sA mple ill 

mined position 

I 72 14 
2 52 14 
3 44 14 
4 38 14 
5 35 14 
6 13 14 
7 2.8 14 
8 1. 0 a13 
9 0.4 a13 

(t One observer reversed order of thrsc samples. 

small ': differ ence in the coefficients of rank is not 
meaningful for the data on hand. 

A necessary requirement for the successful use of 
t?e proposed color unit in practice is a high conela
tIOn of values for t:"ENBS with the experience of vari
ous observers who may not n ecessarily be skilled in 
making scientific comparisons. Several experiments 
will ;now be described in which a number of observers 
were asked to arrange the sugar liquors in a sequence 
of decreasing color. 

First , a series of nine filtered sugar liquors were 
prepared and tubes containing equal depths were 
alined by independent observers in a sequen ce of 
decreasing color. The liquors ranged from almost 
colorless to the color of a filtered wash ed Cuban raw 
sugar. The concentration of sugar solids was 60 0 

BrL,\: . The solutions were contained in clear glass 
bottles of square cross section (3.5 cm on side) and 
were compared in dayligh t with the bottles in con
tact side by side. Values of t:"ENBS were obtained 
independently from spectrophotometric data, using 
the color chart. The results, summarized in table 
4, show that the alinement of the liquors according 
to both procedures is practically identicaL 

Second, another series of solutions was prepared 
in which the range of colors was not as great in order 
to~bring out the differences in judgments among the 
observers. Solutions of 19 white sugars wer e pre
pared at a concentration of 60 0 Brix. These solutions 
were not filtered and some turbidity was present. 
Each sample was contained in a test tube and viewed 
from above through a solution depth of 13 cm. 
Daylight reflec ted from white paper was used as the 
light source and the surrounding field. Eight 
observers working independently were fairly success
ful in alining the solutions in a sequence of decreasing 
difference in color from that of distilled water. These 
data are given in table 5, a. The observers desig
nat.ed by A, B , C, D , E , I , J , and K were scientifically 
tramed personnel and tbose designated by F, G , and 
H were not. Nevertheless, the agreement among all 
observers was good as measured b y the calculated 
coefficient of concordance,s which was 0.94 . 

8 '-rhe coefficient of concordance, 111, was calculated from the following exprcs .. 
sion, given by M. G. Kendall (Rank correlation methods, p. 81): 

W'-~' 
m2(n3- n)" 

wherem observers have made ranking~ of n objects, and Sis the snm or squares 0f 
deviations of rank sums from the average m(n+ 1)/2. T he au thor is indebted to 
Joan R. Rosenblatt of the Bureau for the snggested use of this statistic. 

Values of t:"ENBS were subsequently calculated 
from eq (1 ) and also obtained by usinO' the color 
chart, and these are bO'iven in table 5 a ~rjth values 
f 1 ' , 
or t 1e attenuancy at 560 mIL and for the combination 

At20- 2Af20' Table 5, c, upper half, gives for each 
observer the rank correlations between t he observer 's 
ranking of the 19 unfilter ed solutions and each of 
the rankings according to t:"ENBS A *60 and A * -
2A* I ' . ' 5 4~0 

720' t IS seen that , WIth only one exceptIOn 
each observer agrees with t he t:"ENBS rankinO' bette; 
than with either of the others. 'I'hus, the cOl~'elation 
of observed rankings with a r anking accordinO' to 
values of t:,,1!.NBS is seen to b e significant ly (at the 
O.lO-probabilIty level) better 9 than the correlation ot observed rankings with rankings according to 
mther At60 or A t20-2Af20' 

I~ was believed that the above differ ences might b e 
a~tnbuted to the relatively high turbidity for the 
gIven amount of color present. Filtered solut ions 
contain. fewer light-scattering particles, and the rat io 
of the .lIght absorbed to the light scatter ed is greater 
than m nonfilter ed solutions. This situation fr e
quently exists in commercial sugar products of very 
low color. 

The experiment, therefore, was r epeated for 10 of 
the 19 sugars after the solut ions were filt er ed through 
a P yrex sintered-glass filt er (porosity F). These 
results are given in table 5, b, and it can be seen 
that the agreement among all observers as to the 
alinement is very good. The calculated coefficient 
of concordance among the observers was 0.99, as 
compared to 0.94 for th e case of the unfilter ed solu
tions. Reversals occm' only where t h e magnitudes 
of t:"EN BS differ by only two units or less. Because 
values of t:"ENBS , At60, and At20- 2A~'20 were 
obtamed for all of the solut ions, the coefficients of 
rank correlation wer e calculated from the ranking 
~f each of these quantit ies with the rankings estab
lIsh ed by the observers. The r esults are o'iven in 
table 5, c, and it is seen that the filt er ed ;'olutions 
show a consistently high correlation coefficient 
regardless of whether the index of color is taken as 
t:"ENBS , At60, or Atzo- 2Aizo . There are no m ean
ingful differ ences between the various m easm em ents 
on the filtered solutions with r espect to the agree
ment of the observers. 

The presence of a residual tmbidity in commercial 
sugar liquors of low color is t hus seen to have a 
marked influence. Many of the 19 sugars used in 
the above measmements w ere obtained from retail 
food stores. It was considered desirable to r epeat 
the experiment with unfiltered granulated sugars 
selected for their minimum tmbidity. 

A series of 9 such granulated sugars were prepared 
at 50° Brix, and these were arranged by 10 independ
ent observers in a sequence of decreasing color under 
2 experimental conditions. All solutions were con
tained in test tubes (17 cm long and 2 cm in diameter) 

' A statistica l procedure for determining the significance of the difference 
between the rank correlations is the Hsign test"; sec, for example, VV. J. Dixon 
and F . .T. Massey, J r., Introduct ion to statistical analYSiS, p . 247 fI. and table 10 
p. 324 (McGraw·Hill, 1951). The anthor is indebted to Joan R . Rosenblatt or 
t he Burean for t he application of tllis test to these data. 

165 



TABLE 

Sequen ce from 
color cbart 

Calcu· 

sam:~-dENBS 
lated 

t>ENBS 

S-1 44 43.2 
8-2 43 42.0 
8-3 40 39.3 
8- 4 36 34.9 
S-5 35 35.4 

S-6 34 33.6 
8-7 33 32.3 
8-8 32 31. 5 
8-9 31 30.3 
8-10 29 30.7 

S-l1 29 28.3 
S-12 29 28. 4 
S-13 28 28.9 
S-14 26 25.9 
8-15 25 24.6 

S-16 24 24.0 
S-17 24 24. 3 
S-18 21. 20. S 
S-19 12 12. 3 

S-4 37 
S-1 36 
S-3 32 
S-10 28 
8-9 27 

S-6 26 
S-7 21 
S-15 19 
8-19 4 
8-20 2 

Observers 

A •••••..•.•• • • • •• •.• .••...•. 
B ..... ...... ... ....... ..... . 
C ... . .............•......... 
D ... •...................... 
E . .......................... 
F ......... .. ... . . . ..... ..... 
G ............ . ............ . 
R ....... ....... ............ 

Average . .....•....•• .•... .. 

5. Visual alinement of solutions of white sugMS w'mnged in order of decreasing color 

Sequence b y independent observers 

A:zo-R anking 
At60 

I I I I I I I I I I 

of 
2Aizo A B C D E F 0 R I J K sums 

WVL FOC AW LD RPF MCP MR ERB K LP AO VRD 

a. U nfiltered solutions of granula ted sugar 

S-1 S-2 8- 3 8-1 S- 2 8-3 S-1 S- 1 ----.--- .-------- ---- . - - - 0.324 0. 218 
S-3 S-1 8-1 8-3 8-3 8- 2 8-4 8-4 -------- .--- -- --- .------- .224 . 264 
8-2 8-3 8-5 8-2 8- 1 8- 5 8- 8 8-8 ------ -- --.--.--- -------- 2 . 197 .219 
S-5 S-5 8-2 8-5 S-5 8-1 8-6 S-IO --- ---- - -- . ------ -- ------ 5 .289 .124 
8-6 8-4 8-7 8-7 8-4 8-11 8-5 S- 2 ---.---- --.------ --.----- 4 . 271 . 145 

8-7 8-7 8-6 8- 6 8- 8 S- 7 8-3 S-3 ------.- ._----.-- -------- 6 .228 .139 
8-4 8-8 8-4 8-4 8-6 8-6 S-2 8-5 ------.- .-.------ -------- 7.5 .186 . 160 
8-8 8-6 S- IO 8-10 8-7 8-4 8-7 8-6 -------- --------- ------.- 7.5 .267 . 092 
8-13 8-13 8- 8 8-8 8-10 S- 8 S-IO S-13 -------- --------- -------- 12. 5 . 152 .146 
S- 1O S-lO S- J3 8- J3 S-13 S- 13 8-13 S-7 -------- ---- - ---- -------- 9 . 204 . 097 

S-11 8-11 S- 12 8- 11 8-11 S- 1O S- 9 S-12 ---- - --- --.------ -------- 11 . 192 .112 
S- 12 S-9 8- 11 S-9 8-9 8-9 S-l1 8- 11 -------- --.------ ------- 12.5 .193 . 115 
8-16 8-12 S-9 8-12 8-12 S-12 S-12 S-9 -------- ------ --- -------- 10 . 235 .078 
S-9 S-16 8-16 S-16 8- 16 S-16 S-16 S-14 --.----- --------- -------- 1.5 . 174 . 098 
S-14 8- 17 8- 17 S-17 S-14 8-14 S-17 8-16 -------- -- - ------ -------- 17 . 109 . 124 

S- 17 8-14 S-14 S- 14 8- 17 S- 17 S-14 S- 17 ------_. --------- ---- ---- 14 .182 . 074 
S- 15 S-15 S-15 8-15 S-15 S- 15 S-15 S-15 -------- --------- ------_. 16 . 164 . 096 
S-IS S-IS S-18 S-18 S-18 S-18 S-18 S-18 ---- - --- --------- -- ------ 18 . 141 . 083 
8-19 8-19 S-19 S-19 S-19 S-19 S-19 S-19 ----.--- ---- ---_ .. ------.- 19 -.041 . 096 

b. Filtered solutions of granulated sugar 

8-1 S-4 -------- -- ------- S-1 -- ------- ----.--- S- l 8-1 8-1 S-1 2 0.458 0.094 
S-4 8-1 -------- --------- S- 4 --------- -------- S-4 S- 4 8-4 S-4 1 . 407 . 137 
8- 3 8-3 -------- ---- - ---- S- 3 --------- -------- 8-3 S-3 S-3 S-3 3 .339 .114 
S-lO S-lO -------- -- - --_._- S-10 --------- -------- S-lO S-lO 8-10 8-10 4 . 296 . 093 
S-9 8-9 -------- --------- S- 9 -- - ------ -------- S-9 S-9 S-9 S-9 5 . 294 .090 

8- 6 S-6 -------- --------- S- 6 ------ --- ---- ---- S- 6 S-6 S-6 S-6 6 . 287 . 085 
8-7 S-7 -------- -------- S-7 ------ -- - -------- S-7 S-7 8-7 S-7 7 . 225 . 063 
8-15 S- 15 - ---.--- --------- 8- 15 --------. -------- S-15 S-15 S-15 8-15 8 .203 . 055 
8-19 S- 19 -------- --------- S-19 --.------ -------- S-20 8-19 S-20 S-19 9 . 007 . 025 
S-20 8-20 -.------ ----.---- S-20 --------- -------- S-19 8-20 8- 19 S-20 10 . 022 . 011 

c. R ank correlations betweeu observers' rankings and rankings b y otber m easurements 

Correlation of observed ranking witb- Correlation of observed ranking with-
----------r--------.--,-----.------

U nfiltered solutions 

O. 95 O. 65 0.S5 
. 96 66 84 
. 96 68 . SI 
. 96 70 .81 
97 . 65 .85 

. 90 . 69 74 

. 92 51 : 91 
89 . 45 .92 

O. 94 O. 62 0.S4 

Observers 

A .....•......... O. 
B . . ............. 1. 
E ............... O . 
R .. ....... . ..... 
L . ....... ....... 
L .. ........... .. 
K ............... 

Average ......... O. 

Filtered solutions 

99 O. 99 
00 96 
99 99 
98 98 
99 .99 
98 .9S 
99 99 

99 O. 98 

Atzo- 2A jzo 

0.98 
.99 
.98 
. 99 
.98 
.99 
.98 

0. 98 

filled to a depth of 15 cm. In one case the tubes 
were painted black on the outside, with the exception 
of the cmved bottom smface, and in the other case 
the tubes were unpainted. The solutions wer e 
viewed with a light SOUl'ce and a smrounding field 
consisting of thin white paper placed over a fluores
cent tube (15-w daylight) . 

The rank correlations between each of the 10 indi
vidual observers' rankings and each of the rankings 
according to t::..ENBS , At60, and At20-2Afzo were 
calculated. The results are shown in table 7. There 
appears to be a significant tendency for observers ' 
rankings for clear tubes to agree better with the 
ranking according to At60 than with the ranking 
according to t::..ENBS ' It is to be noted , however , 
that the differences between an observer 's rank 
correlation coefficients for t::..ENBS and At60 are very 
small. For blackened test tubes, there is no sig
nificant difference b etween t::..EN BS and At60 with 
respect to their agreement with observers ' rankings. 

The results are given in table 6, which also in
cludes the values corresponding to t::..ENBS , At60, 
and the quantity At20- 2Afzo' The coefficient of 
concordance among the 10 observers was 0.92 for the 
measmements with clear test tubes and 0.90 in the 
blackened tubes. 
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TABLE 6.- liisual alinement oj solutions oj white sugars observed in painted and un painted test tubes 

Seq uence of diminishing color by independen t observers Data with Beck-mall D U 
spectrophotom eter 

Sam ple tJ.ENBS a 
LPD BYF 

I 

WVL 

I 

FOC 

I 

AO 

I 

VUD 

I 

MP 

I 

ERB 

I 

HKR 

I 

IN 
I Ranking 

Ccll I Solids I .11:60 
1.4:20 -

U III I V V V[ vn VIf[ IX 
depth cOlleen· 

[2A;20 X tration 

Unpa in ted test t ubes 

em o Hri.f 
5 _____ 48. I 5 2 2 5 2 I 2 5 2 2 10 49.3 0.085 0.234 
2 _____ 47.9 2 5 5 2 \ 2 5 2 1 1 10 50.0 . 080 . 236 
L ____ 47. 0 I I I I 5 5 I I 5 a 10 49. 9 . 080 . 224 
4 _____ 32.9 8 8 4 8 8 8 8 8 8 5 10 50. \ . 049 . 16 \ 
8 _____ 31. 2 4 i 8 4 4 4 7 <I 7 4 10 50. \ . 048 . H6 

7 _____ 30.3 7 6 4 7 7 9 4 " 6 10 49. 3 .043 . 136 3 __ __ _ 29. 1 9 7 9 6 9 6 9 9 9 JO 50. I .037 . 142 
6 ___ __ 28. 0 6 9 3 3 6 3 6 6 7.5 10 49. i . 038 . 129 
9-- ___ 27. 2 3 3 6 9 3 7 3 3 7.5 10 50. 1 . 034 . 133 

Sides of test tubes pa in ted hlack 

5 _____ 48. \ 5 5 2 5 
2 _____ 47. 9 2 2 5 2 
L ____ 47.0 J 1 \ 1 
4. ____ 32. 9 8 8 8 7 8 _____ 31. 2 7 7 <I 8 

L ____ 30. 3 <I <I 7 3 
3 _____ 29. 1 3 6 3 4 
6 _____ 28.0 9 9 6 9 
9 _- ___ 27. 2 6 3 9 6 

5 5 5 
2 2 1 
1 1 8 
8 8 2 
7 7 7 

4 4 4 
6 6 9 
9 9 6 
3 3 3 

1 
2 
5 
'I 
8 

3 
7 
6 
9 

\ 
2 
5 
8 , 
<I 
9 
3 
6 

2 
1 
5 
8 
4 

7 
6 
9 
3 

1 
2 
3 
6 
4 

• Corresponding to a cell depth of 15 em and a suga r-solids concen tration of 1 g/mJ. 

T A 13 LE 7. Rank con-elations between observers' mnkings and 
Tankings by other meaS1l1'ements 

I. ________________________ . ____ _ 
II. __ . ________________________ ._ 
III. ___ _______________________ . _ 
I V _____________________________ _ 
V ______________________________ _ 
V1. ____________________________ _ 
VIL _____ __ ___ _____________ __ __ _ 
VIlL ___________________ . ___ ___ _ 
IX _____ ______________________ ._ 
X _______ __________________ __ __ _ 

Correlat ion of observed ranking with

AE'NIlS I A,,, I A:zo-2A ~20 
Clear tube. 

0.92 
. 90 
.88 
. 97 
.92 
.92 
. 75 
.87 
. 93 
.83 

0.93 
.95 
. ~5 
. 97 
.93 
. 92 
. 78 
.87 
. 9(; 
. 85 

0.87 
.82 
.88 
. 92 
.87 
.88 
.80 
.R3 
.85 
.82 

--------------------A verage_ _ __ ___ _ _ ___ ___ ___ _ _ ___ _ 0.89 0.90 0.85 

Blackened tubes 

L __ . ________________ __________ _ 
JL ___ ______________________ ___ _ 
III. ___________________________ _ 
IV _____________________________ _ 
V _. ____________________________ _ 
V1. ___________________________ _ _ 
V I L __________________________ _ 
V UT _________________________ . __ 
IX ______ ______________________ _ 
X _____ ______ . _______________ _ 

0. 93 
.90 
. 97 
.87 
.90 
. 90 
.82 
. 92 
.83 
.88 

0. 90 0.90 
. 93 .80 
. 94 .95 
.81 .83 
. 93 .80 
. 93 .80 
.85 . 72 
. 90 . 93 
.83 . 83 
. 91 . 85 

-------·--1-----1 
A verage __ ______________ . _____ _ 0.89 0.89 0. 84 

The significant tendency for t:.ENBS to agree with 
observed rankings better than Ai20- 2Af20 is 
maintained in this experiment. 

It is obvious that t he values for t:.ENBS are as 
successful as other available measurements in alining 
the solutions of sugars in order of decreasing color. 

393649- 56--4 

Fmthermore, t here is a marked t endency for alin e
ment according to t:.EN B S to agree better with ob
served nmkings than eit h er of A t60 01' At20- 2Af20 
wb en the evaluation of color is complicated by the 
presence of t urbidity. 

It may be concluded, Lherefore, thaL valu es of 
t:.ENBS ca n be used wiLh co nfidence by the sugar 
industry in grading th e color of normal sugar liquors. 
Additional compariso ns are, of course, very much to 
be desired for the possible recognition of some new 
aspect of the sugar coloran t no t as yet encountered . 

4.3. Approximation of the Spectrophotometric Data 
by Two Straight Lines 

For some sugars the relation betweeu log attenu
ancy and log wavelength (fig. 3) is sufficiently non
linear, as shown in figure 6, to cause errors of as 
much as 8 color units when the color char t is used in 
the determination of t:.ENBS ' Values of t:.ENBS cal
culated from the transmittancy da ta are given in 
table 8 for a typical group of sugars. The t:.ENBS 

values obtained from the color cbar t are entered 
under the column h eaded " /::;.E!." 

It has been found possible, for the practical pur
pose of a rapid color evalu ation, to represent the 
dependence on wavelength in these cases by two 
straight lines (fi g. 6), one for the blue portion of the 
visible spectrum and one for the remainder of the 
spectrum. The values for the slopes of four sugars 
are given in table 8, and the " blue line" has a steeper 
slope than the "yellow line." An empirical rule 
whereby the correct t:.EN BS may be obtained from 
tl1e color chart is as follows: (1) Calculate a weighted 
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TABLE 8. Calculation of ll.ENBS values for several filtered solutions of TaW sugars (no adj1tstment for pH was made in these cases) 

Solution Cell 
depth 

Sugar 
solids 

Slope ofline 

Yellow Blue 

flEt 
(assum ing 
linearity) 

d ENRS 
(2/3 rule) 

AENBS 
calculated 
byeq (1) 

----·-----------------------------------------1------------------------1·--------1----------1---------1 
em 

Australian raw, No. 1 (pH=5.7) ..... _ .. . .... _. _ ...... _ ... _____________ 1. 0 
Australian raw, No.2 (pH=5.9) ___________________ ...... ______________ 1. 0 
Australian raw, NO.3 (pH =5.9)_ ___ ___________________________ __ ____ __ 1. 0 
Hawaiian raw, No. 17 (pH =5.7) __________________________________ ___ .. 0.2 

average for the attenuation at 420 mj.L by taking 
two-thirds of the observed reading and one-third of 
the value when th e "yellow line" is extrapolated to 
420 mj.L. (2) Combine this average with the ob
served attenuation at 560 mj.L and read the corre
sponding I1ENBs from the color chart. Nothing 
additional is gained by using more than two straigh t 
lines to present th e data. 

The I1E NBs values for the raw sugars listed in 
table 8 were calculated by th e above empirical rule. 
The agreement with th e correct values is satisfactory. 
No particular physical significance is attributed to 
the use of the two straigh t lines nor to the factor 
two-thirds. 

* " z 
Q 
f--

" ::J 
Z 
W 
f--
f--

" 

0 . 8 

0 . 6 

0 .4 

0 . 2 

0 . 1 

0 .08 

0.06 

o 
o 

0 .04 o 

o 

o 

o o. a 2 '----'-____________ ..I..... ______ ....L.. ____ '--________ -' 

400 500 
WAVELENGTH , mil 

600 700 

FIG U RE 6. Attenuancy plotted versus wavelength on log-log 
scales for sugars listed in table 8_ 

°Brix 
58.3 
60.3 
61. 8 
60.3 

3.8 
3. 7 
3.8 
4.9 

7.8 
6.3 
6.3 
6.8 

61 
53 
46 
34 

57 
48 
43 
33 

56. 8 
48.0 
41.8 
32.7 

The increase in slope of the absorption curves on 
going from the red to the blue portion of the visible 
spectrum continues in the near ultraviolet. Two 
examples are given in figure 7, one for a washed 
Cuban raw sugar (60 0 Brix and I-cm depth) and the 
other for a granulated sugar solution (600 Brix and 10-
cm depth) . If the straight line observed in the vis
ible region (470 to 620 mj.L) in the log-log plot (fig. 3) 
were extended into the ultraviolet , it would corre
spond in t he nonlogarithmic plot to the curvature 
given by the dotted lines in figure 7. There is no a 
priori reason for the tail of the absorption curve of a 
sugar to fall off logarithmically. Consequently, it 
may be expected that the simple behavior illustrated 
in figure 3 does not hold in all cases. I n fact, it is re
markable that it is valid as frequently as is observed. 
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0 

4 .0. 

, 0 0 0 , 0 

2 , 0 , 
0 , , 0 

0 

'" 
a 88 0000000 000 0 0 In 
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0 
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1.5 
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1.0 
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0 
0 

0 00 

£1212.12. 0 00 00 

a 0000 00 000 0 0000 0 

300 4 00 500 600 700 

WAVELENGTH, mfl 

F IGURE 7. Attenuation plotted as a function of wavelength 
(linear scales). 

A, Wash ed Cuban raw (600 Brix and I -em depth ); B , granulated sugar (600 

Brix and 10-cm depth ). 
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5. Visual Color of Mixtures of Sugar Liquors 

It is often desirable to predict the color of a mix
ture from that of its component liquors. A method 
to accomplish this is presented below. All mixtmes 
and components will be considered to be at the same 
pH and at the same concentration of total sugar 
solids. The problem is to express the visual colO1' in 
D.ENBS units as a function of the relative volumes of 
the known componont liquors. Tho two components 
of a sugar liquor may, of comse, differ so widely in 
visual color that different cell depths are necessary to 
obtain the necossary attenuation data. For example, 
it may be desired to mix small quantities of a dark 
liquor with a light-colored liquor. Because the 
D.ENBS value is almost directly proportional to the 
cell dept~) , for D.ENBS values less than 40, the COlTec
tion to constant cell depth can readily be made. 

The color of a billary mixtme contained in a cell 
depth of bml x was found to satisfy eq (2) 

where 

"\ '1, Vz= volumes of components 1 and 2 in the 
mixtUl'e, respectively. 

D.EI, D.Ez= visual color of components 1 and 2, 
respect,ively. 

bl , bz= clepths at w'hich D.EI and tJ.Ez woro 
cletcrmin ed, respectively. 

In ord er to tcst this r elatiollship , a numb~r of 
binary mixtmes of sugar liquors were examined. 
The sugar solutions were obtained from a Hawaiian 
raw sugar (No . 17), a washed Cuban raw sugar 
(No. 15), and from t wo granulated sugars (D. P. T. 
and No . 29) . The two raw sugars were dissolved 
and filtered by using a diatomaceous ['uter aid , and 
the solutions of the granulated sugars wore filtered 
through a "medium" sintel'ed-glass filter . The pH 
of oach of the sugar liquors was carefully adjusted 
to 7. A comparison of calculated and observed 
values of D.Emlx is shown in table 9 for fom series of 
mixtmes . The observed value for tJ.Emlx was ob
tained from the observed and extrapolated values of 
Atzo in the manner described in section 4.3. The 
calculated value was obtained from eq (2). The 
validity of the formlua is indicated by the good 
agreement. 

One important conclusion can be drawn from the 
above agreement , namoly, that tJ.ENBS is proportional 
to the cell depth when tJ.ENBS is less than 40. For 
rontine evaluation, it is onl~r neeessar~- to determine 
the tJ.ENB S value of a r eference liquor from the 
attenuation data and compare other unknown liquors 
to this by a determination of equivalent cell depth. 
It is possible to calculate tJ.Em1x, cvon though the 
individual components were contained at different 
cell depths. The following measurements illustrate 
this point. A solution of a washed Cuban raw sugar 
was used with a solution of granulated sugar. A 5-cm 

TABLE 9. Color in binary mixtw'es oj sllga1' liquors 

Sugar liq uor Observed va lu es 6Ern iz I Exira p· 

I I 

ola ted 
\' a luc Ob· I Calcu-

A B .11.:20 ...1 :60 A tzo 
sen ·ed a lated by 

cq (2) 

Scric'5 1: Sol ution A contained washed Cuhan raw ~ l1gf\r Nt). 1.1), and B 
Hawaiian raw surrar Nr,. 17 (cell dept.b 0.2 em, 60° 13r ix). 

% % 
0 100 0.6M 0. 114 0.505 42 -- ----

25 75 .524 . 088 .401 35 33 
50 50 .383 . 062 . 278 2G 24 
75 25 .23S . 03(; . 182 Ii IG 

100 0 . 000 .012 .071 6 ------

Series 2: Solution A contained granulated sugar No. 29 an d ]3 granula ted 
sugar D . P . T . (cell deptb 10 em, 50° Brix). 

0 100 0.305 0.063 0. 305 23 --- --. 
25 75 . 276 . 065 . 276 21 22 
.j() 50 .247 . 070 .247 19 20 
75 2;,} . 218 . 073 . 218 ]6 17 

100 0 . 190 . 079 . 190 14 -- - ---

Series 3: Sol u tion A contained granulated sugar No . 29 a nd B washed 
C u ban raw sugar N o. 15 (ecll depth 1 em, 00° Bri x). 

0 100 0. 459 0. 078 0. 275 29 .- - ---
3 97 . 446 . 075 . 200 28 28 
6 94 . 435 . 073 . 250 28 27 

10 90 .4 IG . 067 . 237 27 26 
15 85 .398 . 065 .227 2(i 25 
20 80 . 341 . 067 . 236 23 24 

]00 0 .019 . 008 . 017 2 ------

Series 4: Solution A conta ined H awaiian raw sugar )Jo . 17 and n washed 
C uha n raw sugar No. 15 (cell depth 0.2 cm, 60.5° Drix). 

100 0 O. i75 0. 120 0.550 47 ----- -
95 5 . 744 . 11 8 .522 45 45 
90 10 . 715 . 111 . 495 44 43 
50 50 . 45l . 066 . 321 30 28 
20 80 . 2fiO . 034 . 167 17 16 
5 95 . 150 . 018 . 101 II 11 
0 100 .118 . 014 . 076 9 .- ----

a D etermined from observed attenuaneies for t he bina ry mixtures and t he 
color ehart of fi gure 5. 

cell and a 1-cm cell were mounted in series in the 
10-cm cell compal'tment of the Beckman DU Spectl'o
photometer on both the solution and the refer ence 
side. Prisms were inserted in the 1-cm cell in order 
to form either a 0.2- or 0.5-cm depth of liquor. In 
these measmements the cell depth (bmlJ is not the 
same for both terms of eq (2), which must now be 
written 

AE - [ VI AE b~ixJ+[ V 2 tJ.E b::iXJ. (3) 
'-> Olix- (VI + V 2) '-> l bj (VI + Vz) 2 bz 

The cell depth associated with tJ.Emlx is the equivalent 
depth of any component in the mixtme in terms of 
the reference component measm ed at bl (or bz). The 
factors b;"ix and b::ix denote that they refer to the 
separate components. 

The results are summarized in table 10. There is 
quite satisfactory agreement between experiment and 
the calculated value, using eq (3) . 

An examination of the color chart (fig. 5) shows 
that for a given ratio of Atzo to At60, D.ENB S is nearly 
proportional to At20 for values less than 40. If the 
ratios of At20 to At60 fall within tQe range from 6 to 
2, it can be shown from the color chart that tJ.ENBS is 
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FI GURE 8. A plot of attenuation at 420 millimicrons (ordinate) 
as a function of tlENB S for a vaTiety of sugar li q1LOrs. 
~ , [Q-cm cell depth , 60° Brix ; . , 5.S-cm cell depth , 60° Bdx; O, l.O·cm cell 

depth, 60° Brix. 

proportional to A :20 within about ±2 units for t:.ENBS 

less than 40 . The degree of approximation this in
volves may be seen in figure 8, in which the observed 
attenuation at 420 mIL is plotted as a function of 
t:.ENBS for a large variety of sugar liquors. A linear 
relationship is observed within an average deviation of 
about 4 t:.ENBS units. This fact may find practical 
applications except in those solutions with very low 
values of t:.ENBS where the degree of turbidity is 
sufficient to modify the transmittancy. 

T A BLE 10. Additivity of sugaT COIOT in NBS units 

Solution A conta in ed granulated sugar No. 29 and solu tion B contained 
washed Cuba n raw sugar No. 15. 

Composition of sngar mixture at designated cell depth t>ENBS value 
(com bined in ser ies) 

5.0cm 1.0 cm 0. 5 em 0.2 cm 
CaJeu· 

Ob· lated 
served a from 

eq (5) 

l00% A . .••. . .. ........................ 100% A .• __ •... 9 
............... 100% B .......... ...... ................ 36 

100% A •• •••. • . .••..••..•.•.•.• _ •••.••. 100% B. ....... 16 16 
96% A + 4% B ...•..•..•........•....... 96% A+4% B.. 15 16 

100% A .....•. . ........ 100% B ........ ............ . . . . 24 27 

91% A+9% B .. . . ...... 91% AH% B.. ................ 27 26 

• Determined from observed attennaneies for the sngar m ixtures and the 
color chart of figure 5. 

6 . Discussion 

A fundamental scale of sugar color, called the NBS 
scale, is presented and has been used to express the 
color value of a variety of commercial sugar products. 
The results are in good agreement with visual estima
tions of color. It is proposed that all sugar colors be 
evaluated by the difference between their color and 
that of a colorless sucrose solution, instead of by 

luminous transmittance and chromaticity coordinates 
x, y. Some information is lost by omitting the com
plete color specifications, but this is balanced, at 
least in part, by the gain in simplicity. 

The spectrophotometric data for commercial sugar 
solutions has a relatively simple character and can be 
represented by a simple algebraic relationship in the 
visible spectrum. A color chart is presented from 
whicb the t:.ENB S value of a color can be read directly 
from a knowledge of the attenuation at 420 and 
560 mIL. 

It has been shown that color on this scale is an 
additive property and, therefore, it can be used to 
express percentage changes in the removal of visual 
color effected by various refining steps. There is a 
good possibility that the useful limit on the magni
tude of the color value can be increased beyond 40. 
In this case, the scale would then serve as a suitable 
means to measure the color of very dark products. 

It must be noted that t:.ENBS was calculated from 
the transmitted light only. Therefore, caution musL 
be used in visual comparisons to take into account 
the light reflected from container walls. The NBS 
unit fulfills the need for a primary color standard in 
the sugar industry, although secondary standards, 
such as suitable glasses, will also be found useful. 
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