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Color Evaluation in the Cane Sugar Industry’

Victor R. Deitz

A fundamental unit of sugar

color basted o7 the National Bureau of Btandards volor

acale is deseribed and used to evalusic o variety of commercial sugar producta. The results

are in good B

ement with astual visual experience,

The propaosed, sosle is bassd on eolor

differevees, whereby the color of the eugar 2alution b evaluated by tha amodnt of daparture

from & volorless ancrose soluticn.

flome informstion on spectral distribution is lest, but

this by balanced by the great gain in simplicitiy. A specizl pplor chart is presented, whereby
rom A

the value of the volor éan be read dirsctly
Iengthe 42} pnd 560 millinbcrons.

1, Introduction

In the sugar industry it is penersliy agreed that
color is of prime importance, Since early in the
19th century, the industry has used an estimation
of color in four general ways. First, raw sugars were
ur;ﬁina[ly described by their color and taste, espe-
cially thoee once known as the Muscovado sugers {112
Today, coler 18 only mn incidentsl factor in the
purchaze of raw sugars. Second, & comparative
meaaure of color is used all manufacturers and
refinars 4z an index to the changes that oecur durin
})muaaamg. These values serve for comparisen an
or record, and from themn an operating staff can
adjust the varmables of the proecess to obtain an
acceptable product. Third, color is used to evalu-
ate liguid sugar Rmduc.ta. This is & contemporary
development and makes important demnands on
visual color measurement. It has emphsasized the
need for a universal color evaluation based om
Tundamantal unity.

The fourth important use of color measurement is
for the evalustion of an adsorbent. The first

[ 1 I
Papen's décolorimlre proposed in 1822 &5 evaluals
the color remonal copacily of bene ohar,

Tl daotdorinad enlerting bs cogtained In the long fubs (B3 nd metaled wpmloee
B Bbort defkh of the dnibtdal Liqg uor {F).

Fiauen 1,

L This h'rau.lf'uhn WA FPOnaN e B & jelot resesrch undertekon by the Bome
‘Char Reasqarch %, [oc., aod the Nailonsl Purean of 8 LY
¥ Flgarea in eis ndicate the [karsbure relacences st Eba and ol this paper.

nowladga of the sttenbation ot wave-

quantitative color messuremoeni was apparcotly
made in 1822 by M. Payen [2], who described & pro-
cedure to evaluate the eapacity of finely divided
hone char to remove color. In isct, the instrument
he invented and deseribed was called » “décolori-
métre’ and is ehown in fisure 1.  The visusl appear-
anca of the decolorized solution contained in the
long tube was matched against s smaller depth of
the initial liquor. The cell depth was adjuated
until & m=ateh was obtained. Color determinations
for the evsluation of adsorbeni= have been used
ever sines, and many kinds of colorimeters have
boen devised.

The grenteat obstaele to the successiul use of color
messurement in the sugar industry hsas been tha
lack of standards and of a suitable color wunit.
Duting the last 50 yeats many referencs matorials
hava been proposed, but none has been satisfactory
in all respects. The abject of this paper B to
present the NB3 unit of sugar eolor and to describe
some typieal applications of color measurements.

2. General Characteristica of the Spectro-
photometric Data

Spectrophotometric meszurements in the visual
gpectrum supply the %’Bmy data for the calculation
u¥ guger color on the NBS scale. The cumsarat.ivaly
recent introduction of warious commercial spectro-
photometers haa made ible the examination
of supar Liquors in suger laboratories and has justified
the propesed new approach to the measurement
of an index of visual color, Typical graphs of the
transmitiancy of commercial sugar solutions as
a function of wavelongth sre given in figure 2.
These data have two genoral characteristics: (1) the
tThoamiitency slways incresses s the wavelength
changea from the short-wave (hlue) end of the visible
spectrum to the long-wave (red) end, and (2) o simple

gebraic relationstop exists between the increase in
trensmittency and wavelength, .

It is seen in figure 3 that the logarithm of the
sttenuancy * follows closely » linear variation with

I The termm “mitooweney™ (4% wod breduced by Dedtz, Penningben, aod
Het'mao u:!]l.nmnhug:{mr 4] mrmmaoa;unmthtmum g
clzhle llght-yndtoring marsrial. The presoce of okt H:hlamt%
{mparities invalldaet Brer's b, A™ 19 defined 38 =b2g w[Twistlool Tobeatl],
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the loganthm of the wavelength (3}, The behavior
shown in figure 2 has been confirmed for many other
sugar products. The linear relationship betwaen
log A* and log A makes possible & ronl simplification
mm tha evaluation of visusl sugar color on ths NBS
scale, Because two points are necess to define
& straight line, i is posaible to construct the complete
spectrophotometric  curve from  transmitianey
observations at only two wavelengths.

3. Scope of the Optical Measurement

To obtain p tive in the determinstion of
color of commercinl sugar liquors, sevarsl factors that
influence the optical measurement mnst be con-
sidered. The appearance of a supar liquor is influ-
enced by both the dissolved impuritics and the
colloidal suspanded solids, Tt is kmportant to recog-
nizc that there can ba diseolved impuritiez with no
color and, likewise, suspended matter with no
turbidity, If the term “color™ is reserved for a de-
scription of visual appearance, the sugar industry is
on common ground with almost sll other industries
where color 13 an important factor. Zerban [3] bas
streseed that the sugar chemist needs information on
the quantity and nature of the coloring matter pres-
ent in products. Tt is chvious that trens-
mittancy has definite limitations for such a purposza
as & nonsugar impurity withouet color and showing ne
turhidity may escape detection by a photometric
measurement alone.

Expertence has shown that two-word terma, such as
“color bodiea,” “eoloring material ' ate., tend to be
abbreviated to “color’” and lose their distinctive
meaning. The genera] term “colorant' has been used
by physicists to indicate material that is either a dye
that absorhs light with negligible scattering, or a
pigment that both ebsorbs and seattars. Tt ia recom-
mended to the sugar industry as & term to designate
the coloring materials in sugar, The sources of the
eolorsnt in suger Liquors are complex and are not
known with any degree of certainty. Gillett [4] sug-

eBted & classification into threc general categories:

1) colored nonsugars orjginally in the sugar cane,
{2) colorless nonsugar bodiea that may develop color,
and (3) colored nonsugar bodies that result from de-
composition of the sugar, The formation of the
colorant bodies has been attributed to complex reac-
tione between invert sugar, orgenic acids, certain
inoTganic salts, and nitrogenous sompounds such as
proteins. ‘This viewpoint again indicates a limitation
on the use of color (1. e, visual appearsncc) as &
measure and identification of the colorant bodies
preeent in commercisl supar products. The eon-
siderations that follow are selely concerned with the
visual measurement, which is of value to the indus-
trial supar chomist.

Figuex 3. Linenr dapendence of fog A* on fog % for fhree
sugar products.
A, Qranulsted sugar (4= Weom, e=0818 ¢/mi); B, Gubsn raw, nfibared b=z

om, e-wil. TE0 gfonl): O, Bleokebrap (=07 1m, £=000M o], wheTe f 18 coll dapth
a0 & i total BajkdE eoncanbration.
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4. NBS Unit of Sugar Color

It iz well known that dpemcptiﬂn of color wa {ridi-
men=icnal, Zerben and his associstes 15.6] have
apecified the colors of a variety of raw and refined

sugars by uee of the coordingte luminoue transmit-

tancy {also called brightness), and two other coordi-
natea to describe the chromaticity, namely, the
purity and the dominant mwelengi. They found
that the dominant wavelongth varied only slightly
(573 to 678 mg), which indicaied that ooly one
varisble was sufficient to define the chromaticity of
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sugar colors. Liggott and Deitz [7] plotted, as in
figura 4, the chromaticity coordinates for a variety of
commiercial sugar products and found that the
majority of the points were grouped within a narrow
hand drawn fvom the point representing the standerd
light source C 20 a3 to approach asymptotically the
spectrum red locus. e previously mentioned
approxmata linearity of the spectrophotometric data
for commercial sugar aolutions illustrated in fipure 3
ia another indication that sugar solutions have a
simple colorimetric character,

ere i3 snother important way to view the
problem. The differences between colors olosel
reeembling each other can be avaluated with consid-
erable precision and sccuracy by the tachnigue of
amall-difference ecolorimetry, and these differences
can be expressed on & seale yielding high correlation
with vitual estimates of the differences [8]. Such a
geale would permit the use of & single humber to
represent visusl appearance, and conld be readily
applied to £]] phasea of augar manufacture and sela.
It 15 true thai in reducing the complete color epeci-
fication to a single sealar quantity, some mformation
18 loat; however, becausa sugar miura ocoupy such a
narrow band on the chromaticity diapgram, the loss
of this information is of minor consequence and may
indeed be balanced by the great pain in simplicity.

The natural choice of a reference color in sugar
colorimetry is that of & h.hg]:-'lj purified sucrose solu-
tion viewed with the standerd hght source C' It is
proposed that all sugar colors ba evaluated by the
amount of departure Irom this colorless solution.

Of the several formulas already devised for evalu-
ating color diferences, the Adams formuls [9] has
been choson a2 the basis for the proposed NES scale
hecause it meets the major requirement of expressing
color by a sealar quantity on s uniform scale of per-

tibility, The Adams formuls is an empirical
reiation, which was developed for evsluatiny the
difference between the nearly equal colors u% two
reflecting syrfaces, Thoe applicetion of this formule
o transmistancy dets was reported mn 1952 in the
Tachnical Reporis of the Bone Research Group.
It ie to be noted that the differences observed in
many cases are not smell snd, hence, the formula
for eolor difference is being used for & E?urpnse other
than that for which it was dovised. Experiences to
date indicate that this is not s substantive limitation.

4.1. Complete Procedura

The spectrophotometric deta between 400 and
720 mg are converted first to the tristimulus values
X Y Z Cun‘liput-at-iun forme for ihis calenlstion
are given by Judd [8]. The Muneell valus functions
V., V,, ¥, which are related to the triztimuolos
'.ra.iuas, ata then obiained {rom the tahle which was
caleulated by Nickerson [10] and quoted by Judd.®
The M value functions are then substituted
into the Adame equation,

4 Thy standard Boarees R gisled in 1531 By thg Intatnalbrbal S o By bt
o0 Muminstion are! Herce &, typitenilslive of gasAlled loosodetcenk latnps;
aolires B, rpresetsitive oF o duik] lebil: amd soatriee O, owpretgn ta il ve of RTeTREe:
dnirlhh.t. Al a8 thoad froam & ¢om frie ln] ¥ owaroeal SE3 .

s kbl A H, and G on plges 352, 354, wnd 350, reapestitely, of [B.

Because one of the colors in the caleulated differ-
ence will ba tha atandord aource C, the Munsell value
funections for the refsrence sucress solulion (X,=—
Y =Z.) can be entered into the Adame equation,
which can be written in the form

ARy an=
50 4/[0.23010— V) '+ [V — V, '+ [0.4]V, = V]2 (1)

Under the conditions of observation used in the
present worlk, which are given in detail in the sub-
sequent paragraphs prezanting the daia, the observ-
ers could usuall diﬂt-'miuish a difference of shout
ona unit of AKypg. Therefore, the computations
naed be made only to the nosrest inkager,

Valuss of AEugs for a variely of typical suger
Pmducta are piven in table I at the conditions noted
or cell dopth and suger solida, Tha values are, of
course, dependent upon ecell depth and the concen-
tratiuinl o“fdta:utal EIZAY s&:rlids. T]nis, a :g]lrtiauhof a
pranulated sugar viownd in & very Jong can have
a grenter velue of AFhge than a diluted blackstrap

viewed in a very short cell. This illustration servea

Tablk 1. TVoluss of AE for typical eugor products eelew-
latad for the spec{‘;!:ﬁ degih and concondration

MRS gaTPle Tepth Umuﬁnb Calontated

AFuna

.8
Hswallan raw (fltezad] __________.__ | @2 0,735 5.8
Cuban raw mecdy_ . 2 .15 B, 10
e 1.0 . T4l T B

ML iy =] &7 B

2 ] .2

.2 N [

.2 N M8

B prvdhichs investgated by Petarsand Phelpa 4

ia 1) M2
LA T hi A
La b L]
LA 1.0 108
La IO 108
La 1D 4.5
1L.a 10 3.4
Lda LD &2
Lo 1.0 Y]
L L0 k1
L¢ iR b7
Lo (] 1.9
Lo Le e -

~H. H. Fetersapel ¥, P, Thelps, N T, Reamoch ¥, 330 (1935 RES.

only to emphasize that two suger products muat
always be compared at the same eoncentration of
ar aolids BIIIPGEH depth. It has been found that
velues of ABp, loss than 40 are linear with roapect
to coll depth. It is not feasihle to compars all sugar
productz at the same cell depth and eugar concen-
tration. Efforts ere being msade by the National
Committes for Sugar Anplysis to spacify these con-
ditions for different E}rﬁes of products, and apree-
ment on this peint will be a resl contribution to
uniform reporting of results.
An additional specification must be made when the
)z‘resenue of atuspensoids in sugar liquors i= appreciable.
he proposed evaluation of color tolerates tha pres-




eace of turbidity to such an extent that s small but
dafinite Tya. beam can ba seen. However, for a
relizble color evaluation it Appears necessary to place
sn upper limit on the amount of the suspended
matter present. It has becn found that the color
evaluation can be made with a reproducibility of
sbout L1 percent after the sugar lilgunr has been
filtered thro a fritted filter of Pyrex glass of
porozity F. perience usually dictates when such
s filtration is neceseary. Most refinery liguors re-
gquire no filiration, particularly these for dark-
colored producia, :

4.2, Color Chart

Recnuse of the inherent simplicity of sugar colors,
it has been found possible to obtain the color of a
sugar hiquor on the NB3 color senle from a simple
thout using the Munsell value functions in

graph w1
the Adams formula. As the entire =pectrophoto-

Lecause of the linearity observed in figure 3, the
tristitnulus velues can be caléulated from the murve
defined by two observed pointe. Consequently, the
velue of AEgpa can also be determined from these
wAlhe two polnts.

Two axperimental points are used to represent the
stTaizht lne in the plot of log A* versus log A,
namely, the vaives of A* at 420 mx and 560 mp.
The vuze of & wavelength near the shortwave extreme
of the visible spectrum i= particulardy helpful be-
cause the ab=orption of suger liquors is greatest in
this part. The particular value at 420 my was taken
to agreo with one of the wavelengths used by Gillett
and Heath [11]. The wavelength of 560 mu cor-
responds to that extensively used in the pioneer
work of Peters and Phelps [13).

Tha color chart caleulated by the above procedure
iz shown in fipure 5% Specified values of A%,

b The theoratisal devalopmeant of the ootor shavt %1 bo the dohfect of annther
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Fraure 6. Color chart for tha determinadion of auger color it NBS unils from ablenualion weluer af 80 and 580 millimicrond.

Ivenkber® aprpwdite arved mea Jor speciisg ralnes of ARwas,
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{ordinate; and A%, (sbscisea) determine a point
on the graph and the pozition of this point is noted
relative to the nearest curved lines. Each curved
line represente & constant value of AFypa. Values
of ARyny that fall between the plotted lines may be
estimated by interpolation.

The color chart hag been checked in several ways.
The wvalves of AFKyn, were calculated from the
transmittancies over the wisible spectrum for &
great many sugar liquors snd the resulis compared
with the values determined from the color chart.
Table 2 givea somo of the results, The agreement,
in general, is rather good, eapacially as the smallest
difference detectable by the average eve iz only
about one unit, The coefficient of renk correlation ¥
ia 0.00. Tha colors of the sugar higuors described in
tables 1 and 2 ranged from that of granulatad sugars
to that of blackstrap. The concentration of total
golids and the cell depthe must be adjusted to
equality before comparisonz among various products
can be made.

Zerban and his associates, following the work of
Fotors and Phelps, }M‘Dpl:lsﬁd that the visual appear-
ance of solutions of refined %)5] snd raw [6] sugars
be quantitatively measured by the asingle valus of
the attenuancy mdex {—log ¢ at 560 mp, where ¢ is
the trapsmittancy at unit depth and solids concen-
tration. As the spactrophotometric datea at 420
my and at 560 mu were given in these publications,
it was poasible to determine AFupy from the color
chart. Their data for dark sugars were comparad
at & el depth of 0.1 ¢m and a solids concentration
of 1 gfml, and the white supars were compared at a
coll depth of 10 em and at tho snme solids concon.
tration. Table 3 shows that the arrangement in
decreazing attenusncy at 560 mpe for Zerban's deta
correlates in general with decreasing value of AFyag,
but the sgreament is far from perfeet in regard to
the sequence of decreasing valuss. There are &
number of reversals; for example, Zerban's t-
lated sugars 48 and 59 bave aticouvancy velues of
0.0880 and 0.0851, respactively, but the correspond-
ing wvalues of AEypy, 35 and 29, are in the reverse
order. It is to be expected that attenuancy at 560
mu will correlate somewhat with visual appesrance
of sugar golutions because it 8 a direct measure of
the darkness of the suzar color and, a& attenuancy
at 420 my iz somewhat correlated with attenvancy
8t 560 mp, it i3 slse an indircet measure of the
vellowness of the sugar color, As AFugg is hased
on direct measares of both vellowness and darkness
it 12 expected to yield & more reliable measore o
visual appesrsnce of sugar solutions, and thess
reversals may be interpreted chisfly ss indicationa
of the a]:{pynximnte nature of the connection between
sugar color and attenuancy at the single wavelengih
560 mg.

1 The nomarnicel calculations ware mpale wilh te ota of the fllewing ool
for the renk cogfliclant:
- i)
-G

wlwe # B the humber of chaervaticne snd S0 = the sum of the sguarax af
ibg emuEAlflaretices. The author b indebted to 0. B, Judd of the Buorssu Ior
the duggrstha (bak Kbl atatistleal tresfment be used,

Tml

TanLe 2. Compridon of ARygg milues obinined from the color
chart with those calewlated with the ddame equotion
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When the valees of A%, in table 3 are plotted az &
funetion of the corresponding AByas, the plotted
poinis approximate a straight line rather pootly.
Although the caleulated eorrelation coefficients for
the ranking of thess solutions were high (0.94 and
096 for the filtercd raw and the granuleted sugaras,
respectively), there are oppreciable fluctustions
based on the maghitudes of Af and AFyps. The
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Tanie & Reruliz of arronging nine sugar Hguors in order of

decreaatng solor
Fraitiom of Mumber aof ohb.
pamplea Tisu- ARypa | servers pheciog
ally dater- mm& i
mined
1 T it
I T it
& +H L |
4 H) 1t
I3 k] 1t
# 134 b
T LR 14
) L =18
» LLE =18

o O obeetver mversed obder of thess samples.

small’ diference i the coefficientz of rank is not
meaningiul for the date oo hend.

A necessary requirement for the suceessful use of
the proposed color unit in practice iz a high correla-
tion of values for AFyus with the experience of vari-
ous observars who may not necesaarily be skilled in
making scientific comperisons. Seversl experiments
will now be described in which & number of ohzorvers
were nsked to arrange the sugar liguors in & sequence
of decressing color.

First, & geries of nine filtered sugar liquors were
prepared and tubes conisining equal depths werc
alined by independent observers in & sequenca of
decressimmp color. The liquors ranged from almost
colorless to the color of a filtered washed Cuban raw
sugar. The eoncentration of asugar solids was 60°
Brix. The solutions were contained m elesr glass
bottles of gquare cross section (3.5 cm on side) and
wera compared in daylight with the bottles in con-
tact eide by aside. aluee of AFygme were obtained
independently from spectrophotorastric daia, using
the eolor chart. The results, summarized in table
4, ehow that the alinement of the liquors according
to both J}muedurm iz practically identical.

Second, another series of solutions was prepared
in which the range of colors was not as graat in order
to bring oat the differences in judgments among the
observers, Solutionz of 19 white sugars were pre-
pared at & concentration of 60° Brix. Thess solutions
were not flierad and some turbidity was present.
Ench sample was contained in a test tube and viewad
from above through a solution depth of 13 em.
Daylight reflected from white paper was uscd as the

ight source and the surrounding field. Eight

ob=orvers working independently were fairly aucosss-
ful in alining the solutions in & sequence of decressing
differenca in calor from that of dietilled wator. These
data are given in table 5, a. The ohaervers desig-
nated by A, B O, D, E I, J, and K were ﬂeient.iﬁcalfv
trained persennel and those designated by F, G, and
H weare not. Neverthelesa, the agreement nmong all
obzervers was zood a3 measured by the caleulated
coofficient of concordance ! which was 0.94.

T poedloberit of ooneordsnce, W, wes oelenlabod Trom L fallowing expngs=
o, gl by M- 3 Eendell {Eank correlation medhel, po Ef};
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Values of AFygs were subsequently caleulated
from eq (1) and also obteined by using the color
chart, and these are given in table 5, a, with values
for the attennancy &t 560 mp and for the combination
Afy—24%, Table 5, ¢, upper half, gives for each
observer the rank eorrelations between the observer’s
ranking of the 19 unfiltered solutions and each of
the rankings according to AFyn,, A%y snd At,—
24%;, It is seen that, with only one exception,
each observer agrees with the AFyw, ranking better
than with either of the others. Thus, the correlation
of observed rankingz with s renking ascording to
values of AFyps iz scen te he significantly (2t the
l].ll]vlgmbahllity level} better * than the correlation
of ohzerved rankings with ranlongs according to
cither Af, or Ak —24%

It was believed that the above differences might be
attributed to the relatively high turbidity for the
given amount of color present. Filtered sclytions
contain fewer lipht-scattermg particles, and the ratio
of the light absorbed to the [ight scatterad is greater

in nonfiltarcd solutiona, This situation fre-
quently exists in commarcial sugar praducts of very
low color.

The experiment, therafore, was repeated for 10 of
the 19 sugars efter the solutions were filicred through

o ax sintered-glass filter (porosity F). These
results are given in table 5, b, and it can be zeen
thut the ent among all observers a= to the

alitement i8 very good, e caleulated cosfficient
of concordance among the observers waa 0.9%, as
compared to 0.84 for the case of the unfiltered soly-
tions. Reversala oceur only where the itudes
of ARy differ by only two units or leas. DPecause
valuee of AFgag, Ay, and A%,—24%, wers
obtained for all of the solutions, the coefficients of
rapnk correlation were calculated jrom the ranking
of each of these quantitles with the rankings estab-
lished by the obaervers. The results are piven in
table 5, ¢, and it is seen thet the filtered solutions
show & consistently high eorrelation cosfficiont
regardlesz of whether the index of color is taken as
Alepg, Afw, or Af—24%,. Thers are no mean-
ingful diferances between the various messuretnents
on the filtered aolutions with reapect to the agree-
ment of the ohservers,

The presence of & residual turbidity in commercinl
sugar liquors of low color is thus seen to have a
marked mfluence. Many of the 19 augars used in
tha above messurements were obtained from retail
food stores. It was counsidered desirable to repest
the experiment with wnfiltered pranulated sugars
sglected for their minimum turbidity.

A serics of ¢ such granulated sugars wera preparad
st 50% Brix, and thess were arranged by 10 independ-
&0t observers in & sequence of decreasing color nnder
2 experimental conditions.  All solutions were con-
tained in test tubes (17 em long snd 2 emin diameter)

b atatbakiea] ure for dstermEning €he Algtl8cptcn of b dd
Balwants L tatE correlathons 9 the “algn =™ ) Soe, e gomioply, W, 1, Digoo
pod F_F. Massar, Jr, Inteodnabin G0 3takiakicn | soafyaks, ,Elg‘ﬂ‘nnd tahle I

. ¥ {Muﬂmw-hﬂl, 183l anther [ 1 biml 0 Tpao 8. Rotenbintt

un Busreal o the opgleatdon of this tea to these data_
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filled to & depth of 16 em. In one case the tubes
were painted black on the outside, with the exception
of the curved bottom surface, sod in the other chse
the tubes were unpainted. The solutions were
viewed with a light source and a sumrounding field
consieting of thin white paper placed over & Huoores-
cent tube (15w daylight).

The resulie sre given in tabls 6, which also in-
cludes the waluea oo onding to0 AFypa, Al
and the quanlity A%f,—24%,. The coeficient of
concerdance among the 1§ obgervers was (.82 for the
messurements with clear test tubes and 0.90 in the
blackened tubes.

The rank correlations between sach of the 10 indi-
vidual obaservers' rankings and each of the ranlkings
pecordiong to ARyn. A%, and AR —24%. were
onlculeted. The resulis are shewn in table 7. There
appears to be b significant tendency for observers’
rankings for clear tubes to apree hetter with the
ranking sccording to A%, than with the ranking
scoording t0¢ AKues. Tt is to be noted, howerer,
that the differences between wn observer’s rank
corralation coefficients for AFyp; and AY, are wery
emall. For blackened test tubes, there 12 no a
nificant difference hetwesn AKyps and Af, wit
respect to their agreement with obeervers’ rankings.
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= Sqreaponding toa cell depth of 16.0m and & sugarsolids cencentradon of 1 glml,

TABLE 7. Rank corrélalions betapeen obsermers’ rankingd and
ronkinge by other mecanremients

I
Correlativn of dbserved mnking with—
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=L, 85
AVEIEEE - oruenrianran- 0% | i By 0.4

The significant tendency for ARy, t0 Agree with
obrarved Teokings better then A5 —24%, is
maintained in this experiment.

It iz obvious that the values for AFgs are as
successful ae other available messurements in alining
the solutione of sugars in order of decreasing color.

R p—i—A

Furthermore, thore is & marked tendency for aline-
ment according to ARy, to (fnee better with ob-
served rankings than either of Af, or A%, —24%,
when the evaluation of color is complicated by the
prezence of turbidity.

It may he concluded, therafore, that velues of
AFyny can be uzed with confidence by the sugar
industry in grading the color of normal eugar liguors,
Additionsl comparisons are, of course, very much to
be desived for the pessible recogoition of some new
asgpert of the sugar colorant not as yet encountered,

4.3. Approximeotion of the Spechrophotometric Dato
by Two Straight Lines

For some supars the relation between log attenu-
ancy and log wavclength (fig. 3) is sufficiently non-
linear, as shown in figure 6, to cause errors of as
much aa 8 color units when the color ehart iz used in
the detertranation of ﬂENBﬂ, VEIU.HS ﬂf ‘iEN'.BB cal- -
cuvlated from the transmittancy daia sre given in
table 8 for a typieal group of sugers. The AF. g,
values obteined from the color b are entered
under the column headed “AE, "

It has been found possibla, for the practieal pur-
pose of a rapid color evaluation, to represent the
dependenee on wavelength in these cazes by two
straight lines (fig. §), ono for tha hlue portion of the
viaible spectrum and cne for the remainder of the
spectrum. The values for the slopes of four sugars
are given in table 8, and the “blue line” has & steeper
slope than the “yellow line.” An empirical rule
whereby the correct AFugs may be obtained from
the color chart is as follows: {1) Caleulate n weighted
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Tapre 8 Coalcwlfolion of ABEnmn relier for several fllered solnlfont of raw sugors {no adfustmend for pH woe mods in these caaen}

T can | B Slope oftine - AFx s,
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dipth | eollds repiiresd ey | b eq O

Yellow Blus
& *Hriz

Akl uch ruw', Mo, | {pl =35 - 1.0 =3 a8 T.B Bl 5 55 E
A ionliph brwe, Mo [ pEl= 520 1.0 603 37 [ 53 45 48 0
A ralots ruw Mo X{gpH =08)___ - 1.4 aLE 3.8 L3 # 4% 4L B
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average for the attenuatien st 420 mu by taking
two-thirde of the observed reading and one-third of
the value when the “yellow line" is extrapolated to
420 myu. (2) Combina thiz averages with the ob-
gerved attenuation at 560 mg and the corre-
sponding ARy,s from the color chart. Nothing
additional iz gained by using more than two straight
lines to present the data.

The AFEyss valuee for the raw sugare listed in
table & were calculated by the above empirieal rule.
The agreement with the correct values is satisfactory.
No particular physical significance i3 attributed to
the use of the two straipht lines nor to the factor
two-thirda,
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Frooex 6 Attenuoncy plotled versur waselendth on Iog-log
senlen for pugars lrgied in table 5.

The ineresss in elope of the absorption curves on
going from the red to the blue portion of the visible
gpectrum continuss in the near ultraviolet. Two
examples are given in figure 7, one for a washed
Cuban raw sugar (60° Brix and 1-cm depth) and the
other for & granulsted sugac solution (607 Brix and 10-
em depth). If the straipht line observed in tho vis-
ible region {470 to 620 my} in the log-log plot (fig. 3)
wore extended into the ultravielet, it would corre-
spond in the nonlu%?rithmjc plot te the curvature
givan by the dotted bhnes in ficure 7. There 18 no a
priori reason for the tail of the abaorption curve of &
sugar to fall off logarithmically. neequently, it
may be axpected that the eimmple behavior (llustrated
in higure 3 does not hold in all cases.  In fact, it is re-
markekle that it is volid a5 fraquently na is observed.
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8. Visual Color of Mixtures of Sugar Liquors

It is ofien desirable to predict the color of a mix-
tura fromn that of its component liquors. A method
to accomplish this is presented below. All mixiures
and components will be considered to be at the same
#H and at the same concentration of toisl suger
solide. The problem is to express the visual celor in
AFyes unite aa o function of the relative volumnes of
the known component iquors. The two components
of & sugar Hquor may, of course, differ so widely in
visual ¢olor that different cell depths are necessary to
obiain the necessary attenuation data, For example,
it may be desired to mix small quentities of & derk
liguor with & light-colored liquor. Because tha

s value is almoat directly proportional to the
cell depth, for AFEyupe values Iess then 40, the sorrec-
tion to constant cell depth ean readily be made.

The eolor of & bingry mixtura contained in a cell
depth of by, was found to satisfy eq (2)

T Bl V. B
S| s A B [ oy ) @

where

17, Te=volumes of components 1 and 2 in the
_mixture, respectively.
AE,, AE,—vizusl celor of components 1 sod 2,
respectively.
&, ﬁg=degth3 at which AF, and AE, wore
etermined, respectively.

In order to test this relationship, & number of
binary mixtures of sugar liquors were exarnined.
The sugar solutions were obtained from & Hawallan
raw =zugar (No. 17), n washed Cubsn rew sugar
{Mo. 163, and from two granulated sugsrs (D. P. T.
and No. 28). The two rew supars were dissolved
sud filtered by using & distomaceous filter aid, and
the solitions of the gmnulat-ed pugars were filtered
through a “medium’™ sintered-glass flter. The pH
of & of the sugar liquors was carefully adjusted
to 7. A comparison of caleulated and ohsarved
values of = 18 shown in table 0 for four series of
mixtures. The obeserved walue for AR, . was ob-
tained from the observed and extrapolated values of

%y in the manner deseribed in sertion 4.3, The
calculeted value was obiained from eq (2). The
validity of the formuls is indicated by the good
sgresment.

One important conclusion can be drawn from the
above sgreement, namely, that AFggg 18 preportional
to the cell depih when AFygg i5 less than 40, For
routine evaluation, it is only necessary to determine
the AFypa value of a reference liquor from the
attenuation data and compere other ynkmoewn liguors
to this by a determination of equivalent cell dapth.
It is possible io caleulate AFL .. even thoufé: the
individual components were contained at different
cell depths, e following messurementa illustrate
this point. A solution of & washed Cuhan raw sugar
was used with a solution of pramulsted sugar. A 5-em

Taeve 3. Color in bingry miztures of sugar Hquors
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» Tnterimied {nom ohoarved attenoemcies i the Mosry miciutes and che
color cleart of Aguee 5

cell and & 1+m eell woare monntcd in series in the
10-¢m ecell compartment of the Beckman DU Spectro-
photometer on both the solution and the reference
side. Prisms wers inserted in the 1-cm cell in order
to form either a 0.2- or 0.5-cm depth of liquor. In
these metsurements the cell depth (Bgs) 18 not the
same for both terms of eq (2), which must now be

written .

[ Blose v baic |,
smae| et el @

Tha cell depth associated with AE,,,, is the equivalent
depth of any eomponent in the mixture in terms of
the reference mmgonem measured at &, {or &}. The
factors b, and b, denote that they refer 1o the
separate components, ) . .

The results are summarized in table 10.  There is

uite satisfactory sgreement between experiment and
the caleplated valua, uging eq (3.

An examination of the solor chart (fig. 5) shows
ihat for & given ratic of A, to A%, AFurg 15 nearly
proportional to A%, for values Iess than 40. If the
ratios of A, to A%, fall within the range from @ to
2, it can be shown from the color chart that AByugs is
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roportional to A §, within about £2 units for AKy g
ese than 40. The degree of approxzimation this in-
volves may be seen in figure &, m which the obaerved
sttenuation ut 420 mp is plotted as a function of
APy e for a large variety OF gugar Douors. A linear
relationship ia observed within an average deviation of
about 4 AFyng units. ‘Thie fact may find practical
a];:{)licatiuna except in those solutions with very low
values of AFygs where the degree of turbidity is
suffizient to modify the transmittancy.

TaeLe 10 dddiisviy of pugnr solor tn IV BS uniia
Bolutdon A contsined granulated sogar Mo, 2 and splotion B contsined

w Cuban mw augar No, 15
Crmpositon ol qugar mizloee st dealrnated ol 4 I valua
pel mn:rm d Jzn epth Finm
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= Datermmimag tom obeorved atbenuanchks: for the puger mivtores and the
calar chark of Agara I

6. Discussion

A fundamental seale 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 agreement with visual estima-
tions of color, Tt Eﬁmpuaad that all supar colors ha
eveluated by the difference between their color and
that of 8 colorlesa sucroee molution, instead of by

luminous transmittance snd chromaticity coordinates
x, %. Some Informeiion is lost by omitting the com-
Flete color specifications, bhut this iz belanced, st
east in part, by the gain in simplicity.

The spectrophotometric data for commmercial s
sohutions hes 4 relatively simple character and can be
raprescnted by a simple algebraic relationship in the
visible ppectrum. A color chart is presented from
which the AR, valuo of a color can be read divectly
Iréc:;n % knowledge of the attenustion at 420 and
560 nru.

It has been shown that color on this scale is an
additive property and, therefore, it can be vead to

rea:ﬂpamenta.ge. changes in the removal of visual
color effected by vanous re:linin% steps. There is B
good poesibility thet the useful limit on the magmi-
tude of the calor value can be increasad beyond 41).
In this ease, the scala would then serve as a suitable
means to measyre the color of very dark producis.

It mu=t be noted that AFyge was calculated from
the trensmitied light only. Therefore, eaution must
be usad in visusl cemperisons to take into account
tha light reflacted from container walls. The NES
unit fulfille the need for a primary color standerd in
the suger industry, although secondary standards,
suzch as suitable glassea, will also be found useful.
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