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production of the oil would be on a relatively small
scale because of the low oil content of the seed, nev-
ertheless it should prove to be a valuable minor source
of drying oil and worthy of some attention during the
current shortage of drying oils.

2. Coumarin, comparable in quality to the syn-
thetic product, representing 2% of the dry seed
weight. It is useful in the manufacture of artificial
vanilla flavoring, candy, pastries, baked goods, soap,
tobacco, cosmetics, and perfumes.

3. A protein-rich meal which may be useful in the
manufacture of adhesives, fibers, placties, protective
coatings, ete., and as a source of special amino acids.
After being subjected to hot alcohol extraction (to
remove the oils, glucosides, and other bitter princi-
ples, the sterols, phosphatides, resins, pigments, and
coumarin) Hubam clover meal is assumed to be free
of possible toxic compounds. Coumarin, which under
certain circumstances gives rise to dicoumarol, the
causative agent for the hemorrhagic sweet clover dis-
ease, is thus removed. The resulting produect should
be useful as a high protein supplement in foods and
feeds. This meal averages about 47% protein. The
aleoholic extract may be further proeessed for its
useful ingredients including coumarin pigments (use-
ful as indicators, antioxidants, medicinals, ete.), ster-

ols (useful in the preparation of pharmaceuticals),
phosphatides (useful in emulsifying agents, cosmetics,
pharmaceuticals, ete.), and other constituents as yet
unidentified.

Although Hubam clover has not been found to be
especially rich in any one material, it is felt that the
combined value of the various constituents present in
the seed should ultimately make it an attractive source
of basic raw materials.
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A Spectrophotometric Method for the Determination of

Color of Glyceride Oils

ALEXANDER K. PRESNELL, The Andrew Jergens Co., Cincinnati, Ohio

Introduction

UMEROUS proposals have been made for meth-

ods to avoid the difficulties attendant upon visual

methods of color measurement in the examina-
tion of animal and vegetable fats and oils. The most
recent developments have been spectrophotometric
methods, three of which are mentioned by Thomson
(1). In two of these instances the spectrophotometric
readings were correlated with Lovibond values and
in the third with FAC standards. Such systems rep-
resent a distinet advance, but it is felt that expression
of the photometric values in terms of a less arbitrary
standard would be a more desirable procedure. Not
only are Lovibond glasses diffieult to obtain and fre-
quently somewhat inaccurate, but they consist of an
arbitrary series of filters whose transmissions do not
correspond to the primary color sensitivities of the
eye. Results obtained with the Lovibond system are
appreciably dependent upon the color vision and
Jjudgment of the observer. If the procedure recom-
mended by the A.0.C.S. (2) be followed, the Lovi-
bond glasses used are often not those which give the
best color match.

Due to varying quantities of colored substances in
oils it is not possible to select any single wave length
at which the transmittance will be an exact funetion
of the color, total transmission, or the visual trans-
mission of the oil. Inasmuch as color, rather than
absorption at any specific wave length, is the value
it is desired to measure, expression of the results in
terms of tri-stimulus values would be the only en-

tirely satisfactory method. If, however, it is neces-
sary or desirable to express the color in terms of a
single value, the Y of the tri-stimulus values may be
used as it is a direet measure of the transparency m
terms of visibility function (3).

Due to the general shape of the spectral trans-
mission curves of glyceride oils it seemed probable
that the tri-stimulus values could be closely approxi-
mated by functions of the transmission values at
three properly selected wave-lengths. This is essen-
tially the determination of the tri-stimulus values by
the method of weighted ordinates but involves a
great reduction in the number of ordinates.

Apparatus

The data presented here are derived from  trans-
mission curves drawn by a General Electric recording
spectrophotometer having an effective slit width of
10 millimicrons and using absorption cells of 10.0
and 50.0 mm. sample lengths. Any instrument of

. eorresponding slit width and accommodating cells up

to 50 millimeters may be used. The Beckman quartz
spectrophotometer, which is widely used in the oil
industry, is satisfactory if equipped with the inter-
changeable cell compartments. If instruments with
cell lengths of less than 50 millimeters be used, the
transmissions may, when necessary, readily be calcu-
lated to a 50-millimeter basis with satisfactory results
by the use of Bouguer’s (or Lambert’s) Law. This
law may be stated as T = t*, where t is the fransmis-
sion factor of a material of unit thickness, and T the
transmission factor of the material of x thickness.
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The use of instruments with effective slit widths of
muech more than 10 millimicrons would introduce
appreciable, but not necessarily serious, error. It is
possible that a photometer equipped with the required
interference filters might be used.

Procedure

Oils were clarified, if cloudy, by filtration through
filter paper. In a few cases dehydration with anhy-
drous sodium sulfate was also necessary. At the
temperatures required by the Methods of the A.0.C.S.
(2) the transmission curves were run on the spectro-
photometer. Fifty millimeter cells were used except
in the case of very dark oils as noted below. The
comparison cell may be filled with either water or
carbon tetrachloride with practically identieal re-
sults, but a pure, colorless sample of carbon tetra-
chloride is preferable because its refractive index is
so close to those of most oils.

From the curves so obtained the tri-stimulus val-
ues for the ICI Iluminant C were calculated by the
method of selected ordinates, using 30 ordinates in
each instance. Illuminant C was chosen because it is
the international standard for colorimetry and is the
best representative of average daylight (4).

Observations

Oils from various sources and exhibiting the great-
est variations in spectral transmission were examined.
Three ordinates were then chosen in such a manner
that they fulfilled two conditions. First, they were

near the peak tri-stimulus values of Illuminant C.
Second, readings at these ordinates were affected by
specific absorption bands only to approximately the
same extent as were the tri-stimulus values.

By trial and error, factors were found which could
be applied to the transmission values at the ordinates
selected to give close approximations to the tri-stimu-
lus values previously computed. The following ex-
pressions were found to be nearly exact:

X=0.2" T4g5+0.l5 . T555+0.65 * Teoo
Y==0.1- T-u,s+0.7 : T555+0.2 * Tsoo
Z=1.2- T445+0.06 *Tsss

where X, Y, and Z are tri-stimulus values, and T is
the per eent transmission at the wave length in milli-
microns designated by the subseript. Table I shows
the comparison of tri-stimulus values with those cal-
culated from the formulas listed above. The frans-
mission values are for 50 millimeter cells. Extremely
dark oils are not represented in this table. Lovibond
values are included for those samples on which they
were determined. It is not intended to establish a
correlation between these and the tri-stimulus values.

The table shows the rank order correlation of the
Y value calculated from three ordinates with the true
value to be .999, and if complete transmission be ex-
pressed as unity, the standard error of estimate for
Y is 0.0147. The X is as good, but the Z value exhib-
its a lower, although still useful correlation. So far
as is known, in both the case of X and that of Y,

TABLE I
Undiluted Samples. Cell Length 50.0 mm.
% Transmittance at Value of X Value of Y Value of Z
Sample Material Lovibond
From 30 Cal. from From 30 Cal, from From 30 Cal. from
445 mu 555 my 800 mu Selected 3 Ordi- Selected 3 Ordi- Selected 3 Ordi-

Ordinates nates Ordinates nates Ordinates nates
A 72.7 93.5 94.6 88.25 90.06 89.30 91.64 89.90 92.85 1.3-13-.5
B 24.2 90.5 94.2 76.61 79.65 86.52 84.61 39.49 34.47 1.0-10-0
C 53.7 89.3 95.2 83.67 86.02 85.39 86.92 69.16 69.80
D 41.5 85.3 91.0 79.92 80.25 83.14 82.06 55.45 54.92 1.5- 9-.5
E 5.5 86.7 89.7 69.77 72.41 77.12 79.81 10.43 11.80 2.1-21-5
F 5.5 83.5 92.0 76.87 73.43 76.25 11.12 11.61 3.3-35-0
G 14.7 78.2 87.1 69.76 71.29 7477 26.72 22.33 2.5-25-0
F 13.0 77.2 86.0 68.48 70.08 73.20 24.41 20.23 3.1-31-0
G 9.4 76.8 88.7 69.22 71.06 72.97 19.80 15.89 3.7-35-0
¥ 15.7 76.0 84.1 67.17 69.21 71.19 27.74 23.40 3.1-31-0
H 23.5 68.8 79.5 65.17 66.70 67.89 34.37 32.33
F 6.0 68.7 82.2 64.91 63.94 65.44 14.69 11.32 4.6-35-0
r 5.5 69.8 . 61.04 62.47 64.14 9.63 10.79 3.6-35-1
F 1.5 71.5 . 56.17 56.53 60.75 5.53 6.09 10.2-70-0
D 5.5 55.3 . 56.69 57.17 54.62 11.95 9.92 7.9-40-0
by 4.4 56.0 . 55.08 54.78 54.62 11.56 8.64 5.6-70-0
¥ 3.5 57.2 . 54.67 56.08 54.58 8.80 7.63 6.4-70-.5
¥ 2.5 55.7 . 48.24 48.70 50.05 2.99 6.34 4.5-70-2
T 0.4 49.5 4.1 53.82 55.67 49.17 3.48 3.45 9.6-70-0
D 4.2 46.4 9.2 50.98 52.78 47.77 9.00 7.82 10.4-70-0
¥ 2.3 47.9 3.0 43.84 48.60 47.38 8.56 5.63
P 2.0 47.4 2.0 16.53 47.81 44.72 3.68 5.24 8.1-70-1
¥ 0.0 47.8 2.8 41.50 41.49 41.58 1.99 2.87
J 0.0 40.7 66.1 45.16 435.00 37.32 0.12 2.44 10.5-70-0
n 1.7 40.3 51.6 38.69 39.93 36.38 2.30 4.46 9.7-70-2
¥ 2.0 37.0 53.2 40.56 40.53 36.28 4.06 4.62 14.3-70-2
F 2.0 35.0 53.4 39.54 40.36 35.52 3.70 4.50 15.2-70-1
F 1.5 34.5 46.7 36.70 35.83 33.85 317 3.87 11.3-70-3
¥ 1.7 31.3 42.7 32.00 32.79 29.80 2.56 3.92
D 2.2 26.0 42.8 31.72 32.16 27.63 4.15 4.20 18.0-70-2
F 1.8 27.7 40.6 30.78 30.91 27.22 2.84 3.82 13.3-70-4
D 1.7 21.5 38.2 29.03 28.40 23.58 3.25 3.33 21.0-70-2
G 1.7 22.3 36.6 26.87 27.48 22.92 2.28 3.38
K 0.0 15.0 46.4 30.02 32.41 21.25 0.00 0.90 22.7-70-2
G 1.7 18.7 35.0 25.81 25.90 20.72 2.28 3.16 22.9-70-3
F 1.7 14.5 31.5 23.77 22.99 17.83 2.42 2.91 36.0-70-3
G 1.6 14.9 25.6 19.10 19.20 15.73 2.05 2.81 20.9-70-6
I 1.7 9.0 27.0 21.29 19.24 13.75 2.26 2.58
I 1.7 8.5 23.0 16.59 16.57 10.38 1.87 2.55
F 1.5 5.0 10.7 8.77 8.01 6.73 2.03 2.10 too dark
1 2.5 2.5 11.0 10.00 8.03 5.87 2.78 3.15 too dark
F 1.7 3.5 8.4 7.25 6.33 5.28 2.30 2.25 too dark

Standard error of estimate.........cccccviiviiinniinieiiiiiiiiineenns, 1.43 1.47 2.08
Rank order correlation .999 .999 964

A=—bleached tallow; B=Iinseed oil; C=distilled fatty acids; D=coconut oil; E=olive oil; F—tallow; G=—=grease; H=castor oil;

I=fatty acids; J=soya oil; K=mackerel oil,
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TABLE II
Samples Diluted 1:25 With CCly. Cell Length 10.0 mm.
Sample Mate- % Transmittance at | Value of X Valueof Y Value of Z
rial From 30 Cal. from From 30 Cal, from From 30 Cal, from
445 my 555 mp 600 mu Selected 3 Ordi- Selected 3 Ordi- Selected 3 Ordi-
Ordinates nates Ordinates nates Ordinates nates
I 0.0 53.5 69.1 52.09 52,04 48.94 51.27 0.39 3.21
M 3.4 39.7 55.4 41.74 42.65 39.60 39.21 6.79 6.46
N 2.2 26.0 33.6 2591 26.13 24.97 25.14 4.39 4.20
(o] 0.0 9.4 18.4 13.66 13.37 11.13 10.26 i 0.20 0.56
P 0.0 0.4 1.9 2.01 117 0.90 0.62 1 0.00 0.02
Standard error of estimate........ccovviiiieconiiiiirerrrenenn e 0071 1.14 1.28

L=zacidulated soya foots; M=—=corn oil foots; N—garbage grease; O

—refuse palm oil; P:==acidulated cottonseed foots.

NOMOGRAM FOR THE DETERMINATION OF ‘Y’
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the correlation is much better than any that has been
worked out for Lovibond values over a comparable
range.

Dark Oils

To cover the entire range of color of oils it is neces-
sary to use more than one cell thickness, or to dilute
the sample, or both. The only disadvantage of this
procedure is that it renders difficiilt the comparison of
samples measured in different dilution or different
cell thickness. It is possible, but not practical, to
express the results obtained on a thin layer of a
diluted oil in terms of the transmission through a
thicker, undiluted layer of the same oil. In this work
it was found that all those oils too dark in a 50-
millimeter layer could be examined satisfactorily by

diluting them to 25 volumes with carbon tetrachloride
and measuring the transmission of the solution in a
10-millimeter cell. Intermediate procedures, such as
the examination of the undiluted oil in the 10-milli-
meter ecell, and the 1:25 dilution in the 50-millimeter
cell may be used if considered advisable.

TUnder the conditions mentioned, dark oils yield
transmittance curves similar to the lighter oils. Tri-
stimulus values, calculated from three ordinates as
were those for the light oils, show good correlation
with those derived from thirty selected ordinates.
This is shown in Table II.

Calculations of Results

Although the time required to calculate the value
of Y is not exeessive, the process may be made still
faster by the use of an easily constructed nomogram.
At the same time the possibility of introducing a
relatively large error by mistakes in caleulation is
reduced. Such a nomogram is illustrated in the ae-
companying figure, and others for the X and Z val-
ues may readily be made (3).

Summary

A spectrophotometric method is described which
permits an accurate estimation of the color of oils
from transmittance values at three wave lengths. The
color may be expressed in terms of tri-stimulus values
or simply as visual transparency and is independent
of the arbitrary color systems in wide use at present.
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