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Rapid Determination of Soybean-0il
Content and of Iodine Number
of Soybean Oil"

By Lawnexce ZELEXNY, associale grain {echnologist, and M, H. NEUSTADT,
Junior chemist, Agriculturel Marketing Service

CONTENTS

Need for rapik oil-testimg methods ... L - Refracigmelrie detenmination of isdine pum-
Determination of <il comtent . . . | 2 her Contingel.
Thee exuretion tewetbnud . . 2, Procedure for deteemingug wiling mumtsr
The refmetamerrie method . : refractometrically
Refreerometric derermination of joding num-

b Limitatlons of tho mettiad
i o - 13 Apecial proviutions in using the refrmetgieter |
History ol the metlel . - 13 f Summnary . . . . .
Apglication of the methon to soyheans LI Litersiture eited

D D T e ———— e

NEED FOR RAPID OLL-TESTING METHODS

The rapid inerense in domestic soybean production in recent vears
ias been attended by an even more rupid increase in the quantity of
soybeans used for erushing.  For the crop yveur beginning October
1924 only 307,000 bushels, or about 6 percent of the domestic crop,
were erushed, whereas in 1938 more than 44,000,000 bushels, or about
77 percent of the crop, were crushed in domestic mills and about
4,500,000 bushels, or abuut 8§ percent, were exported.

Although a pound of soxbean oil i worth [rom two to five times as
much 25 a pound of the meal ar cake left after removal of the bulk of

bhie oil, vot, becauge sovbeans have o relatively Jow oil content, the
neal from a bushel of sovbeans generully hus o somewhat higher
market value than the oill, The value of the meal, Lhowever, is
Lnot appreciably influenced by the oil content of the original sovhouns.
S0l quantity and quality, therefore, are hmportant lactors governing
othe ingrinsic comnereial values of sovheans.
= Yeofgw varieties of sovheuns are preferved in the United States for
-'g(?rushing:. The oil 1s obtained cither by the expeller method, the
;.?,4'1}“11‘11%}3(‘*[)['(‘59 mathod, or the solvent-extraction process, Com-
pmereidl lots of yellow soybeans ordinarily contain from 17 to 22 percent
Sof ol dn o dry-matter basis.  When sovbeans are processed by either
Hehe eggeller or hydmulic-press method the resulting meal or cake
ﬁusunll_\‘ ‘contains about 4 percent of oif,  From these (igures it can
™ Aubmitied for publicstion. Apr. 22, 1940,
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reaclily be seen that soybeans containing 22 percent of oil will vield
approximately 40 percent more oil by these methods than will soy-
beans containing 17 percent of oil.  Thus a difference of 1 percent in
oil content may account for a dilference of as much as 8 percent in
copmunercial oil yield by expeller or hyvdraulie-press methods. Ol
content, thetefore, is a much more imiportant index of value than the
actual oil-cantent percentages appear to indieate.

Soybean o.l is used principally for food purposes and in the manu-
facture of paints and varnishes, and to a lesser extent for soap manu-
facture and other misecllapnecous purposes.  In the foud industries nils
of Jow iodine number are preferred beeause they may be more eco-
nomically converted into hvdrogenated fats and beeause of their
possible greater stability in the liquid state. On the other hand, oils of
liigh jodine number are mnch more desirable in the paint and varnish
indlustry because of their more rapid drving properties and the more
durable quality of film produced.

At present domestic commercial sovbeans of the types used for
crushing have oils with jodine numbers that generally fall berween
128 and 138 {(Wijs). Selected experimental samples of soybenns
vield oils ranging from 117 to 147 in iodine number. In ovder better
to mee$ the requirements of the two mwe~t important soybean-proc-
essing industries, efforts are now being made to develop new commercial
varieties some of which vield oils with 8 fower and others with &
higher iodine number than existing varicties. As n result of these
efforts the range in iodine numbers encountered in oilsfromeommercial
soybeans may increase considersbly, and the lodine number become
a more important guality faector in evaluating this crop.

DFETERMINATION OF OIL CONTENT
Tue ExrracTtion Merinon

An extraction method for determining oil content by using petro-
leum ether as & solvent was used as o standard procedure against which
the results obtained by the proposed rapid method were checked.
The extraction method and its principal sources of errer were studied
in considerable detail by Zelenv and Coleman (48) ? in counection
with flaxsced. The following procedure, based largely on that study,
was found to be satisfactory for sovheans:

{1} Reduce the weight of the elean, air-dry sumple containing not more than
10 pereent of moisture to approximately 50 gm. by use of 1 mechanieal sampler or
by hand quartering.

{2) Granulate the sample with 2 coffer-type mil adjusted for a fairly coarse

rind,
8 (3) For the final prinding a motnr-driven experimental roller Nour mill with
{i- by B-inch rolls, 40 corrugations to the inch, is recomnmended. The rolis should
have a speed differential of aboul 9 to 7 and the faster roll shoukd have a speed of
abouat 900 revelutions per minute.  Adjust the rolls to the mwindinum possible
clenranee but so that they do not make contaet. Such g mill is shown in Sgore 1

Pass from 10 to 20 g, of the graoulated sample through the mill, brush off aay
loose material from the stationary parts of the mill and discard the pround mate-
rial. Then without cleaning the rolls or othee moving parts of the mill, pasy the
reinainder of the sample througl, again hrushing any foose material on the il
info the sample and again not cleaning the rolls or other moving perts,  The

2Lialic numbers in parenthese. .efer to Literature Cited, . 20
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sample should be passed through the roller mill three times, but no par$ of the
sample need be discarded from the last two grindings.

(4) Samples should be weighed and extraction begun immediately after the
grinding. In case any appreciable time elapres betiveen these operations the

- o . - S e ______.._A..__,_...__}
r

AMSIIQTS
Figoue L.—Motor-drive; saperimental roller-type mill.

ground samples should be kept in tightly stoppered glass bettles in a eool lace
and oub of direct sunlight. After thoroughly mixing the ground sample weigh
out accurately duplicate 2- to 10-gm. portions, transfer gquantitatively to the
extraction thimbles, and cover with wads of fat-frew eotton. Dry the extraction
fasks in an oven at 100° C., cool in a desiceator, aud weigh.
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(5) Extract with a petroleum cther conforming to the official specifientions for
netrofeun ether for coblonseed extraction (88),% using any standard type of extrac-
tion apparatus. The extraction should be continued at least {8 hours with the
solvent condensing at a rate of at least 100 drops o minnte,

{6% After the cxtraction is complete, disconnect the flugks and evaporate the
bulk of the solvent on the steam bath, remwoving the solvent vapors by suction or
by carcfully tipping the flasks from time to time. When no more vapor appears
to be generated, remove the flavks from the steam bath and drive off the last
traces of the solvent by ouc of the following methods: (@) Place the Aasks in a
vacuum oven at §5° to 100° O for 30 minutes. (&) Place the fasks in a well-
ventilated air oven at §3° to 100° for 13 hours. {¢) Leave the flasks on the steam
bath for 14 hours.

(7) Remove the flnsks from the oven or steam bath and cool to room temper-
ature in a desieeator, Weigh immediately on removal from the desiccator. If
duplicates do not agree within 0.2 percent of oil, the determination should be
repeated.

It should be noted that the usual procedure of reerinding the
partially extracted sample in o martar belore continuing the extraction
is dispensed with in the above extraction method. It has been shown
that when the samples are ground with the roller-type mill as directed,
usually less than 0.2 percent of additional extract is obtained by
regrinding the samples, and evidence exists that this additional extract
is made up in considerable part of material other than oil. Tt should
be remembered, however, that in applving any extraction method for
the determination of oil content to sovbeans or any other oil seed.
the sample should be reground in a mortar after partial extraction,
unless it has been conclusively proved that with the procedure used
no signifiennt quantity of additional oil can be extracted as n result
of such a regrinding.

Although the extraction mwethod is considered the fundamentnl
method for determining oil content in oil-bearing seeds, it lenves much
to be desired for sutisiving certain routine commereial demands that
require a method for determining the oil conlent in u relutively short
fime. This 1= purticularly true in the commereial inspeetion of earlots
of sovbeans, where it is impracticable o hold the cars “en track” Tor
the length of time required to run oil analyses by the conventional
extraction procedure.

THe Rernacrovwerric Mernop
DEVELOPMENT OF THE METIOD

Wesson 307 was able to determine the oil content of cottonsecd
mea! and meats by determining the refraetive index of & “halownx”
{e-chloronaphthalened extract. The method was based on the et
that the refractive tndex of n mixture of cotionseed oil with helowax
sears an essentially linear relationship to the percentage of rottonseed
oil in the mixture,

Coleman and Fellows used this prineiple in the development of &
method for the determination of the oil content of Huxseed 45 and of
other seeds and oil-bearing materinds (7)., The mwethod consists of
mixing definite quantities of halowax and of the finely ground seed
i a mortar, thoroughly macerating the mixture with sand to extract

? These speeifications are as llows, Imitia] boiline (smpetatire, 8o e Han 35° 0 wor aver 409 (,:
ehry-flask st poin, not over 807 O gor less than 260 Coag feast 95 pereent desnlline nndee 25 C gl nat
DTG pereend tnder B O spertfle g0aeity a1 6 F AT (o 0875 tobir, wleras Bitel oy fparation reskite
nob over UKD percent by weieh( doetor test, sweel; copper-sLiip corruSton Lest, DORCOTFYSINE; RsA UL
comnotimds, trace oniy, permitted. )
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the oil, filtering the mixture, and determining the refractive index of
a small quantity of the clear filtrate. From & previously propared
conversion table the percentage of oil in the seed corresponding to
the refractive index of the mixture may be rend. :

Geddes and Lehberg (70) have modified the method by cmploying
n mixture cousisting of approximately equal parts by volume of
halowax and a-bromonaphthalene as a solvent rather than halowax
alone. This makes it possible to adjust the refnctive index of the
solvent accurately to & predetermined value, thus eliminating the
necessity of preparing a new conversion table for each new batch of
halowax,

Modifications of the refractometric method have also been de-
veloped by Rasteryaev {34) for the determination of oil in various
oil-bearing seeds, using chloroform as a solvent; by Groonhof (1) for
the estimation of oil in copra, using benayl alcohol and tetralivdro-
naphthaleae s solvents; and by Marionov and Dembkovskii (13), who
found chlorobenzene a suitable solvent. Zander (42) and Ingraham
ad Simpson (75), in applying the method to oil-bearing seeds and
their press eakes used halowax to extract the oil, while Ermakov (8)
used a-bromonaphthalene. Leithe (19, 20, 21, 22, 23, 24, 25) and
Leithe and Miiller (28) have used the principle of the refractometric
method in the determination of oil or fat in a variety of products
including chocolate, dairy products, and sovbeans. Leithe used
benzine as & selvent in most of his work but later (25) found bromo-
napbthalene to be superior for this purpose.

Zeleny and Coleman (45) further perfected the method as it applies
te flaxseed by taking into sccount the variation in rnfractive index
of the oils from different lots of flaxseed. This variation in refractive
ndex is sufficiently great to account in many cases for serious errors
in the method when a flaxseed oil of average refractive index has been
used fo establish the relationship between oil content and refractive
index of the solvent-cil mixture. A table of eorrections was therefore
prepared to supplement the conversion table based on a composite
sample of flaxseed oil and a solvent consisting of a mixture of halowax
and e-bromonaphthalene adjusted to a standard refractive index.
This method has been adopted as official by the Association of QOfficial
Agricultural Chemists (17, 40, 43) and is being successfully spplied
in commercial practice.

More recently satisfactory results with various modifications of the
refractometric method have been reported by Leithe and Lamel
{26, 27}, Bartstra (4), Rubinskil {35), Rubinsiii and Barmicheva (36),
Kluin (16}, Cleve (5}, Frahm and Koolhans (9), and Wittka (41} for
tletermining the oil content of various produets including castor-
beans, peanuts, rapeseed, palm keruels, cacso beans, corn, and tung
nuts.  3charrer and Lamel (87) have presented evidence indicating
that in cases where higher results are obtained by gravimetric extrac-
tion procedures than by the refractometric method, the higher values
are often due to the presence of nonfatty substances in the extracts
and therefore the refractometric results are more likely to be correct.

ADAPTATION OF THE REFRACTOMETRIC OIL-CONTENT METHOD TO 50YBEANS

Believing that the domestic soybean industry might well benefit
from e suitable rapid refractometric procedure for determining oil
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content, similar to that previously recommended for flaxseed (48)
and now in practical use, the Agricultural Marketing Service has
undertaken the adaptation of the method to sovbean analysis in a
form that should prove suituble for routine luspeotion procedures,
A preliminavy report on this subject has been made by Zeleny and
Neustadt (46).

Using a mixture of halowax (a-chloronaphthalene) and e-bromo-
naphthalene adjusted to a refractive index of 1.63940 at 25° C. as
standard selvent, the vefeactive indices ol mixtures of this solvent in
various proportions with v romposite sample of freshly prepared soy-
bean oil having & refractive index, n$=1.47302 were determined

(table 1).

TasLe 1.—Refractive tndices at 23° O, of known miztwres of the halowaz,
e-bromonaphthalene solvent with o compayite sample of soybean oil

Ofl in mixwure n} SOl i misiure !
i 1

it FPeresnd

. i 9, 154

3951 63 ! 12,091

4.593 63T 6 16. 647

5105 [ L6740 Il 20, 156
|

1
Percent 1
0. 06 }

|

. 309 G258 88, 879
7. W6 . G2297 100, &)

The percentage of oil in the mixture obtained in the actunl analysis
of soybeans may be caleulated from the formula:

100 Wz
I
where W=wecight of ground soybeans in grams,

W' =weight of solvent in grams, and
r=weight of oil in grams+ in 1 gram of the ground soyheans,

It may be shown with this formula that when 2 em. of ground sov-
beans are mixed with 3 cc. of the standard solvent, a range in soybean
oil content of 10 to 26 percent will correspond approximately to & range
in oil content of the solvent-oil mixture of 3 to 7 percent, Thus, by
plotting the vnlues shown in table 1, the refractive index of the solvent
extract corrvesponding to uwny value for oll content of soybeans may be
determined. In this manner a conversion table was prepared for
gonverting refractive-index rendings into soybean oil content per-
centages (tnble 2).

Obviously this table will be strictly valid only for the analysis of
soybeans whose oil has the refractive index, np=1.473802, since an
oil having that value was used in the proparation of the table. A
correction table (table 3) wns thercfore prepared to indicate the values
to be added or subtracted from the values obtained by the conversion
table for soybeans whose oils have refractive indices other than the
index used as & standard.  In actual practice, bowever, soybeans that
have oils with refractive indices differing sufficiently from this stand-
ard to chuse a significant error in the uncorrected oil content value
taken from the conversion table, are seldom found in commercial
channels.
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TasLe 2.~~Conversion table far determining the percentage of oil in soybeans from
the refractive index of the halowaz, e-bromonaphthalene extract
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DETAILS OF THE METHOD

EQUIMMENT

The necessary equipment and supplies required are as follows:

A mill {or mills} eapable of grinding the sovbeans to such a degree of fineness
that after extraction with ether or petrolewm ether, at least 90 pereent of the meal
will pass through o 40-mesh belting eloth.  Tor this purpose & colfee-type mill s
recommended to granulate the soybeans and a motor-driven experimental ruller

1
!
|
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i
i
t
1
1
I}
[ = - Smae———————
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t

1

}

I

t

i

i i
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te g
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: ]

f . — e

AMSE 1278

TicuRrE 2 —Dipping-type refractometer with inlerchangeable double-prism heads.

flour mill with 6- by 6-inch steel rolis, corrugated 40 1o the inch, for the final grind-
ing (fig. I). The rolls of the roller mill sheuld have a speed differential of about
9 to 7, and a spced of chout 900 r. p. m. for the faster roll,

An analytical balanee,

An cleetric hot plate.

A refractomeler having an aceuracy of n= 3-0.00002 within the ranges of
ng=1470 to 1.477 and n¥=1.622 to 1,640. Three types of refractometers hav-
ing sufficiently high precision for this work are now available, a dipping-type in-
strument equipped wiih interchangeable water-jacketed prism hieads for use with
small quantities of liquid (fig. 2}, a modified precision Ahbé-tvpe iustrument
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(fig. 3), and a precision refractometer designed and equipped to use mono-
chromatic light (fig. 4).

A tempernture-regulating device for eontrolling the temperature of the water
flowing through the water jackets of the refractometer.  (Optional.)

An electric oven.

aMS 1132
Fiocure 3. Precision Abbé-type refraclometer.

An accurately calibrated -l pipette.

Halowax.

a-bromensphthalene.

Ethy! aleohol for cleaning prigma.

3-inch poreelain mortars with pestles.

Reagent-quality sharp sca sand (fine-grain} or ecquivelent,

Supply of test tubes, 1)-inch glass funnels, retentive Glter papers {preferably
folded}, and absorbent cotton.

248051 °—40—2
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PREPARATION OF STANDALRD SOLVENT

Prepare a mixture of halowax and a-bremonaphthalene having a
refmactive index 23¥=1.63040+2. Such a mixture contains approx-
unately 74 pereent of lalowax and 26 pereent of a-bromonaphtin-
lens by weight but must be carefully adjusted so that the desired re-
fractiveindexis attained.  If o temperature-regulating deviee is nvail-
able the determination of refractive index is simplified by passing water
af, exactly 25° (', through the water jacket of the refractometor.
Equally satislactory results may be obtained, however, by using
water at room femperature and making the necessary temperature
correefion.  For the above mixture this correction in refractive index
1s 0.00045 for cach 1°, to be added to the reading if the temperature

AMS 1447

Fruvus 4. — Precision refractumeter designed and equipped w use wonachronatie
Tt (LS|
ight,

15 above 25° and sublracted il the temperature is below that point.
It is Important that all readings of water-jacket temperatures be made
Lo the nearest 0.1°,

This solution should keep for a considerabie period of time withgut
pereeptible ehange in refractive index, but it is advisable to ehieck it
periodically. The solution should be kept in o dark bottle provided
with a glass stopper or molded plastic serew eap and should be kept
awny [rom diceet sunlight.

ANALYTLICLL PROCEDULE

'1) Obtain s representative snmple of about 50 g of the sovbeans either by
hand-guartering or by wse of & mechauical sampling deviee.

(2 Girind the beans as fine as practicable with the cquipmoent available.  The
experimental roller flour mill deseribed above is recowmended for this purpose,
s usually best to erack the beans in a coarse mill befuce grimbine - Follow
the procedure outlined In step 13 of the extraction wmetid -p. 2.
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(3) Weigh out accurately 2 gm. of the well-mived mea! and tranefer the weighed
sample o a 3-inch poreelzin mortar that has been warined to about 60° ¢,

(4} Add about 1.5 gim. of reagent-quality sea sand and exsctly 5 ml. of a
halowax, a-bromonaphthalene 1mixture having a refractive index of a¥=
1.63940£2. Use the utinost care 11 the messurement of this solution. (It is
best accomplished by using an aecurately calibrated pipette having a delivery
time of not less than 15 seconds.)

(5) Grind the mixture in the mortar vigorously for 3 minutes, constantly
seraping inlo the botiom the particles of meal that are thrown against the sides
of the mortar. Vigorous grinding is neeessury for compleie extraction of the oil.
The analyst using the method for the first {ime should make & number of experi-
mental replicate determinations for the purpose of estahlishing the proper mortar-
grinding technique. A properly ground sample will yicld the maximum possible
quantbity of o

{6) Filter the mixture into a test tube through folded filier paper that is of
good quulity, fat-free, and of sufficiently fine porosity to vieid a elear filtrate.

{7) Determine the refractive jndex of the fltrate at 23° (. to an sccuracy of
£0.00002. 1If the reading is made nt any temperature other than 23° add
0.00043 for each degree above 25°. (It is important that all temperature rend-
ings be mrde to the nearest 0.1°))

{8) Using table 2, note the percentage of oil corresponding to the refractive-
index reading obtained in (7).  This is the uncorrected value for oil content.,

(9)* In a finsk shake for a minute or two shout 5 gm. of the meal with about
25 ml. of & good grade of low-boiling petrolcum ether and fitter into 1 small shallow
evaporating dish. Carcfully evaporate off the solven$ on & stcam bath or hot
plate at low heat, and place the dish in an oven af 105° C. for 20 minutes, Cool
the oil thus prepared to room temperature and determine its refractive index nt
25°.  {The refractive-index correction for tem perature for soybean oil is 0.000364
per 1% to be added if the tempernture at which the reading s taken is above
25°, and subtracted if below that temperature. If preferred, the sample of oil
Inay be prepared by pressing a small satuple of the ground seed in a inboratory
bydraniic press and filtering the o#! so obtained if it 15 not entirely clear.)

{10)% From the reirnctive index of the oit as determined in {9}, subtraet the
valie 1.4730 {refractive index st 25° C. of the coinposite saiaple of soybean oil
used in obtaining data for the conversion table), Using this difference, deter-
mine from table 3 the correction to be apnlied to the uncorreeted value for ol
content as determined in (8. If the differcnce is positive, add the correction;
if negative, subtract it.

RELIABILITY OF THE REFRACTOMETRIC METHOD

To check the reliability of the refractometric method for determin-
ing oil content in soybeans, 76 samples of soybeans wore analvzed
for oil content by hoth the refractometric mothod and the peiroleum-
ether extraction method. Tbhis series of samples ranged in oil con-
tent from 15.39 percent to 23.91 percent on n dry-matter basis and
included 42 individual varictics of soybeans grown In different parts
of the country as well as samples of commercial sovbeans from the
1937 and 1938 crops. A few samples of split-sosbean separations
also were included in the series. The resulls of these anslyses are
listed in table 4 in the order of increasing oil content. The average
oll content for the entire series as detormined by the two methods
differed by only 0.03 percent of oil, and the o verage of the individunl
discrepancies was 0.18 percent, of oil.  Thus the results obtained by
the refractometric method are in good agreement with those ohinined
by the petroleum-ether extraction method.

1 At the present tme (148) steps 9 and 16 may be st in the anilysis nf the geaeral vun of commer-
cial yellow soybieans, ag thoey el very litthe to the accuraey of thie defermmontion. Hewpver, with the
rrobable advent in the near e of few commereind varietivs, samu with ot of 2 mauch higher 1adine
humlber and others with oil of & much lower nimher than the present comenereial vacieliv<, the enrrection
teseribed in steps 0 nad 16 may becoma guite Hnpoetpol.
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TaBLE 4.—Comparison of the oil content (dry-matler basis) of 78 somples of soybeans
as determined by the petralewm-ether extraction method and by the refraclomelric
method
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REFRACTOMETRIC DETERMINATION OF IODINE NUMBER

History oF TaE MEeTHOD

It has long been known that u positive correlation exists between
the refractive index and the iodine number of animal and vegetable
olls in general. Lewkowitsch (29, ». 1, p. 338}, however, after accu-
mulating data on & large number of different oils, concluded that no
definite relationship existed between these two factors. Niegemann
and Kayser (32), on the other hand, reported such a relationship in
the case of oils ‘rom flaxseed samples grown in given region. Arnold
(1) and Backer (3) have demonstrated a relationship befween iodine
number, saponificetion number, and refractive index.

Pickering and Cowlishaw (38} have developed the following mathe-
matical equation to show the relationship between refractive index,
iodine number, saponification nwmber, and acid number:

. 1.4643—0.0000668—~9’—0—%€1§é 10.0001177
where §= saponification number
A=gec1d number
=jodine number

This equation. was shown to apply to freshly prepared fais or oils
from various kinds of oil-bearing seeds. The relationship does not
hold, however, for oils that have been prepared for an appreciable
length of time, since the oxidation and po}fymerization that take place
whern the oil stands cause a marked increase in the refractive index.

Zeleny and Coleman (44, 45) determined refractive indices and
iodine numbers (Wijs) on freshly prepared oils from 96 samples of
flaxseed covering a range in lodine numbers from 155.4 to 197.3. The
coefficient of correlation between refractive index and jodine number
was found to be 40.9965 with a standard error of predietion for the
iodine number of +£0.82. The regression equation was expressed nas:

[=8584.966 n¥ -12513.827

Hopper and Nesbitt (12) and Lehberg and Geddes (78) have since
reported similar studies on n much larger serics of flaxseed samples and
have obtained the following regression equations:

n$=1.457234-0.00011846 I (Hopper and Nesbitt)

1=266.18--1.7980 Z (Lehberg and Geddes)
where J=iodine number (Wijs)
and Z="Zeiss refractometric-seale reading at 25° C,

The results obtained by these three different laboratories working
independently are in good agreement, thus indicating that the ro-
fractive index may be used, under properly controlled conditions, as a
reliable measure of the iodine number of flaxseed oils,

More recently Illarionov and Torchinski {14) have rteported =
relationship between refractive index and iodine number derived
from n study of 24 different animal and vegetable oils free from
oxyacids, cyclic acids, and conjugated double bonds. This relation-
ihip is expressed by the equation:

a3 =1.459540.000118 1
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Marute, and Teruyama {37) found the following relationships be-
tween iodine number and refractive index in partially hydrogenated
soybean oils:

n9=1.4484+0.000118  (for iodinc numbers greater than 835)

gnd 7%=1.44044+0.000108 [ (for iodine numbers less than 85)

Majors and Milner (30) have determined refractive indices and
iodine numbers on freshly preparad oils from numerous varietics of
soybeans in connection with agronomic experiments at the United
States Rogional Soybean Industrinl Products Leboratory. Using
their datn from seybeans of the 1937 and 1938 crops, combined with
the data obtained by Hopper and Nesbits (72) on 1,485 samples of

1482 I | | —i

1.480 | ——— Hopper and Nesbitt { flaxzaad ofi )}

-n—w— Mlarionov and Torchinskii f various aafmal and vegetabla oifz )

et Maruta and Teruyama { partialiy 2ydroganaded soybean ail

1.478

s = Lohborg and Gaddes { flaxseed oil}

[ - —- Pickaring and Gowlishaw { various offs }
1.476 { essuming Sel92 and Ael) i

Zelany and Coleman

1474 fflaxseed oft}

1472

o
¥

r
o
=
<
=
W
)
=
bt
=
-
7]
<
P
b
d
o

1.470

1 1 1 1 L
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Figure 5—The relastionship between iodine number and refractive index of
various fatty oils as determined by seven investigators. The curves are extra-
pointed beyond the range investigated in most cases.

flazseed, they derived the following regression equation when iodine
number was considered as the dependent variable:

T=8626.877 n % —12575.226

The regression lines for estimating iodine number in the range be-
tween 100 and 200 from refractive index as determined in seven
laboratories are shown in figure 5.

The lines shown are in most cases extrapolated beyond the range of
values actually used In calculating the regression equations, but serve
to show a reasonably good agreement among different investigetors
even though differant oils were used.

APpPLICATION OF THE METHOD TO SOYBEANS

Refractive indices and iodine numbers (Wijs) were determined for
the oils from 140 samples of soybesns covering a range In lodine
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numbers of from 1i6.5 to 142.7. The oils were obtained by potroleum
ether extraction, Soxhlet extractors being used. The last traces of
solvent were removed from the oils in all cases by heating them in the
extraction flasks in the vacuum oven at 100° C. for 30 minutes,
Todine numbers were determnined according to the official Wijs method
of the Association of Official Agricultural Chemists (2, p. 412). The
iodine numbers and refractive indices are listed in columns 2 and 3
of table 6. The correlation coefficient obtained between tivese 2 sets
of values is 4-0.963 with a standard crror of estimate for iodine
number of 0.87 units,

Of the 140 samples of oil included in this investigation all but 9
fell within the relatively narrow iodine number range between 129
and 138. With such a distribution of samples it is not possible to
obtain a wholly reliable regression equation for predicting iodine

{
142 i

138 ¢

v Muag foding aumber { Wijs) a—— -

far 140 samples of soybean oif

v
=
=
o
wr
(-]
=
=]
=
w
z
=]
=)

122

Ha —
i

—

Mean refractve rndex
for 140 samples of sovhaan off

iAE] ooy N I S L . ,
LATID [.47215 1.4720 14725 14730
REFRACTIVE INOEX AT 25°C.

1.4735  1.4740 14745

AMS 150

Fraure 6.—Flaxseed-oil regression line in relation to mean values for sovbhean-oil
iodine numbers and refractive indjces.

numbers of oils {alling considerably outside this range. In the flax-
segd investigation of Zeleny and Colemun {(40) previously referred to
the regression equation was based on sumples [airly well distributed
over a relatively wide range in iodine numbers (155.4 to 197.5). The
slope of the regression line tn this ense, therefore, was rather aceurntely
established.

Considerable evidence cxists to indicate that the relationship
between the refractive index and iodine number of freshly prepared
vegetable oils is essentially identical for all or most oils that contain
only traces of unsaturated fatty acids other than oleie, linolic, and
linolcnic acids. Both flaxseed and soyhean oils fall in this catesory,
and the mean values for refractive index und jodine number in the
scries of soybean oils investigated, when plotted on coordinate paper,
intersect at a point falling almost exactly on the flaxseed regression
line as shown in figure 6. Thus the mean value of 147317 for n#
corresponds to an iodine number of 133.29 caleulnted from the Haxsoed
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regression equation, whereas the actuul mean value is 133.20. Lt also
may be shown that the average error in cstimating iodine number
from the flaxsced cquation for the @ soybean-oil samples {alling farthest
fromm the mean (those outside the range of 129-138) is only 0.5 unit as
compared with an average error of 0.74 unit for the entire series of
samples. Furthermore, the plus and minus errors of these 9 extreme
samples almost exactly balanece; thus the average iodine number of
these samples as determined differs by only 0.15 unit from the average
iodine numnber as caleulated from the flaxseed regression eguation.
The same relationship between refractive index and todine number,
therefore, appears to hold for both soybean oil and fiaxseed oil. A
conversion table (table 5} has been prepared for determining the
Wijs todine numbers of freshly prepared sovbean oils from their
refractive indiees.

Iodine-number values determined refractometrically as compared
with the values determined by the conventional Wijs procedure on
the series of samples under investigation are shown in table 6.

TarLE 3.—Conrersion table for delermining Wijs iodine number of freshly prepared
soybean oil from refraciive index

(Dats ealculated from (nxseerd-oil regression equation: I=8564.968 n%3—-12513.827)
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Tasee 6.—/fodine number (\Wijs and refractive index of oils from 140 samples of
soybeans—Continued
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i Black soyheans.

To determine the effect the method of preparing the oil sample
has on its refractive index, oils were prepared frem four samples of
soybeans by each of the following methods:

{1) Coup PressiNg.—The freshly ground soybeans were pressed at
room temperature in a laboretory hydraulic press at a pressure of
about 20,000 pounds per square inch.

(2) Hor Pressine.—Pressing was accomplished in the same manner
85 above except that the plates of the press were heated to 110° C.
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(3) Rapip ParTiar ExtracrioN.—About 5gm. of the freshly ground
sovbeans were shaken with about 25 ml. of petroleumi ether for a
minuie or two. The mixture was filtered, the solvent evaporated, and
the extracted oil heated in & shallow dish for 20 minutes at 105° C.

{4) Cosriuere Exrracrion—Extraction was accomplished by the
method deseribed on page 2, using Soxhlet extractors.

The refractive indices of the oil samples prepared by these [our
methods are listed in table 7. There appenrs to be a slight tendeney
for the refractive index (and therefore presumably the iodine number)
to inerense with increasingly complete exteaction of the oil. The
differences observed among the four methods of extraction investi-
gated, however, are smalt and are of libtle practical significance,

Tasue 7.- -Refractive indices at 25° C. of oils prepared by four different methods
Ffrom four samples of sonbeans

: t ) a
: I - (J:l by rapitt Cemnplotely
Soyhean sample desigpation j Coi o secet | 1ot "ir]"s‘"d pattial extravte:d
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s ' . Y
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S-0-6l A .. 11730 ! L7 b 3T
SN2 L .- 1470 - 1, 47307 117308 ! I'sﬂ-“

Average. .. ... L 47200 I i. {e.ﬂ)ﬁ | | i) E 1LA7307
3

When the oil content of sovbeans has been detersnined by the
refractometric method (p. 8) including the correction for actual
relractive index of the oil, no additional labor is required to <eter-
mine the iodine number, since the refractive index of the oil itself
has been determined and may be converted inte ilodine number by
using table 5. In case the iedine number of the oil is te be deter-
mined independently the following procedure may be used.

Procepure rFor DeTeERMINING lobINE NuMpBER REFRACTOMETRICALLY

The procedure for determining iodine number refractometrically is
as follows:

{1y Crind a representative sample of the clenn sovbeans with a suitable type
of mill,

{2} Prepare a small zample of oil from the freshly ground sesd by one of the
methods listed on pages 17 and 18,

(8) Determine the refructive index of the freshly prepared off at 25° C. I
the reading is taken at any other Lemgcmmre, add 0.000364 for cach 1° above
25° and subtract that value for each 1° helow that temperature.

(4 Convert the refractive index value into iodine number (Wijsj by using
tahte 3.

Lisrrations oF Titg METHOD

It should be distinetly understood that the refractometric methnd
for determining the iodine number is intended to apply only to sam-
ples of oil freshly prepared from essentially sound soybenns in such
a way that no significant amount of hydrolysis, oxidation, or poly-
metizobion has occurred, and no solvent residues remain in the oil.
The method is not entirely reliable when applied to oils from soy-
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bean samples containing high percentages of damaged or split beans,
or which are more than 1 vear old.

The method is not intended for the direct determination of the
iodine number of commercial sovbean oils since the processing the
oif undergoes tends to alter its refractive index.

The prineipal value of the method should be for determining in
advance the iodine number of the oil that a given lot of soybeans will
produce. The method should be of considerable value fa the 507 -
bean prucessor because determinations can be wmade in a small frae.
tion of the time required for the conventional iadine-number deter-
minations, and because the use of high-priced chemical reazents is
eliminated.

The method should also be useful in connection with plant-breeding
work, since the determination roquires only 1 or 2 drops of oil and is
thus applicable to very small samples of seed.

SPECIAL PRECAUTIONS IN USING THI REFRACTOMET ER

The refractometer should be earefully checked for accuracy before
being used. For this purpose auxiliary testing prisms of known
refractive index are generally supplied with the instrument.  If possi-
ble, several such auxiliary prisms should be used with the instrument
to insure accuracy in all parts ol the range. If errors are detected
that cannot be climinated by readjustment of the instrument. a cor-
rection table should be prepared. [t is a good practice to have the
instrument periodically inspected and checked by somecone who is
thoroughly familiar with optical instruments.

Before the instrument is read. sufficient time must be allowed for
the liquid to acquire the temperature of the prisms. The reading
will remain constant only when this equilibritam is established.

Clean the faces of the prisms thoroughly between determinaions.
This 1s best accomplished by wiping with dry absorbent cotton, then
with cotton dipped in ethyl aleohol, and finnlly again with dry cotton.
Solutions containing the halowax, a-bromonaphthalene solvent should
uot be left on the prism longer than neeessary to make the rending,
since in some refractometers the coment holding the prisms in place
is corroded by this solvent.

SUMMARY

Oil content is an important factor in determining the intrinsic
commercial value of sovbeans, and is subject to relatively wide varig-
tions. Jodine number, another important quality factor. does not at
present {1940) vary widely in the commereial crop. but with the
probable advent of new commercial varieties bred for high and for
low iodine numbers to meet the demands for specific industrial uses
this factor will probably assume greater commercial importance.

Methods now in common use for determining oil content and
lodine number are too time-consuming for commercial inspection
procedures,  The rapid refractometric methods previousty developed
{or the routine determination of hoth these factors in flnxseed have
therefore been adapted to the anavisis of sovbeans. These methods
have been compared with the fundamental methods for determining




20 TECHNICAL BULLBLIN T48, U, & DEPIL. OF AGRICULTURE

oil content and lodine number, and have been found to give reliable
results in a much shorter time than that required by the conventional
procedures.
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