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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTOXN, . C.

RAPID DETERMINATION OF OIL CON-
TENT AND OIL QUALITY IN FLAXSEED

By Lawnesce ZELESY, aysacitfe chemist, und 1D, A, UOLEMAN, serior marie iy
gpecinlist, Burean of Agriewtbural Beonondes® ®
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ORGANIZATION OF THE RESEARCH

The flaxseed industry has long mecded prompt and acenvate
methods for evaluating Haxseed in ferms of the quantits und gquality
of its oil. The methods of analysis in common use, although acenrvate
enough when properly employed, are foo time-consuming to he of
tractiend value in the commercial inspection of flaxseed.

o discuss the problem of oil tests for Haxseed n nationally repre-

sertative conference was held in 1934, The linseed-oil mannfaciuring
weustry, the Flax Institute of the United States, the State agricni-
tmi experiment stations in the leading flax-producing States. the
Amgicultural Adjustment Administration, snd the Bureaus of Flant
IsBustry and Agrienitieal Economics of the United Siales Depait-
Rt of Aprienlture took part. ]

Resolutions were passed at the conference petitioning the Scereta v
of Agricnlture to sponsor a research activity having as its objeetive
the development of rapid, acenrate. and simple commercial methods
for the determination 6f the quantity and quality of 0il in fAaxsecd.
This research project was assigned to the Burcau of Agricultural

LEhy investignhiion was mie in tooppration with the Division of Coreni Craps sl
Dseases, Burenn of Dinnt Tndustey ) oad the OIL ot and Wax Seciioh. Crrbahiydea e
Resentrek Divisian, Burepn of {"hendsivy and Sofls, U, 8 Depretment of Arricnitore,

“The ruthors gralefully nekpowicdge (he cooperation of the chomdsis i the following
institations and laborafories whe assisled Jn the collrboriiive phoses of this work:
Minnesola Aprienltural Rapevitent Statlan, division of agrienltuerl biovheomisiry ; Xorth
Dakotn Agricnllvral BExpertmenr Siation, depaetivent of agreieuibnri chomistiy 1 Routis
Dakotn Agricalinead Mxperiment Sboatton, department of ageaipy e Srain fosonred
Lahoratory of {he \\'inli{!ilt’]: Lonrd of Graip Commissienors: Avehor Daniels-3Midiand o,
Minneapotts, Minn, 1 BEmpire O) & Food Protduels O, Poevilind, O o Mintesota Finseod
Ot Co., Minwenpolis, Mimn; Nattonad Load {n, Srookiyn, 3, Y, Pitisbargh Male Gliss
Co.. Red Wing, Minn.; Producers Cotten 05 Co., Fresha, Oadif, ) nud Spencer Nellogs &
Soms, Ine., Dullalo, N Y.

LYT4I85—AT——1
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Economics. Iis experiences and responsibilities in grain inspection
and its previous research pertaining to rapid methods for determin-
ing the oil content of flaxseed influenced this assignment, With the
assistance of the Burenu of Chewistry and Soils and the Burcau of
Plant Industry a collaborative research program was begua with
interested members of the linseed-oil trade und the State agricultural
experiment stations.

‘The project was inaugurated in April 1985 with the active coopera-
tion of 11 chemical laboratories in the collaborative phuses of the
worle,  As a result the Burean of Agricultnral Economics is now
recommending a method by which the oil content of flaxseed as well
as the iodine number (the principal quality factor) of its oil can be
determined accurately in a half hour as compared with the 16 to 24
hours required by the standard mnulytical procedures, Using this
method, one analyst with two nontechnical assistants can ke as
many as 100 complete analyses for oil content and iodine number in
anr 8-honr day. This bulletin portrays the problems and describes the
methods for muking the tests,

N5, FOR SUITABLE OIL-TESTING METHODS

Flaxseed i grown in the United Stales ehiefly in Minnesota, North
Dulcota, South Dakota. and Montana. Tt also is produced to a lim-
ited extent i Kansas. Town, Missouri, Nebrasla, Colorado. Michigan,
and Oregon. Hince 1933 flaxseed lius become an increasingly impor-
tant crop in California, where its production has incressed from
L1000 hushels in 1933 to 570,000 bushels in 1935, < The average uu-
munl production of flaxseed in this country over the 10-year period
1926-35 was 15.066.000 bushels.,

The flaxsecd erop is used primarily for the manufacture of linseed
oil, which in trrm is used principally in the preparation of paints,
varnishes, and linoleum. TLinseed cake, the byproduct of flaxseed
processing. is a valuable feed for fivestock. At average prices for
linseed oil anu linseed calre, the oi] represents about 70 percent and
the cake nbout 30 percent of the mavket value of fluxseed products.

It is obvious that the valne of any lot of flaxseed depends pri-
marily upon the quantity and quality of linseed oil it will yield. "Qil
quality 1s concerned chiefly with the “drying” properties of the oil,
that is, the rapidity with which the oil will oxidize to a solid flm,
and the character of the film produced. In commercial practice,
quality is generally expressed in terins of lodine number, which is a
quantitative measure of the total amount of oxygen the oil is poten-
tally able to absorb. '

Both the quantity and the quality of oil in flaxseed vary over wide
ranges. In commercial seed the ol content ranges from about 32
to about 45 percent on a dry-weight basis, and the iodine numn-
ber (Wijs) varies from 153 to 200. In tables 1 and 2 are shown
the average values for oil content and iodine number for various
classes of commercial flaxseed over o lpel.'i'od of years.

Under present practices tests for oil content and oil quality ave not
used officially in the commercial inspection of flaxseed. The official
standards ot the Uniled Statos for flaxseed are bused on such quality
factors us test weight per bushel, percentage of damaged seeds,
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dockage, moisture content, and “condition.”™  Althoagh these faclors
are of value in measnring the wet weight, sonndness, and storape
guabifies of flaxseed, they bear no significant relationshiy to oither
the guantity or the qualily of the oil.

TagLe 1-=-00t conien! of different r-!nx.‘fr':s' of eeaprereind fluesoed cdewlated on
S-poveen! wmoisture basis

item I 1930 10351 BRecyd E 183 Tudt ; 1935
i
Northwosiernt l
Maovlmum ceem mesaee . aw Laajereent Wi 3.0 0.5 39,0 4.8 1 I
Minimom.., .. .00 L Lol 4 30 1] 0.0 1 310 :i:i.!:! _______
Avemsge . . L. e e e . ! AL S 3
Samgdes analyzed. . ..o 0 . L Loumber |
Cestacding? |
Maxlmum.o.. L . Lpereent 1
Minhmuwme, o 0 L0 oL L e l
Avernge T 1 I
suntpdes snalyzed. o L L S numiber..t - A ...Pl 148 i g
Callloraia: : t ' ! i !
JMavignnn . fsreent . 15 0.3
Minimmur . e L T S . . L i 36.0 3.0
Avorape . . tle . : R W7 38
sgmples amlyzol . oendier - - R . T 35

L Reporred 1y T 1L Happer, North Dakown Aprienitural Exneritient Siarten,

# Heparted by W, P teddes amd ¥, 1§ Lehibeeg, Honrd of Genin Cominissisners, Winseper, Manitobs,
{anady,

Tanne B-~fodine nuniher (s of different classes of florseed

Jrem Cwwo Dy s | o | } 15415
H I

i
Narthwestern:' (
Maxinim N . jrrcend 185 | I oo .
Mintnnan. . S U wrt ot
Averppe . 1 T
s ples noalyaed o ... immber
Canading?
Madiinan . - TR
Adininmi . R 1 T
Average | . . . oy
Hupmpdes aniiyied . . .- . oumter
Caktinrnip:
Aaxumnn. . e . L wreent L
Minbmnn, _ 0 L Lo e
Avernge . . . Code..
EnanpHes sty 2ol .. nunther

Lo fooligte 1, baidde |
? Seg faotione 2, oibibe §,

This Tailur to utilize data on oil content and oil quality in (he
commercial inspeetion of faxsced has been due in part at least to
the fact that the methods heretofore aceepted for making these de-
fermminations are too Ume consuming for such purposes. Vurious
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mote or less promising rapid analytical methods have been proposed
from time to time but none has been sufficientiy perfected or tested
to meet with complete approval hy the linseed oil and {flaxseed
industries,

The Iinseed-oi] induptry has been greatly concerned by the abnot-
mally lerge proportiof of Tow-qu: 1||t\' flaxseed thal hasg been marketed
during recent years. {The principal factors thal have eontributed to
1hig production ot low-guality Raxseed ave:

?

‘9\9-
A

)

fL

Paceng Leo-Iebneipnl comiereial sarivtios o iTasseol ) I. Fdmti g i, hul\nl:;:- ¢ Tiison
A0 Bolley Gollden; £, Arvgentioe; 2L Bada; &8, Pandaby £, Abyasindan s £N00 I DL

(1) Drought conditions accanipanied by abunornmally high tem-
peraties (uri ing the erowing season in the Hax-prowing aress.

(2) The introcluction of new varieties UI Mix which have been
bred for their resistance {o disease and for (heir large yields of
seed, but which inherently tend to produce a low quality ol Figure
1 shows typieal seeds of the principal commercial variefies of soedd
flax.

(3) The growing ol flax in areas {hat are unsuitable for the pro-
duction of high-quality #Haxseed.
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On the other hawd new varvietios ave gradually being developed
and inlroduced which uuder similar growing conditions produce a
higher quality of seed than do the present principal vazieties. Then
flax is boing raised to u Hmited extent in new nyens wheve the climmatic
conditions are unusually favorable to the production of high-quality
seed,

All of these factors have had the effect in recent years of doereny-
ing the uniformity of the domestic flaxseed crop. and have thus em-
phasized the need for relinble und rapid methods Tor testing fluxseed
for o1l content and oil quality,

DETERMINATION OF OIL CONTENT OF FLAXSEED

Betore attompting to develon a suitable rapid method for deter-
mining the o1l content of flaxseed, it was found necegsary to estab-
tish an acceptable stundard method against which the results of any
new methad conld be chocked. A survey was therefore made of the
methods used for the oil-content analysis of flaxseed by vartous
vonimercial and State agricultural experiment station laboratories,

THE EXTRACTION METHOD

The ether-extraction method of the Association of Offieinl Agricul-
tural Choemists (£ pp, 270-280) * or sowe modification thereo! wus
found to be in general use among the laboratories investigated. The
outstanding differences in the technique of the exfraction method
as practiced by 11 oil-testing Juboratories are recorded in table 8.

‘Vannm 3—Different modificefions of the eelraction wmethod for determining the
afl conlent of fleseed as practiced by T lnboratories

Gronnil : Bumple
sunple P Weigihn regrontl
drivd | af sam-FPype of oxteac Halvent nfier
before | ple ex- 1 Hon spjratos * en preind
extines pienetad exLing-
titna Hon

Muthiod of driving
off iast iraces of
salvent

ARIralas
ered for grind-
ine sample

GritiHs
itniler mill.. .1 3 G| Piekel_..._ o Bthyleiher o Noo_o .| Air driel.
Martar with R d | Sestilel. . 'eiroleam ether | Mo, Adroven, 103° O, 90
saml, minnies.
Rooller wili. .. 1 cwmana-] Carbon leira- Noo . Adroven, Mg O, 08
elitorige. nifnaios,
Atbritian ! Bailey-Walker| Peiralesmether | ves. ...| AJr oven 1007150
miill, 30 minuros,
Totier mili.__) > el ool Bthwbether. oo Yoso oo Adr aven, 50 O,
comea| Yogoolneeoooo o Soxhlet. oL ceectlol o] Mel o | Vugpam oven, 165¢
i C., 8§ hours,
Morlar. __...{ N . E Heflux. ... Eihylenw di- | Na. .
ehioride.
Hother mbit. .. Piekel. cLooo ) Bthiydether. oo Yes o o) Vaemun ovens, S
. .0t niinnies.
Atirition 5 K Briley-Waiker Mo... .| Veeouwm ovoen
milh. (F'0n), B8 L, 8
hatirs,

Turr il .| Wes. . ! ] -

Four types of grinding equipment; five types of extraction ap-
paratus, and four different solvents were found in use among these
laboratorics. In some laboratories the ground samples were. dried

TTtatie numbers fn ronthedes refer to Lierniuee Cited, po 47,
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before extraction whereas in oiliers lhey weve nof. Rearinding ol
the sample with abrasive malerial after partial extraction was prac-
Liced by threec of the laboratories. There were marked differences
in the size of smmples used for extraction and in the methods em-
ployed for driving oftf the solvent Trom the extract.

To determine the extent of the varistions in analytical results
obtained by the different Inboratories as a vesult of the differences
in the method of analysis nsed, subsamples from 11 thoronghly mixed
snmples of flaxseed were distributed to 9 Inboratovies for oil-content
analysis, each laboratory being instructed to analyvze the samples by
the methed it customarily employed. The reports of these labor-
tories, as recorded in table 4, show wide divergences in analytical
results, thus indicating the necessity for establishing a standardized
“reference” procedure,

Tasre d—Pereentage of oft in LF swomples of flaeseed s detorinined fig 4
tnboratories, cecli laboralory wsing its oien method of tehitffpsia

{A D data nre sverages of dupliente determninat fons]

) | . _ f f
Labori-; Lasbors-| Laboro-) Lehors-| Tabera-{ Labora-| Laborg- Labarn-, Lubar-l A ver-

Samply o, tory U ydory 2 [ tory 3 | woryd {100y 5 | tory s | tory 7 oy 8 | lory g0 age

Pereent (Percend | Percent | Pereend Pereent [Percent [ Pereent | Percent o Percent
T . 95 ar. 87 g a4, hiiRL hih 48,04 b T hlsAret
38, : W, -4l 8, 58 W, W0y 35,34
i HT g AL E b W1a |
3. RItAL . ._’. i, 7 A1, 10

$ih,

WL 2
0P - AT . ]
9680 | Be.na | nE &, 05
403 L -H. 3t
BRGS0 | SRS | 4020

Standard devintion belweon luhorntories: 2,53 percent oil.  Bxperimenta! grror: 40,71 percont oil,

SOUHRCES OF ANALYTICAL DIFFERENCES IN THE EXTRACTION METHOD

A caveful study was made of the varions steps in the oil-determina-
tion procedure used in the various collaborating laboratorics to dis-
cover, i possible, the chief causes of these divergences, and to develop
a method that would be capable of preducing reasonably concordant
resnlts between different laboratories. From a study of the data the
following possible sources of error were investigated and recommen-
dations were made accordingly: (1) Sampling, (2) grincling, (3)
oxidation of ground sample, (4) extraction apparatus, {53) solvent,
and (6) method of removing soivent from extract,

RAMPLING

The importance of obtaining a representative sample for analysis
frem w carload lot or other large quantity of seed is well known, The
present. problem, however, concerns itself with the procuring of a
representative aliquot of the laboratory sample for analysis. A study
of aliquots taken from different parts of a quart container of clean
fluxseed does not indicate any appreciable difference in ail content.
But as a preceutionary measure it is recommended that aliquots for
analysis be obtained either by hand quartering the laboratory sample
or by the use of u mechanical sampling device,
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GIRENTH N

Improper grinding of Maxseed may resull in three different sources
of error.

Tneomplete Extraction—Unless the seed is in a very fine slate of
subdiviston it is not possible to extract the oil quantitatively.

Subsamples of a well-mixed Jot of flaxseed were ground by six
Iaboratories and returned in sealed containers to the Grain Division
laboratory. These ground samples were extracted for 17 hours with
petroleuny ether and determinations were mude of the qluantities of
oil extracterd. The extracted residues were sifted throngiy a 40-mesh
gatize sieve and the percentages of mateeial retuined ou the sieve were
determined.  ‘The residues were then reground in o mortar with
sarborundum and were re-exteacted for 17 bours with petroleum
ether, Table 5 shows the quantity of oil that failed to be extracted
by petroleum ether in the first 17-hour extraction as related to the
hinencss of grind.

Panty S—Refetionship belwern fluchess of grind awd cetrdeiatility of ol i
fleseed

Ojl nol extroederd I ' 11 net extrocted
nlier 17 hasirs after 13 burs
FExtrneted malerind R . Extracdod material b e e
peininmel by Jlknausly pnoze | rolnfuer] by A0-rrgesle e l
tperoent) Porcent af fpercenty Torcont of
PPerevart | total nilin I Pereent | totoll In

Awinple 1 sninpli
k) 17 Al no ! .40 1.1
| DR L2 L L ' L B 1.0
31 @i 1. |, | Lo A

These data indieale o close relationship between the fineness of
wrinding and the extractability of the oil. It is therefore recom-
mended that all snmples be reground with abrasive material after a
few honrs of preliminary extraction. uniess it has heen conclusively
demonstrated that the method of grinding used produces a mea] that
will not yield an additions] significant quantity of oil by extraction,
when the sample is 1'egr011na after a 16- to 24-howr preliminury
extraction.

Segreqgation~In flaxseed that is too coarsely ground, there is a
considerable tendency for the finer particles, consisting chiefly of
endosperm material, to hecome separated from the coxrser geed-coat
particles. When this condition exists, it is not possible to weigh out
aliquots thal arve truly representative of the entive ground sample,
hence duplicate determinations will fuil to check, even though the
weighed portions are reground with an abrasive.

Adherence of Oily Material to the Ml —When flaxseed is mround
in any type of mill, a certain quantity of the ground seed will adhere
to the 1‘0]15 or other grinding surfaces, In general, this material will
he of higher oil countent than the bulk of the ground seed. The com-
plete removal of this adhering material and its mixture with the bulk
of the sample is a tedious procedure. It is therefore recommended
that in grinding a sample for analysis, & preliminary portion ot the
sample be ground and discarded before the mein sample is ground.
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This will ullow the moving parts of the milt 1o become suturated with
the oily material and thus prevent the loss of oil from the part of the
sample to be used Lor anulysis.

OXIDATION OF QROUND SAMPLE

As linseed oil is highly unsalurated chemically, it absorbs oxygen
readily from the air, forming oxidation produets that e relatively
isolable in the ordinary fat solvents. Care must be taken to aveid
any treatment of the ground sample that would tend to canse exees-
sive oxidation,

Portions of two sumples of ground flaxseed were analyzed by
petroleum-cther extection at varying intervals after they were
ground.  The samples were kept in Oghtly stoppered wlnss botties
b room tempernature and away from diveel sunlight.  The anidyses
ttable 6} tndieate no appreciable change in the gquantity of extract-
able oil when ground samples ure stored in this way for 28 duys,
Taviy G— G contoen! of flasseed sumples as deforatined by pelrotcum-offor

cotractivn ot different intervels after wrinding

{averapes of duaptente deferminntions]

Prariod aftor grindine
L

Foriend afler prigdinzg

: H
Vel CEatipde A Sanpte 1) |[ i Bmnple A | Sampie 1t
i | Y

YR LT i.! W 31,98 2, 6
# TR I AT 45, e 42,58
oM TEEL

Prrecnt Prereend Frereent Fereent
17

[ s possible that in these experiments a significant amount. of
oxidation may have ocewrved, hut iF so it did not affect the results
appreciably beenuse the insoluble oxidized fraction of the oil was
compensated for by the increase in weight of the soluble partially
oxtdized fraction.  The best peactice is to analyze the samples ns
soon as possible after they ure ground.

Drying Sumple Previous to Kutruetion —Drying the ground sample
hefore extraction is sometimes practiced, and appears to be necessary
when auhydrons etliyl ether is used as the solvent. Table 7 records Pl
comparison of the quantity of oil extracted from a series of sumples
before drying and after dvying by two different methods.

TABLY T-—0H content of flurseed samples as delermined by 24-honr pelrolowm
vther eetraction of undricd end diricd sunples

[Averuges of duplicate determingt fong)

riedd s : - ’ el 1654 i
lhours 1 1?:;3:33 EHI" nowrs in
Hainple Updrfw) | vacnom i oven nf sampie Undriced | vacem
avon il 100° ¢ aven ot

[ELEhl TG HE

Drdedd 1 47
honrs in
nir gven ik
[ {ETid

Fereemt Perevat Fereentd Prerecnt Fereent Prerecut

4. 72 . LA I 47, 48 36,2 (..
B, 7l BTN L Ce A, i 30,07 | e
44,24 2108 e 3, 0% aaarl. L.,

EFamples dricd afler befng weighed.
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Drying the samples reduced the quantity of oil extractable by
petroleum ether, probably because of partinl oxidation of the ail.
The extracts of the undried samples were not contaminaled by water-
soluble produets since water is nearly insoluble i petrofewin ether
and since the extracts in all cages were perfectly clear, 1t is there-
fore recommended that dvying of the ground sample before extrac-
tion be avoided.

EXUTACTION APPARATUS

Six veplicate sumples of ground flaxseed wore extractod with el ro-
lewm ether for 81 hours on four types of extraction apparaius, The
results oblained are given in table 8,

TABLE 3.~~Oil content of veplicate sumples of flurseed as detey ined byt 2d-honr

petrolewm-cther eatruction wsing different Types of owtraction appitrafies, and
oy dolermined by the wadified refractometrie method

je

i
Goldfeh [ Boslilet
extrnelor {exirneior

. N
Uil Bailey- .\f‘(:.;:’]lifﬂh;l I

tatie ex- | Walker liiric

tenetor | extraelor e Erearl {

Pereent | Pereent | Pereend | Pereent .

Bl R 6,12 a0 1 {

T ik 4 1 !

! A AE 3, 40 i

: A o7 s, 20 ;
| oy L3 o
i Rl ELET ;

b g | 0, b ! BIGES [ ramdr | undr |

LU TR TN T Avernpep,

‘The datu given in table 8 indieate that equally aatisfactory resnltg
may be obtnined with the Goldfisch, Soxhict, Butt tnbe, or Builey-
Walleer types of extraction apparatus. Various other types of ClHip-
ment are probably alse eatively sutisfactory for the quantitative
extraction of oil from flaxseed.” Different {ypes of extraction ap-
paratus in conunon use are shown in figures ¥ to 6.

SHVENY

The solvents in most commaon use for determining the ofl conlent
of flaxseed by extraction are anhydrous diethy! other and petrolemu
othor, '

As water is apprecinbly soluble in diethyl other. an extract made
with this solvent is likely to be contaminated with water-soluble
products unless the sample is thovenghly dried before extraction. It
has already been shown that the process of drying the finely gromd
flaxsced sample is likely to cause sufficient oxidution to lower the
solubility of the oil appreciably.

Iividence has also been obtained to show that diethyl ether extracts
a certain quantity of nonoily constitnents from flaxseed swhich are
mmsoluble in petrolenm ether. Three samplos of fresh iy ground wn-
dried flaxseed were extracted for 17 hours with petroleum other, The
residues in each case were dried and regrausd in o wortnr with enp-
borundum after which they were re-extracted for 17 hours with

107418°~37——2
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petroleum cther. The residues were again dried and then extracted
for an additional 17 hours with anhydrous diethyl ether. The results
of these anulyses ave listed in table 9.

I rirns S——Noxiine extiet on ajgsiont s,

TanLE O.— Fraction of flreseed solwble v enhydeows dicthyl other und insofubte
in petredenn effier

[Alldata ars pvernges of duplicate detereinmtions)]

. I3 i
Fatplp no 5 1'ax_1\riwl | .|"!\'Jl‘rffh:t h.\'tt.r.;icl.

Percent | Fercert | Percent
37. 3 0.1k 0.4

30, 44 .12
43.03 .10
t

1 Extrael A, petrolewm elher exiruet,
1Fstract B, petroleunt eier extract of residue from A, after drying ood regrindlng with earbarandutn
1Extract ©, anbydrous diethyl ether extrock of dry residue from i1,

‘The material extracted by the diethyl ethet (extract C) was of a
solid nonoily, and partly erystalline composition, and was insoluble
in water,  Anhydrous dicthyl ether, therefore, extracts from 0.4 to
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0.5 percent of material from flaxsoed which is not extracted by pe-
trolenm ether and which should not properly be considered us » part
of the otl content of the fluxseerd.

Fieue Se—Bailes-Waiher oxoenetion appae s,

Aldthough the use of anhydrons diethryl ether as an exteactive for
{flaxseed introduces two important sources of ervov in the dotermina-
tion of oil content, analyses made using this solvent agree very well,
in_general, with analyses made with the use of petroléum cther us
solvent. This is probably because of an approximate compensation
of the two errors involved.

According to the data in table 9, anhydrous dicthy! ether extrncts
about 0.5 pereent more material, on the average, than does petro-
lenm ether. But since, when diethyl ether is nsed, the ground seed
must be vacmim~iried before extraction. its apparent oil content
{table 7} is reduced on the avernge by about 0.5 percent. Thus the
ervors involved by the use of anhydrous diethyl ether are largely
neutralized, '
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Petroleum cther, however, is recommended for the extraction of
flaxseed since its use seems fo involve fewer sources of error than
doos the use of diethyl other. For the sake of uniformity a petro-
leum ether conforming to the following specifieations,’ which have
;)een. :léloplud as official for the analysis of cottonseed (23) should
he nsedd

Initinl boiling temperatuee, ol Josd than 35% O nor over di°,
Trxy-Nask eod puink, not over G0° £, nor less {hag 30°,
Distilling nnder 53° €., nb Toast 85 poreend,

Disiiling wtler 40° €., nob over 85 pereent.

Npeckle gravity sf G0° 19, 8430 to 0,679,

{Fubor, waber while,

Hesidue on evaporalion, not over 0002 poveent by woeighi,
DPoetor tost, sweel,

Copper-sleip eorroston tost, toncorrosive.

Urpsnd aented eoniponsds, fenee oiiy pormitiod,

AR SRS Y, med. T

Furng L—Uut- e exteaeiion apgkord s,
METIOR @ BEMOUVING BOLYENY FROM EXTRALY

Incomplete evaporation of the selvent fronr the dissolved exlract
will naturally result in high analytieal results. Prolonged heating
of the extract also will lead to high results because of oxidation of
the oil. The eplinium length of time for heating the extract there-
Tove should be that ai. which the minimum weight for the extract is
obtained. Atfter removal of {he bulk of the solvent on the steam
bath the fellowing three wethods for removing the last truces of
solvent have been found to give equally satisfactovy results: (1) Heut-
ing an additional 114 hours on the steam hath, (2} heating 134 howrs
in an rir oven at 106° C., and (3) heating 30 minutes in a vacuum
oven st 100°.

i Bee nive recomnenddntion of the American (L Chanisils Society (23).
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The question logically arises here why a 1¥h-hour heating of the
extract at 360° €. n air will not cause sufficient oxidation to produce
a significant incrense in weight, it having already been shown thnt
drying the ground seed under similer conditions eatises rapid oxidation,
oftheoil.  The apparent reason is that in the case of the finely ground
seedd a darge surface is exposed Lo the nir, while in the case of {he ofl
in the extraction fiask the snrtace aven is refativoly insignificant,

Fravee o GiaddBseh exeraciTon appne s,
STANDARD PETROLEUM-ETHER EXFRACTION METHUD

From a carelnl consideration of the foregeing study of ihe extruc-
tion methad, n procedure was formulated for the determination of oil
in {fnxseed by extiaction, the aim of which was to eliminale as far as
possible the errors arising from the various sources studied. This
method was subjected to collaborative stuwdy by 10 Iaboratories inelud-
ing the 9 that collaborated in the study previously discussed. Rach
Laboratory analyzed 10 subsamples of flaxseed, representing 10
Individual varielies, by the proposed method,

The results of these analyses ave Iisted in table 10, Statistienl
analysis of these data shows a standard deviation between laboratories




14 TECHXNICAL BULLETIN 564, U, 5. DEPT, 0F AGRICULIURI

of 1.55 percent oil in the case of the standard petroleum-ether extrac.
tion method as compared with a standard deviation of 2.73 percent
oi} when each laboratory used its own individual extraction procedure,
The experimental error also is reduced to =0.39 percent oil for the
standard procedure as compared with *=0.71 percent for the individ-
nal procedures. The results obtained by the standard petroleum-
ether extraction method were considered sufficiently satisfactory to
justify the adoption of the procedure as a standard refercnce method
with which to compare the results obtained by other less orthodox
methods of analysis.

r LI

2

Fiouk G——Tickel extrnction appavatus.
NETAITS OF STANDARD EXTRACTION MITHOD

(1) The clean sample should be reduced to approximately 50 g by
nse of a mechanical sampler or by hand quavtering,

(2) A motor-driven experimental roiler flour mill with G- by G-
inch, rolis, 40 corrugations to the inch, is recommended for grinding.
The rolls should have a speed differential of 9:7 and the faster
roll should have a speed of approximately 900 revolutions per min-
ute. The rolls should be adjusted to the minimum possible ¢learance
Lut. must not make contact. Such a mill is shown in figure 7.

Run about one-half of the 50-g sample through the mill, brush
off any loose material from the stationary parts of the mill, and dis-
card the ground material. Then, without cleaning the rolls ov other
moving parts of the mill, run through the remainder of the sample
again brashing any loose material on the mill into the sample and
again not cleaning the rolls or other moving parts.

(8) Samples should be weighed and extraction began immediately
after the grinding. In case any appreciable time elapses between




TasLe 10.—01il in 10 samples ofﬂa.rseml representing 10 varieties, as delermined by 10 laboratories using the standard pelrolewm-ether extraclion
method

[AD dara are average ot duplicate determinations]

Labcra- | Lahora- | Lubora- | Labora- | Labora- | Labora- | Labora- | Labora- | Labora- [ Labota-

Sample
tory -t tory 2 tory 3 tory 4 tory & wry 6 tory 7 tory 8 tory 9 tory 10

Lo, Average

Viriety

Percent Pcrcenl Percent | Percent Pcrcent Percent | Percent | Percent Percent | Percent Percent
37.09 36,22 37. 36,40 . 78 8 37.03 46. 96
34, 08 3458 5. 34.18 4 5.02 35,77 :

34,45 35,7 35,21 . 351 36,78
306,87 B 37.00 . 38.76
35,87 35, 35, 33. 35.8 36.39

jalb. . 40. . 42,06 A1 41,2 3 40. 49
Bolley Golden....oouuuon .. B 38, 38.35 37 37, 7 38, 37407 3008 4 49.50
RID. L cmemmmrar s aa e R L 38,2 38. 88 37. 66 36,56 37, 3 : X 39,31
J{L‘dwlll}s.».. . . - . 35. 5,78 3¢ 32,7 35. 346 33 36,41 .
Linota, e ees . 33,58 34. 04 33,41 a%,20 34, 33,32 . 4, 4 .83 33,61

Standard devintion bel ween laboratories: 155 percent of ml
Experimental error: =0.39 percent of oil.

NOLLVNIINHALHE ALIFIVAD AXY LNILN0D IO WIHSXVIL

¢
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these operations the gronnd sampies should be kept in Lightly stop-
pered glass boltles in a cool place und out of direct sunlight. ~ After
thoroughly mixing the gronnd sample weigh out accurately duplicate
2- 1o 5-g portions and transfer quantitatively to the oxtraction thim-

Frovee Y—Rallev-iype experioentd Bonrbus mill suitable For grinding faxseed sumplos,

Ble. Cover with a wad of absorbent cofton whicli has been extracted
previousiy with eiher. Dry the extraction flasks in an oven at 100°
. for at least 30 minutes and cool in a desiceator ot least 45 minutes
hefore weighing.
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(J;) Auy standmd Gype of ether-extraction appruatus should give
satisfuctory results when properely operated. Extracet with a pefro-
leum ether conforming to the oilivial speeifications {or petroleum
other for cottonseed extraction (2. Adjnst heat so 4hat the solvent.
condenses ab o rate of al least 100 drops per minute, After a 3- to
4-hour extenction remove the thimbles and place them in a well-
venbiJated oven ar 100° C. Tor a tine just Tong enough (o drive off the
solvent and any condensed moistinee,  Trans{er the semple to o smadl
mortar and grind thoroughly with a quantity of carborundum or
fine washed and ignited sand equal (o abont one-half the weight of
the sample. Replace in thimbles and continue the exteaction forr 10
to 18 linurs.

(5y After the extraction is complete. disconnect the flaskss and
evaporale the hulkk of the solvent on 1he stewm bath, e fully tipping
the flasks from time to Lime to reneve the solven! vapors. When
ng more vapor appears 10 be generated vemove the flasks from the
steam bath and drive off the last (raees of solvent by one of the
Following moethods: (a) Place lasks i a vacumn oven ad 95° to 1007 C.
Tor 30 minutes, (&) Place flasks in o woell-ventiluted airoven at 957 1o
100° for 114 hours. () Wetvwrn flasks (o steam bath for 105 honrs,

(6) Remove flasks Tram oven ar steam bath and enol in a desiccator
for of Teast 43 minutes, Welgh immediately on removal from desie-
eator. Il duplieates do not agree within 0.2 percent of oil. the deier-
miination should be vepented,

Although the extraction methoed when properly used may be con-
sitctered the most fundnmentally aceurate method for determining
the oil conlenr of flaxsced. it leaves mueh to be desired for routiue
comntercinl anadysis.  For cerlain commereial requirements 1 method
15 needed by means of which the oil content can be determined in a
velatively short time. This ix partienlarly troe in the commeretal
ingpection of carlots of flaxseed, when it is impractieable te hold the
cars on track For the length of time reguired to vun oil analyses hy
the conventional extraction procednre.

Tsing this siandard petroleum-ether extraction method as a “refer.
enee”™ method, these studies were continned Ionto the field of the
development and perfeetion of a rapid method of analysis that woukd
be suflicient]y aceurate, in vonparison with the reference method. for
ennmereind pirposes.

THE CENTRIFUGAL METHOD

Lewis (78). in determining the oil content of pecans, has used =
modifietion of the Babeoek test for determining the butterfat content
of duiry products. The method consists in digesting the ground nut
meats with suiphurie acld, cenivifuging the mixture tn Babeock
erenm-test bottles, and measnring the valume of oil liberated. Traab ®
his nsed a similar method for determining the oil content of avacados.

Using a technigue essentially the same as that of Lewis, it wus
found Impoessible quantitatively to separate the oil from the flaxseed
meal,  Increasing the concentration of xulphuric acid or the tempera-
inre of digestion resulted in n charring of the oil. Increasing the
speed or time of centrifuging did not miateriaily inerease the quantity
of oil tiberated, It appears that the relatively large quantity of cel-

S Porsonil emnmuniealion.

INTHIR—NT - 1
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iulose and reluted substances in the sced cont, which are in(ii;_{es[ible
in the sulphuric acid, mechanieally prevent the guantitative Iiberation
of the oil,

Further study of the method, however, indicated Lhat the ralio of
the quantity of oil liberated to the total oil content of the meal as
determined by petroleam ether extraction was in all cases relutively
constant, Of 10 sumples lested, ranging in oil content from 33 to 43
percent, the percentages of the total oil liberated ranged from 88.55
to 92,00 and averaged 9017, By dividing the weight of oil liberated
by the factor 0.9017 it should thierefore be possible to determine the
approximute oil content by the following proceduve:

PROCEDURE FOR THE CENTRIFUGAL METHOD

(1) Sample and grind the seed in the same way as for petrofeum
ether extraction,

(2) Weigh ount acearately duplicate 4-g samples of the growd
seed, introducing them into standard G-inch Babeock milk-test bottles
by means of a suitable glass funnel.

(3} Add 30 ml of Tib-pervent sulphurie aeid, specific geavity 1.635,
to each bottle and digest for 15 minntes in o water batle at 65° €,
shaking the botlles oveastonally,

(4} Place the bottles in G-inch ventrifuge cups, nearly fill the cups
with water, amd centrifuge at approximately 2,000 revolutions per
minute Tor 5 mimites

{3} TNl the bottles to the bottoms of the necks with the same acid
and continue centrituging for 3 minutes.

(6) Fill the bottles to near the (ops of the graduated portions with
acid and centrifuge for 1 minute, _

{7) Adld a drop or two more of the acid to facilitate reading. and
measure the volume of oil with calipers. Fach major division on
the bottle neck is equivalent to 0.20 ml, )

(8) Caleulate the percentage of oil by the following formula:

100 T7 (0.943—0.00075 T)
0.9017 W
where F=volnme of liberated oil, in milliliters.
T=temperature al which reading is made, in degrees centi-
orade.
W=weight of meul used, in grams.

Table 11 shows the analyses of 10 samples of fluxseed by the modi-
fled Babeock procedure. The rvesults are compared with those
obtained by the ether-extraction method.

anee 11—Compurison of the comirifugal method ond the pefrotewm-elher
edtruetion method for determining the oif content of 1§ swmpley of flarseed

{A1) data nre avoranes of <uplicats determinadions]
Gil by
petrale-

yith-ether |

Jxtrnedfon

p methot | :

Ol by
piLrole-
um-otlior
{exlraction

et barl

| onby
i centrif-
|

i Ofl by

centril- Difter-
JEFEC

wathod

Thitfer-

envn Snmple no.

Satjile no. Ipal

etk

¢ Hereeat I Lrereept P Pereent
RN , - I T 3501

7 K : LI - . 37
42,3

43008

44,50

Frereent
97,83
3597
41,44
33.08
3444
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From a consideration of the data aml ebservations nmde regarding
the carrying out of the method, it appears thak the centrifugal
niethod should be suitable for ihe determination of the oil conient
of {taxseed under conditions where & tolerance of =1 pereent of oif
is allownble, As compared with the petrelenm-ether extraetion

TFrarnE S—Centeifnge for deieemining lllul uIlk vontent of laxsead Ly the eendcifugal
urttliond,

method, il has the advantages of speed and sitplicity of operation.
With o centrifage pecommodating eight Babeock bottles (fig. 8), the
anitlyst can easily make eight analyses per hour.  Further study may
leadd to refinements that will inerease the aceurney of the method,
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THE REFRACTOMETRIC METIHOD
DEVELUPMENT GF THE METHOD

Wesson (23) was able 10 defermine (he oil content of cottonseed
meal and meats by determining the relractive index of a halowax
(«-chloronaphthalone) extract, the method being based on the fact
that the refractive index of a mistire of eottonsced oil with halowax
bears a linear relationship to the percentage of cottonserd oll in the
mixture,

Coleman and Fellows (4) used this principle in the development
of a method for the determination of the oil content of {Iaxseed.
The methol eonsists in mixing definite quantities of hadowax and
the finely ground seed in a moz{az' thoronghly macerating the mix-
ture to extract the oil, filtering (he mixtuere, and dulmmmmu the
refractive index of & small qmniit\' of the clear fltre.  Irom a
previously prepaved conversion table the percentage of oil in the seed
eorresponding o the refractive index of the mixture may be read.
A large nuniher of flaxseed samples, as well as smmples of linseed

sake, were analyzed by this procedure. the results showing good
agrecment with those obtained by ether extraction.

“The wethod has beris eriticizod adversely on the erounds that the

variation in rofractive index of the oils from dilferent Jots of flaxseed
\\'11! be sufficient to vender the results unreliable, sinee. fo be exaet,
the method necessarily assumes a constant value Tor the refractive
index of the oils {ram all sumples of flaxseed. This objection has
been emphasized during e recent drought years when oils of deeid-
edly sbnormal vefractive indicos have heen produced beenuse of unfa-
vorable growing conditions. It also should be noted that dnring
these same yeurs new commercinl vavielies of {lax have heen intro-
duced. the seeds of which vield oils having refractive indiceés quito
diflerent from those of oils from the older varicties. A eareful study
of the refractometrie method, thervefore, has been made to determine
the probable mupnitude of these errors aued (o develop. i necessary,
adequale meang of compensating Tor then.

Geddes and Lebberg {7) have madified the method by emploving
a mixture consisting of approximalely equal purts by volume of
halowax and e-bromonaphtiialene as o solvent rather than halowas
alone.  This makes it possible to adjust the refeaetive index of the
sotvent acerrately to o predeternined value, thos ehminating the
necessity of preparing a new conversion, table for caclt new batel of
halowax. Thoese m\'(*atig.iims also recommend the removal of mols-
ture from the flaxseed meal belore maceration with the solvent, This
was accomplished either by drying the ground samples overnight in
a vacunm oven at 98° to 100° C. or, more simply, by adding & suall
quantity of anhydrous sodium sulphute o the s‘imple hefore
maeerntion.

Modifications of the refractometric method have also been devel-
aped by Rasteryaev (22) for the determination of oil in_various oil-
bearing seeds, using chloroform as a solvent; by Groenhot (8} for
the estimation of ofl in copri, using henzyl alcohol and tolrahydro-
naphthalene as solvents; and by Tilarionov and Dembovskii () who
found chlorobenzene a suitable solvent. Zander (26} in applying the
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method to oil-bearing seeds and their press eakes, used halowax ta
cxtract the oil, while Erninkoy {7) used w-bhromonaphthalene. Leithe
(70, J1. 43, £3, 74, 15). and Leithe and Milllor (/7Y have used the
principle of the refvactometric method in the determination of oil or
Tat in a variety of produets including elincolate, daivy products, and
soybeans. Leithe used benzine as a solvent in most of his work but
luter (16) showed bromonaphthalene to be superior Tor this purpose.

INFLUENCE OF VARIATION IN REFRACTIVE INDEX UPON THE ACCURACY OF
THE REFRACTOMETRIC METHOD

Hopper ® has determined the vefructive indices of the oils from
3,080 samples taken from commercial carload lots of flaxsesd. The
refractive index values at 25° C. varvied from LATH30 to LATIST.  As
fhe 5 years, 1930-34, during which time these samples were grown,
were very uinfavorable for the grawing of (lax, this mnge in refrac-
tive index is considerably greafer than would be expected in normal
erop years., Wrom theovetieal congideration, however, the error in the
method of Coleman and Feflows dae to this variution in refractive
index should not be greater than =0.5 pereent of oil.

ADDITINNAL RESEARCH ON THE REFRACTOMKTRIC METHOD

COLLECTION 17 SAMPLES

For the further study of this method, 84 samples of flaxsoed wore
obtainetd from varions sonvees reprosenting n grent diversity of types
and exhibiting @ corvesponding great diversity in physival and ¢hem-
ieal characteristies. This assortiment was vopresented by samples of
the following types: (1) Domestic conmercial; (2) Canadinn con-
mereial; (3} Tudinn commerdal: (4) Avgentine commercial; (5) 13
individual varieties; {6) samples grown experimentally in North Da-
kota, South Duakota, Minnesota, Keusas, California, Oregon, Wyao-
ming, Arvizona, Missouri, and New Jevsev, and in the Provinee of Sas-
Ratchewan: (7)) insuature: (8) frost damaged s amd (9) seably,

The samples in this series showed the following ranges in physical
and chemical charvacteristies: (1) Moistare content 4 (o 16 pereent,
(2) ol content 32.57 to 45.66 percent («lry basis), (3) iodine number
of oil (Wifs) 1554 10 1978 and (4) relfractive index of oil at 259 C.,
147589 Lo 148065, This rauge in vefractive index is slightly eveater
than that noted for the 3,080 commercial sumples previously analyzed
by Hopper,

MEPIHOL O 5TLUDY

These 84 samples were analvzed for oil econtent by the standarl
petroleum-cther extraction methwd and by the refractometrie mothod
of Coleman and Fellows, The latter nethod was slightly modified
in that a mixtnre of about 74 percent of halowax and about 26 per-
cent of a-bromonaphthalene by weight. having a refractive index
of 163940 at 25° C., was nsed instend of halowax alone as u solvent.
Sinee a mixture of the two solvents with this refractive index could
readily be accurately duplicated. the necessity of preparing o new
conversion table for each new batch of hulowax was ellminated.

" repsanl comideatiog,
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The 1:1 mixture of halowax and e-bromonaphthalene as used by
Geddes and Tebhberg (7} appears {o have no miportant advantages
over the present ptixture nad is considerably more eostly hecanse of
its higher content of w-bhromonaphtialene.  Elsing mixtures of this
standard solvent with a stindard composite sumple of fluxseed oil,
a conversion table was prepared as follows,

DPREVANATION 0P CONVEHSION TABLE

A mixture of flaxseed Trom a variety of sonrces was ground and
completely extreaeled with petrolewm elher. The other was com-
pietely removed in a vacnum oven amd portions of the resulting
sample were mixed with the standard halowax, e-hromonaphthalene
solvent in carefully determined proportions. The refractive indices
of these mixturex at 252 C. ave shown in the following tabulation:

.. _— . ]
Pereent oif in mix{ure: iy
11 S . SR [ ¢~ 11 ¥ 1
L8TT_. - . -~ G286
N B TF: ]
. e LGT4RG
——— - L1134
L eom L1GUERG
i e U F1s'3 Y
TOROUD. el aom cm cml eiecnee e e 1ATTRD

The percentage of oil in the niixture obtained in the aclual analysis

of the fuxseed may be enleubded by the Torwula:
1001,
Wk i
Where H=weight of ground flaxseed in grams
W =weight of sobvent in grams
a=weight of oil in grams in 1 g of {laxseed

capereentage of oil in the mixture

Using this formula it may he shown that a range in the oil content
of flaxseed of 30 to 45 pereent will correspond to a range in the oil
content of the solvent-oil mixture ol approximately 10 to 13 percent,
when the recommended ratio of ground seed (o solvent is used (2 g
of ground seed to 4 mi of solvent).  Over this range the oil content
of the solvent-oil mixture bears an essentially linear velationship to
the refractive index, ench increment of 1 pereent in oif contont cor-
responding to an inerenent of 1002040 i relfractive indox »f 25° C.

Thus the vefractive index al 257 C.of the solveut-oil mixtire may
be endeulated Tor any value of the oil contenl of the seed by the
formutu;

: 00
% =1.61853-—-0.002030( V05 g1
91 61853--0.00 0(” e 9 f]d)
Table 16 shows the reiractive indices of the mixtires correspond-
ing to flaxered oil contents ranging from 28 to 46 percent,

COCRRECTING THE KEFPRACTOMIMRIC MZron OB IMEFERENCGES X IEFRACTIVE INDEX
BEOTHIE QLS

A comparison of the analylical results obtained by the refracto-
metrie and pefroleum ether wmethods on the 84 samples of fuxseed
show varintions between ithe two methotds of fromn —086 to +0.53
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pereent of oil. To determine {o what extent these vaviations are due
to differences in the relfractive indices of the oils themselves, veFrace-
iive index readings wepe tukeu on the pecroleuni ether extracts, In
nearly every case low resulis W the oil-canlent analyses were s-io-
ciated with high retractive indices and viee versa, nidicating that
the vavinbility in reliaetive index of the oils constirutes un important
sonree of error.

To compensate for these errors, a lable of corrections has heen
computed {{able 17) indicating the values to be added or subtracted
from the percentages obtained from the standard conversion table
(table 16) for oils "ol different refrctive indices. These correction

“ulues should be added when the refractive index of the oil at 257 C.
ig grreator than 14778 {the value for the oil usged in preparing the
conversion table) and subiracted when the rwefractive ndex of the
oil is lower than that value,

APTLICATION GF CORRECTION

In ovder fo apply these covreetion factors, samples of pure oils
must be preprared Tar velractive index determinations. Studies were
made, therefore, of several rapid methods Tor oblaining o satisfac-
tory sample of pure oil. - Oils were prepared from samples repre-
senting six varieties of fluxveed by each of the 1cllmvmn‘ methods :
11} 8t fandard 20-24 hour petroleun ether extraetion, (2) “old press-
ing with Inboratory hydraulic press, and (3) rapid pdifllll extraction
'u'(‘mnpllclwtl by pouring 20 il of petroletn ether through a paper
Slter in which have been placed approximately 2 g of Lhenlound seed,
driving off the solvent on a steam bath, and drying the extract for
20 minules in an air oven al 105° C.

Refractive indices of the oils prepared by these methods are given
in table 12, No significani difference between the' three nmt]mds is
observed. For Ln.u_lnm] reasons the rapid partinl extraction method
{8) appems to he most suitable where large numbers of samples wre
being analyzed,

Pamits 12—Nefractive indices af 25% O of oilx propaeed from 6 variefies of
fargeed ax determined by 3 different wmethods

. . i : -
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" 3 i !

It should be noted that the difficuity cxperienced by Geddes and
Lehberg (7) with cloudy filtrates when samples of high moisture
are being analyzed has not been enconntered with the present method
on qamplua having moisture contents ns high as 164 pereent. It
therefore does nut appear to be necessary with the {)tustnt technique
to dry the ground flaxseed belfore or during the analysis

Corrections for differences in the refractive inilex of the oils have
been applied te the oil-content duta us determined by the refracto-
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metrie method on the 8¢ snmples under investigntion.  T'hese cor-
rected datn are tabulated in colwnn (), table 13, The coeflicient
of correlation hetween these dain and the petrolenm-ether extraction
data taken as aostandard s 40993, with a standard error of predie-
tion of 20.26 percent of oil.  The errors vange from —0.30 to +0.30
percent of oil, with an average ervor of =0.13 percent.  Comparing
these errors with the range of from —0.46 to +0.53 percont of oil,
and an aversge error of 2027 pereent for the uncorrected data, it
may logicaily be concluded that in eorvecting for the differonces
refractive index of the extracted oils the prineipal source of error
In the refractometrvie method has been eliminated. The remaining
experimental orror is not due solely o inncearacies in the modified
refraclometrie method, but (o o eombination of those Innecuracies
with those of the standard-extretion method,
Taitny AS—~—Caurparisan of e oif comtend of Ry semples of feesced us delor-
mined by e modified cefraciomelrie method wad g e peteolonm-other
e reetion method
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CUOLLARDIRATIVE STUDY OF T1E REFRACTUMETRIC METHOD

As o forther means of checking the acaracy of the modified re-
fractomotrie wethod, 10 swmples of flaxseed. each vepresenting o
single variety, were unalyzed by five laboratories. The results ob-
tnined, tugether with the vesults on the samwe series of samples by
the standard petrolemn-ether extraction method ws obtained by the
sime luboratories, are shown in table 14, Tn each exse the vesulfy are
compared with those obtained by the sfandard extraction methaod
in the aharatovy of the Geain Division.
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TAsLe 14, —Comparisan of the oil conient of 16 samples of fineseed, representing
16 individual vavielies, gy determined by 5 differeont faboratories, by the
wadificd  pefractometric method awd by the  sftundard  pelrotewm-ciler
ertraction sietiod
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A statistical study of these dain vields the results shown in {ahle 135,
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DESCRIPTION CF MODMFIED REFRACTOMETRIC METHOD
EQUINMENT

The equipmeni includes one muetor-driven exporimental reller fionving mill
with - by G-Inel steel enlls, corrugated 40 o the foch, Phe rolls should have
w spesd difforentinl of about B:7, aod a speed of abour U revojutlons per
minate for fhe Faster rald (2 7).

Oug analytical balanes.

One eleetrie hot pliate.

One pefraetomoter with walor-jacketed prisms having an hecnvacy of ¢ = &
0.00002 within the runges of 1475 fo 1482 and LU fo Lidl, A snivable tepoe
of relfraclomeisr with interchangenide prisw begds is show is figore 9.

One temperatnre-regulanting device for controliing the lemperatureg of the
water flowlug throngh the refeactomuetrr jackoets (optionnl}.
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One clecirie oven,

One aceurately culibraied S-ml pipette,

Halownx,

a-hromenaphthalenc,

Byl aleohol for cleaning prisms,

Three-lneh poreeliin martirs with pestles,

Rengenl-qundity sen smud, or eguividlont,

Suopply of test tubes, 134-inch glass fmmels, Tolded Mter paners, and absorbueni
cotton.

Tgens De---Dpping-type celmefanster with terelnngeable donhle-prism honds soitahle
foe the pefeetonielrie determinntion of 1he ol cotent of taxseed aml e dodine Tonbes
ol Hlaxsemd olls,

Although the experimental error between the two methods did not,
differ significantly, the much Jower standard deviation between labo-
ratories i the case of the modified refractometric method indicates
that this method will lewd to more concordant vesults between dif-
ferent laboratories than will the extraction method when the analyses
are carvied out without eentral supervision. The results obtained
by the refractometric method agree with the necepted check values
somewhat better, on the average, than o the results obtained by the
extrnction method. The data obtuined by these five luboratories,
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then, show a greater degree of accuracy and relizbility tor the modi-
fied refractometric method than for the standard petrolewnsi-ethar
extraction method.

With « little experience, the analyst should be able to make a
single determination by the modified refractometric method in 23
to 30 minutes as compared with the 16 to 24 hours generally required
by the ether-extraction method. With the aid of two nontechnical
assistants, it should be possible for the analyst to make 100 cleter-
minations in_an 8-howr day, using a single set of equipment. ‘The
method is well adapted for'use in commercial inspection work where
an acenrate method is rvequired and where the time clement is of
major importance,

PRBUAHRATION OF THID STANDARD SOLVENT

Prepare a mixture of halowax and a-bromonaphthalene having a
refractive index nff= 1.63040:£92. Such a mixture contains aApproxi-
mately 74 pereent of halowax and 26 percent of a-bromonaphtha-
lene by weight bat must be carefully adjusted so that the desirved
refractive index is aftained. It a tempe ature-regulating device is
available the determination of refractive index is simplified by pass-
ing water at exactly 25.0° C, through the water jacket. of the refrac-
tometer.  Equally salistactory results may be obtained, however, by
using water at room temperafure and making the necessary tempera-
ture correction. Fov the above mixture this correction in refractive
index is 0.00045 per 1°, to be added to the reading if the temperatire
15 above 25.0° and subtracted if the temperature is below that print,
It 1s important that ail waler-jacket temperature readings be made
to the nearest 0,1°,

This solution shonld keep for a long period of time without per-
ceptible change in refractive index, but it is advisable to check the
solution from time to fime,  The solution shonld be kept in a glass-
or lead-stoppered dark bottly and kept awny from direct. sunlight.
Until the operator has had considerable experience in the use of the
refractometer it is advisable to male several readings for ench refrac-
tive index determination, taking an average value for the final result.

ANALYTICAL PROCEDTRR

The analytical procedure foilows.

{1} Obtain a representative saniple of about 25 & of the ciean seed
either by hand quartering or by use of o mechanieal sumpling device,

(2) Pass the sample through the roller miil using the same pre-
cantions us noted in the instructions for the petroleum-ether extrac-
tion method.

(3} Weigh out sccurately 2.5 g of the finely ground, well-mixed
sample and transfer the weighed sample into & clean 8-inch porcelain
tnortar which has been previously heated to approximately 70° C. in
an oven or on an electric hot plate at low heat.

(4) Add approximately 1 g of v agent-quality sea sand or similar
abrasive and exactly 5 wl of the standard halowax, a-bromonaphtha-
lene mixture. Since this mixture has a very high specific gravity it
is highly imporfant to measure its volume very accurately. This is
hesh accomphshed with an aceurately calibrated 5-ml pipette having a
delivery time of not less than 15 seconds.
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{8} Grind the mixture in the mortar vigurously for 3 minutes.
congtantly scraping into the botlom the particles of aeni that are
thrown against the sides of the mortar,

{6) Filter the mixture throngh a Sebleicher & Schnll o, 388
folded filter puper, or other fat-free filter paper which will vield a
clear filtvate, info a test tube,

(7) When the fiitrale has cooled to reom temperature, determine
its refractive index af 25.0° C. to an accuracy of =0.00002, It the
reading is made at any temperature other than 23.0° wke # lempera-
ture correalion as deseribed in the instructions for the preparation of
the standard solvent, using a temperature coeflicient of 0.00042 per 12,

(8} Using talle 16, note the percenlage of oil corresponding to the
refractive index vewding obtained in (7). This is the uncorrectod
value for oil content.

(9) Place about 2 g uf the ground samiple in a fine paper filter in
glags funnel and pour over it about 15 mi of petrolemn other, collect-
g the clear filtrate in a small shallow evaporating dish.  Carefully
evaporate off the ether on a steam bath or hot plale at low heat, and
place the dish in an oven at 135° C, for 20 minntes. (ool the i} thus
prepaved fo room femperature and determine its refiactive index ut
¥3.0° The temperature cocflicient for the pure oil is 0.000857 per
1,0°, to be added if the femperature at which the rending is {uken is
above 23.0°, nnd subtracted 11 below that femperature, I preferred,
this sainple of oil may be prepared by pressing a stuall sample of the
ground seed in u laboratory hydraulic press and filtoring the oil so
obtained if it is not entirely eleur.

(10} From the refractive index of the oil as defermined in ()
subtract the value 147780 {the refractive index nt 23.0° (. of the
composite sample of oil used in obtaining the data for table 16). Us-
ing this difference, determine from table 17 fhe correction fo be
applied o the wncorrceted valne for oil confent as determined in (8).
I¥ the difference is positive add the correction; it negative. subtract.

SAMPER DEVERMINATION

Suppose the refractive index as determined in (T) is 61149 at
97.3° (L
wi=1.61144
wype= TG E 4G 1427 424,01 ¢0.00042]
=1.612406
Referving to table 16:
afy = LG1246 corvesponds to an ol content of 37.55 percenl.  This
is the uncorrected value.
Then suppose the refractive index of the oil as determined in {9)
is 1.47560 at 23.3° .
WET=1.47960
= 1.47960—[(25.0-23.3)X0.000357]
=1.478%9
Then:

147890 — LATTRG = -+-0.001 1D
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Referring to table 17:

A difference of 0.00119 between the refractive index of the oil in
the sample under investigation and the sample nsed in preparing the
conversion fable indicates a correction of 0.26 percent of oil for a
sample containing approximately 38 percent of oil.  Sinee the dif-
folionc-e 15 positive the corvection is to he added 1o the uncorrected
alne.

TECHNICAL BULLETIN g, U. 8, DEPT. OF AGRICULTCRE

FTAA pereent +0.26G pervent==37.81 pereent oil

TABLE 16, ~Conversion table for determining the perecitage of ol in flurseed
cadraetl ol
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Panri 17.oCorrections to be applicd lovesults obtained in the analysts of flazsced for oil content by the refractonetric method
[Vvalues to by added when (n3—1.4775) is positive, subtracted when (11’,3—1,(1775) Is hegnfive]

(Corrections in terms of percent of oilindicatedy
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DETERMINATION OF FLAXSEED OIL QUALITY
TODINE NUMBER AS A MEASURE OF OIL QUALITY

From a commercial standpoint, the principal criterion of the qual-
ity of the oil that may be pressed from o given lol of Haxseed is the
rapidity with which u thin film of it wili dry to a hard surface.
This tendency of the oil to form a solid film on exposure to the air
is_due to the oxidation of the unsafurated fatty acids that are con-
stituents of the oil molecule. The (hree prineipal unsaturated fatty
aeids of linseed oil ure oleie, Tinoleie, and Tlinolenic acids, the chemical
constitntion of which shows them to possess ope, Gwo, and three
double bonds, respectively.  Since in the oxidation or deying process
each of these double bonds is enpuble of absorbing a given quantity
of oxygen, the total number of double bonds or total degree of unsat-
uration is })I‘Upt]l‘ti(lmll Lo the tolal quantity of oxygen that the oil
is potentially capable of absorbing.  The rapidity with which this
oxygen is absorbed, howover, deponds not. ouly on the Lotzl degree
of unsaturation but on the relative proportions of the three unsatu-
rated fatty acids. since the double "bonds of linolenie weid oxidize
more rapudly than these of linoleie, and those of Jinoleic oxidize
more rapidly ithan those of oleie.

For conmercial purposes, however. iodine number. which s a
measnre of the fotal degree of unsaturation, has been used as an
approxXimiate measure of the relative drving times of Hnsoed oils,
Sinee oils from different sampleg of finxseed vary to some extent in
their proportions of the three wnsaturated acids. this method is sub-
Jeet to soine error Excepl in unusunl cases, however, the iodine
number may be considered as & reasonably reiinble measure of the
relative drying time.  The development of 1 rapid method for the
deternimation of jodine number should, therefore, be of value in the
routine analysis of flaxseed.

RELATIONSHIP RETWEEN IODINE NUMBER AND REFRACTIVE INDEX

It has long been Jmown that 2 positive correlation oxists hetween
refractive index and iodine number of anima! and vegetalle otls in
general.  Lewkowitsch (19, o £, p. 238), however, aftor necumulant-
ing data on a large number of different oils, concluded that ne defi-
nite retafionship existed between these two fuctors. Niegenmnn and
Kayser (20}, on the other hand. reported such o refationship in the
cuse of oils from Haxseed samples grown in u given region.  Arnold
(#) and Backer {3) have demaonstrated « relationship befween iodine
number, saponification number, and refractive index.

Pickering and Cowlishaw (27} have developed the folfowing math-
ematical equation to show the relationship between refractive index,
lodine number, saponification number, and neid number:

nig=1.4643—0.0000668— 220904 1 o 001177

where . .
N=saponification munber
A=acid number
/=1cedine nuniber
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This equation was shown to apply te freshly prepared oils fram
varions kinds of oil-bearing seeds. "The relationship does not hold,
however, for oily that have been prepared for an appreciable length
of time, sinee the oxidation and polymerization which take place
when the oil stands eause a marked increase in the refraetive index.

The saponification number of the faxseed oil is relatively constant
for all varieties and types of seed, and the acid value of the freshly
prepared oil is uniformly low except in the ense of badly damaged
seed. It should, therefore, be possibie to determine the iodine number
directly from the refraciive index of the freshily prepared oii provided
the oMl is prepared in snel w way that no apnreciable aniount of
oxidation, polymerizaiion, or hydrolysis can take place.

Hopper ¥ has determined the refractive indices and iodine numbors
of expressed oils from LA00 samples of flaxseed and woted a very
signifieant refationship between the two values, Ceddes and Tefi-
berg {7) obtained a correlation of +0.647 hetween the rofructive
index and iodine number of oils extracted by diethy] ether, with a
standard ervor of prediction for Jodine number of =375,

A\ study has been made of the relationship of refractive index to
wdine number of the eils extracted with petroieum ether from a
series of 96 samples of fluxseed including the 84 samples deseribed
ob page 21 Wijs iodine numbers were determined by the method
speeified by the Tederal Specifications Board (6).  The data are
tabulated i eolumns 3 and 4 of table 18 in the order of nereasing
iodine number, The coeffivient. of correlation between the refracetive
index and iodine number is +0.9963 with a standavd eyror of predic-
tion for the jodine number of =082,

TABLE 18.—fodine number (Wijs) und rofraciive indes uf wils from 2 senpfes
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ammber from refractive udox,
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It should be distinetty understood that thisnethod of determining
lodine number I8 meant to apply only to smnples of ol extraeted
with petroleum ether or cold-pressed from freshiy gronnd flaxsoed.
Dneurity, frost damge, o seabbiness of the soed do not appeus
to alfeet the acenrney of the results. Namples of flaxseed, bowever,
that have become distinetly mosty beenuse of prolonged storage af
high woisture contents ofien eause diffionlty in analyzing for jodine
uaither by this method, The oils from such samples have genevally
undergone hydrolytic changes.

The meihod is not dependable tor the determination of iodine
nuwmber of connercind linseed oils since their processing tonds to
adter the refractive index, bt #oway be ased Lo deteriniue the iodine
rmber of the commercizlly prepared raw linseed oil thal a wiven
lot of flaxseed will produce, Whea the oil content of a sampie of
fiaxseed has been determined by the modified retractomet rie mothod,
no additiona! Tabor & requirved 1o deteraine the jodine pumber of
the oil, since the refractive index value of the otl itwelf is determined
amd may be converted inte jodine value hy using table 19,

Tu ease the iodine number of (he oil is to be determined inde-
pendentiy the following procedure may be used,

REFRACTOMETRIC PROCEDURE FOR DETERMINING [ODINE
NUMRBER
(1) Grind u representative sample of 1he clean flaxseed with n
suilabie type mill
(2} Preparve a sample of ofl Nom the Treshly mround seed Liv one of
the tollowing metheds:
{a} Press the oil from a small quantity of the ground seed wiih
w smindl Taboratory hydraniie press. filtering the pressed
ot it it is not elear.
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(i Poye about 13 mil of petrolenm etoer over aboiit 2 g ol the
Froshiyv ground seed inoa fine Blter papor fitted 10 a gliss
Tunnel, vollocting the filtrate in o wmnll shatlow evapo-
raling disl. Evaporate the bulle of the solvent on a
steant bath and plaee the dish oo oven at 105 Codor
20 minules.
£3) Deternsine the pelfective index of the ofl of 250 . 1§ the
reading is taken o any other tempersture, add 0000357 for caely L4
ahove 200 ond subtvaet (hat value o ench L8 below that tom-
peratnre,
(41 Convert vefraetive mdex value ato jadine number {Wijs) by
use of tohle 14

SPECIAL PRECAUTIONS IN USE OF THE
REFRACTOMETER

{1} The prefractometer showld be carefully checked for arcuracy
bofore being nsed.  IFor thix purpose aoxiliney testing prisms of
known refeactive index are generally supplied with the instrument.
Several suel auxilizry prisns should be used with the instrament in
order (o insure aeeuraey in all parts of the range. T instraments
having veplaceable prism heade cach head should be equipped with
Al deast two lesting prisms, I crrors are deteeted that eannot be
eliminated by readjustmen! of the indtroment. o correction {able
should be prepared. T is o gomd pracrice to have the instroment
periogdicaliy speeted by somesne who is thoreyghiy famiture with
optical instrnmens,

{2} Defore the mstriwment 35 reads sullicient tine mnst he allowed
for the liguid to aeguire the temperature of the prisma. The veading
witt remain constant only when this equilibrium s established.

(3} Clean the Taces of the prisms thoronghly between determina-
frons, This ix hest aceomplished by wipine with dry absorbent cot-
ton, then with votton dipped in othyt aleohol. and faally again with
the dry cotton.  Solutions rontaining the halowax, e-bromonaphthn-
fene solvent should not he lell on the prisms fonger than necessary to
make the reading, sinee ip some refractomefers the cement holding
the prisas in place Is corvoded by this solvent.

SUMMARY

The quantity and guality of finseed o1l which may be produeced
Trom a given guantity of flaxseed uve subject (o wide variations de-
pending on the souree of the seed, These differences in the seed are
due chiefly to varietal differences and to the climatie conditions under
which the seed was grown,

Methods now in common use Tor the determination of ol quantity
and quality are teo time-consuining for commercial inspection pro-
eedures.  Rapid anadytical methods have therefore been developed for
the rontine defermination of the oil content nnd oif quality of flaxseed.

The principal sources of errev in the ether-extraction method for
the determination of the oil content of flaxseed have been studied.
As a result an extraction procedure has been develuped which elimi-
nutes these errors to o large degree, amd which serves us a standard
cheek method for use in the developiment of more vapid methods.
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A centrifugal mothed for the rapid delermination of oil content
hng commercinl possibilities under conditions whore an geenracy of
Z1-percent oif is sufficient.  The method s very sliiple in operation
and requires relatively simple equipment.  Approximately eight de-
terminations may be made in an hour, by one amlyst. The method
i not recommended when a high degree of aceuricey is regnired,

The refractomelric method originnlly praposed by Coleman auwl
Fellows {4} has been perfected so as to eliminade its obief souree of
error.  Certain features of the original wethod have alse boen shin
phified so that the average analyst may quickiy muster the teehnigue,
A high degree of acenracy may be altained by the modified wethad,
as evidencwod by the fact that in the analysis of 88 scamples of fax-
seed, covering a wide variely of types, by bolh the relractometrie
method and the petroleum-ether extraction mcthod, o correlaiion
coellicient, of +0.983 was obtained wilth » standard ervor of predice-
tion of =026 percent of oif for the modified refractomet ric mothod,
Results obtained by collaborative study show a wreater dogrev of
accuracy and reliabiiity tor the modificd relrctomet rie method than
for the standard petrolenm-cther extraction method,

A single analysis by the modified rofractometrie mothod ean he
made In abont 30 minntes, as compared with the 16 to 21 honrs goen-
erally required for the extraction method.  Approsimately 108
anabyvses may be made in an 8-hour day with a single st of eguip-
ment by one analyst with the aid of fwo ponteehnieal assistants,

The refractive index of flaxseed oil prepaved by special methods
may be used as o direct measure of lodine monber, the Tatfer value
being now wsed commercialiy as an approximate measure of the diey-
ing quahty of the oil. In the analysis of oils from 96 sunples of
flaxseed, with iodine numbers (Wijs) mnging from 135 to 197, a
correlation coefficient of +0.8905 between iodine number and refrac-
tive index was found, with a standard error of prediciion of iodine
number of 2082 When the oil content has boen determined by
the. proposed refractometric method no additiona) Inbor s involved
in delermining the iodine number refractomeiricaity.

For the purpose of rouline analysiz of flaxseed the rofractomet ric
methods for the Jetermination of oif content wnd dodine number
{Wijs) should yield resolts essentinlly as aceurato ax thowe olitained
by fthe conventionu! procedures, and al the sene thne offeet o suls-
stantial suving in tone,
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