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RAPID I)ETERMINATION OF OIL CON

TENT AND OIL QUALITY IN FLAXSEED 
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ORGANIZATION OF THE RESEARCH 

The flaxseed indllstry has Ion!! lleedC'(/ prompt: :11111 nrrn1'all' 
methods for evalunting' flaxseed in t('J'Il1S of tJw qunlltit'," and qUtllit,\' 
of its oil. The methods of analysis ill ('OIJIIlIOIl us('. althou!!h H(,('UI'I\t(' 

enough when propedy clllploJ:cd, ar(> too tilllC-C(lnSlllllil;g to br of 
llNdical "lIlue in t1w COll1l11cl'C'inl inspectioll of flnxs('()(1. 
~o ~liscuss t1ie problem of ~i1 tests for fln~sC'(>c1 a ].lHtional!y l'CI~l'l'


sentnbve conference was helc1111193-1-. Th(> IInseed-OJI munlli":letUl'1l1g 

(i~llstry, the Flax Institute of tIl(> rnite'cl States, thC' Btnte' ng;rir'uJ

tftll expcrim(>nt stntions in the lead in!! flax-prod u('ing States•. tIl<' 
.t\2s·icultural Adjustment AdministratiOJ1: and the Bureaus of Plant. 
I'fUlustl',Y and Agricultllral Economics of the. Uni{'Nl Stntes Dt'pal'l· 
n~t of Agriculture took part. 

Resolutions were passed at the ('onfC'I'ence petitioning- th(' SN']'('tal'Y 
of AgricultUl'e to sponsOI' It l'C'sca]'ch adi"ity havillg' as its objecti':p 
the development of rapid, a(,clll'Hte~ nncl simph' ('omlnl'I'eial l1l('thodH 
for the determination Of I'he quantity ami <lila lit)' d oil in f1Hxse~'(l. 
This J'Psea I'ch project WHS H!1si,rrll('rl to the Bul'L':! u of A,rrrietlltul'al 

I This iIlY('stignt.iOIl wns mOllr in rooprrntion with thr ni\'iRioJ1 of ('rrrnl Crops 'Illd 
Dlsenses, BlIrellll of Plnut IlI(llIstr~'; and thl' Oil, 1~IlL nlHI Wax SP"tillll, Cllrholt,l'()rntp
R,'sellrch f)i"i~loll. BllrPlIlI of l'hl'mlHII'S nllll Soils. P. S. /)"pnrjIllPnt or .\I!I'i('lIltlll'P.
~The nllthor~ gratefully ucknowledge the C()OH!'l'IltiQll QI' til{' chl'llIif;\$ at th" following

il1st:ltutionJ amI InlJol'lltoril'S who IlNsist!'rl In thl' (~(lllalJ()J'ai:lI'(' phaHPs of thiH \\'ol'k: 
Minnesotu Ag/'Ienltural .Expel'illlent ~;tutlon, dll'iHiol1 of agl'i(,lIltlll'lll hl()('hplllist I'~'; Xorlh 
Dakota Agril'ultl'rnl I~xpel'llI1rllt' Station, </PllIll'tllll;llt of :tgl'i('ulhll'ul d"'lIIil:tJ,y; South 
Dllkota ,Agrieultnl'lll NxpprilllPUI Slul'ion. clI'Jlllrtlll"u(' or :tgl'onoul,\': IIlI' Ol'IIil1 1I('HC'fll'(:h
Lnbol'lltory of UI!' \\,illl1ippg Bllllrcl of nl'IIil1 ('OlllllliH~i(H1l'I'H; A 1'('111'1' nalli('IR.;\Ii(lIal1d Co .. 
:lIII1I1CUpo'IlS, Milln,; J~III(ilre 011 & 1"00<1 1'I'o<lu<'IH ('0" I'OI't111I\r1, On'g.; ~llnn ..~o(" ['ill""..11 
011 Co,. :llimwllJloliH, ,\111111.: Nat\UlIltI Ll'" ,I Co,. 11",)01;1)'11, X. Y.; I'it I.siltll'"h Platl' Ul:t$"; 
Co.. ned \\'ing. :lUnn.; PJ'oducer~ ('OttOIl Oil Co" I;'reRno, Calif.; UllcI SpeIH'('I' KeUng-g & 
Sons, Iuc., nutrllll!. X. y, 
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El:ollomics. Ils experiences nnd /,('sponsibilities ill O'raill inspection 
and its previous l'eSl':ll'ch pertaining to rapid m~tho(fs -for determin
ing Ih(' oil content of flaxseed influenced t'his assignment. 'VHh the 
assistance of the Bureau of Chemistry and Soils and the BUJ'eau of. 
Plant Industry a collaborative research program was begun with 
interested members of the .linseed-oil trade and the State af,J"ricultural 
experiment stations. 

The proj('ct was innugnrated in April 1935 w·ith the active coopera
tion of 1l chemical labomtol'.ies in the collaborative phases of the 
work. As tL l'('sult the Bureau of Agricultl1l'al Economies is now 
recommendiJlg 1\, method by 'whith the oil content of flaxseed as well 
as the iodine numb('J.· (the prineipal quality factor) of its oil can b(' 
clderrnill(>d aecm'alPly ill a half hOUl' as compared with the 16 to 24 
hOllrs l'equir(>(l by tIlt' standuJ'(l analytical procedllres. Using- this 
method, on(' Hnaiyst wit'h two 1l0ntP(:hnir'al assistants ('all make as 
many as 100 ('()Jllpl('tc analys('s fol' oil eontt'l.t lind iodine numbet· in 
an 8-h0l1r day. This bulletin portrays the problems and d('scribes the 
nwthods fOI' mukinf! the tests. 

N;:;BI;t FOIl. SUITABLE OIL-1'ESTING METHODS 

Flaxs('edi~ grown in the Unit('d Stiltes chiefly in Minnesota., North 
Dakota. b01l4h Dakota. ancl MontaJla. It also is produced to a. Iim
i((>d ('xrellt ill\ Kansas. lawn, nIi!-'sourL Xebl'llsku, Colorado. Michigan, 
and. Oregon.. Hillee 1933 flaxseed has become Ull increasinglyimpol'
tant crop in California, wh('r(' its pl'Oc1uction has increased from 
11,000 bushels in H133 to 570.000 bushels in 1!)35.' The avemge fUl
nunl production of flnxspp(l 'in ihis COUJ1tt-.Y over the 10-yeat· period 
] 926-3;", wns 15,066.000 bllsllehi . ./ 

- The flaxseed crop is IIsed primarily fot' the munufactUl'e of lin"eed 
oil, which in tmll is llse<l principally in the preparation of paints, 
vurnisIH.'s, and Ii nolC'unl. Li Ilseed ('a]w, the byproduct of flaxseed 
pl'Ocessing, is n. valuabll' feed for livestock. At average prices for 
linseed oil a.nll linseC'd cak(', the oil represents about 70 percent and 
the cake about 30 pel'('ent of the market value of flaxseed products. 

It is obvious that tll(' vnlne of any lot of flaxseea depends pl'i
mHJ'ilyupon the quantity nnd quality of linseed oil it will yield. Oil 
quality is concf'med chi('fly with the "drying" properties of the oil, 
that is, the rapidity with wl1ieh the oil will oxidize to a, solid film, 
and the Cll:Lracter of the film produced. In commercial practice, 
quality is generally expressNl in terms of iodine number, which is It 

quantitative mea:-;l.IJ'(, of the total nmount of oxygen the oil is poten
tially abl0 to absOl·b. . " 

Both the quantity I~J)(1 the quality. of oil in flaxseed ,::11';)' over wide 
ranges. III commercial seed the OJ1 content ranges from about 32 
to about 45 perc('nt all a dry-weight basis, and the iodine nUIlI
Ler (vYijs) yaries from 155 to 200. In tables 1 and 2 are shm\ll 
i..he avernge val lies for oil cOlltent and iodine number for variolls 
classes of commercial fiaxseed over a. period of years. 

Under present practices tests for oil content and oil quality are not 
used officially in t'he eommerC'ial inspection of flaxseed. TIle official 
standards of the Fl~ iteel Stat.~s for flaxseed are based on sueh qual ity 
factors as test 'weIght per bushel, percentage of damaged seeds, 

http:mea:-;l.IJ
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docka ty(" moisture content, lUld "eollClition," Although theso "i'actors 
are of Yldue in measuring the 110t weight, soundness, and storage 
qualities of flaxseed. they bellt' no significant relationship to either 
tlw quantity 01' the quality of the oil. 

'I'ABLE 1.-()i! ('011/(,111 of riiffCI'i'II/, c10,~8('N of ('Ollllll('rdlll, !la,/,'Nt·('tt ('111('''/01<'(/ Oil. 
8'l)Cr('(,1/1 'IIlois/llrc /Ja.~i,~ 

('nnadinu:2 

~JnxlmUlll•. 

~linllllum., 


~nIuule~ analyzed. 

California: 
)loxilllllll1 . 
)Iinimum 

:::nlllJll~s 1l!l"lyz~tl 

1 n~JlOrle,1 hy T. II, II()PJ1~r, :-;'ortlllJnkot/l Agric'lIltUrtll EXjl('rillwnt ~11lI iOll, 
, JlcporlctJ 11;- W, r. Oedd('s ml<1 F, JI. L('hherg-, J!ollnl of Omin Coullllissioners, Whlllel"'~, '~[nl1ilohll, 

C'unnrl~l. 

TL\IlI.I-: :!.,~1odrlll' 1111111/)('" (Wij,~l of diffi'rl'lIt ('/{l88(W (If fllI,l'M'rtf 
__•·___ _'"_"_ __..__• __ ..... _··_"·w_·_~·_, 

i ' , ' i
IINU W:IO i l!I:J I : HI:J~ ! )II:!:! HI:l1 I ilia,; 

,"-r--i-'- ~-·i'-
~·orthwe~I(·rn:' 

)Inximtltll pl'I'ren l I WI I IVI I 1!12 ISS l1>S \' ••.
;"UIIIIt\uIll. _do .\ liH HH 152 152 Jm) _" 

,\ \'crn/:e _Ilu I_!~J 1~1 J711' 1~5~ I7~L~~=
""III1'le5 ~n!llyz~,1 IIl1l1lhel' ! HH I ,:121 811) I tl'J.1 I 614 I ... 

Canmlinn:2 
~h\xil1\llm Jl~r,t;i)nl:.·:=i==~C-.~C-;-II¥:IT W~ 
;..rildlllllUl 

1 ...\\-emgc dO .. ;--T--:.=:----·il.~,'(too 
:4UJl1pll\~ Hnal~·ll'·(1 nUlllt)eri.==i:~~C==C~J-~~~1 2~ 

('lIlIlorlll,,: 
:-loxilllllllL llrr!~~nt I 1 1 !:l mI :~[;;\ljniIllUltl. 

.;\.,.(lrng(1 <10. •• -.~r· . --'(1i~21~
1-=__ ===' == -'-~~ =-= == 

~HJJlplt·S unulyzell ~__~_~~ '-"'--1'" __~J~ 
I "ro loulllO!!l I, tnhle J 

1 ~rc. rOQtttot~ 2, talll\! 1. 


This railut''' to utilizl' datn. on oil (,O!l(0nl. and oil fIunlit" in the 
coml11el'cialin~pl'ction of flaxseed has bcell dlle in part- al' "least to 
the fact that til(' IIwthods l]('I'C'{ofol'e acccpl(l(l fOl' making; these de~ 
terminatiOIJS an' too Lillie cOllfnlllling for such purposes, Various 
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more or less promising rapid amdytkal methods huye been proposed 
T1'Om time to time but none has been sufficiently perfected or testeel 
to meet with complete approval by the linseed oil and flaxseed 
industries. ~ 

The linseed-oil illdl'try has been greatly c011cel'l1('(l IJ'y the abnor
mally large proportio of' low-qlmlity flaxseed that' has bebli .1l1a.l'kctecl 
during reccnt yeal's, Th(· principal fll('(ors th~Lt 1ra.\'P {'ont I'il)lllp(l to 
this pl'ocluelioll of low-quality (-1axs('(,(1 111'(': 

A Jj 

,-. 

If ,. 

li'Ujl'ltg ·t.~-··I'J·lJll'jJ!:1I (·OIllIlH1 J·t.'i;1I nll'il'tills or' JlaxSPtl{j: .1, LiIlOIIl; H, i:P(iwill.l:!: u, niSOlJ ; 
./), Bollpy Uolllpll; I,', ,\ t'!(l'llri 11(' ; j", litHIa: U, I'tllljllh: II, ,\hyssillinll: I, S, IJ, I:' .I U, 

tl) Dl'ought cOllditiolls al'l'Olllpllllied lJ\, abllOl'Ill:t1lv high i(,lll
pel'allll'CS dUl'ing tlie gTo\\'ing season in thc 'flax-growing' :11'('[15, 

(2) The intl'ocllld ion of l1(,W Ylll'i('ties of flax ",llich h:we b('e11 
bred for theil' l'esisl:lII('c to lliseasc :lIH1 fol' their l:u'ge yil'l(h; of 
sped, bnt "which il1hel'l~lIt1y tend to prodlll'e n.low quality oil. FigUll' 
1 shows typieal ~l'e(ls of the 1)J'incipul ('OJ)) I1l<'I'l'ia I Y:ll'ieti('s of s('('ll 
f1nx, 

(;~) TIl<' gl'o\\'ing of flax ill al'pas lhat arl' 1Illsuil'abll'. fol' tilt, pl'O

dlletioll of higll-qllality flaxs('('(l. \ 
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On I ht' 0\ hel' hll1ld. new Y1\,l'ictieR at'\) g'l'Hdnally being dewloped 
and intl'oduc('cl which uuclel' similar growing comLitiom; pl'odncr :L 

higher quality of seed than do the presellt I))'illcipal Yal'ietieR, Then 
flax is b{~illg l:Rised to lL limited extent ill new Hreas whel'e t11C climatic 
f'onditions ltJ'e unusually :fn.vornblc to the pl'0<luction o'f' high-qunJit·y 
seed, 

AU of these {ltdol's lmve had the dfectin recent: ymu's of decreas
ing the uniformity of HIe domestk flaxsrrd crop. and haw thus PJ11

pll11sizec1 the ncecffol' l'eliable and mpid methods ,for testing fiaxsee<l 
1'01' oil content and oil quality. 

DETERMINATION OF OIL CONTEN'l' OF FLAXSEED 

Before attempting' 1'0 develop a suitable rapid .method :for deter
mining the oil content of flaxs(>pd, it: was found necessary to est:lh
lish :U1 (wccplablc stanc1al'(I melhod ag'ainRt which the results of any 
lIew Jnethocl ('olllcl he C'lweke(l. A sUl'\'C'v\\'l\S therefore Inac1e of the 
I1wl:hods liArd foJ' 1.11('. oil-content· a 11:1 I\'sis of flaxRepcl hv va!'iow:; 
l'ol1llnercial and Stat" agricultural expm:iment station laboi:utol'icR, 

'I'HE EXTRACTION METHOD 

The ether,·extrac.tion l11ethod of the Association of Officinl Agricul
tural ChemistR (JY, PI', :3'7tJ-J80) 3 01' sOllie llIoc1ifieation thereof WlIS 
fonnd to be in g't'nel'al URl' anlOllg the lai>ol'atol'iPRinvestigat"(>(1. 'rile 
ol.ltstal1cling: difi'l'l'('.l1('esin tlw, technktue of the extl'a.etiol1 method 
as pructicecl b.y 11 oil-testing laboratories are recorded in table 3. 

TABI~El a,-Di/TcrclIl 'l1I.o(/i(i('uliol/.s Of lite rmlmetion 1I1rtllOtl {or (Zetc/'mini'll!! Ill(! 
oil (,(111/el// of t/(I.TNe'!'I/ I/,~ /l/'I/:'/;('I'(/ Ii}! 11 /a/mm/or;(,8 

...-------"-.,.,-----:--------,:---~-----

(Jronnd i Su 111 pie 
[,abo Appnrnills 5'1111\'\0 Method of drh'ln!: Weightl re~f(mn(1 

of ~nll1- I 'l'ypc of extme· ufterora· used for grind. d~l~d otT Inst tmces ofpic ex- liollllppnrolus portinltorr inJ! .snmplc (~~Il~~~ SOil'OlltImeted (lxtrnc·
lion (fon 

(rr(lm,~A____ ltnller mill_ .. No____ _ 2 PickeL .,,_., IWlyl 01 her. " Air dried. 
B__ •. !.{orlm" with No._••• a Soxhlet._. Petrnleum etill1r Air OVOI1, 1050 r 0' 20 

snnd. minul~s,
C____ Roller mill_.. No...-. 2Y.! _____ '10. __ ..... Carbon tetm· Air on.ill, 1050 C", a 

~hl(lridc. minntes.
D.___ AILri 1t~1I No__ •__ fi Tlniley· \\'ulker 1','1 roleum ether Air o,'en 100"-/1.15° 

mill. CIt 30 Ininu1es:.
fL ___ HollcrmilL __ No.____ 2 _...<10 .. _____ • Ethylethcr..... YC$_~~_ ,A ir oven, BOO ('.
I·' ........do __ ..... yes•••• ________ SoxhleL ._...._••• do._ ..•• ., No~ ... _ Vacuum oven, Hlli().

C., 8 hours.0_. __ ;'[ortnr.• _... No_.... Heflux._ ••• _ E thyleno tI i- No•.. 
chlori<le.

H .. __ I\oller mill ... No___ .. ~ 'I-fi Pickel. .,... _. Ethyl ether. ____ Yes. _ .. Yacuulll (lyen, 81)0 
C., 30 minutes.L ____ Yes____A ttd tion 3 Bniley·Wnlker _____ <10_ ..._..... No._,_ \:"' nell II JJJ 0 \~ e n 

mill. ((,02), 60° C., ~ 
hours,J.____ TIurr mll1- ___ Yes •• __ 5 iloxllleL ___________do __________ No._... 

K. ___________ • __ ."_. ___________ ._.__ • BuLL tube ....______ , .._____.._______ __ 

.Four type!-=. of ~l'il1dinp: t'quipment.; fi\,(' types of extl'uction ap
paratus, and foUl' tliffel'f'nt solvents w(,l'e, fOlinc1 in IIS(, among thesl' 
laboratories, In some Jabomtol'i('R the grQund sampleR were, ehied 

http:100"-/1.15


before extraction whercnf> in Ot1I<'I'I~ t1H'V w('r(' 1101. Hrgl'inding of 
tho sample with abl'asi\'c mai('I·.ial aft('I' 'pal'tial (lxtl'action was Pl'a(,
Uced by thl'ce of the labol'atories. '1'11('1'(' \\'{'I'e IlIlll'k('d difl\'I'(,II{'('s 
in the size of samples used fOI' ('xil'aetioll and in (he Il1etitot/s CI\1

ployed for driving off the sol rent :f1'01l1 thc (lxtract. 
'ro determine the cxtcnt of tho variations .in analytical results 

obtained by the differcnt laboratol'ies as u rcsult of tiio <l iffen'ncos 
ill the mctliocl of analysis uf:'ec1, subsnmplcs i"'oll1 11 thol'ollgh 1,\'111 i xed 
samples of flaxseed were clistl'ibnte(/ to 9 laborntorips for oil-contellt 
analysis, eac~l lab(Jrator~T being instl'llctc\1 to Hnulyzc t}le sumplcfl by 
the method 11: custonlal'r!y employed. 'Ihe I'epol'ts of these. labOl'll.
tories, as recorded in tnblc 4, show wide din'I'gen('(-s in unulyticul 
results, thus indi('nting the necessity for establishing a Htandal'(lized 
"reference" prucedure. 

TABU~ 4.-PeJ'C()lIllllj(! of oU il/. U N((lIIp/(!8 of fl(/.l:.~('('1i liN I/I'/l'/"J/Iillr'({ Ii)! II 

lal)01'((/0I'i08, ('((('II, /abol'atol'!J IINilllj iI,~ 0/("1/ III('/ho(/ or (I/III/lINis 


IAII dutllllrc avcrages of dupliculc dclcrmlnntions) 

ICuhom· I.ullom· Cubom· I.abom· I.ubom· Labom· LUhomJr.uhom.ll.uhom.\ A \'l';'-
H:llllptO Ull. ItOr)' I tor;- 2 tory:l torY·1 tory 5 tor~' 0 tory 7 tor), s I tOr)' II I llgl' 

..,.......~ ~ -lp~r.:ellt P~rcenf P~r.:L'1l1 P~~ce!!t p~rcell7 P~rcellt ~'~'C~lil ~'~rc<:I.t- p~,.:el?~~'L'e!!1
--A "'--

L ...... ___ ...... ,1 •• 40 ,lO.O" ,1,.87 3H,,;U 3.5.80 ,IO.UO ,10..11 ,IS.!.4 ,I,. I. .1O• .t 
2 ~ a~. 52 :is. au :m.70 a t. an 40,8S as, 58 ao.OO :{O. 03 as. :15 :1S. iii 
:1 :Ii. 17 as. 18 :lU.14 :Ii. ill :Ii. 22 37.84 :IS. 34 au. 12 :17. flU as. liS 
·L :I!l. or. ·10.21. 40.18 au. 50 :m. 95 aO.82 :111. iO ·11, III :111. iO 40.02 
5_ :1O.82 30.12 ai, os :Jr.. 50 37.:10 37, a2 a7. is :\1(.02 ao. os :Ii. 10 
0. a7. :1;1 :l7.liH 37.IH :1.1. 30 37.Ur. 37. m :lR,71 3S.5S 37.50 ai. ~~J 
T 37.08 30.2r. :li.70 !Ia.SIl :10.21 aO.70 :17.01 ai.·IO aO.2;. aO.51 
~. :IS. 20 37.80 37.71. 37. 1·1 a7.82 :18. It. as. -Ill as. .JI 38.31 !IS. 02 
10 _ :Ht 05 :15.67 ai. i!I !l5.r,s 30.80 :W.O(l 37. fl-t :18.00 :lU.5;1 :10.81 
11 41.0;' 4a.OS 4:1.12 41.70 -It.(12 42.71 'H.:li ·I~.g() -l:!.:I·1 42.S!! 
12 :1!J.:l8 :lS.OO ·10.0,1 ai.24 :m. 1:1 :10. fJ.l :m.:l8 40.20 :lll. tl.'i :IO.l!1 

SllIudnrd de\'intlon between Inbornlories: 2.i:1 perrenl. oil. RX(1crirnentnl error: :1:0.71 percent oil, 

SOurtCES OF ANALYTICAL DIFFEHENCES IN THE EXTRACTION METHOD 

.A careful study was made of the varions steps in the ojJ-determina
lion pro('erlul'c used in the vnriOIlS collniJornting labol'lltories to dis
('over, if possible, the chief (,Hnses of these divergen('es, and to develop 
II method that \\'ould be ('apable of proclneing reasonably concordant 
resnlts between diffel'('nt IabOI·atOI'ies. From' a study of'the data tIl(' 
foLlowing possible SOlll'C'es of el'l'or ,,'ere investigatpcl and recolllmen
dations '\,(~J'C made :t('col'C1ingly: (1) Sampling. (2) grinding, (3) 
oxidation of ground sample. (4) extl'action apparatus, (5) solvQnt, 
and (6) method of removing solvent from extract. 

The importancp of ohtaining n. represent-ntiv(' snmpl(' fol' n~lnlysis 1 

1'l'om It cHrlond lot 01' othel' large qunntity of sped is \\'ell knowll. The 
present problem. how('\'e1', concerns itself with the procuring of a 
representative aliquot- of the laboratory sample for analysis. A study 
of nliql10ts tuken from different parts of a quart- container of clean 
:fl!l.xseed does not incli('ate any appreciable c1iffel'ellcein oil content. 
But as a. precpntional'Y measure it is recommended that aliqnots for 
analysis be nbtained either bv hand quartering the laboratory sllmple 
or by the use of a mechanical sampling device. 
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UHINIII ';Ii 

Improper gl'jnding of flaxseed Itlllyl'l'fmlL in t.irrc(' difl'l'l'ellt SOUI'Ct'S 
of error. 

bwomplete E:vi1'Clction.-Unless the seed :is ill a ye1'y fille state of 
subdiYision it is not l)ossible to extract the oil qUlUltitRt'iw'ly. 

Subsamples of a, well-mixed Jot of flaxseed wel't' gl'ollnd by six 
Jahol'lltorics and returned in scaled containers to the O,'ai!; Didsioll 
Inbol'ntory, These gl'ound samples wem extJ'actcc1 1'01' 17 hOlll's with 
j)1'(Tole\l1\1 ether anel determinations wel'e made of the quantities of 
oil. extl'aeted. The extracted residues wet'e siitt'd throllgh :1 40-ll1t'sh 
gaine. sie\'t'. and the percentages of: material retained on the sieve wel'('. 
dt't:cl'll1irwc1. The. residues ,,,ere thl'T1 reground in n. mortal' with 
('arbOrulldulll and wcre l'c-extractetl f:or17 hOllrs wHh pet!'olelllll 
('thel', Table Ii shows the qnantity of oil that failed to bl' l'xtTa('ied 
by petroleum t'ther in the first 17-ho111' ('xtl'act:ion as I'elatpd to the 
(j'neness of: grind. 

'['AULI': 5.-RellllioIl8hip /)('/.1('1'('11 {i1/('1I1.'88 of flrillli (/1/(/ ('.r/mdt/llilily of (IiI 1// 
tl ll .1'8('('(/ 

.._._--------,------......-._-_._.._- ...-.-----.--

Oil not t'xtrorled I ' 011 not extractt"\ 
IIft,'r Ii bourg 1 n[Wr li IUlUrR 

gxtrnr.tl'd mnt~rflll -.. _ .---- . 1';XIr!lctt'd mllleri:ll I 
r~illll1\'d \»)' 4[~1I11'sh ~"!l7.I' I n'lnilll'd hy ·!O·mr"h ~I\\I'" 1

(porr,'nil ('en'cul Q[ (Ill'n't'nl' Percent of 
p,'n"".)1 tollli nil In I Pl'n'l'nt lowloilin

I slImple \___ ~nlJlplo 

;--,.. _._\- ':'; . (I••IQ I!).~ 111:1 \ 1.1 
II. • ~~ . ; ll~ . .no 1.6 
1:1._ . _ ..1/ 1 Il ,2\).. ,\1;1 2.1\ 

, 

Th('sc chttn, indicate n. c]ose rclationship betwcen the .fiJ1C'ncss of 
l!J'inding and the extractability oil the oil. It: is thel't'fol'c recolll
lllcndecL that aU samples bc reground with abl'l1sivc matcrial niler H 

fl'w hO\11's of pl'eliminary pxtraction, IInlessit has b(,Cll conr:lllsively 
demonstrated thaI; t.he llwt.hod of: grinding llsed pt'o<ll1ces a meal thaI; 
will not yield an additional si~nificant. quantity of oil by extra('l'ion, 
when the sample is regroUlHl alter n 16- to 24-110111" preliminary 
extmction. 

Se.ql'I!,qation,-In flaxseed tlUlt is too coal.'sely gl'o1111 c1, there is It 

('ollsideraIJlc tel!c~ency to I' th~ finer parti~les, consisting' chieHy of 
pndospel'l11 matel'wl, to become separated from the coarser seed-coat 
particles. 'When this condition exists, it is not possible to weigh Ollt 
aliqnots that arc truly representatiYe 01' t11e entire gl'ollnc1 sample, 
hence duplicate determ i nations wil1 fa il to check, evell though the 
weighed portions are reground ,vith an a1mtsivc, 

AdllC1'l!nce of Oibj lIIateliaZ to the Mill.-When flaxseNl is grolll1ll 
in nny type of mill,' It certain quantity 0-1' the grollnd s('e(l will'adhere' 
to the rolls 01' other gl:inc1ing slIrfaces. In geneI'lll, t11is matel'ial will 
he of higher oil content than the bulk of the ground seed. The com
plete removal of this adhering materinl and its mixture with the bulk 
01: the samp]e is a. tedious procedure. It is 111('1'e1'o1'c l'ecommendecl 
that in grinding lL sample 1'01' Ilnalysis, a. preliminary portiol! of the 
sample be ground and disca.rded before the 111ain sample is ground. 
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This will allow the movillg' pal'ls oJ thc mill to hecolIll\ sat lIt'nied with 
tllP oily IltaU'I'ial Il'.l(l Ihlls jJl:C\,Cl1t the loss of oil from the pa.rt o:l! the 
:-alllple to be llsed [OJ' analysIs. 

As iins('('(l oil is highly ll11salnratt'<1 chemically, it absorbs oxygen. 
I'eadily:from the ail', formillg oxidation PI'Odll<'ts that arc l'elatl\'(:!ly 
insoluble in the onlinal'y fat solvents. CUl'e mllst be taken to avoid 
1I11)' t1'l'atmen!. of the gl'(llInd sample thut would telld to <:uus(', exces
Hi \:e oxid:Lt inJ1, 

POl'tions of two sHmples of ground flaxsced we1'(,. analyzed by 
Iwt')'oII'IIln-t'thcl' l'xh'uetiOIl at ya.I'yin~ interYll!>; aftcr they WCt'C 

g'l'Olllld, Thl' salllplps wcre k<,pt in tightly stoppered glass bottles 
lit l'OOIll (:t'lIlfwl'at Ul'll, and away fl'om dil'('cL sunlight. TIIP analysl'H 
(ia bl(' ()) i lid iC'ut.(, no a Ppl'('{'ia ble ehan.!!:p in t lIP qlla ntit,V of l'xtl'Hct
ablp oil ·",hell groulld samples are stored in this way Jor 28 days. 

'1'.\IJJ,~; G,-Oil ('()nl('11i or j/l(J.'N('I'IL 811111jil(,8 ((,~ !letcl'milled Oil /(('lrO/CUII/-ellter 
(',('II'Uc/iO/l III /IiITI'I'c'lI/ il//('I'L'(I/.~ (/(11'/' 1ll'il/cliu!/ 

1.\ Yl'1"n~"S or "III1I1"!I((' rI('I"rtrllnnO()Il~J 

I I --- II 
Prriud n(tPf ;uindit!J!' 

; C:!lIIII,h' .\ I C::lIllpil' Il II I'('riod aflrr grlllriinc: ·'·1- :::nlllple A Ida:;~1 ,tI'lrs l Hample H
j i ;! 

1--------1-------
PaCt III : JJrrrrul ij'

'I Percent Percent 
J ,:II,J,·CII,!, I' 'I~. o() I la :l4.90 ~2, aa 

- ·12.IH I: 2H :i5.02 ·12. sa:! a1.~.'" < ~12.HI f' 

fl IH posliilJ1" ihat in the'8C' C'xp<'I'imC'nts a significant amount of 
oxidation IlJaY han' O('(,lIl'I'C'Cl. hut if so it" (lid not affect the results 
HP)Jl't'(,jablybccalllil' the lllliolubJc oxidi''.l·cl fruction of the oil was 
('Olll PC'IIHuted :for by thein('I'ease. in weight. of the. soluble partially 
oxidized fraction" Thl' best practice is to analyze. the samples as 
soon as pOHsiblc nfter they arc gl'ound. 

lhljillq SUlIlple Pr'(!I'ioIl8 to Ji:ivtl'ctr'tiol1,--Dl'yillg the ground sample. 
b,,/'o,:,' pxll'aelion is sometimes practiced, and appears to be necessary 
wlll'n anhyd,'olls et·lly] ethell' is lisecl as the sQlvent. 'l'able 7 l'ecords It 
('ompal'isoll of the qllillll·ity of oil C'xtracted from a series of samples 
IJpJore drying anll a:fter drying by two different methods. 

TAnLI~ 7,-on COI1/(,III. of fla'I..~e('(I. 8(lIl1.jlic8 (/8 cletCrlllillCcZ 111/ 24-1101/1' /lC'/roZel/lit 
!'fhel' e,vtl'(1cfion or /l1I(/l'iell lI1Id dri('(l 8(/11i/lles 

[,\ \'~rng~s of dupllrntc riel ~rJ11lnnlionsJ 

C::lIllplo 

_!--- ---___ I____;', _________1______ .______1_____ 

PaCt'Tlt Prrcl'1lt PI'Teellt I l'ereml ,Percelll PUU1l1 
:17.39 an, 2·119: ~m ~~: ~5 5;: ib I :10,-1(\ aO,07·12. 07 'I~. 24 21. ~~ -\3,0:1 30,07, 

'l'nll1j1l~s drl,'" nfl,'r bclng weighud. 
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Drying the slLmples reduced the quallt ity oj' uH extractahle by 
petroleul11 ethel', PI'Obllbly because of pal'tial oxidatioJ1 of Ih(' oil. 
The extracts of the 1I1ldried smnples were not contaminated hy wntcl'
~()Iub]e products siJ)ce 'Yater is llearl), insoluble ill petroletlm pthp]' 
and since the extr'jl('{'S hl all cases we'm peri'l'dly ('h'ar, It is fll(-I'I'
fore recommended that; drying of the grollnd sample before cxtrac
tiOlI be avoided, 

Six repl ieaie samplos 0 f ground f1axscetl ",(,)'(, "xtr:te(ed wi t It pC't ro
,](>\1m ether ~'or 21 hours Oil foUl' types of (lxll'actiOI1 appILmtus, 'l'h~ 
I'csults obtamed ure gi \'en in Iable 8, 

rL'AnL~; d.-Oif. ('oulent of 1'('/II;,'(//r 8(/IJI/iI(',~ of II(/.I-,~('('d 118 (/I'/(') lIIilled 1111 ;a-I/O/I/' 
1J('ll'olrllll/.-('t/I('/' (,W/I'U('/ iOIl '1I8il1(1 II ir(e/'('Ill III1H'.~ lit (",.( j'(/('/ifJlI (/ /I/Hll'U I1(8, fllJ({, 
1.8 t/cl(')'mil1('r( by (/l.(' 1I11)(1;/i('(1 )'('[1'((('10111('1/';(' II/('I/W{/' 

---------··-·~---I 

'But!. H.li1~\'.I'~I()i.IHlerJ I' 
luIH.\('~- '\:nlk~r n'r"I1('!(~'1II'/H'(or exlru('lor 1::~~m:J~1 

--- "",_...... 
I

Pacelli J~C'Trrllt Pt'fct'ut Pt'rCf'Il' jJ('n-('ul ~ 
~Il. ·15 :m. 47 ~n. ·12 ali. 2\1 :.w, aa i
:1Ii. a2 an. ao :m.:li :\n.1I :m. Z\ .
:\11. 17 aa. aa ali.'lli :lfl. 21) a(;, Ii:! : 

, au. 21 an. :If, :{H. 27 an. 211 ao. ~fl I 
I :111. 3~ :W. :1I ali. 28 :In,:W :1(1, ·Ia 
.•.:J~~~~ . ....:l~ .__:I~:I~ _~~~I_,2:_:la_
! 'au, al I 'ao, an I ; au. :IS I 1an, 32 l 231l.:li I 

Th(', dntu. gh'PIl il! tab It' 8 indicat(', that ('qllally satisfactory I'('?ult.s 
may be obtalllCd. WIth tilt' GoldHs('h, Soxhll'(. lllltt tillX'. 01' Batlev
1v:ilk('1' type's of ('xtraetiol1 apparatus, Val'illl!S oth('l' tYj)l'H of ('(fllii)
11j('nt un' )Jrobnbly also entirdv sati"fat'toI'Y lor tht, qllulltitnti\-c 
l'xtl'action of oil :/'1'0111 flaxsPNI.' Difl'PI'('nt typl'S 01 l'xtl'aetioll ap
paratus hl eommon use lire. shown in figut'l's :2 to G. 

'l'hp sol\"('nfs in 1I10"t COl1ll11on Wil' :1'01' (i(·tl'rlllilling till' oil C'olJlC'nt 
of flaxs{'ed by ('xtradion al'(\ anhydl'ons dieth:yl l'thl:l' Hl1ll]ll'troll'lllIl
('tlwl'. 

AR water is appl'e{'iably soluble ill tliethyl ('thc'}"' lin (Ixll'nct mad.e 
with this solv('nt is likely to b(' l'ontantillate</ with wa1('1'-solllble 
l1l'odu(,ts unless the. sample is thOl'()II~rhly thi{'d bC'i'ol'p ()~tl'a('tion, It 
has already be(,1L shown that, the PI'O(,(,SS of (lI'yillU' the lil1('ly g'I'ouml 
flnxse('(l sample is likely to ea.lIi:>1' sutl1cient (-;~i(fatioll to 1'0\\,('1' the 
solubility of the oil appreciably. 

E\'icleilce hus also \)C(,l1 obtairied to show that diethyl ('thel' extl'lIet:; 
It ('el'tllin quantity of nonoily ('onstituents :frOtH flaxseed which :U'(' 
insoluble in petrolcum ether, Thl'(,(, sampl(,s oi~ fl'C'Rhlv ground un
dried flaxseed wel'e cxtl'ach-d for 17110111'8 with Iwtrolplliil ('thl'l'. Th(' 
residues in each caRc were drlc(l and regroulld ill II, mOl'tal' with ('al'
bOl'und~lm ufter which they were l'e-extracted for 17 hours with 

107-l18 D -37--2 
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petroh1um ethel'. 1'11(' l'C'siclues were again dried and then cxtract{~d 
for lin ailc1il'ional17 houI's with anhvc1rol1!'i c1iethyl ether. The results 
of thc.RC analyscs arc listed in tablc ·D. . 

FIIWlm :!.-~"xhl'" ('XII'II('liOIl npPlIl'Iltns, 

1.'"\ULE D.-FrClclioll. or /ll,,/!N('('c! liolllble in Clllilllcll'UIIIi !lit'lill!1 ('Iher alld iI/NO/lillie 
ill /lc/I'(j/CIfIlI ('I/u'/' 

[.\11 dnta nre IIHr:l~eS o( dupllcnto II"t~r1l111lIlti!lnsl 

I 
Extnll'l Extrnct IExtract 

AI Jl' t'~ 

-------1---- ---'-_.-
Percent Percent Percent 

1.................. .. 3i.39 o,n 0.44 
.) 30,46 .12 .513:::::: ::::~:::::::::::.::.... 43,03 ,10 ,4~ 

1:r;xtruct "\, petroleum cther e.<truet. 
'Extruc't 11, potrolllllrtl ether extme!. o( residue (rom A, o(icr drying and rcgrlndlng with carborundum 
'Extract C, anhydrous dlethyl othcr cxtmet o( dry residue from n, 

The material extracted by the. diethyl ethel' (extract C) was of a 
solid nonoily, and partly cl'ystallillt' composition, and was insoluble 
in water. Anhydrous dieth}'l ether, therefore, extracts from 0.4 to 
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0.5 percent of muterial from Haxsped which .if; not <,xhncted by pe
troleum ethel' nnd which should not pl'opel'ly 1Jl' ('ollsiderecl aK a part 
of the oil content: of t1w flaxseed. 

AltIl()ll~h till' use or anhvd"oIlS <lietllyl ethel' as an cxtL'ilctiYe for 
flaxseed il1iroduccs two im])ortant HOm'reS of ('1'1'01' in t1H' c\C'tC'l'l1lina
t ion of oil contcnt, analysrs ma(le using t11is solvent agree Vet'Y well, 
.in gcnel'll], with analy~C's made' with the use of petroleum ethel' as It 

solvent. This is probllbly because of an approximate compensation 
of the two e1'I'Ol'S involved. 

Aecol'(lillg to the data ill (auk 9~ anhydrolls dicthyl ethel' ext1'llcts 
about 0.f5 percent more materia I, on the 1l.vCl'uge, than does petro
Ipum ethel'. But sinet', whell diethy] ether lS llsed, the ground seed 
must be yacullm-dried before· <'xtraction, its apparent. oil ('ontent 
(table 7) 1S l'educed on the average. by abollt 0.5 pel'c(,llt. 'l'hns the 
errors ~n\'o]ved by the USe of HJlhydi'Oll$ diethyl ethel' arc largely 
neutralIzed. 
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Petroleum ether however is recommended tor the extraction of 
J-Iaxseecl since its \',s0, seems'to i1nro]ve towel' SOlll'ces of el'1'Ol' than 
(10('13 tlw llse of (liethyl ('ther. For the sake of uiliformity a, petJ.'o
1euII1 ether conforming to the follo'wing specifications,,1 which' have 
beell ndopt.ed us ofliciu1 for (he HllltlYS1S of Collolll:;ced (2J) should 
be used: 

InItial hoiling" '('/lIpPI'alul'\', nut lCKK thall gij" \'" BOI' over '10", 

DI',\,-fla>:];: l'nd puiut-, 1I0t O\'L'I' tiO' C" 1101' Il'H;; UWll :jO°, 

Disl illin/;" 11l1(ll'I' ij;;o C" II t 1\'IIS(: nil VC'I'rl'IlI, 

,Di;;1 illing ,,"del' 40· C,' nol: on'I' BG pel'cent. 

l-;peciflc gl'avit~' ut 00 0 p" 0,030 te) O,Ojij, 

('0101', WIII:('I' white, 

ItI'8i(ftl(' 011 Cl'nporation, 110t OI'PI' O,OO2]1(>l'c('III' h~' \Yrig-hl, 

Doc'tol' t('>:t, HWt'l't. 

COPPPI'-Rtrip COI'I'oSinn tl'st, 1l0nCOl'I'ORIvl', 

1.'111'11 I \II'a Ipti ('OIlIPfllIIHIR, 11'11('1' olll~' IWI'IIlil I I'd, 


1,'ICWltl': -1.-null-IlIll!' I'xll',,,'lIou Ilppal'alus, 

,\lE'l'UO() O~' !u~MOVIN(,1 SOI.\'11NT FIlOM J1X'rJlAC'l' 

IIl('Ol1lpll'((' ('\'UIH)I'utioll of [he :-.olvcllt fl'ollt thc disl:ioln'cl extmct, 
'\Yillna(urally l'csllit ill hitrh Hllalyticul l'csriIts. Pl'ololJO'cd heatin1r 

of the extract also 'will lea~, to high l'esults because or o;idation of 
the oil. The optilllulll lellg-Ih of time 1'01' heating (he extract there~ 
fore should be thut at which the minimum weig-ht for the extract js 
obtai.ned, Aftel' remoyal of the bulk of the solvent 011 the steam 
bath the following thrce..111elho(ls ror removing the last traces of 
solvent haTe Leen found to give e(llmlly satisfactory results: (1) Heat:" 
ing an additional 1% hours on the steam bath, (2) heating 11/2 hours 
in an ail' oven at 1000 C., and (3) heating 30 llllllutes in a vacuum 
oven at 1000 

• 

• See III~o I'C~Oll1ll1cncl!ltl()Jl o( nil' AlI1cl'l~all 011 ~'IIClllil;ll; Society (2-1), 

http:ndopt.ed
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The question lo~lcn~ly ~riscs hcre why ,n..ll/2-hC!lIl' ~lenting uf tho 
(lxtl'ud at 1000 C. 1Il nil' WIll not ctlt;"e sufTtcwnt oXlciatlOll to pro(\uc(I 
a significant: 1nc1'ells('. in weight. it hnvill/! alI'cnely been shown thllt 
drying the gl'olmd sCl~d lllulcr 8i Jlli Itt1' cond itiol1s causes rapid oxidation 
of the oil. Tlw appnl'ont l'ollsol1is that ill the cuse of the fillC'] y gronnd 
seed a largo!' surfnreis C'xposC'd to tIl(' (til', while in the cflse oftlw oil 
in the extl'at-noll flask tllt' Rndnc:r- nl'C'a is \'C'lnth'ply illsignifi('uIIL 

J'11i1 In·: ii, UuIrIIlH('" ('XII'IIl'l!OIl IIP/lil 1'111 IIH. 

STANDAHD I'ETIWLEUM-ETHEU EXTUACTION METI/OD 

FI'OJll n (,III'cflll eOJlsidt'l'utioll or the £ol'l'going Hilldy of (he t'xtl'IIC
t ion Illt'thot/, a LJl'oced Ul'O was for.1lI uIn ted fol' the dctel'll1 inat ion oi~ oi I 
in flaxst'c([ by ('xtJ'aetion, the aim 01' whh'h wuS to ('limina/t' as fal' as 
l)ossibJe, the ('I'l'Ol'S al'isinp,' :frolll the vnl'ious SOUI'CCS studied. 'l'hhl 
method was subj(·C'tl'd t() ('011 aborative study by 10 In bOl'n tOl'it's inc'lud
ing thc 0 that col1nbol'att·d in the F)tudy l)I'C\:jously llisclIssed .. Elich 
labOl'Hhn'Y unalvzl'd 10 subsalllpll's of flaxseed, l'l'pl'csentIng It> 
indiviclntil varieties, by the proposed method. 

The results of these il!lltlyses an" listcd in tuble, 10, Statisti<'al 
analysis of 111 (l!';(l, {lnt'n Rhows n, standard deviation brtwC'en lnbol'lltOl'ies 
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of 1.55 percent oil in the case of the standard petroleum-ethel' extrac
tion method as compared with a standard dcviation of 2/73 percent 
oil 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
ual procedures. The l'esults obtained by the standard petroleum
ether extraction method were considered sufficiently satisfactory to 
justify tbe adoption of the procedure as a standard i'eference method 
with 'which to compare the results obtainecl by other less orthodox 
methods of analysis. 

FIOUUI> G.-Pickel extrllctlon :lPl':ll'lltns. 

D1~TArr~S OF S'l'ANIJARIl l~XTRACTION :r.mTHOIl 

(1) The e1ean sample should be reduced to approximately tiO g by 
m,e of a mechanical sampler or by haml quartedng. 

(2) A motor-driven experimental roller flour mill 'with G- by G
inchl'olls, 40 corl'Ugations to the inch, is recommended for grinding. 
The rolls should haNe a speed differential of 9: 7 and the faster 
roll should have a speed of approximately 900 revolutions pel' min
ute. The rolls should be adjusted to tl!e minimulll,Possible clcttl't"ll1ce 
but must not make contact. Such a mill is shown m figure 7. 

Run about one-hal£ 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 clCltning the rolls or othcl' 
moving parts of the mill, run through the remainder of the sample, 
again brushing any loose material on tl1e mill into the sample and 
ltg-ain 110t cleaning the rolls or other moving parts. 

(3) Samples should be weighed and extraction begun inunediately 
after the grinding. In case any appreciable time elapses between 
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these Opl!l'a,[jons the groullli sam,pIes should be kept in tightly stop
pered glass bottles in It cool place and out of direct sunlight. After 
thoroughly mixing the gl'Ollnd I'lample weigh out: aecumtely duplicaJe 
2- to 5-g pOl'tionl'l and h':uIsfel' qualJtitatin~l'y (0 the extradion thim

l 
( 
,• I. 


J.'l<:l'JlI' 7.-HulJ"t'·tyi'(! (,xjlel'illll'lIta\ 1I"lIdn~ lilill ~l1itaIJJ(' rut' J;rinliinJ; IlaxsI'('() Slllll)Jll'S, 

bl(\ Con'L' with :i wad of absorbellt coHolI \\'11ich has 1)(,(,1l ('xtl'ueted 
rn'(·yiOllSI.'l with ethel'. Dry the extraction flasks in an oyen at 100° 
C, fo!' at It'list 30 minutes and cool in a desiccator l1t least 45 minutes 
before m~ighillg. 
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•(4:) Any sland:u'd type or etiteL'-l'xtmdion nppat'a,llls should gi\-o 

satishtctoL'Y j'efiults when properly opel'at('(l. Extl'act with a petro
INlm etlH'l' cout'ol'ming to tILl' oai('ial sprC'ifieatiom; {Ot' petroleul1l 
(,the1' for ('OUOllfilWcl pxtl'aelioJl (3.1): AdjllHt hrat Sf) tllnt t lIP, sol\·Pl1t. 

condensps at (L rate of al least 100 drops pel' mi Ilute, ,1;\j'I:01' n, :3- to 
{-'hOlll' C'xt I.'action I'Plll()\'C fhe thilllblpH alld pla('c tllelliin a \\,plI
n>ntilatC'd own at 100° C, :/'01' a till,l(' jtlfit long enough to drive off the 
f:01wnt and any condenHed H10iHIIII'C', Tramrl'el' the sample to a. sl1Ial/ 
mortal' and grind thoroughly with a (ltlaMit'y oJ eal'borundnm OJ' 

(inp \\'nsll('(1 alld igniJcd salld, pqllal to about, one-hal/' th(' wpight of 
the flample, RC'placeill thimbles and l'ontinl1C the pxtl'a('(ioll fot' 1(j 
10 18 1lOll!':';. 

(:'5) Af(c'l' t11(' extt'action is complete, disconnect the fiasks and 
l'nq)orall' t hp bllik of [he flo'ln'nl 011 (1)(' fitealll hat h, l'a.l'l'flilly tipping 
tl)(' (laBles fl'OlH tilll(, to timp to 1'l'1I10\'P (Il!' soln'ni\'apors, 'YhclI 
110 I1101'P \':1fJOI' appl'fU'R to bp gPlIl'I'at('(II'Plllol'l.' tIl(' fla:.;k::; fl'om the 
st('am bath alld dl'ivc oir the last (l'a('l'H of soh-en! b\' (lil(' nl' Ihe 
following 11\('1110(/8: (a) Plal'(' fln:.;ksill a YUl'lllIllI O\'t'll at'D3° 1'0100" C, 
1'01':W minutes, (lJ) Plal'P flaskHill a \\,cll-\'Pllt.ilaf'NI ail'()\'ell ill' D;')] to 
100° '1'01' 11 ~ hOlll's, (t·) }{('/'111'1l flasks to SIl'1I111 hal1l '1'01' 1~~ 110111'S. 

(0) Hpnlo\'e (laRks 'fl'OIIl O\'PIl OJ' SI(':LI1l hath and ('001 in it dl'si('catol' 
1'01' at ll'asl 4.> minutes. '\Yl'i(.dI illllll(,(lialply 011 l'l'JlIO\'al fl'om dp"jc
('aiOl', If clupliealPs do nol a~T('l" within 0.2 percent of oil. the detpl'

• llIinatioll S110111<1 be l'epPlllc(l . 
Although till' extra('tioll 111('1 1\0(1 \\'Iwn Ill'opedy uspd lIlay bll, ('011

:;ich'I'(l(l ttl(' mosl i'llll(\Ulll('l1llllh' :1('Cl1l't1jp· lllPtho(] fol' dctpl'lllining; 
tilp oil {'(JJlll'nf' of f1axs('(l<l. it Il;:1\'es 1l11lC'h to be (]('sil'l,(j 'I'm' rOlltill~.\ 
('Ollllllel'('ial nnn lysis. ];'01' ('('1'1 aill ('ol1llllel'('in 1 J'('qu il'l'llll'nts a l1wt\wcl 
i:: 1ll'('(h'c1 1)\· !lIPans of whieh thp oil ('ontc'l1t ('illl be dl'tpl'mil1ecl in a 
l'('lnti\'pl,\' silOl't t.illle. This I::: pnrtiC'tLlal'1y h'ue in thC' ('olllI1lPl'('ial 
inSlwctioll of ('al'lots of flaxs('rd, ",1H'11 it is illlpnlC'ticable to hold tho 
ears Oll tl'ack 1'01' tile lcngth f)r tinH' TC'qnircd to nm oil analysl's hy 
tilt' ('OIlYC'llt iOllil I ('xtl'aC'l ion }1l'()(,Pcllll'(', 

Usi ng tll is standard l)('trolcnHl-cllwr ('xi radion J1\ctl1Ocl as :t "1'("1'(,1" 
('11('('" IIl('thod, t1wcw ....tlldit':.; \1'('1'(' ('ontiIlIIP(] into tlte fit'ld ()1~ tIl(', 
<1p\'l'lo]llllPJ1t and pCl'fp('tioll oj' n rnpid 111('\hotl of allnly;-;ifi that \\'oul(l 
b(. slIl!icit'lltIy n('('ul'all" in ('OIll]HII'i::;Oll Wilh tltp I'ciPJ:C'Il('C 1l)('t1lOlL fo)' 

C'nmmcl'(:inl purp0:ic:;. 

THE CExmlFlTGAIJ l\IETHOD 

L('wi::; US), in <lptpl'lnining" tlte' oil (,Ol1t('l1t of' ppcan5, has n5('(1 a 
lllodifientioJl of thp Babl'oek te'st for dl'h'rm)nill!! the \)l1tter1'al:. ('ontcnL 
of' dail',)' .lJl'oduC'(:s, 'pl(' ll!ethod l'()!I,sisl.s in digpsti,ng the .ground nut 
lll{'ah:; \\'Ith sulphurIC' H('I(/, ('C'ntlTf\l~!lng Hw mIxture 111 BlIbcoek 
('l'('UII1-t('st bottle's, ftnd IlH'HsnJ'in!! till' volul1ll' of oil.lib('l'ated. Trallb r. 

has IIs('d a similar method for d~,tel'mining the oil ('on tent of :1YHcndos, 
Using n h'C'hniqu(' esscntially tIl(' sllllle ns that of Lewis, it wafl 

i'Olmd 1l11possibl(' qn:mtitntively to ::;ppnmi p thp oi I i'rom tIle flnxsP('t\ 
meal. II1C'I'easing the concentratioll of Hlllllhlll'ic lH'id O.t' the tempera
ture of digpstiOl1 re~lI1te" in n ('burring 01' the oil. Increasing tht~ 
sj)p('(l or time 01' c(,lltrii'liging did not materially inC:l'eas(' th~ quantity 
of oil libl'ratcd, It appears that the relatively large quantity of cpl

~ Personal (·t)mlnu,ni~~nlion. 

l07·11S b -;:7 .,-"'-:~ 
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lulosc and related HubsbtnC'es in th(, sl'ed coat: which al'e indigesliiJle 
in the snlphUl'ie acid, illcC'hanicn1iy prevent the qllantitative liberatioil 
01' tile oil. . 

Further study of the method, however, indieatecl that the ratio of 
t.he quantity of oil liberute(l to tIl(' total oil eontent of the rnea! as 
determined by petroleulll ethel' extraction was hI all caseH relatively 
constant. Ot: 10 samples tested, ranging' in oU l!ont('nt 1"'0111 33 to 4:3 
percent, the percentages of t'he tot a I oi I 1 iberlt ted ranged frOI11 HS,:'5f1 
to 9:2,O[) and averaged HO.17, By dividing the wC'ight of oil liiJcl'ated 
by tlll' fHctOt' O,nOli it Hhou Id thel'efol'e be possible to deterllline the 
approximHte oil content by the following procedure: 

I'ltOCEuUln; FOIt TH~; O;NTltlFUGAL METHOD 

(1) Snmple and griml the Sl'l'din the !'lalll(' 'way as for petrolenm 
ethel' extra('tion, ' 

(2) 'Weigh out accurately tluplica.tc 4-gsalllples of the gl'ollnd 
seed, intJ'oliuC'ing them into standHl'd li-illdl Bal)('oek l11ilk-tesl' bottles 
by means of a suit:tlJle g-Inss :f'unnL'l, 

(3) Add 3iJ 1111 of 7;iA-pel'('ent sulphul'ic add, specific gl'nyit~, l.u;');\ 
to eadl bottle nlld digel-'( i'm' Ii) llIinutesin a watel' bath at (j5° C" 
l-'haldng thl' bottles O('('H><iollally, 

(4) Pla('c' the bott\('s ill (j-ill('b ('pnh'ii'ugl' eups, nearly fill tIll' cups 
wit.h \\'atpl', alld tl'lltl'ii'uge at appl'oximately ~,O(JO l'CYOllltiollS pel' 
III i IlU tt' 1'0 I' ;i 111 in u U's, 

(5) Fill till' iJot:til'S to the' bOUOl11S oj' the necks "'ith the SUH1e acid 
and l'Ol1tinue ('elltl'ifugi.ng fo!' :3 minutes, 

(6) Fi II !II£' bot tie::; to 11£'a I' the tops of the grad uat:ed pOl'tions with 
ncid Hnd ('pntrifuue for I millute. 

(7) Add a dl'Ol)' Or t\\'o 11101'e of till' acid to faeilitatc reading, and 
llleaSUl'p till' wllullle of oil with (,Hlipers, Eaeh mnjor division on 
the botti(' lweI\: is eql1ivnlC'llt to 0.20 m1. 

(8) 	 Calculate the ppl'('e11tage of oil by the :following formula.: 
100 Y (0.04:1-0.0007;i T) 

0.U017W 
where T~=volllme oj' !ibl'l'atC'l1 oil, in millilitcrs. 

1'= t(,l1 '1)(' I'a 1Ill'l' at \\'11 ich read illg is made, 111 degrees centi
urade, 

lV=wp'ight o:f Jllealusec1: ill graIns. 
Table 11 shows tlH' analyses of 10 sllmples of flaxseed by the modi

fied Babeoek procedure. The l'l'SlrltS arc eompared 'with those 
obtained by the ether-extraction method. 
'l'AIILE 1l.-('01ll1)(lrisoll of /"(' c(,l/./l'ifl/{/1I1 /IIc/holl, (/IIIL thc ll tJ f,·olcl/l/l.·etllel' 

C,l'traction /IIclhOIZ for lietel'lllillill!! Ifll' oil ('0111('111 of 10 8(1/1/[J/(W of li.o,1'8('ed 

[All dala Ilrtlll\'crngcs or dllpliC:llC dctcrlllimitions]-----..,..-_.-._---' 	 "'-"--'--' -,.
' Oil hy Ip,Nro e-Oil I? !I Ii

I' centnC·Oil b?'II~~~~I~' J)lff~r·.centriC. llilTcr· i Ulll~'liler
'lnlllpieno, ugnl ! Iltu-ctl!er CIlre Sump e no. ugnl .... oncej method ,cxtnlCUOIl, 	 lllethod extrnction ______ ' 	 I method : _____., ____1l_IO_th_O'_1 ___ 

--;;;;;;111 1-;;;:;' !-_.-, Percent Percent 
1 ___ ....._._. 36.(1-1: 30,·li' +11.·1. :1,,..,,, 38.01 3i.S:I +.IS 
2••_., .......... , :li.44 i ai. i·1 -.:10 4i .• , ••.•• , ••• __ ._. 34.i·1 a5.:li -.6:1 
:1. ..........'... :17.32: 37.·IS -.111 f)O, ••..•••••• ,...... 42.2\1 41.40 +.S9 
4 __ •. __ ............. :l9.I)S ·10.05 -.37 il... , ......... _... 33.:IS I 3:1. OS +,30 
11 ... _. 42.,1" '1:1,01 -.30 i2 34,50 , 34.49 +.01 
---_.- ,-,.....,. "-'-" ...-- ,.". ..._,--.,. --'---_---.!_-

http:elltl'ifugi.ng
http:tluplica.tc
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It'rolll a consideration of! thl' dnta and. obseJ'vations IWU!C rcgarding 
the currying out of the method, it nppears that the Cl'ntl'iiugnl 
I1lethocl should lJe sui table fr,1' the (1C'(('rl11 i I1n tion of the oi I con! ent 
of fluxsl'C'tl ul1(lC'1' condition;.; wJWl'C a tolel'nncl' or ±1 pl'l'('cnt oi~ oil 
is allownblC', As ('OI11pal'C'<l "'ilh tlH' 1)('!I'o!('IlIl1-C'llll'l' l':dl'itctioll 

J.fll. 
.. 


}'JtH~ltt~ ts.-C(llltI'iCugt' 1'01.' d('Il'I.'llIinil1g till' oil t'ontplil or !lnx:;()~'d lIy HIe centrifugal 
lIll'tllOlt. 

Jl)ei!lOd~ it has the adnlntngl's of Hpct'd aml ~jlllp!iei(y of operation, 
\vitlllL centrifuge llC'commodnting C'ight Bnbeoek lJotties (fig, S), the 
nnaJyst can e!lsi!y make eight nna!ys('s PCI' hotu', Fl1l'thel' study may 
lend to l'efinC'n1C'l1ts that will incrcasc the tlt'{,Ul'ttC,\' of the Il1ctho(l. 
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THE REFRACTOl\lETRIC METHOD 

DEVELOPMI~NT OF TIlE lImTHOD 

'Wessoll (.?/i) was ablG 10 detel'mine the oil content of ('ottonsccd. 
mea I. nnd. meats by dctcl'l1Iin i Ilg (he l'cfmei. in) jndpx of a· IIH lowax 
(a-ellloronnphthalcl1l') extract, the 111elhod bl'ing lJas(>d on the Jact 
that the l't'lractiYcindex of a mixture of cottonseed oil with halowa;.: 
bcnrs 11 linenr relationship to the .percentage of ('ot.tonseed oil in tho 
111 ixt lire. . 

Co]cman 11I1c1 Pellows (4.) 1I8('d this principle in the tll'Y(lIOPIII('l1t 
of a method fot' t1H" dei:c'l'l1lil1ntioll of th(~ <iiI contl'nt of flnx8f'cd. 
The. method consists j nm ixi I1g (l(On Il itl' qua 11 tities of hit lownx IHill 
the finely grolllHl gee() ill a. Il~ol'tnl', thol:onghly macerating, n.w nlix
turc to cxtJ'aet t1w od, filt(ll'mg till' III Ix1'1 n't', Hlld dt'{PI'lllllllllg the 
rdl'aetin' intl('x oi~ a glnnll qU;'lltit,\' of {he ('\('al' iiltl'a{(I. FrOIlI:l, 
prc"iomdy PI't'P:ll'N] C'(JlI\'erSiOIl lable Ill(' PCl'('cl1tnge O[ oil in thc seed 
corl'espoll(ling to (I](' l'el'I'il{,ti,,(' indt'x of tlw l1Iixtlll'P Illay 1)(' I'l'ad, 
A lal'!.!'c lltll1JiJ{'l,' of fiaxl'cp(J SUl1IplpB. liS ",{'II. ill' s:unpll's or Jillsppd 
cnk('~ W(,I'P allalyzl'd by {his pJ'()('cdul't'. tlw J'('sults silowiJlI!: guod 
agl'(,(,IIl('nt ,,,ith tilog(' o}){aiJH'd b? ('{hl'J' ('x1r:1('(1011. 

Tim nlt'thod has bp(,11 ('I'i{ ieizpd advel'scly 011 the gI'OtlJl(j,; that the 
Y:lrinlioll in r('i'l'aC'tiw indl'x of tllp oils :l'I'Oill difl'l'rel1t lots of flax:-;{'ed 
will b(' f;tlfiieil'nt to 1'l'1H1(,I' till'. I'p~tlItHllnl'('liabl('~ ~inl'e. io Ill' exact, 
til(' method llC'('t'S~:lI'iJy ill-~lInl(,S n ('on)-;{an(:, ,'aim' fol' tlrt' re/'radh'n 
in(lI'x of thc oils il'0111 all ::;al1lp\(';.j of f1axs('{'d. This objection has 
bN'1l {Impha)-;iz('d L1ll1'ing til(' ]'('('('Ill (!I'otlght )'pal'S Whl'H oil:: of (lI'eiti
edly nbnornwl. refJ'a('l\n' indi('ps have IJl'l'1l produced bl'('nn~C' of I1nrn
YOI'abl!' growing ('onditiOlIS, II :"~o :-;hould bc lw!:cd that during 
thc::;c :o;alllt' "l'arSIlC\\' C'OIllIIll'I'C'ial YHi'iC'ties Cif flax h:,,'e 1l('cll intJ'o
c1llc{'(L the SN'(\::; of ,,'hic'lr )Ti{'ld oill' having l'cfracti\'c. inciid's quite 
c1iil'(,I'l'nt from thosl' of oils fronl tile old(ll' YIll'ie!'i('~, A ('an'flll stucl" 
of the l'e/"':lctometl'ic nwtllod, thl'l'efOl'e, has been made to (lC'terl1lin'e 
the pl'oba bit' magn itlllie, of tile~(' ('1'1'01';; tllHl to dC"'l'lop. i [ IH'(,(,!-'S:lry, 
:ldequntc. llll'I1I1S of compl'!1snting- 1'(11' t IWI11. 

Gl'ddes and L('lllJl'I'g U) h:we modified the l1H'thod lJY l'mplo.ring 
:\. mixture eonsisting- 0'1~ approxil1latc'ly equal parts b)' yolume or 
hn!()\\'tlx Ilnd a-bJ'OJllOllapll{halelH' as a Bolwnt ratiwl' than halownx 
alone, Thi;; mllkes it possible. to adjust flip rl'fr:lctin' ind('x of the 
solwnt IH'('U!'n(ely to a pt'('ddcl'Illilll'd ,,:iltl!', thus eliminating- the· 
nccl'ssityof pJ'eparing a ll(,w cOJ)Y<'t'Hion. tnbk i'OJ' each 11('\\' bn{e\t of 
halo"'nx, The~e inyc'stigators nls() IW'oll1l1wn(1 the rl'll1oYld of l11ois
t.ure from the finXSl'l'lJ meal befor(' mll('C'J'ntion ,,,itll tht'. solvent. This 
'was nC'compllsilcd l'i{hel' b)r drying the gJ'o~lI1tl sllmplcs O\'l'l'nightin 
n. yaC'lIum (well at 98° to JOO° O. 01'\ 11101'C Simply, by adding a glllall 
quantity of anhydrous sodium sulphate to the stlmplQ before 
macerH tion. 

:Mo(lifiC'ations of thc refJ'actometric method have aIso becn (\('\'('1
oped by Rnstel'Y:lcv (22) for the, clcterminal'ion of oil in nu:iollf; oil
bearing seeds, 11sing: C'hlol'oJol'm as tt soh-ent; by Grocnhof (8) for 
the estimation of oil in copl'n, using henzyl aleolrol and it'traliydl'O
naphthalene as sol \'cnts; and by 111a1'ioI10\' and DemkovskiT (9) who 
found chlorobcnzcne n suitable solvent. ZumleL' (%') in upplyjng the, 



Ill('thod to oil-belll'in,!.!." s('('(ls lind t1wil' PI'l'l'S ('Hk(>,;~ used halowax to 
(oxtract the oil~ while EI'J1l:t1,O\' (.I) lI~l'd a-iJl'olllOlwphtlrnlene. Lpithe 
(10, II. 1:2, U, J.~, j/j). and Ll'i(]1(' Hnd ~liillel' (If') ha\'t~ used thl' 
principle of tire J'pfl'ae(ollH'tTi(' 1lI('(hod in t IJp dt't('I'lllillal ion of oil 01' 
fat in It variety of pl'odll('/'sineiudin!!' ('ho('olat('. clllil')T pl'o<1l1ds. nnd 
soybeans. Leithe lIsed ll('mlilJ(' ns a '501\'(,11t in most of his WOI'k bllt 
.later (if]) showed bl'ol1lonaphtlllliene to be superior lor thi~ plll'pOSP. 

INFLUENCE OF VARIATION IN U1WRAC1'IVl, INDEX UPON TIm ACCURAC'- OF 

TUB HEFUACTOl\lETJUC M~,THOD 


Hoppel' (l has determined the l'pfl'ncl'iyc inc1 ices oi: the oils :fl'ol1l 
:H)SO samples takpn from eOI11I1l('l'eiaJ eaJ'Iond loil:{ of flaxsf'('d, Thp 
refractive index wlllPS ai' 25° C. vnl'i('c1 fr'01l1 1.4-75:3;) to 1.47D87. As 
the 5 y<.'lIl'S, ID:30-:l4, dlll'in,!.!." widell tilllP t1H'sC' R:ll1lplps wel'(' grown. 
'YC'l'e Y('IT lmfa"ol'abl(' 1'01' tlH' gl'owin,!.!." of flax, thiR I'all,!.!."e in t'efro;H'
I ive index ,is ('oJlsi(lera bly ,!.!."l'C'n h'l' I han would be ('Xlwctcdi II normal 
(,I"OP years, Fl'om theol'C't'ieal ('ollsid(,l'alioll, 11o\\'p\,(,I', the enOl.' ill Ihn 
l1l('thod of COI('ll1l111 [tntl Fellows <111(' to I'll is va l'iation in refrudi n~ 
index shoulll not be greater than ±O.O percent of oil. 

ADDITH)NAL RESI>AIWH ON TIm tttJPRACTOllIETIUC METHOD 

coq,I~0'I'J\I;,\, OJ,' ;;.\.\1 I'LleS 

For the fmth('l' ::;tndy of thiA nwl'hoc1, 8+ ::;amp1('s of Oaxs('('(l ",pre 
obtainpCl frol1l \,:tl'ions ~OIIl'('PS l'l'I>l'l'SC'l1tillg II gl'l'at (Iiw'l'sity of types 
and exhibiting n l'OI'l'('Spo\l(lilll! I!l'('ut: diVl'l'sity in physieal and ('llPl11
jcal elllll'nl'(('l'isti('s. This nssol'tI1lt'llt \ylIS I'l'PI'Psl'lltpd by salllpll'i> of 
the following types: (1) DOIII('sti(' ('OIllIlIPreial; (:2) Calladian COI1I
111(,'I'('ial i. (:n Indian ('OIlUlIel'('inl: (-J) l\l',!.!."l'ntine ('()nll1l(~I'('ial; (5) 13 
individllal \'nl'iptiesj (0) snlllpips gl'O\\']1 expPI'illlentaJly ill ~OI'lh Dn
kota., South Dakota, MinlH'sota, Knllsns~ Cajifol'lIia. 'OI'('g()l1~ '''yo
min,!.!.", Ari:-'OIl:t.l\Iissol1l'i. alld :XI'W ;'(,I'S(,y, alld in tbe PI'oyint,(, of Sns
katclwwan;. (7)imlllailll'p: (8) 1'I'os[ danla,!.!."('tl: Hntl (H) scabby. 

The sHllIples in this sPl'ies shOlrpd Ihe follo"'ing; l'Hl1gesin physical 
and chemical ehal'aeh'l'isti('s,: (1) nIois.t un' ('Ol1tl)lIt 4 to 1(; pel'('(\nt
(2) oil ('ont(,l1t 32.m to 45.66 jWI'('l'nt (dl'.\' bns.is), (;3) iodine numbt'!.·1 

of oil nVijs) Hiil.4: io Ill7,a. and (4) 1'ei'l'adin' ind('x of oil at 25" C., 
1.4758D to'lAS(J(iJ, This l':1l1!!,t' in 1'd'I'lIdin' illdex i" sli!!'htlv !!l'l'ntN' 
than that t10red for the 3,OK(J'l'ollulI('r<:ial sarnples pre\Tjoltsly 'l\l;:r1YZ(,lt
by Hoppel'. 

~nTl'J1(}1) 01' STlTl)Y 

Th<.'SQ 84 samples WC'l'e analyzC'd fol' oil conl'C'nt hy thc sfanclul'(l 
])etro}C'Ull1-etilPt' ex! ra<'1:iot1 Jlll't1l0d H nd by the> l'l'fraC'toll1t'Irie Il1l'IlIod 
of Coleman and Fellows. TI1(' iaaPt' llll'tllOd was: sli!!1lt1y morlilk(l 
in that n, mixlm't' of about 7·J Pl'J'L:l'llt of halowax and about 26 1)('1'

('Pt1t of a-bromonnphthaJenl' by weight. haying a I'dl'adi,'C' 1n<ll'X 
of 1.63\,).10 at 2fJO C., ,YHS I1s('<'1 inst('ad of ha]owax alolle as a so]vpnt. 
l4il)ee a. mixtul'e of the two sol\'('nts with this I'f'fl'adin' index ('ould 
I'e:lclilv be l1ccut'lltply rlllplieated, Ihe .J1C'('pssity oi' preparing :l.I1l'W 
('()nvl'i'~ion table foi· ench new batch of hnlowux WilS eliminat~d. 

u -"PI'~OI1H1 l'OllllllllHil'a I i<J11. 
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The> 1: 1 mixtnJ'('of hnlowax nnd (,t-bJ'OlllOnnphf.hnlpJl{' ns m:e>c] b,Y 
0('(/(1('8 and Lt'hlJl'J'g en ap!>!':II';; to ha\'l' 110 IIIIpOJ'tanL :l\h-al1lages 
oYC'r till' 1)J't'ill'lIt Illix(III'(' and i:-; ('()lIsidl'i'ably nJOJ'(' ('ostly hl'('nnSl' of 
its hig!J(>J' (,OlltNlt of' a-bI'OIlIOnapht'IHlplIl', U:-;iJl:r IIlixlIlJ'('S of: this 
stnndal'd Holn'nt: with a standard {'ompo"i{(, sample of flaxseed oil, 
:L cOIH'crsion table was pl'epnL'ctl n:-; 101l0ws, 

l'ltFll'.\II.\'I'IO;O( 01' eoxn:nslox '!\\lIUl 

A mixture 01 f1nxs(,pdhom n, Ylll'.icty of' SOUl'('('f; wns gJ'onnd nnd 
cOl1lplptcly t'xfTaeted with. lWIi'oll'lIllI l·t IipJ'. Th(' ('tlwl' ,,'as ('0111

pletely J'('1110vt'l] in n \'aC'nUIII (}\'('J1 Hlld pol'fions of till' J'l'Hlllting 
SHl11pl{1 weJ'{1 mixl,d \\'Hh t1J(' ;;lalld:lI'Il l1alo",ax, u-IJI'Olllonnphthalellc 
SOI\'('lll- in ('aJ'dlilly dl'!<'I'llliJwd jlJ'opoJ'lion;;. TIll' J'l,fl'ad in' indi('es 
of these nlixtuJ'('s nt 2:F C. an' shown ill the 1011(n\'il1g tablliation: 

1'('1'(,(,111 oil ill miXlm'p: nif
O,O()(l ____ . • ____________ . _____ __. ___ J .G:{!)40 
4,S77 _. _____ ___ ___ . ___ •.• _._ •... __ ] .(I~S(jJ 
U.7J::",,..,,._ ... _ ". ~ ___ l.lnS5:~ 
11.ii:H__ ____ __ _ ____ ___ • :Uil..JSi:i 
la.::(j() ____ ____ __ 1.0111.1 
Jii.(jHl .. ____ _____ l,(jI)(ii:i(j 
Z{,!)7:!___ ____ ___ ._. __ __ l.i:i!lOti:! 
1(JO.OOO •. ____ ____ __ __. _______ _ . __ __. __ 1.,l7nw 

The j>l'J'ePlllllgC' of oil in till' JIlixt lIJ'P obtaillPdin !I1(' :ldual analysis 
of the flaxseC'd lIla,r be cnlt:ulated JJy the :f'oJ'll\ula: 

lOOll',i' f 1"1' tl 'tIV' +H',r"'l)('I'(,(,llngl' 0 .. OJ JIl .1(' IlIlXUI'C 

"\Y1Il'1'l'lV=wl'iglil: of gl'01llHl flaxs('ctl in gl':lIlU; 

W'=wpight of !-iolv'PJlt in grams 


w=weight of oil. in gl'ams in 1 g of fI:IXSl'e(l 

Using this '1'Ol'll III 1a. it may be SllOWIl that a range .ill tlle> oil content 

of flax;;(,(,(j of 30 to 40 j)l'l'eenl- will <:OL'I'('Hpoml. to n. \':tllge ill the oil 
('()IIIl'nt of' Ihe solvenl"-oi I III ixtlll'e> 0 f appJ'oxi IlHll.l'ly 10 to 11:; I)(,J'(,PIII:, 
when til(' 1'<'('onll1lPIl(Il'd 1'atio 0-1' gl'ound s(,p([ to sol \'('nt is I";P<.I (2 p; 
01' gl'OIlJH] sped to 'L IllI of sol\'pnt). On'l' this rallge the oil ('Olltt'IIG 
of thn soln'l1l.-oil nlixtuI'(' bl':tJ';; an C'ssPlltially lint':tJ' l't'lationship to .. 
the J'(d'l'aelin' .in(ic'x, ('ach ill(,I'(,Jl)('nl· of 1 PPl'('Pl1t .in oil ('olllellt ('01' 

I'psponding to aninl'I't' lllpllt of O.()O:W!{O ill 1'l'i'l'a(·t iycindex nt 25° C. 
Thu;; t1w J'chad in' ind('x nl 23'-' C. of thC' solvenl-oil JllixluJ'C' may 

1)(' l'all'lilated for allY wlue 01' (ht} oil content. of the seed by the 
formula: 

~r._·1 ('10"3-0 ()t)')()"o( J()()H',t_~_(\ M <)nn--··) (),), ,- ,) 1\'/+11:1: lJ,d3 . 
Table> 16 ;;llows fbI' J'pf'racfiw ind.i('l's of' tlil' IIlixtllJ'('S (,Ol')'(~spond

ing to flaxs('('d Qil cont('llts J'angillg: from 2R to 4(j pl~J'Cent. 

('Olm~:('TlNn '.rrlJ~ m!:PIt_<\('I'()~J1;;rmJ(' )1l~rIlOIl HlH III1C1'lm.J<;Xlles J::-i m:FJ:.\("I'lVE: l:XIlEX 

(II-' '1'1 II, Ofl,S 


A comparison of! l11p analytical l'c~·;ults ohtained by the l'efrado
metric :lllC] p(>h'oINIJ11 ('II](,J' I1IP( hods 011 Ill(' 84 sampll's of fillXSel'C] 
show vlll'iations bel w('en thc t\\'o methods () I' :f1'0111 ~ O,(j(j to +0.53 



.. 
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percent of oil. To dc,tl'J'mine to what c'xtpnt tlw~t' \"l\l'ia.liom; arc due 
10 diffl'rl'IICNl in lit(' l'('f'I'aet in~ imlic('}; of t 11(, oil}; t !H·III:iPI\'(I};. 1'('l'rllc
tin~ index l'l'aliillg}; "'(,I'e lakl'lI 011 tli(' twtt'OIt'1I1ll ('tlll'I' ('xll'actH, III 
nearly C\'('l'y ease lo\\' l'C~tdlH ttl till' oil-t'onlplll lltUt!Y:-:l':; we\'(' (1".\0
('iated with high l'p:frnctive indices lllld ".ic(\' \'ct'sa, ill<iicatillg thaI, 
the variability in refractive index of the oil::; ('onstif'utl'H an .important 
SOUl'ce of Cl.'],Ol'. 

To compc'nsate. for these. cn'ot's, II, table of cO\'l'ections has been 
computed (Ltble 17) indicating the values to be nucled or subtl'llcted 
from the percentages obtaincd -1'1'0111 the stallllani ('om'e)'sion tablp 
(table Hj) for oils of d ifl'el'cnt I'e fl'ae!i \'() iIHI ieeH, These cOl'l'eclioll 
values should be tl(ldecl when Ilw ,'efrHcth'p, index of the oil at: 25.0 C, 
is gl'eat'er than 1.4778 {(he valil!' fOl' thl' nil 1I};('d in pI'('parin/!: tlH' 
conversion table) anel subt I'ac(ed ",I HI 1\ (he I'efl'actin~ .iUdl'x of the. 
oil is ]o\\'e1' thall that ntl lie, 

In Ol'tlC'l' to apply t lH'sC' ('Ol"'N't ion rae,tot'S, Ramples of pure oils 
I1\Ui:'.t bl' prt'plIl'ed fol' I'pfl'lt('\ i\'eill(h'x lh·tpl'minatiollH, Shl<iillR WI.' 1'(', 

madC', t hC'I'ei'ol'l" of };eVl'l'nl rapid llletllO(i}; fOl' obtaining a. Ratisfac
tory sal1lpk of pUI'e oil. Oils \\'PI'P jJI'elHIl'(\(1 fl'om sampleR 1'('1)1'0

5enting ~ix \'al'ieli('s of f1axsl'l'd by elicit of the i'oito":in/!: ltll'tbOlh.;: 
(1) StaIH.lt\l'(1 20-2+ hour pl't l'olC'IIJ1l ('( hpI' l'xtraC'tioll, (~) enid pl'CSS
ill/!: with labol'arol'Y hydl'lllllie press, alld (3) l'flpid partial ('xtra('tion 
u('C'omplishrd by poul'ing 20 tnl of petl'o[(,lllJl ('Ull'I' thl'ou/!:h a paper 
filter .in whkh ha \,c, bCl'n placed apPl'()ximately 2 /!: of the ground seed, 
dl'idllg of!' the soh'('nt on a stl'am bath, and drying the extTact fol.' 
20 minntps in an nil.' OVl'1l nt 1050 C, 

Rl,fmcth'eilldiel's 01: the oils pl'epared by these methods are given 
in table 12. No Si!!llificllnl difl'erl'IIC'p l)(,tween the'thl'ce methods is 
observed, Fot' pl'actical reasons tIl(' rapid partial ('xtraetion JIlethod 
(3) appears to be llIOSt suitable whC'l'(' l:11}~P ntllllbe\'f; of samplp,> are 
being analyzed, 

T,\D1~I'; 12,-Rl!tro('/ il'l! illl1ir'I!N al .?:jO C, of oi/.~ /l"('/HI/,,'tT {roil! (j 'rllrir/ir8 uf 
1III,I'Nr'('r/ liN r/('/I'I'II/iller/ 1111 ,J ,1i((I'/"'I1/ 1I1('liI'Hls 

It should be noted thnt the difficulty ('xperienced by Geddes and 
J...ehbe!'g (1) with ('lowly filtl'lltes when samples of high moisture 
lire bem/!: ana lyzed has not been encountered WIth the present methocL 
on samples having Jl1oi};tul'C' contents ns hi/!:h tlf; 16,4 percent, It 
therefore does not appeal' to lx' neCllSSIU'Y with the present technique 
('0 ch'y the ground fillx};ced \)('1'01'(' (II' durIn/!: til(' analysili, 

Corrections for dill'el'en('l's in the ref,'a('{'iye index of the oils have 
bt'en applied tt-- the oil-content datu as determined by the l'efrado
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I1Wtl'iC method on till.' 84 Hampl('H mulel' jllvt'l'ti~tltioll, 1'h(,5(, ('01"
I'('cted data, al'e tnhlllat(ld in {'OIUIlHI (C), tabl(l la, TI:r. Nll'lIicicllt 
of ('OlTPlatioll 1>I'b\"('PIl th('}ip data :Ind niP l)Pf 1'O1('1l11 H,f hpl' cxtnl(otion 
data taken as a, stallcl:lI'c1 iH +0,00(3. with a. stanciu I'!! ('I'I'()J' of pl'cdie
lion of :±:(),2{) Pl'I'C'l'llt of oil. Thl' CI'I'OI':-; I'all~l\ 1'1'0111 -0,30 10 +(J,ao 
perccnt of oil: with allilvel'agn {'I'I'Ol' of ::±:O,l:l l)f'l'('{'nt, COIII))lII'illg 
these elTOl'S with the I'ange of fl'OlII -0,(;0 (0 +O,Di3 [lCI'<'l'nt of oil, 
nnd !In an'l'ag(l CITOI' of :±:O,27 pt'l'cent '1'01' tilt' IlnC'olTcetcd data, it 
may lo{:\'ically be ('oneluded that in (,OI'I'el'f ing i:ol' (he dill'l'l'l'IlC'cs 11\ 

l'efl'actl\'(', i rid ('x of tIl('. (lxt:l'al'tl'd oi Is til<' pl'iJ1C'i pn I S(JIII'('l' of ('1'1'01' 

.in the l'efl'/l(otoIlIC'( I'ie 1l1i.'t1lOd hai:4 lJ(,(11l eli 1\1 i na «.(1. TIlt' I'PI1111 in ing 
(:x))(,I'irllelltaI l'I'I'OI' is 1I0t, <llll', ~()II'ly to ina('('III'H('i(',; ill till' IIlodifit·d 
I'efl'uctomctr'i(' Ill!'! hod, hll( fo H ('ollJlJination of' thesl' inaC('lIf'aeirs 
w:ith those of th~ sbllltlonl-I'xtnll'tioJl Jlll'thod. 

'1'''111.1, 'l:t-(JIJl/I/luriNIJI/ ot' /II(' oil ('/Jilll'lll fJ{ 8~ 81IJ/1/lil'" Ii{ j1lldWI'('(1 ({N dell'/'
mil/I'll "II 1/1(' /J/ollifif't/ I'I'{/'I/{'!oll/e/ril'/I/{'!ltol( 1/1/(/ illl 1/11' /wll'U!I'/IIII-('lIlel' 
(',I'trlll'lio//. J//('/II11t1 

1)u,'il'ril)1 lUll of Nalllplt~ 

Ill,,", ' Lillola; W:i5, ~Ill'ridnnt " ..yo_ ...... "~ ... ~~ 

107 1 Ih1dwillf,!. IV:J':'; ~Jwl'idnl1t \r~{)" . 

JIt 1I1~ull, Ill:lli; N("\l·lI, 1:', ]):1); 

71 Lluoln, Hl:H; I'"rIlO, N. VUI;

010 IAllou,- .." .•. _. " 

ill IIJ'I(Ii;J, waF); 1\loruJI, Knn~. ~ ... 

h2 JAIlOW, W:J5: New Unlllswi('k, 1\. J 

:12 X, D, H, 1).1 .. '" 

72 Hcdwll1l:, IO:H; Fnr!:I1,.1:\ IJal; 

i:l lIulin, W:lJ; Fllr!:u. X, J)"k 

I'" ('''lIIl11l'reinl, fl.a P\'J'('('I1~ Jbll. lIIn,!\' 

au Hl'ciwim:. .' . .' 

SO I{l'dwln~, lU:l:;; .J\lorttll, J~:IIr" 

·Ii Ail)',sinial1. l!I:l5; J)1I\'[~. ('alif

:1:1 1111<111.. . 

HI »OI1"'st[" ('n,unlt','d,,1 

iii ll/soll,mafi;:\1 '/1'111'. KUliS 

';'-' Hin, lVail; VarJ,{o, N~ !)uk 

fJ IIlson; M ls!<uurl. . 

sn llolllL'sl/c ''''lIlllwrd"l, J!Jal 

:15 IIlsuII.. , 

7 ' .. do . 


8H lJ(lJIHlSI Ie {'olllll"'n:inl, HI:!I 

I lIisoll; Arl.llln·. N, Dill;
1 jno No, .I ('IIIIndinn \\'~slllrn . .. 


iO Hls!)n. HI:H; Jo'llrgO,1:\, flak •. I 

00 'lJolllestlc cOllllllcrcinl. l!I:!·1 •. 

II ....tlo.... .... "., J 


al New (lolthlll. ""'_'" ....... , 

III Ilison, IDa;;; Ilit'kinson. N, Unk.. 

8 I)UJllestiC(·ornlllcn·lnL ..._~~ __ ..... ~"'~ .. 


87 DOIIICSUC cOllllllen'lnl. W:1I .. .. 

08 1:\0,2 l'1I111111i1l1l WeStern ... . 

O:J J)(IJIIIlSUU cOIIl/llen'ial, l!la·L ... 

02 Ahy:;silliJ1l1. Hlao; m C"nl.ro, ('1I1if. .. 

48 J'lInJub, lOa5; Shuflcr. ('ulif...,...... . 

F.i ][cnl'Y frost ([ll/lIlIgO. sCllbhy ••• _..... .. 

I, No. I Cnlllldinu WllSlcrn. I!l;!,l. ....... . 

H4 W ll..h ....._•••________ ••_._._ .... _.. . 


2 BISOIl ............ __________............ .. . 


a Ahyssinfllll; Cnliforuiu_--- .................... " . ., .. 

40 l'uuJnu, 1935; MaJeru. Culif. ___ ••••__......... _..... . 
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TAIlT.E 1:J.-(!OIll]lIll"i80/i of 'he oil ('Oll/CII/, of 81 MJII//I/{'8 of /IU.l,.~('c(1 118 deli'l'
111;1/('(/ lill til!' 'IIIf)/Ii/;,('(l /'e{l'lI!'lrlll/!'tri<' 111('/111)(1, ,ut(1 /1/1 I//(' petroleulII-elhei' 
('mtl'ad ion 11/('1hOt/-('Olltlllll('tI 

tAll (inln nrc n\'l'rn~es ur tlupll('lItu (leterllllllllllon~l 

Stunl110 I n~~l'r1pli(l1l or SlIlIIl)1tl
SII. I 

.5 : So.:l ('nnndltin W~st~rn ••,. o. 

37 I llolll'Y Uoillen ........... _ 

1,0 f Jl1llllnlllrc ............. . 

3S I Hlo.. ' ....... '. ,".. 

~3 Hi~()n. 1O:1~: Xl'I~I!rtlnSwil'k. x, .1 
lin nt~on. 10,1•• , l\lm rls. l\linn 
'-'i I/lio, IO~15; l\lonln, K,tusm Ar~Wgh~(" ill~pur~~d C~~I1IlWn'lnl 
Ii-! PunJnb, 1935; '1111)(>1'1111, ('''lit 
n:l r A h~k'~slnll1n, J!!:l5; J leb('I', ('nJiC 
lIO ! ['n "WII'Il '.' '. • ' 

411 • 1'lItl]lI\!. 1\l:15' Illl\'is, (,,,Ii(

ft,,; I l"l1kllOWJI nril-{ill t ]2.01. JWf('(10't'IJlnlstUf(' 

un t'nknllwn origin .. ' 

~r, lloJll('sl Ie l'tJlI)l1Il'r!'iul, JU:,1 L 

tl7 r·nknowl1 orhdn, l1.fi p(lret·nt lJIoh.tun

fln So. " ('nnlldlnu \\'t'l'i~ru .... 

~2 I )OIl1l'StiC ,'ollllllt'rl'lnl. lua·l •. 

fitl PunJah, It':l5; 1tl)I\\"ill~, ('nUt..

UI llO'nl'~I.lll ('mn/l)l',·!'lul. 10:1·1 ... 

4·1 PUnJah,lOao; ('"umrd. ('ullt

-15 PunJuh, mail; Hio \'jsln. Calif 

liiPunJah, wa5: m C"nU·o. ('!lli[ 

64 Indlnn, l!):H; Cnlt'xl,,(), ('om. 


<\ I'nnjnh; ('nlltornln. • . 

r.a PIlU nb, 111:\5; )loltl·ilI('. ('u\ll 

·12 PuuJnh, 1Oa5; Dnl'i$, ('nlit 

4:1 PuuJnh, 10:15; \\'1II0W$, Cuhf. 
77 ,Punjtth t Wa5; Ytuntl. Arl1... 
UI PUIl]nh, was; lloltli!J", ('nlif. 
!)5 t'uknown orl!:!n, 15.11 ))t'rt·t'ut 1Il()1~1 Un' 
55 PUII)nh, 1!I:I:i; lIrnwler. ('uliL.
f.S 1'uujll11, lU:mj l'nllplllrlll. l'nlit- •• 

5\! Indlnn,W:U; l\rllIl·lcy. ('nlif. 

·11 l'unJnh. :t!I:\5; Onl'is, C'nliL. 

52 ! 1'nuJnh, 1\1;15; ('tlll'xll'O, ('IIIiC ' 

:111 i PunJn".... ', ... . 

100 i l'nkuowu orf~lu. lfl·IIWrr,,"t IIwlsttm' 
fi5 1 I nrHuII, Ina.I.BraWI"l'" CnJit . 
/ifl! /ll<linll, Hl31; HoltyiJ ,,, ('nliL. 
II . Inriinn. Import",1 cOIIIIII"r!'i:t1 

(,OLLAIlOHAT"'I~ S'/TIl\, (H' Tim 

- "'-'-:~-f---

Illlrl'r· 
l'IlCU 
(' -II 
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:l7.·lIl r.Of! 
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~W. 7~ -.111 
an. 07 +.05
4U.on +.Oi 
·1O.1l7 +.1-1 
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·HI. ,IS' 	 -.HI 
·1I1."~ I 	 +.15 
·10. ~2 : 	 +,11
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ImFHACT()i\I~:TlU(, i\IETHO() 

A:-; a flirt hpl' IlIrnnR of ell('ckillp.: thr 1H'('UI'H('Y of 111(' 1110I1i£1('(1 r('
fl'u('(ol1w( de I1wtho<l, 10 l->:lllIpk:::: of fiax:;(l(ld. ('Heh n'pn$('nting n 
:-;inp-lt1 \':IJ'il,ty, 1\"(1('(' annlyzed by fivr laboJ'atol'ies. The l'('SliltS ob
tnitwd. (Og('tlWl' with (11(' n'~lllts on the sanll' sel'i<,s of sampi{'s by 
111(\ I'lhlndaJ'd 1l('lt·o}('lIIl1.('tht'l· extTadiol1 method as oiJtnlllt'd hy th'e 
stuU(' tabOl'ntOl'il'S, arC' Bhown in tab!t' 14. In eaell caSe the results art'. 
eOll1pal'('d wilh thost' obtained hy the sfandard t'xtractioll ll1l'thod 
in the laboratory of tILl' Gmin Di\'ision. 
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T.illLE 14.-001111)(1/';11011 of IlIe oil COll/ellt of 10 Nrll/1J1I('.~ Of flrJ.l's('eti. /'('1)/,(~8ell/.iIl{l 
10 711 cHt'ici 11(1/. 1'1/)';etirs, us tll.'fl.'l'milll'li. ))11 ii clilTr)'('nf la!lol'ufOl'i('x, b!l the 
III otlifi('cl /'efJ'((ctome/rit~ '/IIe/holl. allrl 1)/1 /IIr Mall<!m·t/ jw/roleI/1I/·e/."e/' 
('.l'f/'(/c/ion lite/hod 

[All datil IIl'flll\'(>I'ng('H of <Iupli<'ntp di'II'J'lItlntlllotls] 

MODIFIED HEFllAC1'O':'lWl'lU(' 1>11~'rn()U 
~.~__________._.__ ., .•_____l __ __ "'__ 

S \' I./Ibo· [,nbo· f.film· Lnho· LllhO'1 \. A\'(,1'· 
,amp I Vnrlel.y rtltnr~' rtltory rntol'Y mlory rtltOry • '~r' ('llIlCkl nge 

no. ABC D ); nge - cltec'k 

-1"'-' --'.----- _._.. - .. ' ...--~--

Perrenl P~,!enJ Perct1l1 Percelll pat'/'"1 1Pncellt Percellt PercoII 
31 XIlI\' Qolden •• _______.._. __ 31l.6.1 .1/.0, :lII.Sil :!IJ.1S3 31l.fill l 3cl.~O :10. sr, - O. 05ll5 :->. D, H. 11L__ ........... a·l. i.J ;I.\,f, \ :H. ·\2 ;1·\.1,1 ;1;.!2 :\~. !y!: :J4,57 +.10 

a5.,I:I -.on 
:il t{!::f~\i:::::::::::::::::~:"· ~~~:~~ ~~~:~~ ~~~:~:{ f~~:81, :l7:hg ::7:~b :17.50 +.11 
35 llisotl. ............ ......... all. 0:1 :111.00 :W. or. :15.110 ar., i~ ar" fi-l aii. (is +- 2(1 
~!II l'utljlliJ., .....,....__•••.. ,10. ii ,11.20 ,10.·15 ·IO.5~ ·11 2:! ·10.8[, .JI.O;; -.2:1 
;li l\ollIlY (Ioldetl........ ____ • iiI, ~~ :Ii. lit. ai. i·1 a7. 10 ai.OO :li.!l7 ai. S:I -. 16 
aR Hlo ...............__ ...... .1,. /., as.7S :JS. iii 37. GO 37. ~5 :!S.05 :\7.011 +.00

:\".oa -.21)::3 fl~~~~J';~~I~::::=:::::. . 1m: iiI ig:~~ jltv~ llng ~~:?'1 ~u~ :J:!.:H +.JO 
I 

WJ'A.\"DAIW I'WI'HOI.EUM-N·I'ilElt ),X1'IU("J'IO:-> ME'I'1I(1)

------------\---,..-
I an. oS:; ~:1I K'ell' nold~tI."''''''''''''' :17. O!l Iall.78 I 3i.!I:l l ai.OI i ali.Sfi +O.1fl 

a~ N. D. H. IlL............. :H.OS :H.·II :l5.7i I :H.6i :JI. is I :31.57 +.21 
aal Hudn .................... :\I;.il a5.20 aO.78 :lfi.,I:1 I :lii.IIH :Jr.••J:j +.25 
:)1 I W(llsh .... __ ._..... '''' :l7. i:J :l7.2l1 as. ill a7.1>\1 I' :l7.1i8 a7. r,l) +.\lIl351 BisolL_ ~ ""~ .. _,. .. :{5.H2 :J5.u5 :m.:1U as.7n +.08< ........... ~ .. .. :15. os :15.118 

ao l'utljuIJ.. ................. ·10.51 ·11.2·1 ·10••1\1 'Il. os ·10.00 ·11.08 -.18 

3i j .BolillY GOlden........... :17. S2 :17, \1:\ au, fiO 3i.sa :N.21 :\7.8:1 +.38 

as Rin.......... ,,_ ........ :li.lill as.2S an. ;ll a7.1111 :IS. 11 :J7. on +,15 

:JU I HUll wi tll(......... . . . ... :3\:I~.' ~I'II) ar.. 0I :W.·II :\5.0:1 aa.2.1 a5.03 +.22 


_~w \ Llnoln.••.••••• ' •• _ aa.r';l :0.8a a:l a·1 ~a.lllJ aa.:H +.35 

I Dct,'rnlltJud h~' tho ~inndnrd petrolelllll·elher exJ.rMI 1011 tJll'thod III tho Omit I .1)II·isloll Lnhorntory. 

'PAJlLh lii.-8/IIIiN/ic(l1 Ili/(//!/I!is of tZllfa ill t({li/I' 1/, 

Rtundnn'l "Inclinedpclrolentll' . rcfrnl'ln·et1ler ll.,\" ~ metric'tru~tlOIt ' tllethnd"'"thod 

Pt'Tcelll 
Stnnd,ml,h.w(nUon hctwcrll Inhomlories.•. 1.C,U 
r~,'(Jlcrhneutnl errnr~ . .!lfij
A \,crngo-l'iw('k (IO'Slllllplo tll'urngc) .21 

DESCRIPTION OF MODIFIED UEFRACTOME'rlHC METHOI) 

JNUtJ'lIIEN'I' 

'rh(' r(Jniplll(>l1j' inc'ludNi 011(' 1ll0((Jl··dl'i\'PI1(·XIlPl'inH'lltnl 1'011('1' floming mill 
wIt:h (j. hy (j·IIlC'h Rtppi 1'01ls, CCIJ'l'Ug'HI!'t1 ·10 It! Ihl' Ilidi. ~I'h\\ I'ol\f; should hUVl' 
It SIJ('l'(1 t1i1Tt'I'('ntiul of nllOut !l: 7, nnel It SJlPl'II (Ie IIhout noo I'p\'ollirinns 11('1' 
minute fot' th(l fast('I' 1'011 (ng. 7), 

One llnalytical halun('I'. 

Onl' plpctrie hot plntp. 

Om' l'pl'l'ncl'OIllPtCI' with watl'I··,iuckpl(>(l IIl'ism,; l!IIYillg nil nC(,lIl'n('~' of 1/ = ± 


0.00002 within the rang-pI; of 1.475 to 1.482 amI 1.HOi', to 1,040. A ,mitnhlt' t~'J1l' 
01: 1'('l'l'IICtOlll(\(f'I' withint(~I'chnnp;('nlllp pri/:'III IJPlHls is sllowil ill IIp;ul'p n. 

OJl~' tPIIIIlPI'Ut lII'("I'I'g'uIllling lI(wl('(' 1',,1' ('olllTolling' th(' telllll(~l'rtt\1I'(' of till' 
WII tl'l' flowIng Il11'uugh tlll' l'(,ll'II('(OlllPtl'l' jnckl'ts (opt! 011111). 
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Olle electric oven, 
One acclu'at:ely ('al\l)l'nt:('(1 ii-llll pipette,
Hnlo\\'nx, 
a-!>rolllonaph thn101l(', 
]~th~'l alcohol for elraninA' pl'isms, 

~'hl'ee-illch 11orc(l}llin lIIortH!'S \l'lth pf'fitleH, 

Hengcnt-qllnllt~' sea SHnd, 01' Nlulvulpnt, 

Suppl~- of I'PHt tulips, 1%-In('11 gilliif; fill III ph;, fnld(1(l IIIt('I' Pfll1f'I'S, 01111 IIhsorlwnt 

cotton, 

]"J(lll It fl U,",·DllIlIiug-IYPI' 1'.. I'I'lIl'tOIlIl·I('I' wltli IUtl'I'('hIlU/-;l'UIJIt· IIOllhh"PI'I~1II h('llIls Hllllllhlco 
fot' tlil' 1'I'I'I'IIt'tolll('t'I'1!: ,h·tpl'mlunliou 01' tli(' 011 ('oUtPllt of 1Il1XHl'l.'lIulIlllhu iolllllllllllmlil'I' 
01' Il:lx8l'('1I olis, 

Although. the eX}lel'illJ('ntull11'I'or beh\'l'l'll the two methods did not; 
dUrN' significantly, the much Jowe1' standard deviation between. labo
rafOl'ies in the. ('usc of the. modified refractometric method indicates 
that this mcthod will lead to more con('o1'(lll11t 1'esults betwcen dif
ferC'nt laborlltories than 'will the extraction method when the analyscs 
Ilrc CHI'l'ietl out witho1lt centl'Il1 s1lpervision, The results obtained 
by the rcfrndollld'l'ic method agree with the acceph'<l ('heck values 
l:loll1ewhat better, on the I1verage, than (10 Ow, results obtained by the. 
t'xtrnction method, The datn obtained by these five lnboratories, 
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then, show a. greater degree of accuracy a.ncl reliability for the modi
lied rctractometric method than for the standard petroleulli-ethel'
extraetion method. 

,,'"ith a, IHtle experience, the analyst should, be able to maIm a 
singie determination by the modified refractometric method in 2:) 
to ao 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
Ininations in an. 8-hoUl' day, using a single set of eguipment. Till' 
method is well adapted fOJ' ll~e in comnw)'cial inspectIOn ',"ol'k wheJ'e 
nn aCC'llI·a.te method is requit'(~d and ",11('1'0 the time element is of 
majo)' impol'tunce. 

l'HFlPAHA'J'ION 01' '1'f[(': S'I'ANDAHIl SOLVE:"']' 

P)'epal'e a mixture of halowax and a-bromonaphthalene having a 
refractive index nrt= 1.63D40±2. Such a mixture contains approxi
mately 74 percent of ha]owax and 26 percent of a-bromolluphtha
lene oy w('ight-. bnt must; be carefully adjusl'ed so ('hat the desil'l'll 
l'cf:raetive index is uHained. If a, temperuiUl'e-reguinting dcvice :is 
anlilable t1w dete)'mination of refractive index is simplified by pnss
ing wate:' at exact Iy 2:'5.0° C. through the water jacket, of the l'efl'ac
tOl.11('(e1'. Equally satisfactory results may bc obtained, however, by 
lIsIng water at 1'00111 temperature anclmaking the neccssary tempera
tUl.'e con'peLion. Jj"'or the above mixture this cOl'l'ection in refractivp 
index is 0.00045 pel' 1°, to be addcd to the reading if the temperatnre 
is above 25.0° and sllbtracted if the temperature is below that point. 
It is impol'hillt' (hut all ,,'ater-jacket tempel'llture readings be mad!' 
to the nea rest 0.1 0. 

This >;olution should kepp for a .long pedoCL or time without p{'l'
ceptible change in refl'lldi\T(~ index, bill' it is advisable to ('heck tlH' 
sO)IItiOlI from (illl(\ to tinw. The f'olllt-ion should ue kept in a glass
0)' lcad-stoppel'p(] clade botth awl kt'pt a,way fI'ClIll direct sunlight. 
Until. the opemtor has had cOllsiclcl'tlule experience in the use, of tIll' 
rcfraC'i'ometl'l' it is a(jyisalJle (0 make se\'er:t1readings for each rehac
tive index detel'lninatioll. takin!! an aVl'l'age value for the Jinalresult. 

ANAI.YTIaAL I'IIOCIWUI:" 

Tll{l analytical procedure follows, 
(1) Obtain lL )'epl'e~('ntati\'c sanlplc of about 25 g of the clean seed 

either IJY halld quartering or by use of a, mechanical samplin!! devicC'. 
(2) PII8S tIle sample through the 1'oller mill using the SHmc pre

cant.ions as noted in the instruct.ions for the petroleum-ether extrac
tion method. 

(3) 1Yeig'h out accurately 2.5 g of the finely ground, well-mixed 
sample ,and. trnnsfer the weighed sample into a clean 3-inch porcclu.in 
morta.r which has been. previonsly heated to a.pproximately 70° O. in 
an oven Or on an electrw hot plate at low heat. 

(4) Add approximately 1 g of reagent-quality se,a sand or similal' 
abrnsive and. cxactly 5 ml of the stan(lal'(1 halownx, a-bromonaphtha
lene mixture. Binc8 this mixture has ,n yery high specific gL'lLvity it 
is highlyimp0l'tant to measure its volnme vcry'accurately. 'fhi's is 
hest accomplished with an accurately ealibra.ted 5-1111 pipette having a 
delivery time of not less than] 5 seconds. 

• 
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(5) Grind. th<; mi:,tUl'~ in the mortal.' YiW~I'ou~ly ,fol' :~ l1linlll~':;. 
const,antiy scrapll1g mto the bottom the pal'flcleH ot IIll'al thul are 
thrown against the sides of the mortal'. 

(6) Filter the mixture through II R(~hll'i('h('1' &: :-;('hllll 110. :iHH 
foldN[ fmCl' papcr, aI.' other fat-frce Hltcl' pHpel' wilieh will 'yicld a 
clear filtrate. into a tcst tube, 

(7) 'Vllcl{ the iiltntlc has cooled to 1'l1()111 ttl ll1pt'I'atlll'c. dctt'l'lllilh' 
its rciractivc illdes at 25.0° C. to an ac('ul'aev of ±O.00002, 11' Ihp 
rcading is made at (tI1y tCllIjJcl.'atnre other thl\!'j 2:i.O° lIlak,' II !.cl1'1)('nt
tllre C'ol'l'eetion UH described in the 1llsl:rlldiol1B 10]' thp pl'('pamtioll oj' 
the standard solvent, using It tem[lCl'atul't' ('o(lflki('nt or O.0(1().j2 1)('1' l~. 

(8) Using table Hi, 110te the perC'pnlage of oil (,OI'l'CH}JOIHlill!! to the 
l'efractiY<~" jll(\(>x l'('ading obtained in (7). This is th(' !UH'OI'I'e(,(pd 
value 101' oil eontent. 

(D) Pluee about 2 g of the ground HUlllph- ill n fine paper filtct' ill a 
!!lass funnel aod pOU!' ovel' it about 15 1111 of pCll'Ol(,[11I1 (>(hrl', eoll{'ct
ing the deal' filtrate in a" small shallow evapOl'atiJl!! di!·;\). Car('/'ulLy 
cvaporate ott: the ethcl' on a sleam bath Or hot plate al low ht'al:. lind 
place the dish in an ov('n at 1()5° C. fOl' 20 Illillutes, Cool tlw ()il thus 
IH'epllrcd to room. tC'mpel'attlre and (/('I(I!'lIIill(' .ilH ,'{'fra('lin' index at. 
~5.0°. 'I'hp tt'llllJt'ratul'e C'odfieicnt for til(' IJIII'(' oil is O.O()O!I;j7 pel' 
1.0°, to I.w adC]('(1 if the tClllpt'I'atlll'(' at \\'hieh Ih(' I'(·a<iing is takl'll iH 
aboye 2,).0°, and subtTae!:cd if below that tPI1IPPl'atUI'C'. If I>I'c/'('l'l'ed, 
this slImple of oil may be pl'C'IJarcd by }JI'pssin!! a slIlall SHill ph, of the 
Ul'ouncl fit'rd in a. Jabor:1t"ol'Y hydraliJic ]lI'rss nnd fill('I'inu t1w oil so 
{')btainecl if it is not C'ntil'C'ly dell I'. ' 

(10) From the I'cfradiv(' index of the oil as detC'I'milH'lIin (!)) 
subtl'ud thp yahit' JAT780 (111<' I'pfr-aeti"e in(lrx nt 2J.OO C, of the 
eomposiLe sample of oil used in obtnining the data for t"ilbl" Hi), Us
ing this diifpl't'llee, dcterrnine 1'1'0111 table 17 I'he ('o1'l'peLion to be. 
upplicd hI fll('. lIneOI'l'ee/c(l vnllle 1'01' oil (,Olltl'lIt as dplt'l'nlilH'ci in (8). 
H the dill'creuee is positive add the cOl'rcction; if ncgati,"c, !!ubtl'af't. 

SUPPOSt' 1'11(' l'efraetivciIHkx :Hi (\('\Pl'mint'd III ('7) is LHl1·t\) at 
27.:3° C, 

nYi/'=1.61140 
n~~= 1.61140 +[(:27 .:~-25.()) X ll.O()042j 

=1.61246 
.Hdrl'ring to tnblp 16: 
nri= l.Ui246 ('OI'I'psponds to all oil ('Olll('lIt of m,5;J !lpn'PIlL This 

is the lIncOl'l'peted va IHe. 
Then Huppose the refraetive jndpx of th(1 (IiI as r/(>tel'll1jllNI ill cn)

is 1.47D60 at 23,;3° C, 

n2\'j3 = 1.47960 
'!I.Vf= 1.47960-[(25.0-23,3) XO.OOO:~;j7] 

=1.47899 
Then: 

1.478DD-1.47i80=''' +O.Olllll) 

http:O.0(1().j2


30 'l'BCllSlCAL llULLE'UN ij iJ.i, U. i3. DBi'T. 01" AGlUCL' LTL' Itg 

H(' f(,l'ri n~ to tn bl(\ 17: 

A difl'el'ence of O.OOlll) betwccn the ,'efl'actin' indcx of fhe oil in 


(he sample un<!C'I.' invpstigatiol1 alld. the l-lamplt' lIsed. in pr('pal'ing til(} 
eOIl\'c!'sion tahlc' imli('aft's It eOl'J'eetion of 0.26 PC'I'('pnl of oil io!' a 
samplc ('()ntnil1in~ :ipproxilllatply 88 1)('1'<'(,111' of oil. f-iil1('(' the dif
fercnec is posit.i\'C' 111(1 ('OITl'etion is to be add('(/ (0 til(' 1I1l('oIT('('ted 
\'IllllC. 

:17.:);') pl'J."('ent:+ O.2(i fll'l·t'l'll t ~= a7. H I pcr('pni: oil 

'('.lntE 1£1.-0 '-('0111'('/ Nitm /0/1/(' for (/('/,'1'/11;11 iJlfl /It" /w/'('/'I1II1!/I' of uil ;11 /(u.r.vaetl
from /II (~ /'('fl'(/I'I i /'I' ';//(/1'.1.'
)-0 

of I//(' /W/(JIl'lI,L', a.-!II·OIIiOllfl/i1t /1111/1'1/(' ('.1'11'0('/ ai, 
,. ~'J f'. 

nil; oil 'llif Oil '1li~ Oil ; liff Oil 

I Parfitt ' t'acN,t Parnlt

L r.J~:l7 2-.; 0 I 015~H 


j''arClltj 1.1J127\J :\,.0 I,fiIOI:!j a2,5 I ~ ·11. 1iI.filS:lI ~'s J 1.t11!HS ! ~~' g 1. Gt2i;{ I 3, t I.DltXlii ) ,II r.
LlH~21 :l..... !,! LGl!H2 l.1I12'\' :Ii ., 

i Ull()(X) ·11. iI. hi-I" :!S, a I fl I5:15 'I') S '-- Lfll2fil ai. ;j ,IIUiOU'.15 !ooI fi\~11 :!S ·1 I. fi1[I2tJ :J~:O I.fil:fflfi I :ri I \ I wI"n ,II III. r.t~o;, 2'\5 1 6152:1 :1:1.0 1.11121\1 Hi. !) LmXI~:1 '12.n1, H17U!J !!."'i. Ii I. filfli :1:1.1 t.OI!!,13 37, n I.lam, ,12 I1 n17H~ 2s, i I./W,II ;la.2 1,012:1, Zii. -; I flOlI71 42. :.!1 nli~fl :!1; s l.tllflf).l :Ia,a I. fit?11 :l7.S Lf.O!lfIH 4~ ;!I nl7,H !?"'i f) I. nt,lIn; :ta.,1 1.filZ.!!i :1'i. H Lr,rXIf:O 12.1I liIiia !w.n I,/lH\l2 :.Ia 5 1.f1121!1 as, 0 I. 00\1.;1 ,I:! ,'i
I Ii 1;1,; ~!.I UiI,ISfl :I:I.r. 1.11121:\ as I 1.fi!1..,IS ·12 fi1, JilinU !")tI.2 LUI,ISO :la, , UJl~07 as ;.; I. n()\J,I~ '1:!. ,.
I fit,51 ~'IJ. 3 1.1l1-li:l :I:\. ~ I. 012'11 :K:l t.r.fXm ,12. " L tH74S :!'J, ,I tlll,tn, :1:1. U L 1111(15 :IS. ,I J flOl/:1I l2 tl1.(i17,1~ ~I, r~ UlI·lli! al. 0 I. Ollh9 :N,.; l.tlOiJ25 ·1:1 n1.1i17:ifi ~)H. tj 1.01·1:-';; a,1. I I. fillS:l as, 6 I.IlO!l1\l ·1:1 II fil';2U !:.'\1.7 LIlI,I,fU :H. 2 I. 01171 as, ; LIiOHI:l n~I. flI72:1 :.'tl.~ l.fH,I,la :11.:1 1.llll" 3s.s 1./lOUUS ·I:l.!!I. fil71fj 2U.U I. (lI,I:!, :l,I.,1 L IHlO5 :,~, II I, Ilf~.11)2 4:1 11.1;1710 :10,0 J. Ol-l:ll 3·1.!r LUII,,11 !l(l.() 1.I)Oh!Ul -la. CI, HI,OI :10. I 1.0).12·' :\,1.(1 LIlW':1 :Ill, I 1.mbllU ,1:1.;
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DETERMINA'l'ION OF FLAXSEED OIL QUALITY 

JODINE NUMBER AS A l\IEASUHE OF OIL QUALITY 

From a eOl11l11('1'cinl stnnclpoint, the pl'ineipal critrl'iol1 of the fJual
jty ~rf. the ~il that.mllY bc JH·l'~sedft:ol.ll a, ~iv('n lot of f1axs(>cll ix, the 
rapIdIty with willcil a. 111111 film of It will dry to a hanl suriaec, 
This tClldel1e,Y of til(> oil to f01'll1 a, solid film 011 (,XpOxul'e to the ail' 
js due 10 the oxidation of thc ul1s:tiul'utcd faU\' acids t1lllt lII'(' COI1
stitu(,lIts of the oil 1Il0IeC'ule. Tlw thl't'(! pl'illC'ij)al unsaitll'at('(1 fatl)' 
acids of liIHi('('d oil HI.'C oleic, lillolei<" alld lillol(',tic :lei([x, the ('hemieal 
l'onstil nlion of which sho\\'s t1H'nl to pos:;(':;:; olle. t\Yo, alit! thl'{I(. 
double bonds, I'especth'cly. Hil1ee in the oxidation 01' clt',YiJ1g proecss 
l'aeh of Ilrl'Sl' doubl(· bonds is ('apable of absol'bing a gi\'en qualltity 
of oxygen, the total nUIlI,bl'1' of double bOllcl!-; or total degl'pe of ullsat
ll1'atiOli is proportional to the total quantity of oXYI!'('n thai the oil 
is potcl1~ially eapable of absOI'bing, The rapidity \Yith \\'hich this 
oXYf!ell IS absol'lJl'd , hO\\,('\'('lo, dl'pen<1s nol', only 011 thl' total d('gl'ee 
of I1l1sattll'aliol1 un!' 011 the I'elatiw' proportions of the tlrl'ee unsatu
rated :fa tt.y a('ids, Hi /H'e tlw dOllbll' bOllds of Ii 1101(>11 i(' acid oxidize 
IIlore I.'api'dly than t110>'(' of lilloll'i(', alld thm:p of' li!1oll·ie oxiclizp
IIHlI'e J'apidly I han those of olei('. 

1;'01' ('ol1ll1ll' l'eial PIII'POS(lS, hO\\'('\'l'I', iodin!' 11l1llliJPI', ",hidl is a 
lIH'aslll'e 01' thl' lohtl (ll'gree of lIl1satut'atiOIl, has bel'li uSl'd as an 
appl'(Jxilllale llH'aslll'(' 01' tl1(l I'l'lativc dl',\'ing tillll';; oj! linsl'(,ll oils. 
Hillel' oils from dilJ'pl'('llt SlllllPI(ls of f1axsl'('(.1 \'In',\' to ;;OIHP extent in 
their proportiol1;; of tire thl'(,(' ullsatllrall'(l a('ic/:;. this meth()d is !iub
jeet to sOl1le ('1'1'01', Ex(,ppt in IIIHlSl.lH I ('Us('s, howe vel', the iodine 
numbl'I' llIay be {'onsidel'l'd as a reasonably l'eiiuble mensul'e of lire 
1'l'latin dl'};il1f! tinH'. Th(' development oj; a l'upi(J method for the 
dC'tt' l'lllinaliol1 of iodilH' number ::;houl(l, thel'eiol'e, be of yaille in til('
rOlltine analysis of flaxseed, 

RELATIONSHIP BETWEEN IODINE NUMBER AND REFRAC'I'IYE INDEX 

It has long b('('11 knowll tlrnt: a positiw· ('Ol'J'(.Jatiol1 l'xists betwCl'1l 
refractive index and iodine 111I111/)er of animal and \'egl'tablp oils in 
general. I.ewko",i{:sch (1.9, 1'. 1, p. ,J,38L ho\\'c\'el', aftl'l' a('('ull111lat
iJ1g dala, on a. lal'gl' 1l11l11b('1' of (Iifl'(,l'('nt oils, conellld!'(1 that no cleii
nite I'elal ionship (Ixisted betwel'lI these two fa ('tors, NiegPIlI:II111 and 
Kayser (.!O), Oil the other' han(l. r('pol'tl'cl such a relationship in the 
case of oi Is from f1uxst'ed sam pies gn)\yn in a f!iven !'egioll. Al'I1ol<l 
(1) and Bad{('1' UJ) hav(I d(lll1onstr'at(l<l a 1'('lationship bl'twcen ioiJinc 
J1umbl'l', saponilieation number', and refractive index, 

J:>ickedng and Cowlishaw (21) have developed the following IIwth
cmatical cquation to show the I'l'lationship bebyeell rl'fI'acth'C iIllkx, 
jodine number, saponification number, and aeid numbl'l': 

n::g=1.4643-0,000066S O,OO;6A+0,0001171 

where 
8=saponifj('ation 1Il1luber 
A=acicl numb('r' 
I=iocline number 
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This l'qlln tioll lI'a:-; "IIOWIl to 	npl'ly to fJ'l':;h Iy pJ'(IPlll'(ld oi b fro))] 
Yal'iolls kinds of oil-bell1'illg- seeds, The relatiollship does not hold, 
110\\,(I\,(>l" 1'01' (Jib, that han' be(>/) pl'cpal'ed 1'01' all ap[ll'e('iable .lelwth 
of time, sil1<'e the oxidation and polynll'l'ization which tnke pl~cc 
",hen the oil stnncls caUSe a 1ll1ll'kt'd ilH'I'pa!;c in the L'efl'!IC'tin> index. 

The snponifiention numbcr of the flaxseed oil is I'plath'cly ('onstant 
fot' aIlvtll'il'ties and types of ';(I("d, Hnd the acid \'alup of the freshly 
prepal'(I(] oi I is II n ifol'lllly 10\\' ex('cpt in the case of badl y darnlwcd 
s('ed. It should. t!.1('I't'fOl'l', be possiblt, to (leU'rnJin(> the iodine II LI II1b(1 I' 

djrl'C'tly i'l'oll1 till' l'pl'l'aeih'p .index of th(> -1'1'(':-;111,)' 1)I'('pal'llc] oil pro\'ided 
the oil' is pr('I>aI'pel in slIch n, way that no aJ)nr'pciable HlliOllnt of 
oxidation, POIYIlIPl'izatioll, 01.' h'ydl'olysis cnn take place. 

Hopper" has deter'mined the r('fl'activc llldic('s and iodille nUlIlbcl':; 
of expressed oils fl'olll 1,;-'00 salllpJes 01' f1axs('('(l llllll Ilot('<l a WI'? 
Bignific:lnt 1'(lliltionship uet "'(,('Il th(' two nilucs. Gedtks and 1.('h
\)l'I'g ('7) oblnilll'd n ('()I'I'('lation (ff +O.(i-H b(ltW('('1l the l'l'fl':1eth'e 
lJldex 11l1cl ioclill(> Jl urn bC'l' of oils ('xtl'actcd by clicthyl ethel', with a 
"tnndnl't\ (,J'J'or of lH'edictionfol' iodine l1ul1lbt:I' of =:2.,0, 

A study has been madp of tht: 1.,t:latiol1ship of I'efl'ndin' ind('x to 
iodine l1Uml.ll'l' of I.he oils extrll('ted with petl'o]elll11 ethel' i'l'oll1 :I. 

series of 1)6 StHllples of flaxsped including the 84 sarnpl(,s described 
Oil page 21. ""ijs iodine llnmbers were determined by thL' method 
:;p('('i Hpd by tilt' F{ldpl'a I ::-ip('C'ifi('ations Boa I'd erl), 'I'll(' <la tn ar(' 
tabulatL'd ill poJumns :3 find 4, of tnble 18 ill the order of incl'ensing
ioclim' l1urnb('l', TIl(' ('o('IIi('i(,llt- of ('ol'l'elatiol1 bt'tWl'(,11 the l'dra('ti\'c 
index and iodim' I1UI1l\)C'1' is +O,H!)(l5 with a stnmlnI'd ('1'1'01' of prcdic
tion for the iodine llumbt:r of =0,82, 
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FI'Olll till' I'l'gl'(·;;s.iull ('qlla I iOIl-

Jodilll' 11 II IU 1><.' I' 1:!:Ha,H:lf H:jH+.!l7 Ii f' 
a tabt(· 1111;'> Ul't'll t'()JllpU/('c! ttalllp 10) 1'01' tllp p:,tilllatioll of ilHlin(' 
1ll1lllhpI' frolll l'pf)'Hct in'ill(/('x. 

'1''\111.1,; lU.-Ooltl"t'/\vi/JI/ laMe (Ol' tldcl'lI/ilthlll Wij8 ;1)(//1/(' ""11111)(')' of fr(',~JtIJI 
IlrqIW'('t/ Ila.L·II('('1i fJil {rolll /'l'{I'(l('lirc' illt/e.l' 

Illnt:l (,tlkl1bt~<1 Crom r('l!r(,5~inn \~ql1atIOl\: /= ,·12M3 ~2i ~l.[.sl Dm niN 

r()dit1~ 
lltlmher 

lodlll~ 
,IlUlllh~r 
I 

)01111\1' 
n1J(ltht~r 

rodinll 
ullllJllC-r 

11)(1l1ll'. 
num\)\'r 

13-1·1 
1:15:1 
j,m 1
lar n ;: 
lai.S 
l:l~ 'i 
lau Il 
!.fO·1 
HI,:\ 
1-12.1 
11:1 (] 
11:1/\
III , 
1-1.", II 
HI: ·1 
1'17 a 
I'''' 1 

1.'lrW 
1.·I'\'[tl 
1 4;.12 
1.,I;t~~ 
1. ·17,",1 
I"liSr. 
I. 'Iifili 
1.·1;57 
L4'irl."\ 
1.'17/m
1·1,1)(1 
1 'lim 
1. lilj!.! 
I ,rim 
II,IH 
L ·17f~!1 
1.,liM; 

k 

J.lO. (J 
I·ll!.!! 
1511. i 
151. f\ 
15'-!,:1 
lti;t :-1 
15·1. I 
155 fl 
H')r.,U 
l:'li j 

1:'7. (j 
J!i"; ·1 
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WI! :.! 
1111 II 
1Ii! \l 
J(~~. ; 

!.-liHi 
1. 'Ii(\.'( 
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1.4iiO 
J. -1771 
L·I;7~ 
1, ·liia 
1. ,177·' 
t.··\7i!) 
L'17ill 
1. ·li7; 
L ,li7~ 
1, ·'7iH 
J..Ii;'(I 
1.·liSI 
l.li;-"!.!
\. 1,':\ 

16:1.0 
uti.., 
165.:\ 
tGn '.! 
111 .. 11 
tni". U 
If)~ f 

'1\\1 ~I 
liH.5 
IiI. a 
I .. ,., ,,)
f_... 

lia II 
Ii:!. U 
I',J. S 
li:i n 
1;.;, :. 
li7 :l 

1.·IMIl 
1.4hll~ 
I. 4~ll;l 
L'I~lll 
I ·1,05 
l.'l~llll 
(.·ISUi 
I. 'I!i(k, 
J. -b\~J 
I ·hlll 
l. '1~1l 
1. ·I~I:! 
I. ·ISla 
'l.4SI·( 
(.is I:; 
1 ·\\111 
1. '1~17 

W;!",o.; 
lY;I,(\ 
lU~ 5 
W,i. ,I 
HHi, :.! 
Wi.l 
lUi. U 
HI.'; II 
lIlU. tl 
2(~Uj 

!!OI.-I 
20:!,2 
211:1 I 
~U;I.\J 
201 !, 
"20r), i 
20ft.:, 

It :-;1iollld 1)(' distill('t"· \lllclPI':-;luod fhat tilis illPtito<1 of d(>lp['lllillillU' 
iodilw 1l1l11lb('J' is jJJ('lU\t to apply only to ~altlpl('s of oil ('xtl'a~'Il,d 
with pptrolplIlll ptilt'I' 01' ('old-Pl'PSsl'd fl'OlIl ft.'psl"y gl'oull(l flaXi;('PlL 
TnllllHllll'ity, frost <1ulllagp, OJ' setlhbinl'ss of tlw ~('{'d do not apPNU' 
10 afl'p('( the HCCllJ'aCY of lil(' l'('sldts. ~alllpl(':-; or (lnxs(\l'(l, hO\\'(,\'l'J', 
HIll(' 11ll\'(' bN'O\l1t> dist indly mllsty lJl.'{':lIISl' of jlJ'olong<,d s(ol'ngp at 
high nlOis[II)'p, {,Oll('nts oftl'JI (':lUSt' diflit'lllty in :In:t1yzill!-!, fOl'iodill(', 
HltillJ,PI' by lilts ilwti.l!ld, TIll' oils [1'0111 sll('h HHmpips hn\'(' gt'lwrall.\' 
UlJ(lt'I'!.!'OIlC hn]J'OI,'IH' eitallU'l's. 

Th(:'nwthi)(1 is'not dl'p~ll(labl(' fot' (It(' d('(t'I'tllinlltioll ofio<1ill(', 
111l1lli>('1' of ('Ollllll('l'('ial iillsPt'\l oils sillet' (lwil' Pl'llt·('S:·;jllU' IPlld" to 
altt'l' (11(' l'('fl'H('1 in' illti(lX, bllt it IlIll\' Ill' llspd to d('(Pl'lIlill(; thC'indin(' 
11111111>(,\" of (lip ('oJl1JlH'I'('ially pl'C'pai'p(l raw lins(1(·(j oil that a !.!'iWIJ 
lot of Ilnxs('(>(1 will pl'ollm'('. \\'11t'1I t hl' oil ('Olltl'lIt of a SHlllpl(' of 
£Iaxsl'l'd has hp(lll d('tt'rlllilll'd lw t lIP lI1ot1ifipd l'pfl'al'iolll('fTil' IIwt hod, 
110 additiolJ:l1 1ai>OI' is 1'('C(uil't'il to d('Il'rlllinl' 111l' io(iill(, 1111l111JPJ' or 
the oiL :-;in('(' I hp J'('fJ'aC'tin' ind(lx ,'allH' of th(' oil itsplf is d(,('I'lllilH'd 
and nlHy ])(' ('on\'('I'[pd into iodin(' ntillP by using tabll' 19. 

III ('as(' ilwiodillt' llumbpl' of (lip oil is t·o he' dt'tPl'lllilll'(l indC'
pelldplli I", lilt' following PI'Ol'('dlll'l' muy be ll~Nl. 

REFJ{ACTOMETIHC' PIWCEDl'RE FOR DETERl\IIXIXG IODlXE 
Nl'MBEI{ 

(1) (hin(l a I'P1H'pspn(flliw' Ra 111 ph, of (hC' ('1('lIn IInxs('pd with :t 

Buitablp typt' lIIill. 
(2~ PI'('pnl'C' llRlIlIlpk (If oiJ fl'OJl1 l1u' fl'('shly gl'olll\(l R('C'd [I." 011C' () r 

theiollowi II£! I1wthods: 
(a) IJj,(,ss 111(' 011 fl'om a smali quanti!',\' of tllp A'I'OllncJ s('('(l with 

u small lnboratol'Y 11~'dranJi(' PI'PSS, H1tHinA' illt' ]lI'C'sR('d 
oil if it-is not eleal'. 
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(It) POll!' :tiJtlll\ I~) lnl or pl'll'oh'llIll tlllll'I' ()\\'l' n\)oll\ ~ g or tl1\' 
fl'p;;hly g'I'OlIlld Sl'('d ill II Iilll' filiPl' lHlIJ('I' lith·d to H gln:-:lo 
I'UlllH'l. {'ollt'('ling tilt' liltl'lIl1' in a l'lllall )-;hallow (\\,HpO
I'uting' IIh.h. E\'lljlOl'Hlp the bllik of the solvent Oil [1, 

stl'1l1ll. Imlll alld 1>\;lt'(' Illp di:-:It ill all OWII at 103 C, fOl' 
20 III in1I tes, 

(:n De\('I'lllilll' tilt' n,rl'ndin' illdex of the oil at :!~)'(J C. 11' lilt' 

!,(·:tdillg j;; lakpll lit :III," (Jt!J('I' (('II1I)(,I'ul 1I1'l'. add (l.(I[)():3,ii 1'01' (';t('1l I.() 

a\)o\'(' ~,i,(J :lIld ;;lIb! l'nd that \'nll1l' I'm' {'aeh 1.(1 brlow tllal (('m

Il(> I'n t \ll'l,', 


(.1) ('Oll\'('I'( !'l,rl'adin' indt'x ,'aillt' into iodilw Illllllb('1' (Wij:-:.) h,Y 

u;;p of tubll' ID, 


SPI~CJAL PUECAU'J'IONS IN USE 01" 'l'l-m 
UEFUAC'l'OME'l'EU 

(1) The' I'r/'I'Orto111r('I' should, 1)(' ('fll'rfrrlly ('11('rkrd fol' OrClll'fH'Y 

lwfol'(' [)(Ii Il !,!' IIH'(1. FOI' I ilih pIII'pOSt' :lllxilinl'\' (C'htill!,!' pl'ihlllS Ill' 

kllOWll j'(,fJ'll<'tin indl'x UI'P g'('Ill'l'ttll,Y ~lIpL>li('d ''''ith tilt;illhtl'lIllH'J1t. 

f.;p\'('I'a I :-:lH'l! auxili:II',\' pl'i~IIIH sI10uid IJp lI:-;('d witil Ul('i IwLI'lI111pnt ill 

onh'l' to ill:->lll'P :H'!'\lI'lll',\' ill :III P:ll'ts (lf~ till' l':lll,!!(', Til ill:-tl'llllll'nb 

lIH\'IIIg'I'('pla!'(lal.l(1 Pl'j:-'l1l lH':lll"', (':I('ll head s11011111 Ill' <'fjuipPNl wilh 

at 11';1:->t Iwo Il':-'till,!!' PI'iSIl IS, If (,I"'()I'~ al'p <ll'il'('lpd (ilat ('HIIIlO( b(' 

(,Ii lIlillll 1('(1 ii" I'pluljll:->! IIH'IlI of (11(' iIlSll'llllH'lIt. it ('OI'l'P('tioll (ahll' 

:-;iloni<1 J)(, PI:PlltU'('11. It i~ :I g'ood I>I'U('II('(' (0 ila\'(' (ilp im;\I'ul1l1'lll 

1)('I'i()(lil'ully ill~p<,('(('d JI," S(lIlIPOllp who is liJOI'ollghly f:ullilinl' with 

oJltinli ill:->trllllll'lltH, 


(:,n Bl'j'ol'(' lilp illlotl'lIll1(lllt is I'('nd. Hllmeil'lll (iJllp lIIust ),(, allcn\'l'd 

for IlIp liquid io :1t'qllil'(' till' ((,IlIPPI':illIl'!' of til(' pril'lIls, Th(,I'P:tdillg' 

will I'Pllwill (,(lllhtnnt only wilPIl tlll;; NplililJl'illJllis p;;tablishpd, 


(a) (,IPlIll tIl!' fa(·(I;'; oj' til(' pt'i:-:lIlH (il(lI'()lI~hly Iwt\\'(,(,11 dptl'l'll1in:t

li()ll;;, 'rhi~ b hI'S! IH'('l)llJpli~lH'd by \\'ipillg with ell',\' ubsol'i)Pllt ('01
tOil. tJll'll ",ith ('otlOIl diplH'dil1 ('111\'1 al('ollOl. :Illd finnll\' H!!ain wilil 

111(' dry ('ottoll,:-io\l1tiollS ('onlniniilg' 1111' halowax. a-bI'OJ1)C)llaphtha

Ipl1(' !-'(;"'PIlI ::ltould not 1ll'Il'f( on III(' PJ'iSllIH )OIlg'('J' tltnll J)p('(Iss:tJ'Y to 

111:1 kp IIll' l'pndill!!. ::iJ1('p ill Hmll' 1'Pi'I':ld O111(,\l'I'H til(' t'l'IlH'1l1 hnld illll' 

til(' pri~lIJh ill pi:tl'(' is ('ol'l'(Hlpd by this :5()ln:nL .-


SUMMARY 

Tlll? qllHntitv 011(1 quolity of lins('('d oil whirh moy h(' pro(JtH'cd 

:from a gin'n (!LUWI ity of flaxsl'('(l lln' ,mbj('C't to wid(> ,'a I'iat iOlls dp

PC'IHlill,!!' Oil LIt<' ;;OUJ'('l' of tll<l S<'l'(1. Tlll':.;e di/I'C'I'l'J1N'S in thp :.;('('11 HI'(' 

dIu' l'hi('fly to \'nJ'i('lnl (lifr(,I'l'ncC's and to (11(> climatic' C'()nditions \1ndl~1.' 

whieh tht; H'('d was !!I'Olrll, 


~r(,thods no\\' in common use foJ' th('. detC'l'minatioll pf oil qUHntity 

and qllali(y an' too til1lC'-eonsllJlling' fOl' commel'cial inSpl'('(ioll ])1'0
('('(lurC's, Uapid analytienl methods haye thel'cfoJ'(, 1)C'(,11 d(,,'C'loped for 

till' 1'()Ui.iIll1 cil'fpI'ntil1ation of the oil cont(·ntund oil qunlit." of flaxsl't'(1. 


\ The prinei pn I. SOlll'C'eS of el'l'orin the C'th(,l'-exi:rn('fion lllenlOd f()r 
the, det'C'I'mil1ntioJ) of: fill' oil content of flaxs('('d hav(' b('(:,n studied, I 
As a. I'('stdt nn ('Xtl'HCtiOIl pl'OCedlll'(>. has been (I<~\'el()ped whirh elimi
nat('s the'sC' (,1'l'Ors to o. JnJ'g'e, degree, and which SCI'VPl" as :l stnnt1lwl 
('\w('k I1J(·thod for use, ill the development of more ra pit! methods, 
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A ccntl'iiugnl mel:hod 1'01' the l'llpid dN-I.'I'lI\in!ltion of oil conl(,llt 
hus ('Otll1lH~rC'Ja I possi bil i tics tinder comU t iOlls wh(>I'(> nil II ('('Ill'n ('Y 0 f 
±l-pel'cl.'nt oil if; SlIfI\cil.'nt. . The method is V('I'Y silllpl~ in opl'l'alion 
Rnt! I'l'quil'es I'clal'ively simple equip\llent. ApL)I.'oxilllHtely pif!ht 11(.
terminations limy b(~, .mnde in lIll hotii', by 011(' annlyst. Til\' IlIt'thor! 
is not l'ecomll1('nc/C'd ,,,hell a high (I('grcp of aCe'ur'lIcyis J'('(lll~ 

The rc1mctometl'ie l!It'thod originally PI'opo,;('d 'b\' Co ('man and 
FC'l1ows (.n hns Iwen pel'i'(lete(/ 1'0 It:; to clilllil1at(l it:;' ('!ripf HJlII'('1' of 
(,!'I'or, Certain f('tltUl'l'S of the ol'iginal 111('1 hod. hll\'(' al~() 1)('('11 !'-i II I 
plified so t.l1lt./ llie tWl'l'age an:t1'ysl Illay quickly 1ll:1:;(,I' the tcehlliqlll'. 
A hi~1t d('gl'Pl' of aeC'I,I!'a(''y may be atttLilll,(J .by ttl(' lll(J(ti(ipd 1\l~,[lt(Jll~ 
iii> (\\'I(II'I1<'(',d by th~, iact IIlHf ill,tht, unal,)'sl:; of: i'i,I· "alllpll's 01 flH~
,,(,1,'(1, ('on'I'1I1~ a. wHl(' vadei:.v oj: L."(lC':;, J!y botll (lit' 1'(' fl'(ldoUH'tl'[(: 
nll'thocl nnd the pch'oleum-ptller cxtmdlon IlIct'llOd, a. ('OI'I'C'lnfioJ) 
('o('fIi('i('nt of +O.Dn:1 was obtailH"(] with n ,,(unda/'!! (,!'I'OJ' of pl'pdil'
f ion oJ ±O.2G pl'l'('cnt of oil JOI' (h(' Ilwdili(,d ''(If''II('lumpt de 1l1l'tllod, 
Hl'!mHs obtainN] by ('ollabol'u [j \'l' :;(ud \' :-;IIOW a !!I'l'fd ('I' dPI.!TPl' or 
U(,('lII':H'Y and l'cliab'lIity fO!' tilt' lIIo<iiJiP(i ),pfl'uetolll'pll'i(' lI!(lth()d thun 
I'm' the '1>fandal'd petl'oieum-cthe/' cxtl'uctioll llll'thod. 

A singh' unaly'sis by fhe modified 1'C'f)'aetoIlIPtl'i(' lll(llhod ('tUI hI' 
Illude .in aooul 80 lllilllltl'S. as cOlllpar(ld wilh llll' Hi to 2/' hOlll';, !!<'ll
('/'al1\r l'pqui"Pll fol' !'Ill" eX(Tactioll. IiIP!h!)!!. ApPI'oxilllat!'lr'!of) 
allnl\'''p,s Ilia\, be Illade in :til 8-houl' d:1\- with a :;illf!le :-('[ of ('quip
l1wnt. 1),\' Olll; allalyst: with the aiel of I:w'() nOI1!l'(,hni('aJ assi:-tanls. 

TIlt'. J'('J['a('ti\'(~ind('x of flax.s('NI oil pl.'ppal·('d by :;p('C'ial IIll'ihods 
nlllV 1)(' 1I!"C'(1 :IS tI tlil'pet 111(':)SIII.'(1 ofiodilll' 11 111111 J{'I'. III(' lnttpl' YuIll!' 
briilg- l10W lI~(ltll'ol1lml'l'eiall'y as:1.11 appl'oxillltlil' nl('a:-;ll.l'p of (1)(' dl'Y~ 
ill!!" quality of thc oil. In t1l(' IUlal.vsi;:; or oil:; fl'OIl) DO :-;:11111'1(';; oj' 
f1ux"P()<I. with iodine lllllllb('r.s (Wij:.;) I':lng-illf! from Liii to J!li. a 
('OlT('lillioll ('ocflkient 01: +o.n\)(ji.l be!l\'('C'n iodim' IHlIlll)('I' alHl 1'(I'fl'ue
tin' ind('x wa.s found, with tl :;tan(/aL'd ('/'/'O!' ofpl'(ldid ion oi!j()<1in(' 
J1l11ll1ll'1' of ::!:O.H2. ",Vlwn t!lC' oil ('ontent hal' 1)('('1\ ([p('I'lIlinpd Ily 
tllP jJl'op()H)d l'efl'udol11etl'ic, method no ndditional labol'is il1\'oIYl"(1 
in dl'lcl'l11illing theiodine.. numbel' l'efl'llt'tometricnlly. 

F()!' tll(> purpose of I'olltine analysis of flax:;('('d lht' J'pfraetollll'[I'i(' 
Ill(lthods :1'01' tile dNt'nninntion of oil ('onll'I1[ mId imlinl' 1111111iJl'l' 
nVijs) shollld yipld I'Psults (';':'<;('lItiallv as i1(,{'lIl"id(' as tho;-\, ohlailwd 
1>\' 1'11('. ('oI1Vl'ntiolllll pl'ot'('dul·c;;. alld 'ul the :-HIllt' time t'll'Clt a. 1'1Ib
r-tnntial sllvillg in lime, ' 

LI'l'BUA'I'UIUJ (,prE]) 
(1) ~\IIS0LU. W, 

JH1-I. 	 i'ma! ItH'II.\I('I"t)'\IJo:'rEIC,\SG,\III·:N \'1>"11 IJI':lo,:x 1IJ·;7.n:lftlSm;:\, 7.l t'lll':~\I. 
lROlllm ](OXS1\\NTl':N. ZlHt'hl'. Unteri'uch. Nail)". u. G(,Il\l~~IJltl. 
:.!'i: :lll-:.nK 

(2) ASSO<CIA'J'JOX OF O~'I'I('IAI_ AGJllllJI::l'nl.\I, C'H1'!MIB'I'S. 
)f);~O, 	 OFI"I('IAr. MW 'J'1~Xl'NI'In: .MEII"IfQDS Ol!' .\N.\I;YSlfj. COlllpiletl by IIIP 

l'OJl1lllitt!'(' on (I(li/ing methods 01' au:lIysis. l!~!1. a, ;:;()3 [IV" illus. 
Wnshill~toll, n. C. 

(:n BAt$EH, H. ,1. 
1n10. I1~;1' \'E1WANIJ 'l"1]1>1;(,III':N IJE DEI,AXGIlI,TKI'l"I"Ji; l'TlYH!SCIU;~::N OTlI';~Jll:;CTm 

eOXS'I',\Nn:x I'A;\' OJ.IRs "X \'Jo;J'I"EX. ('IIl'lll. \\'('('khl. la: [!);j·'I-OO'i. 
(·/) ('OI.J·;~\IAN, D. A.. :JIll] 1~I~I.1.0WA. II. C'. 

:H):!'i, mr. (',)NTW,'I' Ill' l>·I,,\XS~:~:J). W1"l'11 eO:'IJ~.\msoxs 01' '1'/'$1'::; 1'01\ 1)I'~I'ElI
~\IISINO OIL l'O:-;·I'I·;:o,"l', e. H. DeJit. Agr. BUll, 1-111, 35 llll., illm;. 
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(G) l!)1I~('\I(QI', A, 
10:15. 	 IIEVUAl"ro~"'TltiO mmmMIXA'I'IOX O~' Oil. IN ,;~;I;I)S, l\la><loi)lIll1o 

~IIII'O\'OP ])1'ln 1'1: 2S2-2R'l, IliI It\lsHi:III, AIJ;o:II'liel ill CII('III. Aba, 
:!!l : Sa7:!, :wa:;, J 

(U) JfEI)~:tLII, HI'I':CWH."ITIOX::; 1I0AIUI. 
:Jna1. 	 1"(,:JII~ltAI. HI'I':l'WI('ATIONS 1"0 It 011.; I~INHI':I!:\), RA\\", 1,'('dl'I'al HI Illldll I'! I 

Hinck ('11111101;11(', J.I,I··O-;{:llI, Hi'(', oJ, pL ;:" 
(7) GI,;uIl~:S, W, 1<'" IIIHI LI~III11':lItl, I,', lI, 

l!J:JU. 	 m ••lx STUlm:H, 11', ,1:'\ DII'Il(II'EI) Hl~I"It.H ..rO~Il"nlll: ,\11,:'1'11(1) FllIl 1;'';T1
~rA'I'INO 'I'in; OIL ('Ox'n:N'I' Ol" 1'1.,1-"81':I;;U, ('Hlllld, ;10111', It('SPIII'ph 
H (Hl'e, ('): 'IH-fll, illll~, 

(8) GltOmnl(W, ;1, 1', 
'W:l:i, 	 ng ItEI,·II.I("I'O,IlI<;"J'ltISClll'; l'I;;I'II1'I'AIJ:NO IN COPIt.ln. on PI'" lilliI"', 01'011' 

illl;l'Il, (I']lll;llsll H\llI111111l'~', JIll, {jr.-fin,} 
(0) lI~LAIUO:;OI', V, \'.. IIIHI l)(.;~!KOVSl\li, 1',

'lD:m, 	 1U,:I'It.ll·'I~)~lI'7lll1(· 1l1':I'I';U~( (:'\.I'I'I[)X m' 011. ("():,\TI~N·I'. ~\[:lsl(Jh()ln" 
~lIil'()I'(Iu Uplo 11)3..: 17]-17:1. IllI Illl~tlillll, Ahl"'ll'H!'1 ill (,1I(,llI, 
•\ \!;;, ~U: R:17:!, W:l:;, I 


(1()) L~;l'l"m;, W, 

I n:N, 	 i'II1;;11 Jo;J;o.; 11 IlI"'1IA K'I'().\"':rlW'Cll1~ ~I "KilO' t':I'1l .1111,110-,,(, 11 :'\'1~1.1.~1I';·1 11 (,Ill'; 

IIt'll FI>:'I'TIII':H'IDIMllNn IN (j1.H.I~IJo::O;••\lI!!\·W. ('II(,llI. ·17: 7;\,I,·7:W, 
(11) 

l!Ja,l, 	NI';I:I': n:l·rlll'STUl.\nrNUS~II"I'II{)IJI';N 11'(0' I'YIC\O~II~nIlH\'IIEIt I'NI) HI':
FII.\('KTOME'I'Hli4('[lIm GlttrNIII~IOI';. ~l"ehl'. l.Y nl p l'HlI('h, ]',('I,(l11SIIIII. 
l.iS: :1:1 ..:1S. 

(12) 
lOa,1. 	 ~:IN NI~I'g" 1;('lI:1'''I.I,I''KIIl'.\lIl1l~N ~WI( (1U.TCIIIII':I'[lm:;o; 1I~;I'II.\('ICI()~II·· 

'1'H1S('IH.N m:tl'l1~Dlt~;o;(1 1'0:'\ ~1I1.(,lln~I'·I' I'XIl III,Jo;lI,'Hi4lOlolml'~1 ()Io:1I 
~III.('H, ZI1'('(1I', I'nfpl'><lwll. Ll'\!('lIl"'llIt·1. tiS: 2m··2!!7, 

(13) 
.103'J. 	 NI·;m: KO~llIINIKlt'rl': lt~:1'1LI('I,·ro~I~:I'Jtltlelll~I"I·:T'r· ['\Il IIm'I\I,:ItJllo;H'l'l~I' 

~1['Xm;N 1:'01 1\.\1\',\0 l';o(O :O;I.'IIOK{)1••\I)I':, Zlschl'. r:11IPI'SII('h. 
1.l'iJC'Il1'lIItl. CiS: :lfiD-:m., 

1 !l:I5. IU'JmAl('rO~"'~I'ILISI'1I11 1'·I"I·I'III;'';TI~( ~U' ;0(110::0; ] N ](:\HI':' ~tl'wl\l', l'III!'I' 
!"\l('h, 1.(lIi('II:;1I\1 I, 70: !l1-!lfi, 

(Hi) 
1!J3ii, Ngl'~; A:,\ln;'\'Ul'Xm;:,\ III';S ItM'H,I"TO~I~:l'IWH IN I)I~I~ FI'i1"I~\N.\I.YSE. 

('111'111. \f,1g'. :m: r:t!:; Hl~7. 
PU) 

10:1(;. 1I1';FII.\K·m~II'Tllltl('lIl~ (O(';I·llIbH'l'I.II~II'NGm( IN iiUl.IATI·:N ,\11'1' IIltO~[' 
:'\.11'11'1'11.11.1 x, \f,1:;('III'. l'nll'l'Hneh. LpiJPlIHllltl. 71 : ;\:1-:1H, 

(17) -·'llnd~Ii'I.I.I·:II,I·], 
1o:\r;, I)II~ 1I1':I'II.\I'Tf)'III':TlW:i('III·; \,'(o;'I"I'III':STD1.II (':'\0 IX \ll'!I'TH('III,11 SO,I.I, 

All!!!'\\", ('11('111. ·IR: ,114-11;', 
(18) L111\'1 fl, It. I I. 

J!):12. 	 m:Tt:Il.\lI,,\'I'IIlN (W Oil, ('ONTm,'I' 01' 1'I':e.\Nlo, ~I';\\, SI'I.I'I'ltI\' M'W 
1Jf(;J,:STION ~lg'I'1I01l. InIiIiH. lind 1~llgill. I, 'lIplH" AII!lI~·f:. !·lli. ·1 : ~!lO-
207. 

(11) 	 LNII"IWII'ITSOII, ,I, 
IDla, ('lm~II(',\I, 'rfo:('IINIlLOllY "Nil ,IN.\I,YSIS (W OIl,H, F,l'rs, "Nl> WMC1~tl, 

·Ea. 5, ent:irl'I~' rewritten Hni! pnl., :3 I"t ilIllS, London, 
(2'0) NIlWI~MANNt II1\(1 K.IYfi~;ll, 

1012. 	'l'l';II~;I~ ,IOIl;r.,\lfLI~X. 11. IIlml'ln'N(lfiINIl(('~:H I'OX l.~:INnl.l':N I'NIl lllill'; 
1I1:IImlll'NO ze IlIm ,IOIlIIAnL. 1,'ul'bell Zf:!!, 17: ~lti:i-211i(i. 

(21) l'JOKllItl;o(1, G. F .. /lnd COWI,IHILlW, C:.K 
IO:!:!, 	 'Pin] n~}I ..ITION 1II':PW~:i';N TUI': HEFILlt'TI.\'Io; INIl~:X ANn 'l'11~: ell I,m le.\I, 

CllAll,II"r!';ICISTI('fi (W OIl.R AXU FNl'fi '(1l~YC~:lt1llt;fil, ;Iotll'. HII(', 
(,II('Ill, Tntlnfi, 'l'I'ans.•]1 : 74rl'_77~I', 

(22) ItA8TEit Y,", "''I', A, 
10a4, 	'rll~J IlIm"'~llNA'I'lON (W '1'111~ 011. ('ON'l'EN'r 1m' 81mnS I .IIY 'rlll~ m:I'll,\(', 

'l'lI~nll'E1I, Mafilol!oTno-Zhil'o\'O\' Dplo H):{·' (1\0, :1): 10·-11. 1111 
ltuSSiulI, Abstrllct ill Chum, Ails, 30: 1507, .lOBO,] 
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(:!;{ J L"Nl.'I<:J) H'I'.\Tl;'<:' '\ )t:I'AU,.~n}."'l' IW AIl1\ll:.'\·WTII};, B\"ilg.u· (II' AmttcUI:rUltAI • 
.J~('O;\'().\lI(·li. 

1ml:!. 'rJJ~: OFI"ln.\]. li1'.INIl,\1l11li IW TIn! tN1TEll !'i'LI'n:.'l 1·'01~ 'I'II~; \1l\AllI;<;O, 
,'t\.\Il'I.ISO, ,IXI) AXAlS'IIXll (W ('o'l"m,'\'I:I~;~;J) HOI.II Oil on'f:II)'J> "Ol~ 

S.II.f) },'I)II, CIWSlllXG l'\'1n'{)St'li. I:. )4. !.ipp!. ,\J!J', ~I'.t\'. lllltl 
HI'J!ulll t. .\ IIIHlum', W:I, 

f!'!.J) V!)l,I.~:lI'l'sm;. J, ,J.. ('111111'111:111, 
1!)!J]. HJ~\'.mw .IXI> ('(101I1lIX.ITIO:\ OF I'II.\I~II'I·I'I':~; II~)O.\I.\I~;:-;J).ITIO:>S. Oil 

1111(1 1<'111 ltHlu". :-;: :{.j;-,. a17. 
f!.!;)) ""I·;SliO:-,'. fl. 

1!J!.!(). XI,\\, Ol''I'H'.II••111';TtlOIl J.'t III J)1';'l'Jm~I),'\"I:>O Oil. 1'. (III ••\111;1 ••\I,\'I'I';III'\I.s. 
('otl on Oil PI'p,,:.;,1 (;{) : iO-7a. 

(:!I\) Z.\XlJf:lI, L1, 
1O!.!1i. IWIlI,\((TO.\lE'JII1SCltJo; J-"TTB"STDI~II'X(j 1:\ .;il !-..\,ITI'X t'SIl iiLI\!'(,lI~:s, 

Zf.~('1I1', l'III(,I·';[JI'II. Lphl'llSlIIll, ;]1: :l!.!·I-:I:l:/. ill,,;:. 
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