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Rapid Determination of Soybean-Oil 

Content and of Iodine Number 


of Soybean Oil 1 
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By LA\\ltEX(,~: ZELEXY, assocrll/e (ll'ain it'citnolO(li81, and M. H. XEt'S'I'ADT, 
jltllior ch~mist, ~lgriclllt/tral J[ol'ketir/,y 8eruire 
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i\EED FOR RAPll) OI.L-TES'I.'J:\G METHODS 

The rilpid inerensc ill dOIlH'"ti(' "oybellll produetion ill {'('('('ut yNLl'S 
hus bcen 11.tt<~lldcd by all 0\'011 morc rapid incrcasc ill the qUHntity of 
SOS-bCllllS used for C'ntsiling-. For the emp yenr beg-inning October 
1924 only :~OI,OOO bUHilel::;, 01' ubout (j pel'ccllt of thl' domcstic crop, 
werc erushed, whereu::; in 10:31) more thftlI44,OOO,O(}() busIH·l", 01' nbout 
II pe.r('cnt of the ('fOP, were ('rushed in domesti.(, mills nnd fLbout 
4,500,000 bushcls, or abou t 8 pCL'('cat, wet'l' exportcd. 

Although it pound of soybeall oil is wo['th from two to (1"e tillws as 
.. much ns 11 pound of til(' men.! 01' cnkl' left aftcl' I'cmo\'nl of the bulk of 

I ,the oil, yet, bCClLU~(, SO.vhf'Hns han' t\ l'('lu.ti vpl,\' low oil eOll tt'nt! tlH' 
~.. ~neal from n bUHi1rl of s(~ybcnlls g('!l('rnlly. hus a sOlllrwhtlt Illgitl~r 
~ fmarkrt value tlHul the 011. TIll' \Tult;r 01 till' mellI, howe\'cl', IS ~ :;~ ~not app['cciubly influ(,IH'('d by thr oil eontent of the o['iginnl SOybCIIIlH. 

.J,. ~Oil, quantity and (t'lltdit~-, tilrl'efol'e. 1\.['(' importullt fncto)'s gon::'rnillg 
.a u thr i~'insi(' cOllllll(,l'citli ,"allies of ~orbeltl1s,

:Jil ~ Yetlaw \'i1,J'irti0s nf soyl)(,ltns ttl'(' preferrrd ill the l"nited SUtt(>s [01' 


'§crllshinl!. 'I'll(' oil is obtnill!'d eitllPl' h,v titr expeller 1l1Othod, tlit' 
~hydl'!lulie-pl'('s" mqtliod, OJ' th!' soln'nt-<'xtrnctiOIl process. ('0111­

I'lm('l'ci:rr1ots of yelloW "OybCiUlH ordinarily contn.in [!'Om 17 to 22 pPl'('ent 
401' oil·3§ n dry-nw.tkl' hi!"is. ,rhell soybealls are P,l'()('('ss('d hy (,itiwl' 
?rlhe (>~l'llei' OJ' hydmlllie-pl'('sS method the' l'psultll1g llH'fd 01' ('ttkc 
QlIslInllv'eontains nJiollt ;) pC'rcent of oil. From thosp figures it cnll 

.-::: I "ubr~itlcd for PlIhlicntion',\Pr. :!'2, IWO. 
; 

1 
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readily be seen -that soybeans containing 22 percent of oil will yield 
approximately 40 percent more oil by these methods than will soy­
beans containing 17 percent of oil. Thus it difference of 1 percrnt in 
oil content, may account for n. differellre of as much as 8 percent in 
cOllunercinl oil yield by E'xpeller or hydl'n,ulic-press methods, Oil 
content, therefore, is n. much more impoI't1mt inclex of value tlum the 
actual oil-con trnt prrcentuges appear to indict),h'. 

Soyben,n o,t is used pl'incipnUy for food purposes and in the manu­
facture of paints and ynrnislws, ilnd to it lesser ('xtent for soap II1itnll­

factul'C and other llliscellnneous purposes. In the food industries oils 
of low iodine number are prE'frITN\ because thl'Y may be more eco­
nomica1lv convertt'd into hydrogenated ftlts and bt'ctluse of tlwir 
possible grent('1' stability in the liq'uid state. On the other hnnd, oils of 
high iodine number are much more dcsintble in the paint and YUL'Ilish 
industry becallse of thcir more rapid drying propel'tirs and the more 
d unt.hle q lIality of film produced. 

At pres('nt domestic commp,rcinl so~-benns of the types used for 
crushing hil\-e oils with lodille l1111ubL'rs that gPllcrnlly fall between 
128 und 138 (\Vijs). SdC'cted experimC'lltal samples of soybeans 
yield oils rnnging from 117 to 147 in iodinE' number. In order better 
to nwct the req'uirt'ments of the two D1(,,,t important soybean..:proc­
essing industries, efforts itre now being made to dC'velop new commercial 
vnriC'ties son1(' of which yield oils with it 10wL'1' und othCt'S with il 
higher iodine number tlltln existing varieties. As a result of these 
efforts the rnnge in iodine nlimbeI'S cncounterL'd in oilsfromeommercial 
soybooris may increase considf'rably, and the iodine numbC'r become 
a more important quality factor in evaluating this crop. 

DfTERMIKATION OF OIL CONTENT 

THE EXTRACTION Nt ETHOD 

An extraction method for c1t'tormining oil contC'nt by using petro­
leum ether as a soh-ent was used as a standlud procedure against which 
the rC'slllts obtuinC'd by the pmpospd rapid D1L'thod were cl}('cked. 
The extraction lllC'thod and its princiPlll sources of error WPl'e studied 
in considerable detail by Zrleny and Coleman (.~5) 2 in COllI1C'ction 
with fluxsC'cd. The,following procoourr, bl1f'rd lnrgply on that study, 
wus found to be sn.tlsfnctory for soybeans: 

(I) Reduce the weight of the clean, air-dry sample containing not more than 
10 percent of moisture to approximately 50 gill. by II~(, of a mechanical sfllllpier or 
by hand quartering. 

(2) Granulate the sample with a coffee-type mill adjusted for a fairly coarst' 
grind. 

(3) For the final grinding a motor-driv('n ('xperimental mller flour mill with 
(i- by ti-inch rolJ~, 40 corrugations to the ir]('h, is Tecoll1mend(>d. The ro\1s should 
have a speed differential of uhout 9 to 7 and the fl~ster roll should ha\'e tl speed of 
about 900 revolutions per mimitC'. Adjust the rolls to tIl(' minimUIll possible' 
cleamnce but so that Owy do not makf' contact. Such a mill is shown in figure' I 

Pass frorn 10 to 20 gill. of till' granulatl'd sample through tIl(' lIlill, bru:;h otI any 
loose material frolll thc stationary parts of the mill and discurd the ground lJlah'­
rial. TheIl without cleauing th(' wlh; or other 1ll0Villg parts of til(' mill, puss tl\(' 
remainder of the siLrnple through, al(aifl hrushing any loose muterial on the lltill 
into the Rumple and again !lot cl('uning the rolls or otlJ('r moving p!~rts. Thl' 

'Italic numhers in parcntb~••cfcr to Lit~ralurc Cited. p, 20 
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sample should be passed through the roller mill three times, but no part of the 
sample need be discarded from the last two grindings. 

(4) Samples should be weighed and extraction begun immediately after the 
grinding. In case nny appreciable time elapf.es between these operations the 

i. 

AMS 1275 

FIGUH8 l.-MotOl-drivl': tl:.perimental roller-type mill. 

ground samples should be kept ill tightly stoppered glass bottles in a cool place 
and out of direct sunlight. After thoroughly mixing the ground sample weigh 
out accurately duplicate 2- to lO-gm. portions, trtlllsfcr quantitatively to the 
extraction thimbles, and cover with wads of fat..Jrr-J cotton. Dry the extraction 
flask.~ in an oven at 100° C., cool in a desiccator, a,Jd weigh. 

http:elapf.es
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(5) Extract with a petroleum ether conforming to the official specifications for 
petroleum ether for cottonsecd extraction (38),3 using any standard type of extrac­
tion apparatus. The extraction should be continued at least 18 hours with the 
solvent condensing at a rate of at least 100 drops a minute. 

(6) After the extraction is complete, disconnect the fbsks and eVllpomte the 
bulk of the solvent on the stellm bath, remodng the solvent vapors by suction or 
by carefully tipping the flasks from time to time. "When no more vapor appcal's 
to be generated, remove the flasks from the steam bath and drive off the last 
traces of the solvent by one of the following methods: (a) Place the flasks in a 
vacuum oven at 95° to 100° C. for 30 minutes. (b) Place the flasks in a well­
ventiln.ted air oven at 05° to 100° fo\' 1 ~~ honrs. (c) Leave the flasks on the steum 
buth for 1\:; honrs. " 

(7) RClllOve the flasks from the oven or steum bath and cool to roolll temper­
ature in u desiccll.tor. "Weigh immediat,ely 011 removal from the desiccator. If 
duplicates do not agree within 0.2 percent of oil, the determination should be 
repeided. 

It should be noted that the usun'\ procedure of regrinding the 
partiuUy extrncted snmple in il mortal' before continuing the extl'nction 
is dispensed with in the aboye extrnction method. It hus been shown 
that when the snmples n,re ground with the roller-type mill us directed, 
usunlh- less thnn 0.2 pel'cent of nddition:tl extl'net is obtnined by 
regrinCting thE' sn,mples, nnd evidence e~.:ists that this ndditionnl cxtrnct 
is made up in considerable part of mnterial other tll!1n oil. It should 
he rCllwmheL'ed, however, tlwt in applying lt11~' extrnction method fOl' 
the determination of oil content to sovbenns 01' Uny other oil seed. 
the sfl,lnph, should be l'cgl'olmcl in a nlortn.l' :tHer pu,rtinl extrnctioll, 
unless it }ws heen conclusin~l~: proYed thn,t with the procedure uSl'd 
no si~nificnnt quantity of :tdditionnl oil can be extrncted ns a result 
of such a regrinding. 

Although the extmetioll method is cOllsider(>ci the fundlunentnl 
method for determining oil content in oil-bearing seeds, it lcuyes much 
to be desired foJ' sn.tisf~~ing c'C'rtnin "oulinr comlllercini demn,ncls thnt 
require it method for cletrrmining the oil eontent in n l'(~ln.tivrl~· s\tort 
time. This is pttrtieultlriy true in the romnHll'cinl inspection of cltriots 
of so~rbemls, where it is impmctieable to hold the eiLrs "011 tt'l1ck" for 
the Iengt11 of time ['(>C[ uil'ed to run oil tllUl.lyses by the eom-entionnl 
extrndion procedllt'E'. 

THE nEFIUGT())n:'1'R~C METHOD 

OEVELOP.\lENT OF TUE )IETHOI) 

'IreS80n (;ill) wns able to determine the oil content of ('ot tOlls(>(>d 
melll Ilnd men,ts by determining the refracti\'e index of It "hnJownx" 
(a-cltloronnphtlltdene\ pxtl'llet. The llwthod WIlS bnsl'd on the fll('t 

fhllt the rE'fl'Hctive index of It mixturE' of ('ottonseed oil \\-itl, hll.!o"'!1x 
bellI'S an essen t inll~r lilletlr relationship tn tlH' pP]'('('n t nge of ('{)( tOl1seed 
oil ill the mixture. 

('olem:t11 nnd Fellows "sed this priucipl(' in thl' deH'lopment. of n. 
method fo], the de(el'minntioll of ttll' oil content of III1Xtl<'('(! ({j) lWei of 
other seeds lWei oil-bl'itl'ing Ilutt(,f'irt}s (7). TllP 1lIl'thod (,llilsists of 
mixing definitt' qUilntiti(ls 'of hnlowilx nnd or the filH'ly ground 8(>1'<1 
in n. mortnl', thoroughly mncpmting the mixtul'(I with sand to E'xtmct 

'l Jib('s(' SPtl ('l1khtiOll!{ an' u..' [ol1n'''·~. [mtinI h(Jihn~ tpmp~rnturQt not h·.... than "1''';;'' , •• (wr uvt,lr 40° (', ~ 
dTy·fl~<;k t'nd flojnt~ not oV~'r r~F c .. nor )1'''''1 than ,Wil;; C.: ~lt Il\fist U., lwn~'nt dt-.rdllm: tlndl'r.I"',.j'": C and nOt 
O\·f'r·.....:1 [wre'l'ut unflt-r jIJ:I (~.: ~pl:'("ifl(' grlyH r at riP F .• O.f.:30 to tUj7:;~ ('ok,!'. w·lt~·r-wJut.·~ "v:t/,nr:ltinn n'C;tdlH~ 
not OYPT 1I,1}02 pl-r('ent hy wt>ll!ht; doNor h'st, SWCf.!t; copper--strip corrosion t~st. noocorros '1l'; nnsatlJralNl 
mmpollntl$. trncc only, r"·rmlt(~d. 

4. '! 
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the oil, filtering the mixtme, and determining the refmctive index of 
a small quantity of the clear filtratp. From a preyiollsly prepared 
conversioll table the percentage of oil in the seed corresponding to 
the rofmetive index of the mixture min- be read. 

Geddes and Lehberg (10) have lllociified the method by employing 
a mixture consisting of approximately equal pn,rts b~T volume of 
halowax and a-bromollaphthalene ns n sokent mthcr than hnlowax 
nlone. This makes it possible to adjust the reh·n.ctiw index of the 
solvent aceUl"n,tel~T to a predetermined ntllle, thus eliminating the 
n('cessit~7 of preparing fl. new COIl version table [or each new batch of 
htllowax. 

~Joclifications of the refmetoIn('tric method haye also been de­
n'loped by Rnsteryn.e,- (34) for th(' determination of oil in mrious 
oil-bearing seeds, using chloroform as a soh-eut; by Groenhof (11) fOl' 
the estimation of oil in copra, using be'lzyl illcohol aud tetruhydro­
naphthalene ns solvents; and by IllarionO\- and Dcmkovskil (13), who 
found chlorobenzclle a suitable solyent. Zander (42) tLnd Ingraham 
and Simpson (15), in applying the method to oil-bearing seeds and 
their press cakps used halowax to extract the oil, while ErmnJw, (8) 
uspd a-bromonaphthalene. Leitlw (19, 20, 21, 22, 23, 24, 25) and 
Leithe and ~'1i.iller (28) have used the prineiple of the refractometric 
method in the determination of oil or fat in a ,rariety of products 
including chocohLt(', cliLiry products, and soybeans. Leithe used 
benzine as a solvent in most of his work but later (25) found bromo­
naphthalene to be superior for this purpose. 

Zeleny and Coleman (45) further perfected the method ns it appEes 
to flnxseed b:r taking into nccount the vil,rilltion ill rnfractive index 
of the oils from different lots of flaxseed. This '-arifLtion in mfmctive 
index is sufficiently great to account in many cnses for sel'ious errors 
in the method when a flllxseed oil of avernge refmcti\-e index has been 
used to establish the relationship between oil content and refractive 
index of the soh-ent-oil mixture. A tllble of corrections was therefore 
prepared to supplement the conversion table bnsed on a composite 
sample of flaxseed oil and a solvent consisting of a mixture of halo,·lltx 
and a-bromonaphthillene adjusted to a standard refmeti'-e index. 
This method has been adopted as official b~T the .Associiltion of Offirinl 
Agrieultural Chemists (17, 40, 43) and is being successfully applied 
in commereial practice. 

~lore recently- satisfactory results with various modifications of the 
refrnctometric "method Imve been reported by Leithe and Lamel 
(26,27), Bartstra (4), Rubinskii (35), Rubinskii nnd Barmicheva (36), 
KIuin (16), Olen (5), Frahm and KoolhaHs (9), nnd Wittka (41) for 
determining the oil content of various products' including castor­
beans, peanuts, rapeseed, palm kemels, cacao beans, corn, and tung 
nuts. Scharrer and Lamel (37) have presented e\-idence indicating 
that in cases where higher results are obtained by gmyimetric extrnc­
tion procedures than by the refractometric method, the higher values 
are often due to the presence of nonfatty substnl1('eR in the extmcts 
and therefoee the refractometric results nre more likely to be correct. 

ADAPTATION OF THE REFRACTO;UETRIC OIL-CONTENT ,lIETHOD TO SOYBEANS 

Believing that the domestic soybean industry might well benefit 
from a suitable rapid refractometric procedure for determining oil 
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content, similar to that previously recommended for flaxseed (45) 
and now ill practical use, the Agricultural ,Marketing Service hus 
lmdertaken the udaptn,tion of the method to soyben,u analysis in a 
form that should prove suitable for routine inspection procedures. 
A preliminn,ry report on this subject hus beon made by Zeleny und 
Neustadt (46). 

Using a mbdure of halownx (a-chloronaphthulcne) and a-bromo­
naphthalene udjusted to lL refrft('tive index of 1.63940 at 25° C. us fi 

stu,nclard solvent, the refl'Uetive indices of mixtures of this soh-ent in 
various proportions with l' ("omposite sample of freshly prepared soy­
bean oil hnying a refruct:ye index, n]f= 1.47302 were determined 
(table 1). 

TABLE I.-Refractive indices al zijo C. of known 'mixtures of the halolCux, 

a-bromollaphtitalwe solvelli with (t composite sCI1npll' of soybean oil 


Oil in mixture I 'nli Ii Oil in mixture I 
~___ ___;_____;1 _______!____1 

Percent' ;i Percent 
0.000 1 1. 63940 II' 9. 154 1.0lS91 

1. 61078 
1. 60311 

5, iOS 1.62646 20. 180 1. 59612Ng~ U~~} m:g~~II Iii' 
6. 569 1. 62458 88.879' I. 486i5 
7.266 1. 62297 loo.OOO! J..I7302 

~____,I,-____-",~---,-"" '_••____ 

The percentage of oil in the mi.xture obtained in the actual annlysis 
of soybenns may be calculnted from the formula: 

100 Wx 
1\"' + IVx 

where 1V=wcight of ground soybean", in grams, 
lV' =weight of solvent in grams, alld ·411 

x=weight of oil in gram<; in 1 gram of the ground soybeans. 

It may be shown with this formuln. that when 2 gm. of ground soy­
beans are mixed ,vith 5 cc. of the standard solnmt, a range in soybel\l1 
oil content of 10 to 26 percent will eOl'l'espond itppro:-..-iuUttely to a l'flnge 
in oil content of the solnmt-oil mixture of 3 to 7 percent. Thus, by 
plotting the \'altles shown in tn,bie 1, the refrn,eti\-e index of the soh-ent ....
extruct ('orresponcling to any yaluc for oil content of soybeans mn.y be 
determined. In this manner a conversion ti1hle WitS prepared for 
converting l'efl'Uc-tive-index readings into soybeitn oil content per­
centage:; (table 2). 

Obvious!'" this table will be strictly \-alid only for til(' ilnnlvsis of 
soyben.ns \\~hose oil has the l'efr!Letiy:'e index, n~= 1.47302, since fin 
oil having thitt value was used in the prcpal"il,tion of the table, A 
cOrt'ec,tion table (tithle 3) wns thp.refor(' prepnre<i to indien.te the ,altH's 
to be added or subtmcted from the Yillues obtained by the conversion 
table for soyben,ns whose oils have refrn.c-ti,-e inciiees other than the 
index used us a standitrd. In actual practic(', however, soybeans that 
have oils with refl'lletive indices differing sum('ientl~- (rom this stnnd­
ard to cause 11 significant error in the uncorrected oil c-ontent nlluc 
taken from the conversion table, are seldom found in commel'('inl 
channels. 

http:indien.te
http:soyben.ns
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TABLE 2.-Collversion table jor clclermining the percentage oj oil i-n soybeans jrom 
the rejractive index oj the halolfUJ;, a-bromomtphthalclie CJ;/r(lcl 

II 
Oil ! I' Oil n.13 II Oil Oil Oil

i , 

---f--- ---J--- i---'--- - __ 
Per· i Per· Per Per- 1: Per­ Per­i
cle/.'o t I. fi13°on cent, I••"""0 1 clef. , ' 1.6""0,5" CI"J!l1 i! cent ; celltO I. 62i27 20. x , 1. 62;,03 23.5 I. 62402• I i 1.f13243 I~ ~ , 1.63002 v.:5 ' I. 028sU ": 2 : t 62721 .!! , I.. 62;157 .H 1.62396· 2 1. 03:!'J6 , .9 1.1)3056 .•, . 1. 62SS2 .3 i 1. 62715 , 21.11 1.02551 ., 1. 62390.3 1.1'1230' 13.0 l.I;'1!}IU .7 , 1.62870 A J, I. 62709 :' . I I. 62545 .Ii I. 62384

• 4 1. 1;3223 1 I. 63043 . ~ Lti!!S70 • .; 1. ()2i03 ji .2 I. 02539 .~ 1.6237"
.5 1.032\!j . 2 1. r.a03H ;' .9, 1. ',!!S63 . ~,l i 1. 62606 I • 3 1. 6253:1 24. () 1.62:172· 6 1. r.3~09 . ~ I. 63030 f' 16. 0 i I. ';2S57 . I. 62690 I' . -1 I. 6252. .1 1. R23Gf>· I 1.03202 .4 l.f13o-:rJ:; . I I. 6!!S51', :.., I. 62684 . . 5 t 1. 62521 .2 1.62360
." I. 63196 .5 1. 113017 ! .2 1. 62S4'i ri .9 I. 02678 l: .r. 1.62515 .3 I. ij2'J5.J
.9 1031"" .6 1.030IQ: .3 I.o~ 1'1 19.0 1. li2G72 it .7 t I 6250tJ .4 1.1;2348

11.Q 1:6.11;2 . i 1.f>1004:: .4 I. 62S32 , .1 1.6:ltXlO t. .l< 1.62;;1)3 ..~ 1.6:?:H3 
.1 1.6317,. .8 11·.6~~'1 ,I.:. .5 1.62826 'I .2 1. t12tJ60 Ii 9 1.1;249, _6 1. 6:!,J3i
.2 1.03160 .9 "", _fl. 1.62820 ! 3 I. 62()').I tI 22. () • I. 62·101 I. 62331 
.3 i I. O:lIG2 H.O i L ~20~! 1'1 . i I I. 628H I ..l l.{121HS j. '. ,,_1 f,' 1. 624,'5 1. 62325.4, 1.031.1.'; .1 1,020,,, .8 ,1.62807.! .n, I. 112t}12 1 62·!,9 1. 6~'310
• .1: 1.001·tfl .2 I.R~'9il 'I' .9 \ LfJ2l\OI:, .0,: I. (;2035 J :{ 1. tj:!-ti:{ 1. 62313
.61.63W .3 U~~!. 17.0:1.62i9.'i.! ii I. ~2~29 !; .4 I l.H24r" . l. 62:10,

I. 62/,23, _5 I 1. 624r.2 i 1.62301J I l:gi~ :i 1.6~'95'!: j i U~~~ II :t 1. 62tH. I •n I I. 624.'i1l " 1. tlWJ6.0' 1.6.1122 .6: 1Iim,,:: .3 1.62776,1 20.0 1.62011, .7 I 1.62450 . I. 62290 12. 0 1.03115 .7 1./,293\1: .4 1. 62770 . I 1.6260-5 f· .8 I 1.62444 'I' 1.6228-1.1 t.lmos .S 1.62933 .5 1.62i64 .2 1. ">2599 II .0 i 1.6243.> 1. 622i.' 
I. 6250~ II 23.0 I 1.62432 I L6~2:5 U~l~~ 15:g. U~~ Ii :~II' U~~~ j 1.625S7 t .1 I1.62421; ! 1. 6220i.4 i 1.030&'9 .1 i 1.62914,. .S 1. 62i45 .5 1.62581 I:, .2 1. 62·1:.'>0 t 1. 62'2tll

.5 I I.03OS2 .2 i 1.6290'11' .9 1.62739 .0 1.62575' .3 1.62414 I 1.62255
· 6 ,i 1. (;'1Q75 .3 , 1. 62901 I IS.O. I. 62i3~ " 

...IL. .~OX,II1 ! ______l~_,__. IL 1. 62ii60 , " ____ .__'--__ 

TABLE 3.-Correction.'l 1 to be applied to results obtained from cOllvusion table 

[Corrections in terms of perc,)n! of 0111 

2 I I I I~ I r I f I -~ I !·'--·T....-l­
n J-IAi30,'I10' 1 11' 12' I 13' i 14; 15'!. 16' ; Ii' 18' 10' f 20 ! , 21' I 22' . ZI' '. 241 25" 26' 

. . • ! , I ' I . I 
~~ !~-I~;i;';i~O.OI;';!~;';.~!~~I~:;'l)1 '~':-;;:I-~ ~':;Jl 

.0002 .01 .01 '.• 01 .Ill .01 .01 .02 .02 .02 1 .02' .02 112 .02 .• 02 .02 _l)~ .•03 

.0003 .01 .02 .02 .02 02 .02 .• 02 _02' .0:1 .03, .0:1 I.~! .U:1 .0.1 .01 .If! .Ill 
·00(}l1·02 .02' .02 .1)2 .03 0:1 .0:1 .03, .03 .01 I .01 .0-1 .Ill .• U:' .05 .11.1 .05 
· 000.; ; .02 , .O;J , .03 , . tJ:I .1~1,. 01 • ()~ ; .Il! : .O! I .lI~ i .0.,> . IJ~ . II'! . o~ .1.1.. .I~; .Oti 
.0000 .03 .0.1 .. 03 .01 .I)'! .. 04 .00' .0.) .0" .0",.00 .1I1i n" .1), tI, .')7 OS 
.0007 .0-1 .01'.01:,01;.0;' .05:.0.')'. Otl .OG .Ou!. 0, .1)7 . OS . ", .lIS .. tJU 119 
.0908 .0·1 .. 0-1 I .05 . OJ .0.; i .00 .. 0", II, • 0" 0. . Ii, . no, . I1J .. 09 . n:1 • I!J, . HI 
.ooon .01'.05!. 05 ! .00 .. or. . Oil . IIi : Oi·. os .. Ii, .• fl9; IJ!,·. wi. III . 11 . II. 12 
.0010 .O;'.0'!.OUI.0i1 .0,' 11,0., .m, .011:.0\1' 10:.10 1l,.11,.II~ .II~: .13 
.0011 .0.-, I)f, Of. .117 ./), .0., .f>' .U'J .111 .11l .L1I.11 12 .12 ." ., .14 
.0012 . Oil .00 0, .07 I~' . 'YJ .1l'J!. HI .• 10 : .11 .12, .•2' 1:\ . 11 . 11 ' • I,;; .iii 
.0013 , . Oil . fl, .0, . ,~, '~I 111 .10 i . II .1.1 \ .12 , . 1:1 .1:1 . 11 . I.'> .IJ . \I. .Ii 

:ll8:At:g~ .~~ :&1':Jg 'it; :111 :lL.g :l~:Ul:t:'.lt.:~ :(~:l~ :i~, :It 
.OOWI·07 li'·.09.HI 11 .12 .121.1~.I-I!.I'il.I(j:.16l.17 .181.19;.20; 20 
.!lOl'I.O-".m 111,.11 n·.12' n:.14 1 .151.1I1'.I, .1;;.IS .19'.211'.21' .22 
.00lS . 0, .I~' 10 ,11 . 12 : . I~ .. U i . ITt .. 111 I' .17 I . IS ' . IS I .10 .20·.21 .• 2'2 Zl 
.0019 . (X, . HI, 11 .12 . 13 . 1·1 . I, . 111 ; .17 • IX : .19 .19 . ~~) .. 21 .• :22 • ~l, .21 
.0020 ' .09 .. In . II . 12 . I'j • H . 15 I, . IS , • I!I : .20 .21;.22 .23 . 24 'I' 25 .2fl 
.0021,.111 .11:,.12 .1~,.14·.I:; .In .. I' 1~ ..;.W:.20 .22 ZI .21 .2.1 .21ii .2I 
.002'2 .lO;.Lt!.12 .1·1.15.16 .l7 l~ 1!l;.2nr.21 ,:!}' !H .2.~ .2fi .27,.2S 
.1})Zj"lI .12,.1~ .14'.1:' .17'.1'>.W .20 .• 21'.22 .21 ._, .~r..27 .28".29 
.0021.11'.12.14 .Iii .ttl 17 .In .20 .211.22 .. Zl .2."! .2fl .~7:.2S .W .31 
.0025 .12, .13 • J.I .15 . 17 1~ . HI .21 .22;. ZI : .21 .'..>1. .27 .2, .29: .31, .32 

-~-----.--- .. ~-:--..- .. -~----- - ~~~ --'--­
l Valu~s to b~ added wben (nif-··JA,30, is positive; subtracted When (nb'-l.H3u·, i< negative. 
, Percellt oil a< determined from table 2. 

http:0021.11'.12
http:1!l;.2nr.21
http:li'�.09.HI
http:l~:Ul:t:'.lt
http:1l,.11,.II
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DETAILS OF THE l\lETHOD 

EQUIl'~[EN'l' 

The necessary equipment find supplies required arc fiS follows: 
A mill (or mills) capable of grinding the soybeans to such a degree of finene!;!; 

that after extraction with ether or petroleum ether, at least 90 percent of the Illelll 
will pass through a 40-mcsh boltin~ cloth. For thi., purpORC a colIee-type mill i:i 
recommended to granulate thc :ioybeans find 11 lIlotor-drh'cn experimentnl roller 

.1 

I 

AMS 1276 

FIGURE 2 -Dipping-type refractometer with interchangeable double-prism heads. 

!lour mill with 6- by 6-inch slccl rolls, corrugated 40 to the inch, for the final grind­
ing (fig. 1). The rolls of the roller mill should have a speed differential of about 
9 to 7, and a speed of &.bout 900 r. p. m. for the faster roll. 

An analytical balance. 
An electric hot plate. 
A refractomeler IUl\'ing an accuracy of n= ±0.00002 within the ranges of 

niJ=1,470 to 1.477 and niJ=1.622 to 1.640. Three types of refraciometers hav­
ing sufficiently high precision for this work are now available, a dipping-type in­
Htrument equipped with interchangeable water-jacketed prism heads for use with 
small quantities of liquid (fig. 2), a modified precision Abbe-type instrument 
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(fig. 3), and a precision refractometer designed and equipped to use mono­
chromatic light (fig. 4),

A temperature-regaiating device for controlling the tcmperatUl"c of the water 
flowing through the water jack{'t,;1 of the rpfrnctoIllPt.er. (Optional.) 

An electric oycn. 

AMS 1132 

FWUUE 3. Preci:lion A b\)e-typc f\'fractometer. 

An accurately calibratcci 5-lt!l. pipette. 
Halowax. 
a-bromonaphthalenc.
Ethyl alcohol for cleaning prisms. 
3-inch porcelain mortars with pestles.
Reagent-quality sharp sea sand (fine-grain) or equh·alent.
Supply of test tubes, H~inch glass funnels, retentive filter papers (preferably 

folded), and absorbent cotton. 
2~6954°-40-2 

http:rpfrnctoIllPt.er
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l'HEPAHNrION OF STANDAllD SOLVEN1' 

Pl'('IHU'C' fi mixturC' of hfilowux find a-bromonaphthaknC' lun-ing a 
rC'frt1ctiyp ind('x llW=l.G8940±2. Such a mixture contains npprox­
lllltltt'ly 74 IWl'Cl'nt of ltnlowtlx und 26 pl'rcl'ut of a-broll1onn.phtha­
1l'110 by \H'igb t but 111 ust be ctlrdully aclj usll'd so that the ch'sin-d l'e­
fm<'ti \"0 iuch'x is at tnin('cl. If a tl'Il1 Pl'l'Iltu rt'-J'{'g'uln.ting d('\·ice is n \"t1i1­
nbIc the cll'tl'rmil1ation of rpfrncti \"(' index is simplifil'd by passing watN' 
nt exnctly 25 0 C. through the wntpI' juckpt of the l'pfrnetoll1ell'r. 
Equnll.r sn t isfnetory I'('sults mn~T b('. obtainl'd, howl'\-e1', by using 
wntl'!' n t room tl'lllpl'nlt un' nncl mnkIng thl' lWC('SStlry tl'mperfltUl'C 
COlTl'Ctioll. For the abo\'(' mixtuJ'C' this cOl'l'l'ction in l'l'frflcti\-c indl'x 
is 0.00045 for (,Hch 10 

, to bt' ncl(ll'd to thl' reading if tbl' tl'mpl'rntuJ'o 

AMS 1447 

FWl'HE .J.· .. ·Pn:('bilJl1 refract(J1IletP!' dc~igllcd Illle! cql1ip]I('d to l1"C 1I101l11l'hroll'ttt.ic 
light. 

is nboye 2:)0 and suhtmetl'd if till' tl'll1pcraLure is lwlo\\' that point. 
It is importan t lilU t nil J'l'adings of \nl t pr-j ll('kd (('Ill [Wrilt U1'PS hl' mude 
to t lIP Ill'al'Pst O. 10. 

This solution should k('pp fm tl ('oJlsi(\l'J'nbll' [H'J'iod of tim£' without 
IWl'('('ptibll' ChtUlg'e in rl'fl'Uctin~ indl'x, but it is nddsablp to chp('k it 
IH'J'iodi('ally. The solution sllould he kl'pt in tl (htl'k bolt\!' pI'O\'idpt! 
with II glnss stopppl' 0[' lllo1clpd pla:'ltic s('n'\\' cnp nud should l)(' kl'pt 
,\W!1y from <iil'pC'( slInlight. 

.\:-.'.\LYTl(·.U. PH()CE[)l'It~; 

I I) Obtain n. repn-scnlath'p Hample of ubout 50 gl1l. of thl' soylJl'ttlls ('ilh"r by 
Iillnd-qlltll't!'ring or by lise of tt ntc'ch!\lIi('[J.l HUlllplillg <I('\·i('l'. 

121 (:I'illd thl' beans ali fine as pmetieuble with th!' ['([I1iplllf'J1t !L\·nilabll'. The 
l'XI){-rilll!'lltal rolle!' /lour ruill dl'sc!'i1J!~d abo\'c is reerHlllll!'[lCh-d for t IllS pl1rpo~('. 
,II is ll~uall\' be~t to erack tlIP beans ill n cIJ!lr~e mill bereJl'(- grinrliu!!.. Folio\\' 
tIll' proc!'(lure outlilJ<'C1 ill S[l'p 131 of the (-xtmctio[} lIH't1wd 'p. 2,. 

.. 


http:1I101l11l'hroll'ttt.ic
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(3) Weigh out aecurately 2 gill. of the well-mixed melll and transfer the weighedsample to a 3-inch porcelain mortar that hils been warmed to about 600 C.(4) Add about 1.5 gm. of reagent-quality sea sand and exactly 5 ml. of ahalowax, a-brolllonaphthalene mixture having a rrfractive index of nB'=1.63940±2. Lse the utmost care in the measurement of this solution. (It isbest accomplished by using an accurately calibrated pipette having a deliverytime of not less than 15 seconds.)
(5) Grind the mixture in the mortar vigorously for 3 minutes, constantlyscraping into the bottom the particles of meal that are thrown against the sidesof the mortar. Vigorous grinding is necrssary for complcte extraction of the oil.The anulyst using the method for the first time should make a Dumber of experi­mental replicate determinations for the purpose of establishin!~ the proper mortar­grinding technique. A properly ground sample will yield the muximum possiblequanLity of oil.
(6) Filter the mixture into a test tube through folded filter paper that is ofgood quality, fat-free, and of sufficiently fine porosity to yield a clear filtrate.(i) Determine the refractive index of the filtrate at 25 0 C. to an accuracy of±0.00002. 1£ the reuding is made at Ully temperature other than 250

, add0.00043 for each degree above 25°. (It is important that all temperature read­
,~ 

ings be made to the nearest 0.1°.)
(8) t:sing table 2, note the percentage of oil corresponding to the refractive­index reading obtained in (i). This is the uncorrected value for oil content.(9)~ In a fI~sk shake for a minute or two about 5 gm. of the meal with about25 ml. of a good grade of low-bailing petroleum ether and filter into a small shallowevaporating dish. Carefully evaporate off the solvent on a steam bath or hotplate at low heat, and place the dish in an oven at 105° C. for 20 minutes. Coolthe oil thus pr<'pared to room temperature and determine its refractive index at

•25 0 (The refracth'e-index corr<'etion for temperature for soybean oil is 0.000364per 1°, to be added if the temperature at which the rending IS tak<'n is above25°, and subtracted if below that temperature. If preferred, the sample of oilmay be prepared by pressing a small sample of the ground seed in a laboratoryhydraulic press and filtering the oil so obtained if it is not entIrl~ly clear.)(1 O)~ From the refractive index of the oil as determined in (9), subtract thevalue 1.4730 (rC'fractive index at 25° C. of the composite sample of soybean oilused in obtaining data for the conversion table). l~sing this difference, deter­mine from table 3 the correetioIl to be applied to the uncorrC'cted value for oilcontent as determined in (8).
if negative, subtract it. 

If the difference is positive, add the correction; 

RELIABILITY OF THE REFHACTO.lI.ETHIC .lI.ETUOD 

To check the J'l'liability of tllP ref1'llC'tollwlric Il1Pthod for dpf('J'null­ing oil content in soyb{~ans, 76 samples of soybeans wpre analyzedfor oil contpnt by both the l'C'fructollwtric l1lPthod and th(' pC'troh'tUll­ether extraction nH'thod. This SPl'il's of SillllpL{'s rang-pel in oil con­tent from 15.39 pp1'cpnt to 23.91 P(II'(,(lnt On It clrY-IlltLttl'l' bnsis andincluded 42 indh'idunl val'ietiC's of so,rbl'nns grown in dHTt'r('nt partsof the country as wPIl as sampl('s of comnwJ'eini soyb(lans from the1937 and 1938 crops. A f(lw StlIllples of spLit-soyb(lllll srpa1'n.tiol1salso W(l1'e inclucll'd in the spril's. TLll' 1'I'SliltS of th!'s(I anlLl rs('s IL1'elisted in table 4 in tbe ordl'1' of incrt'using oil con tpnt. '1'hp"fiY('l'ngeoil contpnt for tbe (Intire SPl'i('s us dptpl'lnilWd by the two mrthodsdiffpl'ed by only 0.03 p('lwn t of oil, und the n \'Pl'UgP of the indiddualdiscl'epancips WfiS 0.18 pPI'cl'nt of oiL Thus tb(' l'Psults ohtllin('(L hythe rl'frartonlPil'ic n1('thocL 111'(' in ~ood UI-'1'PPIllPllt with thosr obtninpcLby thp pptrolrum-C'thPI' pxtrnetion IllI,thod. 

• At the pn's"nt tim~ (HUO) s(rps 0 ~nd 10 may hI' onll'tt'd in lilt' nnaly,j" ()( Ih,' !;enernl rnn of ('(Jmmer·cial yelluw soyb~ans. US tlJ('Y mlel wry lillIe to thp IIceur;)(',' or t1w d,·t"rllllnallOn. IImn"·I". with thoprohahle nrlvent in the nenr future or IU'\\' cmnnwrcial mriNi<!S, sl)In(l wtlh oil of n milch hj~h(" Iodine/lumill" nnd others with oil of n milch JowI'r numh!', than the prese/lt cOlllmercial "urieli,". the ('nrrectiondescribed in steps 9 and 10 mn).· become quite important. 
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TABLE 4.-Comparis01l of the oil content (dry-matter basis) of 76 samples of soybea71s 
as determinecl by the petroleum-ether extraction method and by the refractometric 
method 

Oil content by method 
DltIer·I ISample Description ancl source of slimpies A,. petroleum D refracto. ODt'Cdesignation B-Aext::eetton '!Dotric 

---- t .~- -~. - -.. ~-
p~ Percell I J5eTWii 

A-S••••.•• Laredo•.••.•••..•..••••..•. 15.39 15.23 -0.16 

B-I0~...... Laredo, 1937; Monetta, S. C .••... 15.47 15.17 -.30 

B-14....... Wilson·Five, 1935; Holgate, Ohio.................... . IS. 99 15.90 .00 

BoOt.. .••... Haberlandt .....•.•••.•..•...•••...••....••••••••••.• 16.20 16.20 .00 

B-2L •••••• Monetta, 1937; Monetta, S. C .•••••••.......•••••_•••• 16.38 16.36 -.02 

V-IO. •••.•• Laredo ...••.••.•.•••••••••.•.••••••••.••.•...••.••••• 16.60 16.18 -.42 

V-I6...... Medi,'lD> grecn.••.••••••...•.••.••••••.•._.•..••..•••• 16.68 16.64 -.04 

B-34•••.••• Peking, 1936: Ohio••.••••••.•••.••••••••••.•...•.•.•• 16.69 17.07 +.311 

A-I••••.•,. l\[onetta.................................._•.•.•.•..•• 16.76 16.39 -.3'" 

SSA•.•.•_•• Whole sound soybeans only........................... 16.05 17.02 +.07 

S5•.••••.••• Commercial, 1038....•.•••..•••..•••••.•••.•.•••..•••• 17.19 17.26 +.07 

B-42••.•_•• Avoyelles, 1937: Monetta, S. Co. .••••••••••••..••••.•• 17.33 17.09 -.24 

A-6..•.•••• Mammoth yellow...••••.•.•.••...•.•••••••••••••••••. 17.30 17. IS -.21 

C-44••••••• Commel'cial, 1037. '" .••••...•.•.•.••••••••••.•••••.• 17.4S 17.60 +.12 

B-1L•••... Bilo:d, 1937: Monetta, S. C ••••..•.•..•••••••••.••••••• 17. fA 17.47 -.17 

V-50.. ..••. Otootnn............. ____ ••••..•......•••.•.••.••••••• 17.65 17.57 -.08 

V-I7•••.•,. Biloxi. ••••..••••••.••••..••••.....•.•.•••.••••••••••.• 17. n 17.46 -.27 


17.n 17.58 -.J6~:t: :::::: t~~~:t~.t.~ ~~~~~::::::::::::::::::::::::::~:::::::::: '_17.94 18. 13 +.19 
B-36....... Otootan, 1937: Monetta, S. C ••.•..•..•.•.•.•.•.•.•••• 18.01 IS. 03 +.0"2 
B-37••.•••• Georgian, 1937; Monetta, S. C ......................... IS. 05 IS. 04 -.01 
B-3........ Easycook........................................... . IS. 15 18. 00 -.15 
B-38••••••• Crp.ole, If1.>"l: Monetta. S. C •..•••••••••••••••••••• " .. IS. 19 IS.10 .00 
B-20....... Cayuga, 1037; Ithaca, N. Y....•••••••••••••••••••.•.• IS. 42 IS. 00 -.33 
B-IO, •.•••• Turheel, 1937; North Carolina.................... __ •.• 18. SI IS. 44 -.07 
B-6.•••"" Tokyo............................................... . 18.57 18.61 '+.04 
B-IL """ Mandarin, 1937; Ames, Iowa..•••.•••••••__•••••••.••• IS. 79 18. SI +.02 
B-29....... Palmetto, 1936; Monetta, S. C ......•.•••••_•.•••••••• IS. 80 IS. 38 -.42 
0-17.• • "" Commercial, 1£37•••.••.•..•..•.•.•• """ """""" lS.S2 18.S2 .00 
B-3S•.••••• Mandarin, 103f>; Ohio................................ . IS. 94 19.17 +.23 
B-27••••••• White Biloxi, 1936; Monetta, S. C' ..................... 18. 07 IS.97 .00 
B-8..•••••. Spooner Mandnrin, 1937; Spooner, Wis••••..•.•.•••••• 19.03 19.27 +.24 
B-10....... Charlee, 1937; Monetta, S. C ........................ . 10.06 19.12 +.06 
B-2... __ ••. Hollybrook .•.... , .................................. 19.17 10.23 
V-1S•.•..•• Tarheel. ......................................... 10.17 10.30 t~ 
V-1S.•••••• Virf(inia.......... '" .............................__•. 19.41 10.21 -.20 
B-26•••• __ • Mamloxi, 1037; Stoneville, Miss ••••.•..••••••••.••••. 10.50 10.38 -.12 
B-16.. ..... :\[ukden, 1936; rowa................................. 19.70 20.00 +.30 
B-1S....... l\[andell, 1936; Illinois. ' •.. ,•••.•••••••.•••.•••.... 10.86 20.10 +.24 
B-28...... :\[amrcdo, 1037; Stoneville, Miss •••••..••.••.•.•.••••• 19.94 19.64 -.30 
A-2....... Commercial, 1037................................... l<1l. 12 10.95 -.17 
B-30••••.•. Ill>yseed, 1037; Monetta, S. C •.••.•••..•••••••.••••••• 20.13 19.05 -.IS 
C-13. __ ... Commercial, 1937.................................... . 20.17 20.·\1 +- 24 
B-25...... Delsta. 1037; Stoneville, Miss •••••••••.••.•••••••.••••. 2O.2J 19.00 -.31 
C-!8..... Commercial. 1937................. """""""""" 20.22 20.41 +.19 
B-IS""""'I :\[iss~y,1937; ':est Point. Miss...................... . 20.24 20.47 +.2.1 
B-O..... Ilarbmsoy, 1037, Urbana, TII. ••••••••.•.•.•••••••••••.• 20.26 20.32 +.06 
B-13.•• __ . ITabaro, 1937; North Dakota........................... 2').29 2OA7 +.IS 

84A........ Whole sound soybeans only. ..... . ................... 2').4:1 2O.4S +.05 

S6A...... .. .•do.. . .... ... • ......... . .... """""" 20.·\8 20.67 +.10 

B-24. ...... Wisconsin Early Dlaek. 1937:Ames, Iowa ............ . 21). ,;0 20. SI +.01 

B-23•••••.• :\[anchuria (13177),1935; Holgate, Ohio ............... . 20..57 20,54 -.03 

B-17...... Macoupin, 1935; Holgate, Ohio••....••••..••••.••..•.• 20. r.t 2O.IH +.30 
83A •••• ,.. Whole sound soybeans only•.••••••_••••••• __ •.••••••. 20.73 20.46 -.27 
S6.••••.••.. Commercial. 1038................................... . 20. 7~ 20.76 .00 

B-22....... Scioto, 19.16: Scioto, Ohio ............................. . 20.79 20.90 +.20 

84.......... Commercial, 1038..................................... 20.82 20.•>9 -.23 

lOA........ Whole sound soybeans only.•••.•..•••••••••••.••••••• 21.0.1 20.87 -.16 

SA........ ..do .. . ...................................... 21. 14 21.84 +.70 

B-7.•••.• __ Minsoy, 1937: Ames, Iowa............................ . 21.2·\ 21.07 -.17 


21.31 21. n +.42
~':3i= ::~::: ~~~i:"f~~J~16~~~~.-.~ :~~::::::::::::::::::::::::::::::: 21.38 21.08 -.30 

B-30•.•.•.• A. K., 1936; Arlington, Va............................. 21.43 21.26 -.17 

A-I........ Commercial, 1937.. .. ................................ 21.51 .21.22 -.29 

A-3........ ...do............... __"""""""'" ............ . 21. 74 21.50 -.24 

B-32....... Dunfield. 1936; Ohio ............................... .. 21.77 22.02 +.2.; 

D-53•••••.• Commercial, 1937.................................... . 21.80 21. is -.02 
 ..E-58..........do ........ .. .................................... 21.83 21.4.; -.38 

B-12....... Iludson Jl.fanchu, 1937; VerrnonL................. . 21.S9 21.M -.03 

84D..••...• Split soybeans only................................. . 21.00 21.,';S -.32 

C-I9•••••.• Commercial, 1937.................................. .. 22.07 22.08 +.01 

SOB •••.•... Split soybeans only............................... .. 22.19 22.29 +.10 

S3D•• ,_.,__ .do•.""" ... •............""""'" .......... .. 22.23 22.07 -.1"

S2D ........ Small, throullh 196.·inch sieve ....................... . 22. 26 22. II -.15 

8B...•...•. Split soybeans only.............................. . 22.05 23.21 +.26 

B-a.1•••.••• Manchu, 1936; Ohio.............................. . 23.91 23.75 -.16 


Averaf(e............... .. ............. . 19.40 10.46 10.18 

1Without regard to sign. 
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REFRACTOMETRIC DETERMINATION O}~ IODINE NUMBER 

HISTORY OF THE METHOD 

It has long been known that a positive correlation exists between 
the refractive index and t.he iodine number of animal and vegetable 
oils mgeneral. Lewkowitsch (29, v. 1, p. 338), however, after accu­
mulating data on a large number of different oils, concluded that no 
definite relationship existed between these two factors. Niegemann 
and Kayser (3~), on the other hand, reported such a relationship in 
the case of oils ~rom flaxseed samples grown in a given region. Arnold 
(1) and Backer (3) have demonstrated a relationship between iodine 
number, saponification number, and refractive index. 

pjckering and Cowlishaw (33) have developed the following mathe­
matical equation to show the relationship between refractive index, 
iodine number, saponification number, and acid number: 

n~=1.4643-0.000066S 0.0~6A+0.0001171 

where S=saponification number 
A=acid number 
I =iodine number 

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

Zeleny and Coleman (#, 4-5) determined refractive indices and 
iodine numbers (Wijs) on freshly prepared oils from 96 samples of 
flaxseed covering a range in iodine numbers from 155.4 to 197.3. The 
coefficient of correlation between refractive index and iodine number 
was found to be +0.9965 with a standard error of prediction for the 
iodine number of ± 0.82. The regression equation was expressed as: 

I =8584.966 nj}-12513.827 

Hopper and Nesbitt (12) and Lehbcrg and Geddes (18) have since 
reported similar studies on a much larger series of flaxseed samples and 
have obtained the following regression equations: 

n~=1.45723+0.00011846 I (Hopper and Nesbitt) 

1=266.18-1.7980 Z (Lehberg and Geddes) 
where 1 =iodine number CWijs) ,. and Z=Zeiss refractometric-scale rending at 25° C. 

The results obtained by these three diffe-rent laboratories working 
independently are in good agreement, thus indicating thnt the re­
fractive index may be used, under properly controlled conditions, as 11 
reliable measure of the iodine number of flaxseed oils. 

-More recently lllarionov and Torchinskii (14-) have reported n 
relationship between refractive index and iodine number derived 
from a study of 24 cliiferent animal and vegetable oils free from 
oxyacids, cyclic acids, and conjugated double bonds. This relation­
,hip is expressed by the equation: 

n 2E=1.4595+0.0001181 
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Maruta and Teruyama (31) fOlmd the following relationships bo­
tween iod~ne number and refrnctiv'e index in partially hydrogenated 
soybean OIls: 

n~=1.4484+0.0001l8 I (for iodine numbers greater thall 85) 

and nsg=1.4494+0.000103 I (for iodine numbers less than 85) 

Majors and .Milner (30) ha\-e determined refractive indices and 
iodine numbers on freshly prepared oils from numerous varieties of 
soybeans in connection with agronomic experiments at the United 
States R::gional Soybean Industrial Products Laboratory. Using 
their data from soybeans of the 1937 and 1938 crops, combined with 
the data obtained by Hopper and Nesbitt (12) on 1,485 samples of 

1.482 

1.480 -I----I----l----l--,4,t~ 
."-"- 1l1arioDoII and Torcbinskii (vadous anjmal and vegetable oils) .4~... ::;'--'" 

y~r 
·U-II- Maruca and Teru"Yama (partially hydrogenated soybean oil) /4ii'7'"u 

~ 1.478 ---~--~2'~~~'--~--4 
- .......-~.. Lehberg and Geddes (flaxseed oil) I .: r'"


N /.~.


:c ____ Pickering and Cowlishaw (various oils) .. /~ .. v, 


(;i 1.476 ( ..sumingS.J92.ndA'I)-t':&,';Ol-"3~ + +-_-l
.. I!!"-=-"_-+__ __ 
o -.-1- Majors and Milner ( soybean oil) .~''J'~z I &'~/
UJ __ Zeleny and Coleman __...&..· 7-_'-!---+--+---!---+--4::: 1.474 .... (flaxseed oil) I ,h" ••V 
u 

I ,..<::i'".?'« 
0: ~iP{P 

~ 1.472 r---r--,~~'~'~-~--4--~~--+--4---r--~ 


'" hy..?,'" 
~y

1.470 ,~//''''--+---+--+--+---+--+-'-+----l---l
'by::;­

1.468100 110 120 130 140 150 160 170 180 190 200 
IODINE NUMBER 

AMS 189 

FIGURE 5.-The relationship between iodine numher and refractive index of 
various fatty oils as determined by seven investigators. The curves are extra­
polated beyond the range investigated in Illost cases. ~ , 

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

1=8626.877 n ~ -12575.226 

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

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

ApPLICATION o.F THE METHo.D TO. So.YBEANS 

Refractive indices and iodine numbers (Wijs) 'were determined for 
the oils from 140 samples of soybeans covering a range in iodine < ' ., 
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numbers of from 116.5 to 142.7. The oils were obtained by petroleumether extrftction, Soxhlet extractors being used. The lust traces ofsolvent WC\l.·e removed from the oils in ull cuses by heating them in theextraction flasks in the vacuum oven at 100° C. for 30 minutes.Iodine numbers were determined ilccording to the official Wijs methodof the Association oi Official Agriculturnl Chemists (2, p. 412). Theiodine numbers ilnd rdmctive indices are listed in columns 2 and 3of table 6. TIlt' correlation coefficient obtained between these 2 setsof values is +0.963 with a standard error of estimate for iodinenumber of 0.87 units.

Of the 140 samples of' oil included in this inycstigation all but 9fell within the relatively narrow iodine number mnge between 129and 138. 'With such a distribution of samples it is not possible toobtain a wholly rcliable regression equation for predicting iodine 

142 ~ 

138 '-----l----+---t----­
, . 

-
-
~~ 134 0.--- MeaniodinenumberfWi)'sl -­

0: 
',for 140 5a.mpies o{ soybean oil 

~ 130 ~---+-----;---
=oJ'"
Z 

~ 126 

122 

118 

J
114 ! , 

1.47 10 1.47 I 5 1.4720 1.4725 1.4730 1.4735 1.4740 1.4745
REFRACTIVE IN!lEX AT 2S·C. 

AMS 190 

FIGCRE 6.-Flaxseed-oil regression line in relation to mean values for soybean-oil. '" iodine numbers and refractive indices. 

numbers of oils falling considerably outside this range. In thc flax­sepd investigation of Zeleny and Coleman (45) previously referred to.. the regression equation was based on sumples fairly \\'(,ll distributedover a relatively wide range in iodine numbers (155.4 to t97.5). Theslopf' of the> regression line in this case, therefore, WaS rather accuratelyestublishpd.
Considerable evidence exists to illdicatl' thnt the relationshipbetween the refmctive ind(·x und iodine llullIlwr of fn>shly preparedveg(·table oils is ess('ntially identical for all or most oils that contninonly truces of unsiLtumted fatty acids other than oleic, linolie, Ilndlinolenic acids. Both fla.."Xseed find soybpnn oils fall in this category,iLnd the meuu values for refractive indpx and iodine> number in theseries of soybean oils investigated, wlipn plottNi on coordinatp paper,intersect at a point falling ulmost l'X1Wtly on the> flaxse>ed l'egn'ssiol1line fis shown in figun' 6. Th liS the I11PIlI1 Yllhw of 1.47317 1'01' n~;;corresponds to an iodine llwnber of 133.29 calculated from the fluxseed 

,J. 
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regression equation, whereas the actuul mean value is 133.20. It also 
may be shown that the average error in estimating iodine llumber 
from the flaxseed equation for the 9 soybean-oil samples falling farthest 
from the mean (those outside the range of 129-138) is only 0.5 unit as 
compared with an average error of 0.74 unit for the entire series of 
samples. Furthermore, the plus and minus errors of these 9 extreme 
samples almost exactly balance; thus the avemge iodine number of 
these samples as determined differs by only 0.15 unit from the average 
iodine llumber us calculated from the flaxse('(I regression equation. 
The same relationship between refractive indpx and iodine number, 
therefore, apppars to hold for both soybean oil nnd flaxseed oil. ll.. 
conversion table (tnble 5) has been preparpd for determining the 
Wijs iodine numbers of freshly pn~pared so~vbean oils from their 
refractin' indices. 

Iodine-number yulues determined refractometrically us compared 
with the nllues dl'termincd by the conventional \Vijs procedure on 
the series of samples under innstigation are shown in table 6. 

TABLE 5.-Conversion table for determining IVijs iodine number of freshly prepared 
soybean oil from refractive index 

[Data calculated from tlaxseed-oU regression equation: 1=8.';84.966 n2J-I2513.827] 

n" I, Iodine :. n25 : Iodine ['II n'" Iodine n25 IOdine :.1.. n" IodineI 'I ,i. 
11D llumber D ,number D number \1 D number l' D number 

---!i---i---:----,---j 
1,46931 100.1 1.47OS 112.9 Ii 1.47221 125.0 :~'-;;~."~:;;!l-·-:~~

125.8 I 1.4737 i 1:17.8:! 1.4751 149.9::!g~ 1 :::l: ~ u~n ; un 1' U~i: i 126.7 \1.41.18 ' 138.7 ,: 1.4752 150.,7 
I. 4696 I 102.6 " 1.4711' 11.5: 5 1 l.4725 ! 127.5 I. 4T.l.Q : 1:19.6 ,i 1.4753 151. t\ 
1.·!fi97 10:1.5' I. 4712 ' tl6.4! 1.4726 i 128.4 1.4740 ! 140.4 ; ~ I. 4754 152.4 
1.41\98, 11».4, 1.4713 117.21j 1.4727, 129.3 1.4741 '\ 141.3 II 1.4755 15.1.3 
1.4Ii9'J 1 10.1.2, 1.4714 118.1 I, 1.4728; 130.1 I 1.4742 142. I '! 1.4756 154. I 
l. 4700 ; 106. I 1 I. 4715 tl9.0 " L 4729 I 1:1I.0 ,: 1.4~43 143.01\. 1.4757 155.0 

131.8 . 1.4,44 143.8 f 1.4758 155.9 
1.4702 107.8 I 1.4717 1:!D.7 :, . 132.7;: 1,4745 144.7 if 1.4759 I 156.7 
1.-1703 IOS.6 l' 1.4718. 121.,,'. I. 4732 I 13.1.5 1.4746' 145.6 II 1.4760 I 157.6 
1.471» 109.5 Ii 1.4719' 122.4 ii 1.473.1 I 134.4 i'" 1.4747 146.4 II 1.4761 158.4 

I. 4701 I 106.9 ;, I. 4716 tllJ.I!: II.' 447373',.01 \' 

135.3 ': 1.4!48 147.3111.4762 159.3U~~ m:~ \'1' ::m?: m:i 1'\ U~ I 136. I II 1.4,49 148.1 1.476.1 I 166. 2 
1.4707 112.1 ,1
----~------~---

TABLE 6.-Iodine number (!Vijs) and reJradille£ndex of oil.~ from 140 samples of 
.~oybeans 

i Iodine ! TOiline 
lodill~ Inumber ! . Iodine i I number, DI 

Sample DitTer· Ii Sample inumber! , from re. tfer·nllm ber 25 from re.\ 
designation (\\'Ijs) nD fmcti\"e designation i (Wijs) n~ fmcll\'~ i iln"1B-Aene<!. I'" 

(A) " index CAl Inde.~ 'I -.
(8) (B)I ."------------­

SO:--3-.•-.-.•-,-..-.-.. 116:1~ - 1:;-:-;:~~.·5-' 7-('-7 130.7 1.47289 130.9; +0. Z 
700. tlS.3 i 1.47132 117.4 1 -.9 7-C-25 130.7 1.4730.1' 132. I; + 1.4 
166 ., 119.6.1.47151 119.11 -.5 7-C-30 ••__• 130.S 11.47273 II 129.5 -1.3 
:!D1l-Z I .... 127.411.47247 127.3 , -.1 S-.\rk-17B ... 130.S I 1.47307 132.4 +1.6 
S-lnd-13B " 127.9.1.472.'>1. 127.9' .0 lh\rk-17A __ • 130.9 ' 1.41.102 132.. 0 \: + I. 1 
S-Ind-12 .••.• ! 129.2, 1.472f>l1 128.8 -.·1' 7-C-2'J .. , ___• 131. 2 1.4i200 f 131. 5 +.3 
7-C-S, ....._\. 129. r, , 1.-17270 129.3 -.3 7-C-3:1. ..... 131. 3 1.4i289: 130.9 -.4 
~C-II. •••_.. 129.9 1.472,..,8 128.2 -I. 7 7-C-42 .. ___• 131.5 I. 47276 ' 129.8 -1.7 

131. 7 I 1.4729:1 , 131.2 , -.5i=~=~:::::::1 :~:~ ::!~~ I :~U ±:~ 11 f=~:;l ,-:::t 131.7 1.47288 130.1! i -.9 
,-C-26 ....... 130.1 L47273; I2'J.5 -.6 ,; 7-KC-II .. __. 131.7 1.47293' 131. 21' -.5
7-KC-38 ..._. 130.2 1.47290' 131.0 +.8 lIHlIIH6B. ___ 131.7 I. 47310 132.. 7 +1.0 
~In(H3A"__ 130.2 1.47278 129.0 -.3 7-C-.' .• ___ 131. S 1.41.101 \' 131.9 +. I11 

,-C·28 ....__ 130.4 1.47287 130.7 +.3, .-C-16.____.. L11.S 1.47297 131.6 -.2 
7-0-1.1 .• ____ • 130.6 1.47200 i 131.0, +.4 Ii BPI-48...__ __ 131. 9 1.47308 l32..5 +.6 

1 Brown soybeans. 

1, 

.' ; 

• I 

<; 

http:447373',.01
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TABLE 6.-1udinc number (lrijs' and 'rejractive index oj oils from 1/O samples of 
soybeans--Continued f 

IodiIu· 
Io(lin~louine number Iodine numberSuruple Illimber from re­ DitTer. Sample nllmher (rom reo Dilfer­d£'Signatioll (Wiis) frartiw B~\ dl'Signlltion (Wiis) nb' (ractive encc,CA) inri('x

If!; CA) i{~) IB-A 

8-Ark-17..••• 131.9 I. 47~'9 130.9
.-('-19 -1.0 .>-8-2A •• _•• __ 133.S -1.47320 '~I'~132.0 1. 47309 132.6 +.6 8-Ind-1L·L 133.8 1.4732ft· 134.0 +.27-('-32 13:2. 0 1. 47292 131. 2 -.8 8-Incl-15D 13.3.8 1.47317 133.31 -.5'-I\:C"-:\;- 13:2. 2 1.4'29!l 131. 7 -.5 ;"'In-24B.. 133.8 1.47324 13.1.9 1 +.11. 4,:lOil 132.3~:~!1~ll-12A ... 132.3 .0 S-5-2. ..•.. 133.9 1.47318 '.3.1.3' -.6J12.4 1. 4,296 131••, ' --. -.9 ii--O-7 ...... _ 133.9 :.47332 134.6 +. j'-('-HI 132.4 1.47305 132.3 . -.1' S-O-ill._ 133.91.47346 135.8 +1.97-C-24 132. 4 1. 47305 132.3 -.1 8-Ind-16 133.9 Ui312 132.9 -1.0~O-2n 13:2. 4 1. 4,302 13:2.0_-0-., -. 4 S-L~-23B 133.0 1.473.1.1 134." + .." 13:2.4 1. ·17339 135.2 +2. S 8-1,,-24 1:13. a 1.47333 134. fi +.75-0-2 13:2..5 r. 47325 134.0 +1.5 7-('-21 1:14.0 l.47313 132.9 -1. IS-O-Sll , •• __ 132.5 1. 47321 133.6 +1.1 ,<;-0-7A 134.0 1.47334 134.8 +.'-,-~[..·hS 132. ii LI731l 132.S -'-.3 IlPI-2.; 134.1 l.47320 133.6 : -.5'-)[,,-19B 132. ,-. l. 17313 132.9 
~Ia ...?l +.4 8-1011-11.... 134.2 l.473.10 134.·1 I +-21:12..'i 1. 47:1:14 134.S +2.3 S-lncl-15A 134.2 l.4i32O 133.';, -.7'-C" -:; 132. ft 1.4730,', 132.3 -.:1 2Q.'rZ 134.3 l.4732'> 134.2 -.1'-C"-23 132. ~ 147314 1:33.0 +.4 207-Z1 134.3 l.47335 134.9 +.6.,..O-3ll 1:J2~ R 1. 47322 133.7 , +1.1 S-O-ilB. 134.3 1.47330 134.4 +.1.)22.1 132.7 1.·[;-;112 132.9 . +.2 S-Ia-21 134.4 1.473.17 1..15.0 +.6BPI-ii 132. • L 4.321 133.6 +.9 S-1nrl-15 134.5 1.17320 13.1.5 -1.08-0-3 132. .. 1. 4.3.1ft 134.9 +2.2 S-Ind-21A 134.5 L 47341 13.1.4 +.9';"O-~A 132. -; 1.4.32'> 134.:)
II PI-lii +1.6 TI9C3hi-21G 134.6 U73l3: 13;;.5 i +.9132.5 1.4730. 132.4 -.4 v 134.7 1.47334 134.7 .07-C-~ 2(" 1:12.8 1. 4,304 132.2 -.6 S-Ia-2H l:ll.7 1.4i341 135.4 +. i7-('-13 132. S 1. 4.297 131.6j-('-2:_ __ -,1. ~ S-O-OR _ 134..~ l.-I73l4' 13'>. i ' +.0132.8 1.47317 133.3
8-0-2,\ ..••. T·D S-O-l .. : 134.9 l.4733S 135.1 +.2132. ~ 1.47327 134.1 ,
S-Ind-12 ._. +1.3 S-O-l.-\ 134.9 1.-1735.5 13n.a +1.71:!2. S 1. 47309 132.6 ; -.2 S-1n-24A ..•\ 131.9 1.473.>8 135.0 +.1.';"Io-22A. 132.8 1. 473.12 - 134.6 I +1.8 8-0-5.. ..j 135.1 1.-17339 135.2 +.1llPI-30 133.0 1.47322 13.1.8 ! +.S S-1nd-14._. 135.2 l.47329 1:14.3 -.97-('~16 .. 13.1.0 1. 4,321 13.1.6 : +.6 8-Inll-14'-\_ . .! 135.4 1.47327 134.1 -1.3-';"S-Ill. 133.0 : 1.47317 133.3 +.3 .';""'Y-26. 135.R L47362 , 137.2 +1.65-S-2B 133.0 - 1.47310 132.7­ -.3 8-0-9.-\ 135.7 l.47351 126 2 +.5.';")Io-1S .. 13.1.0 . 1. 47311 112.8 ' -.2 S-Tn-23.. 135.7 1.473.19 135.2 -.57-0-2. 2D_~ 133.1 : 1. 47317 13.1.3 ; +.2 S-Chi-25... 13.5.7 1.·li329 134.3 - -1.4S-::\fo-!9A 133.1 I 1. 47318 133.2 +.1 S-InU-14B. 13.5.S l.47315 13.1.1 -2.7BPI-I ••• _ 133.2 ' 1.47332 _ 134.6 +1.4 S-Chi-25B... 135.S l.47329 134.3 -1.5 

-.5 S-0-9. .._.; 136.0 1.473ft2 137.2 +1.2
,-('-2. D .... . 133.2 l.4i310 132.7
S-O-IB ..... . 133.2/ 1.47324 133.9 +1. i , S-0-1. . 136.5 1.47373 1:l8. 1 +1. 6';"0-5.-\ ...•_. 133.2 1. 4i31l 132.8 -.4 _; S-Chi-2OB" --1 136. 'i 1. 47358 136. S +.3"-O-IL ..... . 133.3 1. 4732'> 134.2
S-Incl-16A .• _: +.9; DP[-Il ".f 1:16.fi 1.473"~ 136.li +.2133.3 ' 1.47312 : 132.9 -.4 . S-Chi-2OA. 136.6 l.47362 137.2 +.68-Ia-2111 •... _' 13.1.3 t 1.47320 ! 13.1.5 ' +.2 S-Chi-2iA 136.S l.473.'l..~ 135.0 -1.8i-('-l;_~ __ ~_~! 13.1. 4 1. 4i30.1 ! 132.1 -1.3 IlP1-<l 136.9 1.~i:j/~1 13i.2 +.37-C"-20 ....._ 132.813.1,4 1.4i311 i , -.6 S-0-10ll 136.9 l.473.')6 136.6 -.38-0-3.-\ .... _ 13.1.5 1.4i3.17 i 135.0 I +1.5 f' S-O-IA 137.0 1.47373 13.~.1. +1.1';""To-I8A .•._ 13.1.5 I 1.4i316 I 13.1.2 -.3 8-0-10 13i.2 1.47371 137.9: + ••.-('-2. (' . 133. 6jl. 47300 132.3 ' -1.3 S-O-IOA 137.3 1.47366 137.5 - +.2 

.0 BPI-li 13i.4 l.473.')6 136.6 -.S
.S-O-ILL .•_i 13.1.6 1. 47321 13.1.6
i;-S-L\ .•• ! 13.1. i 1. 47329 134.3 +.6 BPI-IO 137.7 1. 473i5 13.~.2 +.58-"[0-19 ..••' 13.1.7 1.4i322 13.1. i ­ .0 BP1-I2 130.5 l.4i:I9'J 140.3 +.8S-Ia-22B 13.1.7 1. 4i327 134.1 +.4 4-1. 140.2 1.47395 140.0, -.27-('-12 13.1.S 1.47317 13.1.3 -.5 l3Pf-I6 142.5 1.4i425 142.6 +- 1133.8 ' 1. 47305 , 132.3 -1.5 ; 'BPI-a · .. r 142.7 Ui41.5 141. 7 -1.0~=~=}~ :::::1 133.8 :: 1.4;317 j 133.3 
8-S-1 13.1.8 ! 1.473+1 ; 135. i +i:~ :1 Avernge·fi3:l.2."'i:4T.ii7·· 13.1.3 !-.-­

, Black soybeans. 

To dete1'mine the effert the method of prepllring the oil sllmple 
hilS Oil its refmdive index, oils were prepared from foul' sllmples of 
soybellils by ('Ilch of the following- metllOds: 

(1) COLD PRESSI~G.-'I'he freshl), ground soybellils were pressed at 
room tempernture in a laboratory hydraulic press at a pressure of 
about 20,000 pounds PCI' squlll'C in(·b. 

(2) HOT PRESSING.-Prcssing was a('('ompiished in the same manner 
as above except that the plates of the press were heated to HOo C. 

http:1.4i3.17
http:1.473.19
http:1.473.17
http:l.473.10
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(3) RAPID PARTIAL EXTRACTJON.-..t\.bont 5 gm. of the freshl~~ ground 
soybeu.ns were shakon with iLbout 25 mL of petroleum ether for It 

minute or two. The mLxture wns filtered, the solvent evaporated, and 
the extrnded oil hel1,ted in a shallow dish lor 20 lllillU tes M 105° C. 

(4) Cm.lPLETE EXTuAc'rJON.-Extraetion was Il(,l'omplished by the 
mnthod des(·ribed on pO,ge .2, using Soxhlet extl'lletors. 

The l'cfril('tive indices of the oil slunples prepilred b}r these foUl' 
methods are listed in table 7. There itppears to bl' n slight tenden(,y 
for til(' refrn('tive index (nnd therefore presumably tl\(' iodine number) 
to inerense with inercnsingly eomplete cxtL-nction (If the oil. The 
<Iift'ment'Cs observed nmong the foUl' methods of extl'llC'tion investi­
gated, howeve.·, are small and arc of little practien.l signifien,Ilce. 

TABLE 7.-' RejT(lctiv/' ·indlcc.~ (1/ 25° C. oj oils 7!)'('THt/·/.'cl by JOII), different 1Il1'lhods 
from JOllr samples of .~O!lbca'IS 

\Yhen the oil ('onten t of soybel1ns has been determined bv the 
reft'ndometrir method (p. 8) 'including the ('orreetioll for uetunl 
refrtletin index of the oil, no additional labor is required to deter­
mine the iodine number, sinee the rcfl'!1C'tive index of the oil itself 
hns been determined and mn.y be eOllverted into iodine number by 
using tnble 5. In ense the iodine number of the oil is to be deter­
mined independently the following pl'Oeedure ml1,Y be used. 

PROCEDURE FOR DETEIUllNING IODINE i\"U~18EH REFHACTO)(ETIUCALLY 

The procedure for determining iodine number refl'l1('tomett:ienlly is 
us follows: 

(1) Grind a representative sample of the denn soybeans with a suit.llbl!' type 
of mill. 

(2) Prepare a small sample of oil from the freshly ground scp.d by one of the 
method,; listed on pages 17 and 18. 

{3l D(~termine the refractive index of the freshly prepllred oil lit 25° C. If 
the rcadil1p; is taken at any other tClll!i'ernturc, add O.0003{H for each 10 abo\'(' 
25° and subtract that value for each 1 below that temperntun'. 

(-I) Convert the refractiV(' index value into iodine number (Wiis) by using 
table 5. 

J..UUT,\TIONS OF 'rilE METIIOD 

It should be distinetly understood that the refru('tometri(' method 
for determining the iodine number is intended to il.pply only to SIU11­

pIes of oil freshly prepared from essentilllly sOllnd soybellns in such 
a way that no significnnt amount of hydrolysis, oxidation, or poly­
merizntion hus occurred, and no solvent residues remain in the oiL 
The method is not entirely relil1ble when applied to oils from soy­
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bean samples containing high percentages of damaged or split beans, 
or which nre more tluUl 1 veal' old. 

The method is not intended for the direct determination of the 
iodine number of commercial soybenn oils sinee the processing the 
oil undergoes tends to alter its refractive index. 

The princip!ll yulue of the method should be for determining in 
itdvunee the iodine number of the oil that 11, given lot of soybe!lllS will 
produce. The method should be of considern,ble nllue to the soy­
bean processor beeause determinations cnn be mncle in n small fmc­
tion of the time required for til(' conventional iodine-number deter­
minations, and because the lise of high-prieed ehemielll reagents is 
eliminated. 

TIll' method should nlso b(l usdul in eonnrction with plnnt-bl'l'pding 
work, sincr til(' dpt(lrminn.tion rt'quires only 1 or 2 drops of oil and is 
thus applicnbh' to H'ry small snmplPs of seed. 

SPECIAL PRECACTIOi\S L\ ESI::\G THE REFRACTOMETER 

The refrnctOllwter should be ctll'efullv checked for aCCUnl('V before 
being used. For this purposp auxilitlry t('sling prisms of known 
refmetiv(' indl'x art' gl'llemlly suppli('d with tIl(' instrullwnt. If possi­
bk sen>ml such tlUxilim',Y prisms should be used with th(' instrllm('nt 
to inslll'(' ac('ul'l1cy in !lll parts of the l'a,nge. If ('rrq1's nrl' drt('cted 
thltt cannot b(, eliminated by rendj ustment of th(, instrullwn t. It cor­
rection tnb1l' should b(' pn'pnrNl. It is n good prnctice to hnn' till' 
instnmwnt prriodicnlly insl)('ctNI and chl'ekC'd by SOll1rOT)(' who is 
thoroughly familim' with optical instrunwnts. 

Befort' til(' instrument is rend. sutficirnt tinlP must be nllowpd for 
the liquid to ncquil'(' tll(' temppmture of till' prisms. TIl(' rending 
will r(,l1lnin eonstflIlt only \\"h('n this equilibritun is (\sttlblisll('d. 

Ch'nn the faces of the prisms thoroughly bctwN'n determinations. 
This is best aecomplisIwd by wiping with dry absorbl'nt cotton. tlH'n 
with cotton dippNI in ('thyl alcohol. and finally ngl1in with dry cotton. 
Solutions containing til(' hl110wnx. a-bro!l1onltphthnl(,[H' soln'l1 t should 
not bp left on tll(, prisl1l longer tbl1n necessary to m ilk(' thl' rending, 
since in some rdmetometers the ee!l1ent holding tht' prisms in plnce 
is corroded by this soh-rnt. 

SUMMARY 

Oil eontrnt is nn important fnetor ill ddl'rmining tIll' intrinsic 
comnwreinl ynlu(' of soybenns. nnd is subj('ct to rdati\-ely widf' varia­
tions. Iodine Ilumbpr. Ilnoth('r important qunlity [aetor. dOl'S not at 
present (1940) \-nry widpl", in tIl<' eomnH'reial erop, but with thr 
probnble ndwllt of I1PW commp]'('inl vnril'ti('s brrd for high and for 
low io<iinr numb(~rs to l1l('Pt thf' d('mnnds for spr('ifie industrial uses 
this [netor will probably nssllnw gn'atpr ('oll1ll1prcinl importflnee. 

1.fpthods now in eommon liSP for dptrl'lnining oil contrnt and 
iodi11(' number nn' too tinw-consuming for eomnH'r('inl insp(>ction 
procpdures. TIll' mpid /'('frnetonwlrie methods pn'viously drnloped 
for thr routine (IPtprminn tion of both t1H's(' fadol'S in flaxseed have 
thercfol'(' bN'n adfLptl'd to til(' ltnn.ylsis of soybrans. Thrs(' methods 
have been compared with the fundamentnl methods for determining 
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oil content and iodine numbl'r, and have been found to give 'reliable 
' •.results in a much shorter time than that required by the conventional ' 

procedures. 
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