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EXTRACTABILITY OF COCONUT PROTEINS
 

SUMMARY-Studies were made on nitrogen (protein) solubility of coconut meal in aqueous media 
over a range of pH's. The point of minimum solubility was found at pH 3 9 and nitrogen solubility 
incre'.sed toward the acidic and bacic sirius. Ocorut proteins displayed a markedly different 

pH-nitrogensolubility profile in salt solutions, showing miniml solubility at acidic pH's (pH ;3), 

a sharp rise of soluhilitanda maximum atneutraht;,. Coconut meIiprcpredfront fresh coconuts 

with and without testaremoved, from parings and from a sample of sun-dried copra showed 

comparable solubility characteristics. However,meal prepared from commercial desiccated coconut 
showed low solubility, even under .cid and aikaline conditions (pH2 and IO. Tha most efficient 
solvent'to-meal ratio was fo:una at 20:1 v':w) for a single extraction, and a two-step 15:1 proce'ss 
for multiple extractions. Extiactions using salt solutions show that tileefficiency of extraction is 
greatly dependent upon pH; conce.ttarions > 0.251 effect mlximum extraction. Osborne classifi, 
cation s:udies of coconut meal indicate that 90i,' of the proteins would be classified as albumins 
and globulins. 

INI RODUCTION 

COCONUTS are titindi;.enous product 
and a major article of commerce in many 
countries of the ,oVId which are suffering 
from trotein deficiency. A conservative 
estimate, proballyp i earlow, of'world .*coonutthr 1 
production in th catly 1900's zives 5.6 
Mlillionz yLtr. aiiilent totons a his is et,, 
more than 2001)000 tons of crude protein, 
only a minor proportion of whicl is 
presently being ut:lizd fcr hum n food 

co osuhpition (Onr :d .daot. It)77 PAG, 
19 7
196. Teply, ). 

have made use of meats dehydrated by 
the application of heal (Sison et al., 
1968). Studies by ('handrasekaran and 
King (11i67) suggest thait enzymatic prc-
esses may be required for the efficient 
Oxitl tion of cocontt protein (tron d 

control value of 50.60i: to $5,); how-of to how-
ever, they do not indicate how their 
slatting coColut fltr ha. been prepared, 
except that it was supplied by the Central 
Food "Technological Research lntitute, 
Msore. India. 

EXPE:RIM;ENTAL 
'clie d ajor proorio l doconuts i.; Preparation of oconut me:l 

ceviered to .'oco nt oil pand:ocoftlt The co,.t-oiitsse] wcrc fiid-l-rade fresh co-
meai via! ctpr., t ,n rcijl p,' for corlut', h'ona !i,\holesale mrk etin,itl ned 

Coconut meal was prepared from tilefresh 
coconuts by procedures that would not be ex
petted to denature the proteins. The nuts were 
cracked and the coconut watet di-e:rded. The 
meats were r oved fro the shellewaed 

wihwater adte ;i:dit mle rg
wtte usi an slhce ill smlten had 
merits using an Ur,,chel mill (cutting head 
2-J-0305 1I or 2-K-0200Obll). The shredded 
meats \,hich included the testa) were dried un
der vacuulrn at 40'(' for 24 litit a moisture 
content of les, than 2,;.The dried meats were 
further comminuted by means of the Urschel 
mill, this tine using a liner cutiing head 
(2-K-020035C or 2-K-0 I)03011), prio to defat
uing by several extractiont with hexane. Residu
al solveiat was removed vith dry air. 

Typical analyses of coconut meal prepared 
in this fashion are given in Tahle I. Moisture, 
ash, oil and crude fiber :analyss were made by 
standard AOCS 11969) procedurc,;. fable I alo 
gives typical analyses of Iresh cocollut me.lts 

in the
and deiccated coconut neats in\'iolved 

preparation of toconut meal. It is to be noted 
that the moistuLre con tent of the dried me:iis 
equilibrated tia lvel of 7 - 0'son standingatl
ambient tempeiature and humidity. 
Extraition op' 
Extraction protit e 

Extraetion o1 coconut prtein, from coed
nut meal %ai.carried out at ronn Ictnperature. 
for-a leait 30 nin, u i solvent site ratio of 
20:1 Iv:wv). tunlesis otlicrwsitc speti:ied. 'the pr'
determined p1l of extr:mclion was ouitained by 
addition of 01.5N N:Ol tr 11.SN I1(1suhltiiot: 
tho ill1 was reliccked .ind readju si d after .30 

extr:cting co ,)onttt oil citumonly utilize tltlu'ton. [c',as.Ir,,!i'a o:is are the cool',lts miin of stirrin.'. h.ple 2.0, and tIliSm si/c \',a, 
expelIers at tent pe rat tires o,hiC de .jjiri, catne fro n ('est: t ri,:.. As is e llnIIn ,Illrof sotllion s;1a, r) gh I tillie after 
protein.. iurtllltniore, prevailig world 
practi.e in handiing co'ontils for the 

production of copra are r',tconducive to 
further utiliztali-n of the cocon l itiez.l 
f'orhu.l l con. tlaion. 


'I hso studies wee uindertaken a-,I 
neLt',s.ir prelinuinary slep to tie .tuidy ot 
baiic e tit'pettiel prot,in:, inl, tCmoI.lut 
conrfleiOn with t ileltrger obtective 01 

finling nietholI for ie bt-tr ut ili/at itn 
of cocoil iprotin-'tiod o'o;i,. son'tces. 

intie thalt ri weork v,'nhiciti'.thte t.'llt 
condctled oila1 itilitY,' tu, pro-
telI. carc was ttken to plcp.lre coo!Ut 
Iteal byIotrt ncs''; not expe0LI'd to lill'-, 
nal ul' proteins, 

IPrer.iuiu.s Atie, in cinei11ut 1ti..1 i.i' 

'ill10'Aii i1V tu'ed Illt,', 11tprelald I, 
h'i
Iilei .'iil cucno 1til l I C ( l i.11 

:inI il ist . 0 

,opii ( uIlttrworlh aitd Fox, IC,.I) tO 

'''".i c ., ,tt , r* i .. f ,I' '-I'l,, I,- %od, . ;...t l .(.. M .at.da ,II ' 


.I l :t , lh l'..-f 

Reproduced from 
best availzble copy. 

with co nunerci-A coi.onu,,, tv: sv.cre received the final pIt adll'tlsennt. \iter cennilttngatwon at 
tehut-ed. 'Ite .t aiiciicncloscd in a 430s) X G S0vall (2-11 ,ciri-er tllets arc (coin

hard sb-:l Inddo,:rpj. ioteecti the shell mid fle for 20 tin, the ,urct.tantt ,riit'. were 
t!ie l.einet i;a thlin, br\.'n sed coal itle.',i) W .intai I dil rR'jl.i, No. I io 

t filiered throug 'll 
\sich adllcres firtily i. k III tile ri'ai- rfeilo\re liocculent nuileiials. A 20 tt .mlliquotto met. ( f 
ut'ac!ure of (].;Iccated c ocO ilil the test,ai re- c tch e\tract ,as takeit Ior ilio tayn 

itsed by p;ni.:- Nitrogen was determined cilier 1i m cio-K ii

Tab!c I -Coconut ni,,l: Pro ximato analyses 

Iresh tICtlls 
I)'iAc.,cd 
iit1.8 


(' rcnt ,I l A"' 
(' .wulIIwi it) 

('rs<'tit, n.t l) 

| ' ,,hi' 11riit ,
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t,tati., .1:11tliillt 

Af 

.irt rc 
:and Vo'iiil. 

ni.rii Oil 

47.0 

1.1) 
73.11 
7. 

I,. 
72 

5. 1 

1.1 
.1.g 

it' 

Protein ('rude 
N G'.N x 6.251 Ash tibel 
,; .. r'," 

Reproduced hy
NATIONAL TECHNICAL
 
INFORMATION SERVICE
 

U S Depar tm ent of Comm ce 
SpringrieldVA 22151 

22.2 5.2 7.5 
23.9 3.') 5.9 

23.8 "1.1 7.t 

3.6 
1.8 
3.8 


5. i rItll i tn tIi..1 " iltn tht , i I. h.I' rirt'tut l.ll i'I 
\. It .1110 C" ;tIh- - i 1 1[ , ilt lim eltt (i' tm ii-it- his, %if Irt Is vot'isiiiiiN|dllt .'l"ei 


ti1:|,."....
 

Volutnlm- .1r (WId/) -JOLIN,11. OF /'OD SCL,:.Y 725 

http:neLt',s.ir


726 -JOURNAL OF FOOD SCIENCE- Volume 36 (1971) 

100 ., 00 ° 100- ' .1 I ":I i 

80 8k80 q 

30- 60

-6,,0 

>U . C.80 

Z40- ~ 40. of 40C'.JMA 
,'~~~ '.? **O E.- ,) MEA COCONUTIi-CI 

IoW 8C ;X W YA -

I0 12 2 4 6 a8 10 12 4 6 8 O
S8 0 2 2 4 2 4 6 8 0 2 

pH pH pH 

Fig. i-Protein soluhility profiles of coconut Fig. 2-Protein solubility profiles of coconut Fig. 3-Protein solubility profiles of a desic
meals prepared from three lots of fresh coco- meal in several different salt solutions at varied cated coconut and a specially prepared copra. 

nuts obtained at different times (see Table 1). pH's ao'uted by the addition of 0.5N [JaOHor 

0.5N HC. 

dahl (AOAC, 1965; AOCS, '969) or micro- over a ramge of p1l's. The data shown in cipitation at pH 3.9. Sison et al. (1968) 
Kjeldahl methods (Arninco. 1959: Miller and Figure I are for extracted me:ils prepared reported the best pll for protein precip-
Houghton, 1945). In most cases, the data from three different lots of coconuts. The itation in acitrate-phosphate buffer at pll 
shown repreent duplicate analys" t-'sing two solubility profile for coconut meal C 3.4-3.5. Chelliah and Baptist (I1tl) 
samples of meal, represents the average of four replica- precipitate coconut protein at pH 4.5.! 

RESULTS & DISCUSSION tions; the 95% confidence limits for a Nitrogen solubility increased with in
single mean is ± 2.95. creasing acidity and alkalinity. The infcc

pH-Nitrogen solubility profiles The point of least solubility was fur- tion in the curves near pll 8 suggests tht 
Studies were made on nitrog'en (calcu- ther refined by extractions at pfl's 3.0, there may be two main protein fractions: 

lated as protein using the customary 6.25 3.3, 3.6, 3.9, 4.2, 4.5, 4.8 and 5.0. one soluble at pH 8-8.5 and the other at 
11  
factor) solubility or extr:ictability of Minimum solubility was obtained at p pli 10.5--I1. 

three coconut meals in aqueous met(ha 3.9. (Peters (1960) found maximuni pre- The solubility profile of coconut meil 
is strikingly difhlrent in salt solutions 
(Fig. 2). In INi NaCI solution, there i. 

rather low solubility on the acid side. tip 
to pll 4. This is followed by a steep rike 

Table 2-Classification of the proteins of coconut meal according to in solubility to over 90',:; at pH 6 and 
more alkaline cOcnditions. Soluhility ill 
I NI CaC!Q2 displays a similar low solulbilil y 

Fraction% Extrat-lioi conditions % of Tolal N at acidic pll's. followcd by high solutilily 

Albumin CO,-lce .ior, pll 6.7 31.6 near pil 5 6. Al unexplainied decrease in 

Globulin INI NXCI ohition. pll 7.n 61.9 solubility Ill more :ilk,fline ptl's is also 

Prolanine 70'. aqIicoli elharnol 1.1 observed. 

Glutelin 0.2",. NaOl I ,tllotion 4.7 Similarly, coconut proteins show low 
solubility at lower p1l's for 0.25M 

solubilitya 

Inmilulile residie .... . 1.8 
Na, SO 3 :1nd 0.25M li.la ic soidiln phli,-Nonproicin nit rogeni 12'" odiul lil it I ate 10 

precipilliic prttcis 0.1 phate. The pllI-soluihility profile rise., 
a_____l___________l-- --------- .- steeply beilnint! at pll 4 and ieache.Si___ ;I10 ski(e~i CI lssif icatio . a x i llU nl ll f a lm o s t to lal s oltib i lity at p llim 

8. A decrease of solubility at hire 
alkaline conditions follows. 

The ulliqne solubility characleri.tlli -f 

Table 3-.Pared oconut ,iualai, coconut parinqs: Prnxi,i, teJn,lyses cocollllt Ioteill in ,ill solulion live 
-.... ............... been ud I(i pielprc an i-e.tini,. iklloi~e 

Moistte by extiacliiln ill I M NCl at pI1 7 
:ind ,ollile NPrtein Crud folriwcd by Iplecip talioll at pll 2. 'Ih1 

nemalerial OIl N '.;N X 6.25) Ah liber preparal ind ehirtivicS it this and 
S,inipl¢e ; .; ; rolher iul.c, prvimiod by exi,icthmi; i 

Vre,,h pjircil pil 2. t, old 11.5 are the ,ll c' t) I' 
11.11%, 417 anl lier. n1lllClilit no ill',\ 1 p' l l; l )'., 

:lesh t. tli 35 'Tile clw iocal O hliii e elissilik-alion .)I 
I)ecsjc.ild ploleins I l.nid and S.iidstroiii, 1943).&.t 

p. ir.lii.i II 73.5 .pplieil o citll t lie0al. .tC iilllts tIlk'licd'c,iled solubility di'a obliilleil in qtulillle :lill 

hesti 2.2 5.1.7 salt ineilia. Table 2 illdiw ilaethai (ol 
il,ildli-il 1).6 5.2 3., 22.5 4.2 5.f6 90',; oil (lie proleiils inill0Ci'tLlt I lli 

I)tlited would lbe cliasilied as illbu inis iild itloi.
t¢esti (iieil 8.) 3.(. 3.2 20.01 2.9 12.1 ulins J lie s',dthi tunglie test indicat 1 
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Fig. 4-Solubility of the proteins of coconut 
meal in different concentrations of several salts. 
(Data next to solubility points indicate result
ing pH/s.) 

that there is very little nonprotein nitro-
gen in coconut meal. .	 The solubility curves (Fig. I and 2) 

were made on coconut meal which in-
cluded the testa. In addition, some coco-
nut meal was prepare(! with tile testa 
removed by nlan ual paring. The parings 
were also dried and defatted and the 
solubility profile of the proteins deter-
mined. Table 3 sunmarizes some proper-

ties of COC1lltit Ineall Without tile testa, 
and also of tile coconut parinis. The: 
pared coconut meal gave a slightly higher 
protein analysis than the paing,, (Z2.5% 
protein cotniplred to 20.0';: 22.8w pro
tein cotnparwd to 17.7', in another deter-
mination). Ilie sollibility curves of p-.red 
coconut meal and of t!,: parings are 
COilpaia hI.v t iiO '. Of oconutit tncal 
with tile patie.'s. 

Solubility profile; of the proteins in 
meals prep.ir,:d front coiniltticial coconut 
products te been ohlained. Figure 3 
gives the solubihity profile for .:octonut 
neal obtined by def~iting cotinimercial 
dcIcc:l tl .l,intll ,tnd stin-dried c t'ili 
prrepared tndler a "heat tent.- The ineal.. 
from sun-dried copr.i gave a phl-so!uhility 
profile conipar.0ble to the l.borahory-
prepared cio:0oli 1il. [hat from desic-
Ct' eld C'',ltui . ItI1W:eVk'i. dltsjl,[yCd rat tier 
low soltlhitlv at hot itaidic 'Ind bahsic 
pl1's. ll v',t.vl I w tbi-.,ilyy (21,' coni
pdred to bltil 711't' ill thC*l l r:itIry

prepare.d imte..l ill p 1 5 i.,also strikin:. 
The bchavior of eiinei.'a,lesicc.:teil

c(oto lll is ,.cry lU hn ill'Il luclth ;I i leh 
pIltl 't id, 	I.,1ly ;x.hilc. P.liriin.r.\ 
\VO lk do lc 	 ,it 'I'c\,is ,'\& M thnik',l.i-J v (tI,
lie !C ol hd c1.1h' ., Il0-,... CLIih' ll 
Iroin ibtii.tl he ;I Ii,c tl i dic it of 
liev 'ilik,' tZil 

if ;ilulihI\. I hi;, howiL 'vr, tdoe, i t 
:k-C- l n 10 I Wt. I ile L'A'l ' V-. ll h 0 1111ii il~ t 'l 1.3 1 

4cLit It'lvil L,4it Willich. 
Wvhlt' , 1.t , lii ', r . lt hlity. 
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Efficiency of protein recovery 10g. After centrifuration and gravity fil-
Protein solubility or extractability is tration, the supi:rnatant volume was 

factor governing efficiency measured. Under ',hse conditions, threenot the only 
to five times the weight of coconut mealof protein extraction. Other variables 

such as length of time of extraction (i.e., 30.-50g) wa, absorbed by the meal. 
meal:solvent ratio, temperature of extrac- and was not recovered as parl of tile 
tion and the effect of added salts are also separable solution. The amount not sep

very important. arable under practical conditions would 
4 gives data obtained by varying vary depending upon the efficiency of tile 

the meal:solvent ratios, while extracting separation techniques used. The data in 

at pil 8 in aqueous solution and pHi I in Table 4 indicate that asolvent:nieal ratio 

I N1Natl (conditions chosen as represent- of 20:1 (v:w) would he tile most effi

ative for aqueous and salt extraction). cient, for single extraction. 
The sample size for these extractions wa; Table 5 gives efficiency of protein 

Table 4 Effect of solient:meal ratio on extraction 

At pil 7, IM NaCIAt pH 8Solvent:nieal 
ratio (ml:g) %N recovereda 0 N extracted a 0 N recovered a 0 N extracted" 

5:1 1.9 60.9 17.1 95.1 
7.5:1 25.8 62.3 38.3 !01.0 
10 :1 32.2 60.1 53.6 97.4 
15 :1 40.8 61.2 63.3 94.0 
21 :1 47.1 63.9 75.0 97.4 
25:1 46.6 59.2 77.9 91.7 
311:1 49.4 62.4 83.6 100.3 
a Ilhe percent nitro.-ci extracted (or soluhle) is hna;cd in the total ilitrogen present in the 

coconut meal saniple and the total volume tof soivent used f'ir extricti|I'. nitrogenT'he percent 
recovered refers to thi nitrogen in the :;oparable siup2na;talt ext'act. excluding the aiiouni of, 
extr.,:t (solvent) abs)rbed ty the meil. The difference between Ihe percent nitrogen extracted 
(tistolved) anit recoxereid represents the iitroge -, in sot iti inl he at.orbted solvent. P'ercent 
nitrn~en recovered is the more useful data for process devetopnien purposes. 

7'able 5 Effect of successive extractions with c',fforentsolvent:neal 
ratios 

Soh'en tinlcal 	 At plt 2 At pli 8 
ratio (tilt:t!) Itrlctioii 'N crc N recovered acciwe (l 

10 I r"irqt 45.8 33.7 
Second 17.7 12.5 
Third 7.1 8.2 

'IOTAL 70.6 54.4 
15:1 	 First 65.5 40.7 

Second 17.9 13.3 
TOTAL. 83.4 54.0 

(Third) 5.9 9.5 
211:1 -	 [list 61.3 13.6 

Second 	 14.1 14.8 
TOTAl. 754 58.4 

tt a iLl4tl. lilt titat recci),cv ,,' extract. 

Table 7-Effoat of teinpo,ture on extrtt' 
Tahl, fitct or te4i,, on t:\tr.,Cttril tion 

a 

. . . 
I:1* 

. . . . . 
At 1Ilt S 

. . . . .. . 
At I,!1 

. . .. 
. I1\ N.(' 

.. .. . . .... 
l,eurti.mire 

. 
() 

.. . . .
'.N 

. 
\ 

.. . . 
.lte 

I m . _ 
5 

"N e,.t11 1,,'t.111 
5 6 

N '\t,.,dh i',l 4-.. . l. 
W. 

. . . . . . . .. .. 49ii . 
57.7 

. 

15 59.6 15 (1.5 
38..4 99.').1 29 71.6 

4s 
(.' r1 

51).3
611.., 

981)
I 0 .1 ,11 

52 
7 5 

96.1 
9 2. 3 

9 15. -)le Il-|,| Stilvls 0.2N, I t,'tItI1.iIt' ttler. ,II '.11. 
'l 4,l, il . illl is t,,*,,hl d fill tiilal %It 11 1 d. 
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extraction and recovery w.ith ntuAWip Fiture 4 suminarizes effect Clit,10thmists, WaAssoe.,ing ton, D.C.Offi:ialthe on ed. of Agricultural
extractions, using 10:l, 15:1 61d0 nitrogn solubility of several salts at AOCS. 1969. "l)flg'.al and lrent.tiv, .Meth. 
ratios. From these data it appars that a vatious concentrations. The tests were ods." ;3rd ed. Ainericin (il CliviL-ts' Soci
two-step 15:1 extraction'may he most run tsing ithe salts without adjusting the ety, Clhica.ii)i 

lButterworth. M.11t.and Fox. I.C. 1I3l. Tiltefficient. Though uing one stepl less [han pit. hi Iignigre 4, data next to fhe solul il- viiect of heait treatment on tlt, nutritiv-
a triple 10:1 extraction, the overall yield ity points Indicate the resulting pil at value of cotconut ii arnd the iredictioi -" o f hlme o t ste 1 :1 	 u tritivi ,va lue I)y 'lit 'Hica l int'l~lit ,B rit.s w o s ii

of the two-stcp 15:1 is almotl as hi*gh, each salt concentration. J. Nutr. 17: -i5.
 
Compared to lilt! two-step 20:1 extrale- ('oneentrations at 0.25NI or higher of Chandrak.tearo. A. and King, K.W. 1967.tion, it uses alilost . thirt le.s solvent, diba:,iC NOLlitin phot,,0 e or sI)ditllll tit- ti'nztr:atic modilification o tile extaetabil

iI y oif ['riitin front elio nulin-; (Ciciss roclifwith only a small loss of efficiency Of file extract i11ost of the available nitrogen ,ra). .. Acr. Id. Chlm. 15: "t05.
 
protein recove most ex- oust efficient t N. an.
-. [he practical in coconut meal. Na( Is ot prheloih, otr,. -xielI ,0. 'stri-t-m 
traction conditiolS woulld ble selected on con,entr-itions of 0.75M or higher. ('Cl traet-d coconut nieal lIv dliiutt- .oist., alkli,
the basis of total process econo'nics. solutions, at O,5M or hi,ghcr concentra- aid salt solotionl'. .1.Si. td. , v w. 20: 41).

Gtlvy;,:;Uitctiri S.. Later. C.Mt. alid tAttit. K.FI.

Other factors affecting protein tions, effect over 0': exrtracti on. Mono- e17;-ffict of serat variables on ti. i,

solubility basic sodiumn phosphate, however. reaches tracthilitv of sunflowir seed proteins.
 

at Iaxinum extraction Of J lit tle le.s than J. Food Se. 3:4:|53.
In dete:minine the effect of eiv.lh of 	 Lund, A.P. and Sandstrom. W.M. 1913. rhteoexai - 60'.:- of the availible itrogent, at concein- proteins of variouus tree seeds. .1. Agr. Ites.time of extractionl on nitiogen solubility, trations of 0.51 or hig'her. [his differ- r;t;: 3.19.
 

it usually too; at least 5 mlil to attain tile i Miter. L. and Itiughtoli, J.A. ltiS. The nii
desired pl, and then 15 nii for cL-ntriltu- explaitted in part by noting tbe resulting i hk-t li i t irniin atiin Pofitein niilincxpiaiicdillart b noli).' theresutingi-nlt of .ulii|nii aidst and prot-ois;. J, lotl. 
gation. Thus,; w "time" en'L--	 Ciatrn.ployd t!he variab eatifcialy 	 -oast asal.itl~l ipl's" holth Nai: SOs anld ,.':i11'O attain1 Orr, F. and159:Adlair,:17a.1). 191;7, "The lProdurtion of
ployed al t a set a l ir- p1l's on the basic side of neutral, in wac tin t oots and Concentras from Oil1rsltit 
ring tinte atter flt! desired p 1.ad bef in. seeds," p. 11. Tropical Produets inutitlute.
attained. T'alde 6 intdic:ies that ntixzitttl cocoittt proein is very soluile las seen in L odon.ani en. lTblity i~s ttd mitt ui Figuire 2) while Nal lP(.1 results in pit's PAG. V-,65. FAti/1WIIOUNICEF VAG News
nitrogen solubility is attained i 15 min bBulletin No. 5, p. 33. New Yorl. 
or less. e 4., -55. Perhaps by.b coinci- Peters, I.. 104l0. Pritaration if .lissi acid

T'able 7 solinnmi rius tIte efletl of deuce. (aC12 aitd N:iCl effeet pit's at or Conposition (f :;ctictl sit,, irn frau,-Tpale o numitrogen toh i Ii.oA near lte highest pointstemperature oil nitrogen sohlblity. A biiypoI-'(e in their pl-I-solu- |ions, p. 21). thl). thesis, Purdut University,Fg2) 	 Lafay~tte, Ind. 
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