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?P.fil~ACE 

The fruits of Sspindu.s drummondii H. and J. . , commonly 

knowr1 as Western Soapberry, "lild Chine:. Tree, Drummond• s Soap­

berry, a.Y1d Indi,m Soap Pl nt, are not cor.:llilercia ..... ly util1 zed, 

but since the tree is 1 1dely distributed in the South ,est, 

t1ere is loc«l interest in its products. The tree in the Vi­

cinity of Stillwater grows froo 15 to f. 5 feet high ond hss a 

scaly , bro\ffi bc.rk. The fruit is a grr...pe-like cluster of yel­

lo ~. berries with bl'' ck, hard- shelled seeds; these rl. en in 

th fall and st y on the tree ~11 ·vinter .. The )ericarp, ·which 

is reported to contain !j;/1,.; saponin (l.:3), has been used li..S a 

soap substitute and in the m~nufacture of va.rnish and floor­

wax . The polished seeds 11~ve been used as buttons or orn-­

ments in brucelets U.".ld necklaces. The wood ls ec;;.sily split 

into strips suitable for mEiKin:, bas;,c. ts, p"ck si:,ddles, frames, 

etc . 

Since no study of the chemical co~position of th€ seeds 

had been made, the present V:orlt tra s aesigned to remedy the 

deficiency. After the seeds .ere found to be comp·.rat1 vely 

rich in oil, mo~t of my ;ork as concentr~ted on the deter­

mination of c:ons tan.ts of this oil and the sep"ra tion and iden­

tification o±; the .f tt"',1 ac1C:s present. 



V 

T BLE . 

Page 

~ckno'l.ledge· ent .......................... iii 

Prer~ce •••••••••••••••••••••••.•••••• 1V 

Historical............................... l 
Exp -rimen tal ................. " •••• ,, ....... ,. 4 

D1scussio1 of' .esults.... ... ..... ....... 10 

Cu JJ1....1ey ••• .. ........ ., • • •. • .. .. • • • • • .. • • • • .. • 1 

Dibliogr~p3y ••••••••••••••••••••••••• 14 

utobio_gr&phy .... ,. ........ .- • .. • • • • • • • • • • 16 



l 

UISTOBICAL 

fats nd oils. J<-m.o the plt!n ts studied are t .e folloTing 

relatives or 
Tree oil ( ehleicher.:,. tr1 lnf;tt) 

of ti.1 e 1v n1nd{eceae vlhi eh <;.re f o, .. md in In die, Last In.di es, o~ d 

Ceylon h s been. 1nvest1,&tt by Bolton nod J -.sson (4), 

Le, ko'F.ii tscr1 (lZ), Poleck (l!?), and ~~in6 e , Hildi tch, i·mi 

Vic..rery (7. The oil is consider~d unfit for reeding pur­

poses unl !1,S properly r,efined;, it can, hot.ever, be usea '' S 

an illu inant · nd in "ne :U"rr racture o:f soc; p. 

R butrm Tello" (e ~_il_il:·u:~11'-&P lsHU2&oQfHVi, of Chiu~-, ~und 

1 slands, • b.ley, nd el~e,.., :.ere has b en studiec. by t.reo1•gi 

(8), · -;cze1ski (~), end. F.!or""i!n ancl Hol mes (1,1). 

Ptlssm 1:~t (Neguelium .•• uta'b1le) h<;.s ,lso been studied 

by Geor gi (8) •. 1he fat can b used for edible p 1rposes or 

"le anu.fr. Ct.UT~ of Ctm.dles r011d soap. 

Soep Tree 0::1 (:§t: t11ndth trtfoli:e tus) 1 <: obta1r1ed .fro!l 

cultiv teu 'trees L."l Ba"l.._."!,. The propert.i s .and constituE.-nts 

of t, e 0·11 re reported by ? r~nj e r,nc .ge.: r (1t>) . 

or the Scpin­

a,.c(me of !e ...... a.e s.nd New iley1co , h s been investigated by 

Cheel .. a ?enford (6) and Sch6€dler (1 ) • 

Tne f tty oil of the fr~its of 1:iepindus r.;m}rtJros~i is 

de scr4 bed by ~a fu!.tu and H ~ to ( lf) • 

Tbe fruit ~md s~eds of apindl.l~ m&r;,int:, tus "'Ve been 

e.nti;lyzed by G .. s. Ja-::niP.-s n (11). f e ' ~ st~ge.sted t1~t ti.1e 
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oil oould be valuable for t~ tum -f cture. of soi:p bec~use of' 

its lo\'t content of un c.ponif ... ble mt ... t er. 

'l'lle cons tan ts and physical prop ,rti ss or th .... SA"11UG§~~ e 
Ju<·t entione are to be found in T'-ble I. In t.1dci tion to 

the inf'or:u~tion con.tained in Table I, Sfrnindus trifolit,tus 

"2!,eed.s re reported to C0.'1 ain 3 . 5,; moieture le.mi ~. 4,-: o.sh. 

The satur-e tea. acids present ure pal:,d. tic (.5.6:;) , n-eicos.an1c 

(21.9:'), lignoce.ric {!::.5/ ), s.nd ste ric ( o . 5_-;); the only un-

e.t,.lr o ted acid is oleic (61 .. s,;) . The oil from the se:eds of 

Schlictie;ra triju;a is rep~rted to cont ·in the followi g -.eics: 

pzlo.i tic ( 5-8:;), e.rachi · c ( ~0- ~5 .. ;) , stearic ( £- 6,i) , l.'.1 ·rf stic 

{1.1),. acetic (s~r.al.l uount), oleie (60-70/,), and 1L'1olic (Z-

4.!'). rJephell,um l&pnas;~g;n -- 1 co cont ·.ins n-eicoa ... nic s:ctd. 



Scl1ltcb,~tfl 
trijy,s~ 

Seed ~t. 0 . 5-1 . 0 o • 

·~ Kernel 60 

,'.t Oil 

Sap. V. 

Iodin_ 
rt.1ober 

R. !:I . V. 

Onsap . 

~cid V. 

Titer 

ao-7r., 

'2 15 .. S30(13) 
21-..'7 ( 4) 

.54. 5 (4) 
~8- 613 (l;s) 

16_:i {4} 
9 (13 

1 "' r"J , ,, (N) • o-, • "' t 

2,.l (l~) 

. 8 ( 8 ) 

i13) 
52 
5riO 

Ref.rsctive nno 
Index l.~537 (4) 

Sp . G. 

•J· 0 . ~. 

TABLE- I 

Ne~btlium Nepheliwa 
lyppace;wn mut~~ile 
~,i. 

~,;.,14- 41 

l9c.8 {Z) 
193 ( 8) 

43 . 8 ( 8) 
3D . 4 ( Z.) 

,; .. 

60 

l9j (8) 

·1.6 (8) 

\ 
Unsooc:Ue 

trifol1?tus s'2ecio§fl · 

45 

30 50 

,.,ol"i. ~...:! ) ,._ .. , _, V 

132 18) 

84. ( 6 ) 
a:.~ ( 1e) 

9$ (12) 

9 t o.7 r. 
(12) 

61:.,45 
(l f~) 

S£1p1n41is 
mp.;:t; ina tYs 

... . 
57 . 67 

40 . 90 (11) 

90 . 4*( ll) 

89 . 2 (11) 

134 (16) 

08 • i) ( 16) 

1.5 (16) 

1. 2 (16) .e (6) . l~z. (lr:) . 5'7 (11) 

. 7 (8) 

s1. 5 (a) 
5? (3) 

50.g {8) 

. 711 

nDO n.~ n£5 nff . noO 
1.4,590 (8 ) 1~4579 (8) 1~4764 (16) l.4660 (18) 1~46~0 

(lF) 

99715. 5° 
. 86B9 (8 ) 

v9]'l5 . o0 

. 8597 (8) 
100° . 8543 15° . 31}:'(18)_ io0 . 9328 

(16 ) 15° . 917( 6) (l t:) 

1; 1,- ( 11) 

n25 
l~470 9 

(11) 

40-42 (O) 40-12 (8) 
42- 46 ( 3) 

41-42 (l~) 

' *Probi4.bl.y a typogr aphi,.cal error. 
M 
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Tl· e i'rui ts used in t - is ex rL.lP! l t ,. er g··thered Sou th­

e ·st of Coyle, Oklt\homt. froh' treEis ..;.long t.c~f: ro~dside. 'l'he 

p-ericrtrps .ere remove ·' by hun o.nd: the ve ds '!f.'er . ro• n in 

..., ... i cy "'ill.. ,,. percol-c, t.or tyµ c~tr£:.ctor designed by Dr. 

J. E ... e'bster -s us d to s "'r te t1e oil fro he meal. 

Sulfuric et 1 r n s t ,._e sol · en t tlSed in t .. e fi ~ t ex tr.:.ction 

t.nd pe rolewn ether r;:;.s u ed for f. second. 1. t!lird sep,..ra-

t1on .as . rde em:110 in met>l rror;:. one ear old ... ecds ~ j_ th 

oetrole e..;h r in Bo ~let extractor. In ebe· c se, srter 

e tr ction, &s ouc 5 possible of the solvenv s distille 

of' ... over t. ste.&m ath,. &t firs under o:raincry ~ re£sure i 1d 

lnt r under reduced rn· ssure.. 'l''he residu"'l oil ' st ·-

ice bo., 11 t 11 needed . ' e sulf xi·e ether extra.ct 

as a gr enisn brov.n oi · ere s th '". t fror., pet:roleu .th r 

·as y llo -brom in color. The extrwcte · sueE.l 7'€ eubled 

stareh in appe r&nc and t~ste. 

The usu l constrnts ~ nd p yslcril oo rti~Q of the oll 

.ere deter inad iy st . a ~rd etb s (10). TtJ.e ct" de fiber 

":a.:- deter:;1.1.ned by the :'l t.1od r coru:.iendea b.,' .A.O . ,,. . c. (1) e,.'ld 

th,o st rcn Dnd SU£ -~r test!,; -' re ti~:teo froi:1 He k- :.'ld Bergeim 

(J). h results ~r- to b round in Ta.bl s II and III. 



TABL II 

.NALYSIS Ol? EX.1.RLCTED !.!EL1 FROi:4 Si..PINDUS DRD~ON'DII S ,EDS 

Average r'rui t .eight 1 . 01 g,. 

Percent ~eed 4~.6 

Protein Ci N x 6 . f:5) - j eldahl 21. 33J' 

:f'iber 

.!sh 

Moisture 

Stc..rch Test 

ehling Test 

17 . 98 

3 . 70 

8 . 40 

posi tive 

negative 

TABLE III 

Old eeds 
. 68 

41 . 0 

CONSTJ..NTS iJ,Jf ?HYSIC1-..L PROPLHTIE'' 0 · THb OIL 

Extr ction Solvent 

ieight of eal Extracted 

Percent Oil 

Sap . V. 

Iodine lfo. (Hanus) 

R. M. V. 

Pol •. V. 

tTnsu p . · ., t ter 

cid Value 
25° Refrnctive Index nn 

Specific Gravity f5j25° 

Acetyl Value 

Thiocyanogen No. 

Ne seeds 

Ether Ligroin 

2095 g. 1288 g. 

~4. 0 

83.5 

0 

0 

1.2$ 

0 . 95 

1.4722 

0.9168 

14.5 

67 . 2 

23. 5 

8' . 5 

1.4718 

0.9032 

Old Seeds* 
Ligroin 

461 g. 

8 . 9 

208 . 3 

95 . 1 

1.4718 

0 . 9155 

6 4.8 

*The v&lues are probably not reliable due to incomplete 

extraction of the oil. 

5 



The satur ted and uns~ turated :!>'t t ~ <j,,cids WGre sep -

rated from t h e crude oil by the e..:.c o p- eth ;r e1c thod (10). 

~n ddi tional amount of.' the s·· tur& te ~ r tion , s pr p-.red 

by chilli!'lg a t o . .; solution of a new p0rtion of ti.J.e i:,ixed 

e.cid in uethyl alcohol · d fil teri (5) •. ,.,-1 " tte:r.pt to 

sep rate t: e "E..turatect and uns~~turated f ·· ty acl . · oi t r 

lead so p-~Lcohol ethod (15) f .:..iled to gi vc Sb tis E.ctory 

results . H rtsuch (.,::.0) re.i., orts si. ilc.r exp rien ces uith the 

last two ethods mentioned. 

The uns tur · ted. c..Cids were convert d to i.1ei r m thyl 

esters and fraction lly distilled under 4 mm . pr ssure from 

mo 'i.fied Iempel fl· sn:. .From Il.,nus numbers c;.nd S" ponifi­

cation e uivc:.lents the esters v.?cre hovm to be a o.i xture ;)f 

methyl oleate 'nci methyl linole·· te. Since the hex brOJ.nide 

test (10) gave negative results with 11 i'our ester frc..c­

tions ltnolenic t..cid r,r s r ssumed to be ab"'ent . An atte pt 

to precipi t[.,,te linoleic tetrv.bromi e like;s:lse f iled, • rob­

abl y owing to the gre.:t a ount of oleic aci dibro:nide :,re­

sent (21). The :free acid from the firs t e ter fraction 

forced elaidic cid ( · . ? . 43 , 1 · terature Vfl.lue 44-51 . 5°) 

;hen trea.teo. v. i t.1 so iuz nitrite and sulfuric acid, con­

firmino the presence of oleic aci • By use of' th · K ufm~nn 

equation (10) the percent . es of o : c, linoleic, nd s::it­

urated acids ·ere calcul.:;ted. Ttte ratio of th tvvo unsat-

ur, ted ~cids ;as also c le lo teli ·ro. the 

number of the ester fraction.... . '.l'he res 

r '"' Hanus 

s are to e found 

in Tables IV and V. 1t1e. ttn .;. tur.::: t~ . ci ' froction fro.:r: t11e 
,•' 

methyl alcohol set)~r"'tlon gaY a neutr l equivalent of 304. 
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liliible for a mi.xture of' ol.oie and 11:noleio acid .. 

'l'ABLE IV 

?ERCEJ'il'AGES OF' FELE ACIDS J.:m GLYCERIDBS i..S CJ.1LCU1LTED 

.Extraction Sol ven. t 

,i F'ree Oleic .Acid 

% Oleic Acid as Glyceride 

/: Free Linoleic i1cid 

~~ Linoleie Acid us Glycer:lde 

;,;, Free Sstura.ted iwidn 

,;,;; Saturated Acids as Glyeerides 

;; Free Unsaturated £.eids 

Uew Seed.s 

Ether Ligroin 

18.0 19,.0 

l.8 .. 3 13.S 

74 •• 8 72.5 

;; Unsaturated ii.e1ds as Glycerides 78.0 

TABLE V 

Boiling '.'/ of' Total Sap .. }:J: 

Fraction Ran.ge B.v Volume Equiv. 

l UJ} to 170',;1 10 <'.} 
. ,&.i1• L~ 292-.2 

c· 
~ 170-2 36.6 289 .. 0 

,.., 172-7 .._,,,, •:.t 2'.Jth4 v ~;4.,.-~.,. 

4 177 up 21 .. a 2-62~.s. 

Old Seeds 

38.4 

40.l 

He.nus Ifo. 

88,.0 

93.5 

89.0 

8-4: •. 0 
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The ave:raoe Hanus 1 umbor of mixed uns"·turn, ted m thyl 

esters ~!Gs c lcult, ted to be 8 :c) . 4 . Thi · v t.lue indi cat s that 

the unsaturnted fraction consist'"' of 4 . 7'.;,h linoleic · cio ·1n 

95.7) oleic ~cid. 

The s tura.ted acids from the lea so p-eth 

tion ,ere frac tion ~11y crystallizea 1ct t ·o ubstances of 

melting points 61.5-6 !3. 5° r.nd 68. 5- 69.5 ·ere isolated.. Th 

lov-er frection shov·ed no devia ti n in melting point 1\·hen mi ~­

ed with pure palmitic acid and th melting point of the hi gh­

er w s lowered less than one degree when mixed .1th pure 

stearic aci · • No substance v.'f,s found vri t h a. meltin g point 

lower tha. 61.5° or , i gh€r t nn 6~. 5° so it as &ssumea t . t 

only the t wo acids v,erc present in the ::, a turoted ..... rcc.cti on. 

The mixed satur· ted ~ciC:s obtaineo, by chilling fro rr methyl 

alcohol also f ailed to give a s bstance of melting poin t 

-above tr~. 5° on recryst• lliz tion from absolu e c. lcobol. The 

neutrc:d .. equiv lent of t •1e mixture " s found to be 306 . 0. An 

attempt vras m:"de to purify this f1•acti on by converting to the 

, lead soGps in th nresence of c:1loroform, filt rin- off the 

li uid, and reliber"ting t h f ty c:.cid.:... The neutr 1 e uiv­

alen t of this subst nee ,; ·· s !i94.0.. Distillation of the mix­

ture f rom a Hickman still :-avE: materi ·l 'ii t h ·- neu trc l equiv-

lent of 313 .. 5 , but r cry st, liz'' tion of t h 1 "'t drops f ailed 

to give a su bstf:.nce · i t ,.1 . m.el ting point t i gher than "'9 .5° . 

The distill·te s ~~ai n placed i the st·11 nd redistilled 

into 4 e~proxlmately equ l f r cti ons · ich gave neutr~l quiv­

alents of ~83. 9, 300 . 5, 12 .. 8 , and 3-z1.1 (in order of increa sing 
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boiling points of the fractions) . rh.e last f'ra.c _.ion con in­

ed a. small amount of' c..n unknown subs · nee •hich wi.s soluble 

in hot alcohol but insoluble in dilute potassiwn hydroxide 

solµtion and wer~ concentr ted sulfuric &cid . It melted et 

60- 4° · fter one recrystallization from hot. alcohol. The resi­

due wc:..s .ashed from the still with hot a lcohol, neutr'"1lized 

Vii th dilute potass.ium hydroxic.e , ·an the soa.p solution fil­

tered. The residue was i solved in hot absolute ~lcohol 

and allo, ed. to recryst:.zllize. This material -,; .s insolubl 

in warm concentrated sulfuric cid, gave- neeative sterol 

test, and meJ,ted indefinitely at r,bout 130° . 
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DI CUSS!' l O -, RESULTS 

In general, this proble has i en satisf~ctory results. 

The physical propertie"' and const&nts of the oil ex mined, 

as v:ell as the f ~t:v acids pr sent therein, show similarity 

to those of oL~er Bapindcce·e. 

The Hanus .1hl!llber of t'1e oil in question is higher thon 

six of the seven oils described on page 3. This is in e.gree-

rnent "''i t.rie climatic in. luenc on unsaturation, S~pindus 

dnu11nondii I. and a . bein from ·· cooler are than the others 

just mentioned. 

The cons tants and p y ical proi;)erties of the oil extract d 

from one y e •' r old seeds differ sli 1htly from the extract of' the 

new. This a be due to seasonal influences, type of soil on 

hicll the trees •rew$ aging , and/or incomplet extraction. 

The acetyl value indic·' tes the presence of free hydroxyl 

, roups. Sterols, w~1ich prob" bly make up mo ... t of the 1.2;; un­

saponifi' ble u acter, could account for only ., s1.rll portion 

of the acet'Jl value found; tl erefore, part of the oil ust 

exist in t1e form of <liglycerides. 

Arachid:lc acid ( reported by so' e to be t .. e ~arne as n­

eicosanic acid), hicu is e usual constituent of the oil fTom 

rel~ted plants , wan n t .ound in the~. terial used for this 

study. 

The high neutral eti11ivalents found for botl. the satur ted 

and uns tura.ted acio. fr ctions from the wethanol separation 

t:1igh t be due- to the presence o.f ei th r an unknorm branched-
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chain f'atty ac"d f !liih m.olecul "' r ·eignt o some inert ate­

rial, such as sterol ... or ':1ydroc·rbons. r cilure to remove this 

substc:io by cry st llizatlon, resE .. po 1r-i c tion, ··nd distill" -

tion could be explain d b. its sorptio by tA so ps .:.n 1 ts 

resembl ce i n .nel tin; point unci boi ing point to th· e. cids 

knov,n to be present. The s.olubil1 ty beh viors. of th m ter1-

als isolated from ti1e higher boiling frc.ction of solid acids 

classify the as 1 "'raffin hydroc, rbons . Since such hydrocGr­

bons ~re AD.own to occur ins ed coats (11) and since the ole 

seed takes a high pol;tsh suggestiv of the pres 1ee of e ax, 

it is believea th· t the interfering hydroct.rbons ·er derived 

from thes outer coats . Future investigation should be made 

to test this hypothesi s .. 

Differences in the percent· g.es of t he uns turated ~cids 

as calcula. ted by the 1(nuf ann e r uation _d frora the average 

iodine number are partl y u to the fact thv.t ._ ufm - ,n ... s­

sumes the oil to be 100,~ triglycerides. E.xperimental errors 

11 the determin· tion of the iodine nUJnber and thiocy nogen 

numb-er mu.y account for part of t 1.e d:screr aney . Io ·1n num­

bers might also be lo~ered by the prior addltion of soi e 

foreign substanc at the double bond of the unsatur~tec acids 

during h ndling of the ma . erial. The results do incicc. te 

oleic acid to be ore abundant in t e oil th· n linoleic c.cid. 

The lov.: .. ercent ge of uns ponifiable nn tter suggests 

the possibility of using the oil of soa berrie"' for the ,a"nu­

f cture of soap . The fat, protein, ~nd sthrchy materi l 



of 

, 
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seeds ,of Ba~indu~ licmamondii .d . and A. 

p .... ts. 

3. T'.ne f-. ttr r;:cid ... pr,esent iir ole:tc, linoleic , p · mi tic, 

und st ari·c ... 

4, Oleic : c-id is wor1:i ~bund .... nt th ,n tl'e other rntt " 'elds 

presen t .. 

5. n- Eieosanic ~c1( is abs nt. 

v. Treces of fj,re;o· -1:.1 ny::roc~r. ns of. igh .,.olecul r e ie;ht 

. re present in the oil extruc ea . i t n petroleUL"l ether. 

7. The seeds o ""iip1ngq~ si:::w.·u;;ondli ,. snd ·,. . are of no com-

'" ... ial 1mportance ... t the rrr seut t1rae. 
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ll, 

.14 .• 

15~ 

16 .. 

17. 

J 10 . _, 

• 

.,,. c·1,·1······· ,h ' . .l'.·:~·.J -.c· •r-;:..f' ___ .~,' 

l-°'.".:·f'c;. 
>tc.,.:*'-,,,,, 

Co .• 1, Lom:ion ( 1914) 

(1€,91) 

( 1 ... ·,.·····"'·.·.·l)· .,l., ~:J,: 

30 
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.t1.U'l'O!;ll:OO£il,?tff 

I,;i to,,rell r. C.rews, ~1as born t:\.t St. Louis> tU.sso,.;i?i, 

October 16, 1915. In. 1918 I il1oved to F2irfiele, Illinois 

~1.ere I :.;,ttcended p".i.lbli~ sch·aol* gradu~ting from Ft:.irf'ield 

Conmiun1 ty !f 1gr1 Sctwol in l~3~. 

I attt.:i.nded .Soutb£:rn Illir1:ois l:iormel Oni'Vtrrsit,:r, Cllrbon­

dalft, Illinois, :f'rol'1l Septe!!'lber.t 192"3 U.'ll.til Jun.e, 1~7, re­

ceiving t1 ~ehelor of Edt1e£tion d~gree. 

l ettt(itred the Or1Jdu~tQ Se.hool of' Okl~homts .Ag:ricultur~J. 

mid iaech.enieal Coll$ge in .Septer:i:ber. 1937" vd:1.l;ire I have been 

. ~.n;plo7ed s.s a grfi.duat~ a.saistant., I eiq1ect to rseei ve th$ 

· ~~nter of Science -deiree 1n i.tezr, 1939. 
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