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AN ANALYEIS OF THE OIL
or
ECHINDCYSTI® FABACEA SEENDS

FORWARD

Behinooystis fobaces, commonly oalled "Man Root"
becauss of the peouliasr shape of the root, not unlike that
of a man, finde abundant oocourrance in the central valleys
of Californias This plant, s member of the wild cucumber
family, is of partioular intereast because it is an oilseed
plant, The variety agrestis is especlally ocommon around
Stooktons Other varisties are found throughout the
Saoramento and San Joaquin Yalleys and in the Coast Nange
Hountaing,

04ls have played an important part throughout
history end are continuing %o do so in our present economy.
An investigation of the oile of Fohinooystis fabacea seeds
proved to be of considerable interest,

An extensive search of the literature revealed that
enly a salight amount of work hes bean done on thease olls.
e T'e Daughtere nade a very brief study of them in 1918,

This paper will discuea several of the analytiecal
methods employed in the snalysis of fate and olle and
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evaluate them in terme of thelr applicabllity to the oils of

wild cucumber seedss



UBAGE OF FATS AND OILSB

Man has been familiar with the fats and olle since
prehistoric times ‘Long before he understood the nature of
them he recognized differences in thelr properties and bHew
havior under different environmental conditions, ‘“hen and
how mon first became familiar with fats and oila and thelr
menifold uses is lost in antigquity, but it is known that
they were widely used smong primitive peoples as medicinals,
in cosmetlos, in religlous ceremonies, as 1lluminants, fuels,
lubricants, and for many other purposes,

Klemgard (1937) mentions the faet that the Egyptians
used olive oil as a lubricant for moving large stones,
statuos, and building materiels, and thet axle greases Gone
sisting of & fat and lime, togethar with other materials,
were used in lubricating Fgyptlan ohariote as early as 1400
Be ¢y Sarton's Introduction to the llutory of Soience (1927)

containe many refersnces to the use of fats and olls in art,

technology, and medicine from the beginning of the Oreek and
Hebrew knowledge (ninth snd elghth centuries, B, C.) to the
middle ages, Candles made {rom beeswax and tallow wore used
by the Fomana,

Yaxes, which are fatty acld eesters of the higher
aleohols, were used by early shipbullders as proteotive
continge. They have also been found in early Tgyptian mumny

cases and wall paintinge. Natural pigments were used 4in
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combinations with the waxes in many of the early art forme,.
Tempra, one of these early art forms, employed an emulsion
of wax or oll, water, pilgments, and some emulsifying egents
such as vegeteble gum or egs yolk,

T™he paint industry had ite beginning in early Zgyptian
history when varnishes were first employed on mummy cases,
¥any of these varnishes are Insoluble and thelir method of
preparation is atill unknown. Others are known to have been
made from nut oils, Transparent varnish recipiles dating
from the elghth and ninth centuries 2,0 are known to cone
tain linseed oil in combinetion with natural resine, Thus
one of our most important modern industries had 1ts beginning
with the oils and waxes several thoussnd YORrs afo.

The common expresalon "pour oil on troubled waters®
had 1ts origin with the Greek sallors who used o0il for sube
duing waves during 5 storm,

From the acorued evidence we ¢nn see that the peoples
of all sarly civilization were acquainted with the fate and
oils and used them for a great number of different purposes,
It is of interest to note that today the primary applica~
tions of these substances ls much the same as those which
prevalled in enticuity. 1In addition to the very old uses
we have added new ones, Through the methede of modern
technology, fats ere now being used in the production of

explosives, synthetle resins, fibera and rubbers, floatation



3
agente for separation of mineral materlal from ores, de-
emulsifiers in the petroleum industry, insesticldes, weed
killers, and many other products ard processes, With each
gear industry 1s finding new end diverse uses for the fats
and oilss The incressed use of sueh substances has sprung
primeily from the incressed knowledpge of the nature and
structure of these and related moteriels.

The dissovery of glycerol in 1779 when fcheele hanted
olive o1l with litharge was the bepgloning of medern fat
choamistrye The next major step in the understanding of
fate and oille was the discovery, by Chevreul {1813-1883)
that fats were actually the fatty meld esters of glyecercl,
and thet soaps were the metalliec selis of these fatty acids,
Frior to this time sosps hed been used for Lhousands of
years both as elesnsing egents and as medicinals, but the
chemionl nature of theme pubstances was entirely unknown.
After these two important steps in the evolution of fat
shemistry, comprratively 1ittle was done in the field wup
until the beginning of the present century, even though
the nineteenth century hag been claseified an the golden
age of organie chemlietry.

The reazon for the lag in fat chemistry is understand.
able., Man had known about the fatm and used them eince the
days of snticuity. A great meny industries were build around

them on & purely emporieal besis, There were no troublesome
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excosses of fate so that they 4id not acoumulate, hence
there was no specisl need for the study of them as was the
gape with the eosl tar industriss., They presented no serious
disposal problems, nor were thay a cheap source of raw
material,

From an academle otandpoint the Tats were not attraow
tive substances to denl with becsuse of the diffioulty of
poparating the Individual fatty acids and the 4ifficulty of
preaparing orystalline derivatives onoe they wers sepnrated,
They were considered to be merely elmple esters of glyocerol,
or at best mlxtures of triglycerides, and were thought of as
possessing very few definite physical or ohemlecal propertiss
by whioh they could be classified, They were invapable of
geparation into definite ochemiosl entities by any of the
regular methods such as orystallization or distiliation,

At thie perilod the petroleunm industry was still in ite
infaney snd very little was known about the ohemistry of
high molecular welght polymers, The developmant of the
petroleum industry was accompanied by the development of
numareus new products from the hydrocarbonsg and alsoe from
gimple organic moleecules, Thie perhaps was the greatest
single faotor that cauned the organie chemiet to turn to
the natural fats and their derived fatty solde for the
development of similar producte, Thether thiz was the

reason or not is 4iffionlt to say, but during the twentles
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a new emphagis began to be placed on lipid chemistry. Since
that time research along these lines has been increasing
steadlly. A number of secientifiec Journals have appeared
dealing solely with this branch of chemistry. With the in~
oreased research and interest in this area it was soon
realized that the chemistry of the fats and fatty acids
was not as simple as had been previously thoughts It be-

came necessary to revise a number of old ideas conecerning

the nature and reactivity of the substances in this field.

OCCURRENCE OF THE FATS ARD OILS

The fats and olls are found almost universally dis-
tributed in plant snd animel 1life. In the animal body fats
are stored in the fatty tissues whioh, except for the water
present, are almost pure fat. Since fats give about two and
one-fourth times 8s much energy as either proteins or carbo-
hydrates, they ere the most economical way, as far as welight
goes, of storing energy. They permit the body to maintain
a considerable amount of eserve energy with a minimum of
welght. Fats serve also as heat insul-tors in the animals
since they are poor conductors of heat, Blosynthesls of
fats from carbohydrates during the ripening of the seeds
and the reverse process during germination have been demon-
strated in plants (Du Sablon, Ivanov, and others). This

would indicate that the function of the fats and oills in



plants zafuaa of energy storage very similar to that in
animales The term fats ls generally applied to substances
whioh are solid at R0°C., and olle to those which are liquid
at the g&ﬁb temperatures

The t@rm "fats® 1s ususlly used to siagnify triglycerides
~Qfgﬁﬁiﬁy acida, however in the plant Xingdem another very

SV——.

i | important group of closely relsted compounds, the waxes, is
founds Vaxes differ from the fats in that they are fatty
acid esters of the higher aleohols. They serve importent
protective funotions to the plante, 7The Tamiliar carnuba
wax comes from the leaves of the carnudba pslm in Bragil and
is used extensively in waxes and polieshes, Many frults such

dé'ﬁﬁﬁipa and eitrus frults have wax costings that protect

e ——

e
Rl

"v';ﬁﬁéﬁ om dryine out and from organiems causing rot, Vax

eaatiﬁgs’pretach many plonts againet disease producing fungl
and bacteria.

|
|
|
|

SIONIFICANCE OF PATS AND OILS

04lsn anﬂ the produots of oils play an extremely ime
9artant rala 1n our national economy. The known fats and

; ail# af eoonomic and industrial importance probably do not

¢ axﬂt&a»a few hundred, though many more have been examined
more or 1@3§A§pp9rficia11y and have so far been of academie
interest aniy; Due to the widespread distribution of the
fate and oils, they offer an almost inexhaustible supply of
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long ¢hain aliphatic compounds comparable only to petroleum,
Petroleum has had the advantage ever the natural fats up to
the present time due to its relative cheapness, but once

petroleun is withdrawn from the earth, it ie non-replaces

“ables The natural fats have the advantage that there is a

continuous perennial supply of them and that they are move
reactive chemicallys As the supply of petroleum shrinks,
the price oan be expected to rise considerablys Such a
turn of avents will undoubtedly enable the natursl fatse
and oils to compete succesefully with potroleunm productas
They have proved superior in many respects for lubricsting
olle, Castor oil and sperm oll were used nlmost exclusively
for the breaking in of airplene motors during the second
world wars

s were by no means the only nation to recognize the
value of the natural liplds during wartimes In French Jest
Afriea all Meoroocan subjeots were required Lo cultivate ten
peraent of thelr land in ollseeds sueh as linsced, sunflower,
castor bean, eolza, seasame, or peanut, provided that they
farmed more than five hectares, about 1P.5 acres {Foreien
Commeros Weekly, “eptember 5, 1943). Long befors the war
actuslly started, Cermany hed realized the need for fats
and oile and had reopened the Antartie whaling fleot after
a lapee of seventy years (Foreign Commerce Weekly, lay 29,

194%)s hele oll may be storaed safely longer then mont fats
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and oils, The German oll supply wae consideradbly bolstered
with the seizure of the rich ollseed producing area of the
Mkeraine, the whale and Tish oll in Worway, and the large
gtooks of vegetable oil 4in the erushing mills of the
foandanavian and low countries. Many other natlons were
known to be prowing ollaseed cerops for the oil which could
bs extracted oy exvresaed from them,.

Our eountry turned to the natural fates and oils for
a grent many different uses during the period thet it wag
imponaible to get enough of these mmterials from existing
aourees, fparm oil was widely used in production as 2 lube
ricant for breaking in motors, meking machine toole, rifling
guns, tanning lesthers, and ag a finlshing sgent in textile
panufesture, Cngbtor oil wag dehydrated to replsce the une
available tung oil from Ohina and perilla oil from Manohuria,
both of which were used extensively in the peint and finishing
industries, ¥With the supply of these materiale cut off, 1t
bacame imperative that new materisls be developed to replsce
them. At that time dehydrated castor oil was found to be
the best substitute for tung oll.

The figures for the preduction of soy bean oll during
this period are indieative of the inereased reliance upon
the natural plant products for oll in the United States,
Produetion of soy heans increased from less than five million
bushels in 1925 to almost two hundred million bushels in 1943,
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and during the same period the production of soybean oil
inoreamed from about two and one half million pounds teo
around a billion and & quearter pounds (Markey, 1947).
Corresponding increases in the production of varilous other
soed«oils were ahowns 4

The tremendous domand for glyeerine foreced us to turn
to the fates and olls as & source of this eritical meterial,
Brieting produstion was antirely inadequate to meet the ine
oreanning demands for glyserine in the production of munitions,
The problem became so aserious that all waste fats, including
kitohen fate, were sollected in order thet the glycerine
conld be recovaered from them,

In view of the demonstrated ability of man to expand
the produetion of the oilbesaring erope in many parts of the
world to supply almont any concelvable domand, and of the
dwindling eupply of irreplaceable petroleum raw materials,
1t seoms natural that it will be but a matbter of time until
industry will look toward the parennial oil crops as a
source of long chain sarbon compounds, both saturated and
unsaturated. These compounds may be broken down by pyrolysis
or other processes to glve shorter chain compounds, or they
may be polymerized and condensed to glve longer oness The
diversity and number of products that ean be built up ftam
these sourges appoars to rivel or surpssge anything that the
petroleum industry has ever done, The potentialities are
limited only by the lack of research in thie field,
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CHEMICAL BATURE OF FATS AND OILS

Fates and olle, like other esters, can be readily
hydrolized, usually by aqueocus alkall, in whioch case the
producte are glycerol and the alkall salts of the fatty aolde
whioh are known as sonpe. The free fatty solds mey be 1libe-
arated by dilute mineral meld and subseguently extracted
with sther and further purified by fractlionsl crystalliza~
tion, esterification and distillation, or by carrier dige
placement separation (Holman, 1981)s The glycercl remains
in the mqusous layers This process of hydrolysie by alknli
is known as saponifications

faponification is a very old proscess and wae employed
by the anocients in the production of detergents an has boen
mentioned previously, There is evidence to indioate that
soaps wore used by the Fomanss Vliney has described thelr
production by the Cauls who hesnted goat tallow with wood
ashes, the nction beling the hydrolysls of the fats by
potassiun carbonate from the wood ashe Soap bolling has
been a common practice in CGoermany since the ninth century.
swen though the process of soap production was widely util-
ized, 1t wae not until Scheele's discovery of glyocerol that
the nature of the process invelved was at all understoode
Chevreul's work explained that the soaps were actually the
metallio salts of the fatty aclids, '"The work of these two
men laid the foundation for leter investigetion to be earried

Qe
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The hydrolysis of fats has bsen affected in several

ways, but basleelly they c¢an all be broken down into four

general procedures, acid hydrolysls, basiec hydrolysis,

direct hydrolysis by live steam, and enzymatie hydrolysis.

Tundamentally these reactions do not vary ag the sotual

hydrolyzing agent is probably water in all cases,

The aotusl mechanism involved in hydrolysis of fats

hag been the subjest of much debate, There are two possible

methods by which this can be accomplished,.

The triglyceride

could be broken all at onee or it could he broken in a step-

wise manner with the intermediate formstion of a diglyceride

and a mono-glyceride, prior to the formation of glycerol and

the soaps The two mechanisms can be represented in the

following manner.

R
HC-0-C~R g oh
]
HC-O-Q-R' 4 3 KoH s a8 u.c-cu

Simultaneous removal of fatty acids

® e
HyC -C — R HC~0~-C-R
{
“é_g_p_' + KOH —p U C-—-OM
.

T _g“
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\ 2
- - c-
Diglyceﬁ'&e o

+
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C
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¢
H;C ao= C = Q- .Ol
HC - °°H 4+ KOH — HG— OH
\ s " e
HC —C — R we-¢-e'
Diglyceride Monoglyceride Joap
H,C — OH _
[ "
H,.C -0-C-R H,_C'- — B
Monoglyceride Glycerol Soap

There appears to be little doubt at ﬁhe present time
that the stepwise proecedure is the one followed. The work
of Geitel (1897), Lewkowitseh (1898), Balbiano (1902), and
Kremann (1906) all tend to support the stepwise theory.
Studies by Meyer (1911) further substantiate the stepwise
theory. It is probable that the reactions follow similar
paths, irregpective of whether they are conducted in the
presence of excess acids or bases, or catalytic amounts of
these substances, Despite considerable investigation, the
exact mechanism of saponification and other hydrolytie
actions of the glycerides still remains unknown. The re-
sults of Rowe (1933) upon saponification in the presence of

varying amounts of alkall indicate that the alkali plays a
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eatalytle role in the hydrolysis of the ester. In thia case
the basie reaction would be between the fet and water, When
the ronction 1s onrried out in an alcoholic osustie solution,
the resotion proceeds much more rapidly than it does in
aqueocus medium, probably owing to the increased molubility
of the fat in aloohol., Tundamentally the solvent ghould not
alter the reactlion, however it hag been shown by Xurz (1937)
that when the reasction is carried out in aloohol the rate
im preatly inoreased if there is water present., This obsere
vatlon was verified in our own rasearech,

Tpon liberation of the free fatty acids, a mixture of
all those contained in the original glycerlde 1s obtalned,
The problem of separating these 1s one of considernble nmage

nitude and complexity.
PREPARATION OF THE OIL

The oil was prepared by solvent extraction of the seeds
of Tohinocystio fabacen, s perennisl from a large fusiform
root usually looated ten and & half to twelve inches below
the surfsce of the ground, The roots vary in size from
about the size of a small oarrot when young, to very large
as they approach maturity. One root dug by Ur. Stoocking of
the Botany Department, College of the Faeifle, near the
qulage waighed 149 pounds, A considerably smaller one dug

along the Calaveras Tiver, near the College, weighed fifteen
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and one~fourth poundss The plant has small white flowers
with yellow ¢enters which preceed the fruit, s small spiny
basket about two inches in diameter at maturity, and cone
taining ususlly four eseeds, Other varleties of Nehinoeystis,
or Marah as 1t 1s being called in the more recent literature,
have more aseseds in the frult (Jepson)s As the seeds are vary
rich in olls, rodents feed on thems In order to collect
geods for Investigation it is necessary to bag thenm or
select an area where the rodents are controlled,

Ixtraction of the ground seeds was carried out in a
soxhlet extractor by the use of a solvents sdcoiol was found
to glve a falr extraction, however sther wana found to be a
muoh more satisfmctory solvent., Prisr to extraction the
whole seeds were ground through a sixty mesh soreen in an
Arthur Thomes laboratory mill. The ground seed was placed
in the extraction thimble and extrastion was allowed Lo ocone
tinue for at least elght hours of reflux time. This wasg
found to be the optimum time for complete extraction under
the conditions employed.

The ether extract was vacuum Filtered through a "hate
man number five filter paper in a Buechner funnel to remove
any loose material that happened to get into the solvent
during extraoctions It was found that thie step simplified
the subgequent purification conslderably. The ether solue

tion was refiltered, this time through a pleove of absorbent
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cotton in a emall funnel to remove the water present. The
mothod proved very effective. The solution wae then trang-
ferred to a distilling flask end the ether distilled., The
last traces of ather were driven off by heating on a water
bath after transfer to a B850 ml, beaker. The above proe
gadure gave a Talrly pure product. ITndividusl ylelds varlad
from twenty-six per cent to thirty-two per eent with an
average value of about thirty per cents This 12 considerably
higher than the ylelds from several ollsesd plante that are
grown commersielly for thelr oils (Bulletin, Agricultural

Extonsion Dervive, University of Celiforniaj.

ATRLTT™ o e oYL

The highly conplex nature of the naturally occuring
fat mixtures makes necessary a number of physiscsl and
ohemical tests in order to galn approximate ideas about
thelr composition. Physical constunts thet are of value
in ascerteining the compounition of fats and oile are the
melting pelint, bolling polnt, relfractlive index, absorption
gpeotra, speciilc gravity, and viscositys Though it le
often impossible to get one or two of these, the ones that
can be deterrined glve walusable indlcations sg to the nature
of the individual components of the mixturs. Chewmical tests
of walus {nolude sspenifiocation equivelent, lodine number,

aeld number, and other teste thet have heen applied te the
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fats Loy yearse vhilo many of thess values have little
guantitetive significsnce, they are indlecative of the ohare
agtaristics of the mlxturees Nany of these tosts sare also
applicable to the separated fractions,

Thysical exsmination of the eil yielded the following
results: It had & reddisb brown color with a green bloom,
oheracteristic of meny oilss It possessed & distinotive,
rather pleasant odor and tasie. 7Thysicel measurements gave
the following results:

n20°C « 31,4695

4" w 0,9074 (vestphal balance)

There was no optionl rotation.

Boiling point = unobiains®le due t» decomposition.

I% wag readily shown that the oll was a triglyceride
by heating a small smount of it with potassium bisulfate.
Tpon fuslon with thils ehemiesl, glycerol esters are broken
down to give moroleln, a substance with a pungent disagres-

able odor that is unmistakable,.
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The acrolein formed in this reaction 1s the result of dehy-
dratvion of sume of the glysercl relsased by the high tesmper
sture hydrolysic of fates Clycerol is readily extracted
from the saponificetion mixtures. Then the free fatty aclds
are oxtracted wlth ethor, the glyecercl remeins in the
aqueous layer beosuse of ites highly polar nature. If the
vater ig removed by distillation glyecerine remsing, This
vae & very important method of preparing techniesl glycerine
during the lest world war,

The sapenification equivalent provides e measure of
the yolative size of the moleoule. Pobinooysils oll wae
found %o have 8 saponificeation ejquivelont of 278 by the
diethylene glycol methof ({"M=imsw, Puson)s vork of fedemenn
and Luoss showed that seponifioatiorn of meet estors proceeds
aluost Instanteneously =nd difficult ones in three minutes
in alkaline dlethylene glycol (Msrkley, 1949, p. 578). HMeat
of the literature velues report this determinestion in terms
of saponification number which is the number of milligrame
of potessivme hydroxide that are required to completely
saponify one gram of the oils The saponifieation number
was esleulated from these date te be 202, Thie value come
pares favorably with the wvalue reported by ¥. ¥. Daughters
in 1918+ Daughter's work was done on Zchinooystis oregana,
anothoer variety of the ssme plant, which he Tound to have a

saponifioation number of 193,
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The saponifiocation equivelent ensbles ealoulation of
the average molecular welght of the individual fatty moids
comprising the mixture 1n the oil, Jdnce the oil is a trie
glyceride the molsoulsy welght will be three times the
squivslent welght, or 834. The average molecular welght of
the individual fatty aclds was determined to be approximetely
263 in the following manner:

e Welght 01l Moleoule = B34

Mo Wt (CGlycarol) = 92,09
4% = Whe fatty acide «1 OH

, group sach
Vg% w 5 x 17 (for 3 Ol groups)

3 = U X L oy eadh L of
glycarel removed during
asterification

790 = Hum of Meleoculayr welghts
sf the Tatty aoida
790 x % = 268 (approx) = Average Nolecus
3 lar Welght of
fatty acids
The 1odine number provides a measure of the unsaturated
acld content of the materials The lodine number is the nume
ber of grams of lodine that will combine with one hundred
grams of fat, Hanus iodine solutlion was used in the deter
mination of the ilodine numbers The method employs iodine
monobromide in glacial acetlc acid at room temperaturs for
thirty minutes. ~After the time has elapsed, potaseslum
iodide 18 added to remove the bromine from splution as
bromine replaces lodine from its saltss The free lodine is

then titrated with stendard sodium thiosulfate solution,
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using starch as an indicator, The asmount of halogen added
in the original eolutlon and the amount remaining in the

final seolution being known, the amount absorbed by the
welighed sample of o0il may be ealculateds Both iodine and
bromine may be absorbed by the oll, however the resultes are
expressed as the number of grame of lodine absorbed by one
hundred grome of oils The oil was found to have an fodine
number of 108, This value is a little lower than that re-
ported by ¥, ¥, Daughters (116}, however 1t should be noted
that neither the variety nor the climatie conditions were
the pame in tﬂa two researches, It is well known that iodine
values of oile derived from the same plant species vary
widely with ¢limatio conditions. A striking example of
this is evidenced in the following comparisony a sample of
linsend oll grown in the ¢old climnte of Cwitzerland had an
lodine value of 190, whereas the seme stook grown in a
Berlin greenhouse at a temperaturs of RBB-50°C, showed an
iodine value of 93 (Yleser % Pleser, 185l1)., Other examples
confirming the climatic effect upon degree of unsaturated
can be readily olted.

Further consideration of the iodine number and the
molecular weight indicate that the molecule will add an
averags of seven equivelents of lodine per mole of oils
This does not nedessarily mesn that eash mole of glyceride

will add seven equivalents, but 1t is an average value ine
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dlcating that one mole probably adds six equivalents and
another eight, so that the overall average 1s seven. This
appears reasonable as the structure of the double bond is

guch that it should add an even number of halogens per mole,

N ’ — \C—-C/
/C'-'C\ + Iz /| "
1 1
Addition of 2 halogens
/ N g
S ) - C
c=cl 441, — S~ S
t 1
\
Addition o® n oinelae This io an exe
halogen tremely unli¥sly
gtruecture

Tt 18 safe to assume that an even number of halogens add to
each unsaturation,

A smear of the oil was made on a microscope slide to
determine whether or not the oil was a drying oll. The form-
ation of a f1ilm would be noted if it were. After fiva.days
no film was formed, hence 1t was concluded that the oll was
not a drying oil., The iodine number indicated that there
was a conslderable amount of unsaturation though not enough
to make it a drying oil., Drying oils are generally of a
conjugated nature and have considerably higher lodine numbers.,

The acid number tells the amount of free acid found in

an 0ill and is determined by titrating a weighed sample of
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it in a solvent against 0.1 M potassium hydroxide in neutral
aleohol, Fesults are exprossed as the nunber of milligrams
of potaselium hydroxide required to nsutrallize the free fatty
acids in one gram of fats A high acld number would be oXe
pected in a roncid fat due to decompositions Tha acid
number of Fohinoeystie oll was found %o be less than two
milligrans of potassium hydroxides This 1z a fairly low
value and indieaten that there iz not much free fatty acid
prosent, Acld numbers range fron 0.25 for beef tallow to
H59.8 peor cent for wool fat (Anderson, 1947).

The next step after the anslysis of uie oil in ite
natursel gtote s Lo break it down ehemicelly and study ite
gomponent parts, OJeveral Tunlitative tests were run in
order that an ides might be galned of the types of fatty
nolds that could be presents The oll was tested for hydroxyl
groupe by adding a ferrie chloride solution to an ether solue
tion of oll. “The presence of hydroxy acids would cause the
solution to turn a deep brown., A negative test indlcated
the absence of hydroxy groups. A confirmatory test using
corrie ammonium nitrate, whilch should give a dark eolor in
the presence of hydroxyl groups also showed negative resultn,
T™his rules out the pressnce of ricinoleic aold or any other
hydroxy acid, This also halps to explain why there is no
optical rotations “hould hydroxy ascide be present, they can
be cuantitatively estimated by determining thelr scetyl
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number, Tn determining this value the fat or o1l is first
treated with aocotle anhydride, whieh reacts with eaoh
hydroxyl group, introducing an acetyl group. 2 woighed
ganple of the acetylated fat is then saponified with
aleoholic potassium hydroxide and the fatty scides ars libe
arated from thelr soapz by adding minoral acid eqguivalent
to the anount of potassium hydroxide used in saponifiocation.
Aeatio acid is a 2oluble Patty acid and can be separated
from the rest hy filtration and determined by titration
with gtandard alkalls Tn this detemination & blank must
Lo ran on the unsgedtylated fat sinoe most fate contain some
soluble fetty soids other then asetis., The acetyl numbey
in definad as the nupher & wi1l%erane of poteasiuvm hydroxide
reguired to naﬁtrﬁlizs the acetiec acld obtalined by saponis
fying ons gram of acebtylated fet. Nost fats and olls have
a low acotyl numder, aversging between three and fifteen.
Caator oil whish ig¢ high in ricinolelc acid, has a value of
ahout 150 (Anderson, 1947).

Isolation and identification of the ocomponent Ffatty
aolds comprising a nstursl fat or wax is generally a 4irfie
ault process, partioularly if it is to be done cuantitatively.
Yate and olls are of all degrees of complexity and may be
sonposed of fatty acids of widely d4iffering propertiesn, o.8
they must comprise resdily velatlile and hipghly nonvolatile
acids, or completely ssturated and highly unsaturated acids.
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On the other hand theyv may comprise a homologous series and
differ only slightly from member to membar in chemicsl and
physleal propertiss, thus affording no reasdy means of sharp
geparation or of preparing charscteristic derivatives une
equivocally differentinting them from the nsighboring meme
bora of the meries,

Dua to the complexity of the mixture of thes fatty
acids oocurring in the natural fats and oils, no single
method 1s capable of effsocting a separstion, but a method
or combination of methods must be adapted to the purpose for
whieoh separation is being mede, Often it is fmposeible to
effoot complete separation and ldentifieantions The methods
available are the oculmination of a long perioed of time and
at the present ars more reliable than at any previous time,
however they still leave nmuch to be desired in the way of
eimplicity and aceuracy.

The availsble techniques may be divided into three
general types, distillation, solubility separation, and
adgorption of Tatty aclds, perse, or of their methyl or
ethyl esters. Fecently s great desl of work has been done
on earrier displacement separation of ths fatty acids
(Holman, R. Ts 1951),

eeesaThe most satisfectory system of carriers

hag baeen found to be the methyl esters of the

fatty noids themsgelves, With a dilute solution

of the displacer substance asg solvent for sll
operations, it has been found that recoveries
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of 5-15 milligram quantities of lauriec, myristie,
palmitic, and stearioc acids agyroaeh_léo per cent,
This type of chromatographice sepayation thus offers
the possibility of & olear out separation and detere
mination of mmall quantitiss of these aclds, and 1t
seeme likely that carrier displacement ocan Qe applied
to other substances.

A number of methods are avallable for eharaocterization
of a particular fatty acld after its separation from the
mixture of acidas. These methods are: 1, determination
of the phyeicsl properties such as boiling point, refrage
tive index, density, speoific gravity, optieasl rotation,
eto.) B¢ determination of chemical proporties; 3. preparee
tion of & characteristic derlvative and determination of its
proparties,

A satisfactory derivative should be a well defined,
easily prepared orystalline solide In addition ite meltiug
point should differ sufficleontly from olosaly allied cone
pounds that it can be used sz & basls for dlstisnguishing
between them and its mized melting point should be decidedly
different than the pure derivative, The problem of Linding
sabtisfactory derivatives for the lower mexbers of the salure
ated series has not been partioularly difficult, but that of
Tioding satisfactory derivatives for the higher ones hap
proved exceedingly 4ifficult., Many of them are so closely
rolated thet, in spite of the fact that a number of deriva-
tives have been proposed, Tew, if any, bave proved sstise

factory, The same problem has been encountered in the pree
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paration of derivatives of the higher unsaturated fatiy
aoide and attempts to £ind characterising derivatlves have
proved even more futlile, /Amldes, anilides, petoluidides,
o=toluidides, o-brome teluldides, p-bromoanilides, 2,4,6,
tribromeanilides, and several othesrs have been proposed,
however the same diffloulties have been found in all of
them {Halston, 1947}, Flratly thoy do not 4iffer by syotene
atic increments in melting polnts am & homologous series ia
ancended and the meliing pointes are entirely unpredictable
on a structural basis in most of thems “eoondly many of the
gories have the same melting point es that of the compound
above or below 1t, thus affording no means of ldentification.
Hany other derivatives have been tried with varylng degrece
of success, however none have besn found that are entirely
satlisfuotory. One of the best is the 4,4*~diamincdiphonyle
methane derivetive which was proposed in 1289 by Paleton and
HoCorkle, The diamldes are prepared by heating omse part of
4eht=diaminod iphenylmethane with slightly more then two
parts of the aolda. Although the lower aclds require ree
fluxing, 8 few minutes heating is sufficient to prepare the
diemides of the higher scides The producte are orystallized
from a nixture of benzene and l-bubtencl, The diasmides ere
eneily prepared and purified end have proved to be ressonebly

gatisfaotory derivetives, acoording to the authorp.
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Saponification is & valuable tool in the nnalynis of
fats ap 1t pglves the alkali salte of the free fatty scilds
and plycerol., It is then possible to prepare the free fatty
acid mixture simply by scldification of the gaponification
pixture and extreotion of the fatty scide with ether, In
the laboratory seponification wes effooted by using an inow
propenol solution of potascsiunm hydroxide end a few milli-
litore of water, ‘ater hastens the saponificstion process
if 1t is present in smell emounts (Markley, 1947). The
mixture was allowed to stand overnight after refluxing for
three hourss

The uneapenifisble matter is the part of a fat or oil
whioh 1g inaoluble or f=ms=nahle of forming s soluble soap
with alkaliess Pure edible fats end olls neually sontain
only & wary small amount, ona to two per eent, of unsaponie
fled natter, If hot water 1s added aftor the fat has heen
saponified, the unsaponifiadble matter appears as olly drops
or an & milkiness, 7Tt can then be extracted with petroleum
ether, Fehinooystis oil was Tound to have aimost no unasp-
onifiable matters This 12 an important component as it hase
been shown that certnin fat soluble vitamines and sterole
are lmportant oconstituents of the unsaponifiadble matter,

The free fatty ascids were precipitated from the hydrolye
sls mixture by acidificstion with dilute sulfurie acid, They
behaved very much 1like butter upon separations The Tfatty
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aolds were repeatedly washed with distilled water until all
traces of amoldity were re@uvad from the washings, and were
then alr dried.

An attempt was made to separate the mixture of free
fatty aclde by fraotional orystallizatlon at low temperae
turess The mixture of fatty soids was dissolved in acetone
warmed to a temperature of 285-~30°Ce As the solution cooled
to room temperature the firat fraction saparated out and was
filtered off, The filtrate was further cooled in an scetone
and solid earbon dloxide bath (temparature about «78°C,)
and at about «39°C, a second portion was removed, A third
fraction separated out at ~60°Cs Filtrations were made
through & eold filter conetructed by placing a small funnel
within a larger fumnel, the smell one belng held in place
by a oork which also served to retain the cold medium around
the Inneyr funnels The method proved very susccessful Tor
oold filtrations In this menner a crude separation of the

fatty acilds was effected, An attenpt was made to determine

by fractional erystallization without further purification,
The first frection (removed from acetone at room teme
perature) was Tound to have an equivalent welght of 3135 when
titrated with 0.1 ¥ potagaium hydroxide in aleochol using
ather as a solvent for the fatty acld and titrating to 8

phenolpthalein endpoint. Oince it was a solld at room
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tenperature 1t was assumed to be a saturated fatty acid,
Arvachidic acid (Glgﬁagﬂﬁmﬁ) has a moleculsr weight of
G122, 8 velue very close to that found here. It is qulte
probable that arachidie acid is present as it is found in
many seed oils, though usually in small quantities.
Arachidic aold ile found also in peamut oil (B.3%), the
amount varying slightly with the climatic conditions under
whiech the peanuts are growne

The seoond fraction, separated at -H9“Cs, when titrae
ted in the same manner pgave an eguivalent welght of 291,

It was suspeoted that this aecld was sberie seld, the molecu-
lay welight of whioh 1s 284.5. One explanation of the high
value could be that the stearie neld contained some arachidie
acid am the two are quite olosely related structurally, snd
henoe dirfieult to separate., This would lead to an apparent
inorease in the equivalent welght of the stearic seid,

The third fractlion separated at a temperature below
«80°C, was found to have an equivalent welght of 280 and an
lodine number of 173. This is probably linoleie seid whiech
has a molecular welight of 280 and a theoretical iodine number
of 181,84

An attempt wae made to separate the solid from the nne
saturated fatty aoclde by the lead salt differential solue
bility methods The theory behind thie eeparation is that
the lead salts of the saturated fatty acide are insoluble,
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in ether while those of the unsaturated aclds are soluble,
(Lewicowitach, 1928, page 5957). Results of the lead salt
separation showed 0,85 per cent saturated fatty aclds and
7348 per ocent unsaturated aocide, These values were based on
the original amount of oll taken before sasponifieation,
hence are somewhat lower than would have been obtalned if
the mixed fatty aclds had been used as a starting point.
The latter case would have ylelded 11.5 p@f cent saturated
and 88,5 per cent ungaturated acids, This result may be
sligbtly low for the saturated acide and high for the unsate-
urated ones a8 the method is not cuantitative due to the
fact that the lead salta of some of the saturated fatiy
sclds are slightly soluble in ethers, These valuse must
then be acoepted az indicatlions rather than as absolute.
The results do indleate that there iz a considerably higher
content of unsaturated fatty smcids than of satursted present
in the oil,

The above analyses indiecate that there is arachldle
acid (312.52), stearic soild (284.58), and linoleic acid (280.4)
present., These are all consideradbly higher than the average
molecular welght of the fatty aclds as determined by the
saponification equivaleonts This means that thore must be a
gengiderable portion of lower fatty ncids vhich have not as
yet been accounted for to balasnce the high molecular welght

fatty acids belleved to be present.
Another method of determinins the fatty acids present
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In & mixture is the preparation of the wmethyl or ethyl esters
of the indlvidual aclde¢ This may be done through the acid
chloride obtained from the fres acld by treatment with phosie
phorus triehloride, or by direot ester interchange using a
gatalyst. The latter method was used,

The ethyl esters of the fatty ncids were prepared by
eater interchange betwsen the oll and an exvess of ethanol,
goncentrated sulfuric acild being used ne & catalyst. The
mixture wap refluxed for approximstely five hours at which
time the mixture had beoome homogenouss The excess ethanol
was removed by diatillsation and the oster extracted from the
concantrated mizdure with petroleum ethers The ether extract
wasg washed, flrst with water, *%wew with dilute sodium onre
bonate to neutrelize the aecid, and finally with water to rew
move sny remaining salts, The ether extract was filtered
through absorbent cotton to remove any molsture remaining.
The petroleum sther was removed by distillation leaving the
estor. TFinal traces of sther wore removad by heating on s
water beths The product obtained was a light yellow, pleasant
smelling 1iguid heving a refrastive Index of 1.4550 at 20°C,
Tue to small ylelds, no boliling point data were obtelned,

An attempt to prepare the methyl ssters by dlireoct
aester interchange using sulfurie acid as a catalyst proved
unsuesasnful, however, the methyl esters were obtained by
using an excess of methanol and about 0.2 gram of potassium

hydroxide, The esters were extracted with ethear, neutralized,
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washed, and finally obtained in a fairly pure form after
distillation and final removal of the ether on a water bath.
The mixture of esters was found to have a refractive index
of 1.3562 at 20°C, Vacuum distillation of the methyl esters
gave the following four fractions:

1, 6 ml, at 182°C at 8 mm., Hg pressure

2. 1 ml, at 196°C at 8 mm. Hg pressure

3« 1 ml, at 200°C at 8 mm. Hg pressure

4, About 0,5 ml. at 220°C at 8 mm. Hg pressure

The first fraotion is probably methyl palmitate which
has a boiling point of 180°C at 10 mm, Heg. This acid is un-
doubtedly present as it is widely distributed in plant olils
and is one of the lower weight fatty acids,

Methyl linoleate hag been found to have a boiling
point of 198°C at 10 mm. Hg, so the second fraction is pro=-
bably that ester. This tends to confirm previous work which
suggests linoleic acid as one of the fractions separated by
fractional crystallization in the cold. The two pieces of
evidence are almost conclusive that linoleic acid is one of
the faty acids present in the original ester., Linolelc acid
is known to occur rather widely in vegetable seed oils, hence
it is entirely within reason that it should be found here.

The third fraction appears to be methyl oleate which
1s reported in the literature to have a boiling point of
201°C at 10 mm, Hg. This fraction was not found in the
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fractional orystallization, however that does not mean that
oleic acid is absent, due to the crude nature of the separa-
tion and the difficulty of separating closely related un~
gsaturated fatty acids. The fourth fraction is unaccounted
fors

It has been suggested that absorption spectra are of
value in determining the structure of fats and oils so a
group of absorption spectra were prepared to sse if there
might be any indieation of the composition of echinocystis
oll from them. Absorption spectra were run on echonocystis
0il, oleie acid, peanut oll, and linseed oil, using the
Beckman Hpectrophotometer, Vodel B. FHohinooystls oil and
linseed oil were fourd to glve ahasrntian bande at 670 mu
and at first this was believed to be significant, Markley,
however, reports that the fatty acids show no absorption in
the visible reglon, but that carotene has a characteristie
absorption band at 450 mu and chlorophyl has one at 660 mu.
It is probable that chlorophyl is responsible for this band
rather than any similarity in the struoture of the two oils.
Behinooystis oll, peanut oil, and oleiec acid all show absorp-
tion bandsg at 925 mu and since peanut oil is known to contain
about 60 per cent oleie acid, there is a good possibility
that this may mean that echinooystis o0ll does also. This
would tend to confirm the data from the ester fractionation.

Aside from this, little informetion can be drawn from the
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absorption speocira. The avsorptlon spectra of the four oils

are plotted in Flgure 1.
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SUMMARY OF PINDINGS

Physieal properties of o0il
n?0°C = 1,4608
a20°c 05074 (Westphal balanca)
Color = reddish brown with green bloom
Mo optical rotation
"Bolling point =« unobtainable due to deeonmposition

Chemical properties of oil
Aeld value w 8 mpm Z0H
Saponification equivelent = 278
Saponifiecation number = 208

Tedine number = 108

Analytieal findings
The oil 18 belleved to containg

Arachidioc acid
Stearic acid
Linoleio ascid
Oleic aclid
Palmitic acid
; Other low moleoular welght acids, undetermined

Haters prepared:
Ethyl esters of mixture, n®0°C = 1,4850
iethyl esters n20°C & 31,3862
Methyl linoleate B.V. 198°0, 8 mm. Hg

Eethyl palmitate 182°C, 8 mm. Yg
Hethyl oleate 200°C, 8 mm, ig
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DISCURSION OF FINDINGS

The methods used and the results obtalned in this
laboratory gave a fairly good indlestlion of the nature of
the oil extracted from Hehinocystls fabacea seeds, aes far
as they went, howsver it was imposgible to earyy them to
completion owing to time, equipment, and chemical avalla~
bility limitations. There are however a number of conoclue

sione which oan be drawn from the work that has been done,

le Qualitative annlysis shows that the oil probably
containg linolels, olele, palmitic, steario, arashidie, and
gome lower moleculay welght fatty sclde esterified with
glyocerol,

£¢ The oil is a semi drying oll, but will not Torm
a £ilm even upon prolonged exposure to the atmosphere,

3« The oll can be extracted from the seeds of
Eehinoeystis fabacea and probably other Fehinooystis variee
ties with e good yleld, @“inece the plant grows readily it is
possible that 1t might beocome economically important should
the need arlse to find new sources of olla,.

4, It is quite posseidle that the oll from Hehinooystis
seeds could be used as an edlidle oll as it possesses a unigque
and interesting flavor and has been demonstrated to have no

deletorious effoots upon animale,
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SUNMARY

A good yield of oil has been extracted from the seeds
of Hehinocystis fabacea (Average = 30 per cent), which exhibits
the following properties:

Acld value = 2 mgme KOH
n?0°C = 1,4695

4]
qP0’C = 0,9074
Saponification

equivalent = 278
Saponification

number = B02

Todine number = 108

tualitative analysis of the o0ll revealed that it cone
tained glycerol esters of linoleie, oleic, palmitic, stearic,
arichidic, and some lower molecular welght fatty acids,

No attempt was made to analyze the fatty acids
quantitatively. |

The oil is non toxie and has a rather unique and in-

teresting flavors
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