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sms&p.

Tho physical and chor.ioal constants, 6.0 vroll
w8 tho fatty acid ocmpositions of tho good
and sood pod fats of uoacia giraffao, voro
dotominod uhilo thoir probablo .“lycorido

compositions vroro oonputod.

. 912
Both fats \voro shovm to contain <7 ° hoxadooa-
dionoic acid and tho constitution of tho lattor
was proved by destructive oxidation and partition

chromatography of tho resulting dibasic acids.

Tho ohomical constitution of tho testa vmx was

investigated.

hydroxyl valuo doterminations v/oro used to show
tho prosono0 of mucilage and phosphatides in

tho fats.



2. my MEIHODS AND APPARATUS.

A mothod using partition chromatography to idontify
dioa- hoxylio acids v/aa modified to include tho
identification of tho lover molecular 'Yeight acids
(0"-C6) as veil as those v/ith chains of six or

more carbon atoms (Cg- ).

Hawke's mothod for determining hydroxyl values '/as
modified to overcome difficulties encountered vhon

carrying out tho dotormination on tho seed pod fat.

X0
hrmdlu tliroo to four kilograms of seeds. although

An extractor vas dosigriod, vith C van dor Pol,

operating on tho Soxhlot principle, tho solvent is

heated in tho extractor body.

A recoivor was designed for use with tho "2.H.P.1

octor fractionation apparatus.

For liquid - liquid extraction, a technique was
developed employing devices for ensuring ofiiciont

mixing of tho two liquids.






3. I NTRODUCTION.

This invucti gation was undertaken \dth a viow to incrc <)..ng tho
knowiodgo of fats from indigenous South African plants. 3 e VE
auggoots thrt tho oood fato of tho family Loguminooaot ani, ioro
ospooially, its sub-division, liimosoi&ao, "may prove a very interesting

field for further investigation of the component acids of seed fats".

No workers havo previously published data irom investigations into
tho sood fat or pod fat of Acacia giraffao, although the presence of tuch
fats hay boon reported.

Verdoom?2 roports tho moisture, crude protein, crucw fibre, ash,
and carbohydrate content of both the seeds and the pod husks, together
with a fat-content of 7*%95% for the seeds and 0*96% for tho pod husks.

Henkel™ reports the above as percentages on "complete pods , giving

a fat content of 1%*6$.

Those, and other references”’” to tho sood pods of Acacia giraffao
are concerned chiefly with their use as a cattle food and not with the

properties and composition of their fats.

Tho Kbmocldoorn, (Acacia firaffao) is found in tho san” region:'
of tho northern parts of tho Capo Province, tho sandy basaltic loamy
around Potgiotersrust in the Ttansvaal, and also in the Bloomhof district,

2
Bechuanaland, and South Host Africa .

It is a tree from 25-40 foot high with a trunk 12- 20 inches in
diameter. The spreading branches form an umbrella-shaped crown and they
are covered with stout brown thorns. In early spring, the flov/ors
appear in yellow globose heads, and soon after, the donso spring foliago
makes its appearance. The plant boars large, sorowhat curved, pels
averaging four inches long by ono-ond-a-half inches broad. Those aro

coverod with a donso groy felt, and havo thick spongy walls,

Hio average weight of a seed pod is 1.5 /gn. and there are usually

botrvroun 18 and 20 seeds in a pod, forming acout 35% of tlio total woight.



Tho soorlc thumoolvua aro tough and vory hrjrd vzith an avorngo 7oight of
270 mgm.

It vae found diffiouO.t to obtain sound sumploo of pods ae tho90
aro ofton infoatod vdth insoots. A small v/oovil attacks tho soods and
dootroys thorn, vvhilo tho larva; of a moth oat out tho inaidoe of tho

spongy m ils of tho pod hueko.

Tho pods aro at prosor.t ueud only as a oattlo food. >Thon ground
to a fino moal, thoy aro vo‘7 palatablo to oattlo and aro roportod to

incroaso tho milk yiold,.

Tho hoart\.mod of tho Knmooldoorn is alono valuable ae a timbor and
as this only develops vhov. tho troo io of ooncidorablo ago, tho young

2
troos aro fit only for firovrood .



4. THE SISD FAT.

Tho fafc, w.iioh forms about 3*5% oftno iota.l veight of the seeds, #
is a bright orange-coloured liquid when first extracted but after stand-
ing for one or two months, it tonds to darken to a brownish orange. Iluis,
according to Golumbio” is due to the oxidation of tocophorols rosuliing

in tho formation of chroman 5,6-quinonos.

At room temperature, tho seed fat was not a homogonoous liquid but
contained suspended solid mattor* Tills vzao completely dissolved on

heating to 4CPC. and 'Jau at first considered to be duo to high-molting

glyeoridos.Later, hcr.vover, this suspended mm‘r -was sho'./n to be
duo to tho presence of phosphatides and a small ant-ity of “/ax from the
testa. Similar observations have boon reported in tho case of soya-

bean oils” which Voro found to resemble tho seed fat in many other

respects as woll.

Filtration of tho fat at room temperature romovod tho suspended
solids temporarily, but, on standing, more wore found to separate out.
Tho preliminary extraction of the whole (unorushod) seeds was found to
remove nart but not all of the solids. Iho oanploto romovcl x/as
eventually effected by filtration of tho fat and subjecting tho filtered

fat to treatment with a boiling brine solution (soo page 81 ).



4.1 Physical 'unstantu of tho SocdFah.

Theso |;oro dotomunod on tho frouhly oxtractod fc.t i/itnout furt! u.
troatmont. Tho tompc.raturo of ACPC. .'as ohosonas boing tho temperatiro

at which tho fat '/as oomplotoly hcnogonoous.
Specific Gra'/ity 0%9104
Refractive Index 1*4683

w f * 1.4665

w 14647

Tomporaturo cooffioiont of rofrnotivo index

= «C*00B6 por G

Ogtioal Activity negligible
Surface Tension «  32*%91 $Zri08/on. KCPC.
Intorfaoial Tension with = Qo”"2" g/ at 40°C.
\mtor *
Viscosity " = 38*55 oontistokoo at 4CfC.
/X = 36*14 oentipoises at 40°C.

Tliotemperature coefficient of tho refractive index is exactly that

quoted by Hilditoh'l for fats at temperatures near 4CPC.

Tlio surface tension of iiie fat, 32*91 dynoo/*" is in tlio normal
range for fats, but tho excessive lowering of the intorfaoial tension

against water to only 0*42 dynos/g” is abnonnal.

Tliis extremely low intorfaoial tension against water explains the ease
vit. which : iu fat formed stable o ulsi >ns in all proportions. These
emulsions 'ero stable to centrifugation and also to tho action of electro-
lytes. They './ore, however, broken by tho addition of Oonttoiled
quantities of ethyl alcohol. (See page 81).

This property has boon shown to be due to the presence of phosphatides
and mucilaginous material in tho fat.
tho fat

When those wore removed by washing
with a boiling brine solution, tho fat wasno longer emulsified on

sitaking with water andthe intorfaoial tension wraincreased to 20*0 dyne0/#
at 40°C.



4.2 Chcnical Constants of tho 3o0o0d Fc.'..

Aoid value 6*0C ngn. KOVgi -.
Sr.pondfioation value 184'8 mgr,, KOtVij.,
it'-droxyl valuo 19%60 ngn. KOr]/gp.

lIodine value (V/ijs)

lodine value (Etronino vapour)

Unsaponifiable natter 4% W
Reichert lioissl valuo o'l
Polonoko value 0-45
Ritty acid content 90+4%

8

Glycerol content 9-7#

Ifoan liolocular v/eight of

Fatty Acids 284*3 (Ey direct titration).

Tlie very low Reichert l.uissl value confirmed the abaonce of lo"" molecular
wight acids, while tho small Polenako value :ay have boon duo to tracea of

0~ and acido being carried ovor by the stoom.

Tlio negligible difference between the lodine value (rajs) and that
doton,d.nod by the Brcline vapour method, Indicates the absence of conjuj .tod
double bonds in tho fat.

Tty moan nolecular -might of tho fatty acids as deter.d.nod by direct
titration -/as conaidorably higher t’'mn that calculated from tho formula
dorivod by Schoo, ,an9 :-

m 1»683 x 103 (100-u) -38E
H33
where n = moan molecular weight of tne fatty acids,

percentage unsaponifiable matter.

=
Il

E = tho later value of tho fat.
S

tho Saponification value of the fat.

Fror, this foriula, tho moan ;lolocxdar wig. t of tho fatty acids -/as
calculated to bo 278*1. This discrepancy was explained in tho light of
further investigations and is discussed on page 36.

Thj gl/oorol cvntent is vor-y close to that calcula“od frcn the formula
G = 0*05%7E ", v/hich is q»75, .



4.3 . CI-KUiros in Conatanta m..ity ti: .0 of (kithorin , tho Podn .

Scu iluo of fat vroru oxtraotorl fro:-, aoods ccllootod at various tiros

of tM) soason to i“vostijjato c™-angoe in ohariioal constants vzith tino of

gathering.
Sanplo ii. Tills sa .1/ of seeds had boon gathorod butr-voon July and
October 1949 and sto-'od for uso as cattlo food. Tho pods and soodo vroro

badly attacks 1 by i/oovils and had to bo hand-sorto % Tlio fat i/as ex-
tracted only fron sound pods lost tho attack by v/oovils had changed its

constitution.

Sarinlo B. Those goods v/oro freshly gathorod in ..uril 1950 and tho
fat extracted imodiatcly on roooipt of tho seeds. Tlio pods i/oro oi.i-
parativoly froo fro: innoots, though soods frou a foi7 pods .hioh had boon

stumg i/oro discar led.

3an-ilo C. Tils snrrpl) /as collected in Juno 1950, towards tho niddlo
of tho soason, and the pods wore already snowing sigiu* A4’ attack by
i/oovils. It i/ould appoar that tho insects attac! tho soods, liile still
on tho tree, as soon as they ripon but tho donago is approoiablo only
ter./ards tho ond of tho soason, so that early gathering of tho soods is

essential for a sound crop.

i'J.1 soods fron tho above sanpilos vliioh had boon attacked by weevils

iroro discarded and tho fat extracted fron v/hclo soodo only.

Hio following aro tho characteristics f tho different fat sanploo:-

Sanplo ... Sanplo B.  Sanplo
Tino of gathering July - October*" April Juno
Porcontago fat in tho soods 3*35 3*79 3*70
mold value (ng:..KOii/p..) 3*70 7*08 6*00
Saponification value (ngn.KOh/gi.) 184%*1 185%2 134*9
Hydroxyl value (n®.i.KOh/ff*) 20*48 19*15 19*59
lodino value (..1js) 112*9 112%* 112*9
lIodine valuo (Brad.no vapour) 113%*0 113*0 112%9
Unsaponifiablo nattor (per oont) 5*80 3%82 4*50

#8torod until folio.zing !larch.



9.

IVon thooo result9, it nay bo soon that the poroontag” of fat in
the goods falls off slightly towards tho ond of tho season ;4ving fats
ith la.'or aoid valuos but higlior poroontago of unsaponifiablo matter.
Tlio saponification, iodino and hydroxyl valuos, hov/ovor, roiiain sub-

stantially constant.

Tio colour of oainplo B ’/as darker than that of 0 which in turn '/as

darker than s.-unplo A.

It would appear that more chlorophyll is oxtractod from tho seed:'
collected at the beginning of tho soason than at tho ond sinco the fatly
acids from samples B and O wore of a darker groon than sample A.  Thin
would then acuount for the difference in colour botwoon tho fat sampleu

themselves.



4.4 2s tor ifac tionation Data,

Tlio sstero woro proparod from a mlxturo of the two samples A & 3,
thus roprosonting the avurago composition of tho fat throughout too
season.

160 gu of fat was saponified and tho unsaponifiablo mattox extractor!
with othore Tho soaps vrero then split and tho fatty acids extracted ..inn
other. This yielded 142*6 gn. of mixud fatty acids v/hioh v;oro them
dissolved in aooton for preliminary separation by Ja7-tomporaturo crystallis.

tion.

A total of 4,420 ml. of dxy aooton was required to dissolve all the
fatty aoids at room tomporaturo. Tho solution of fatty acids was cooled
to -3CfC and allowed to crystallise at this tomporaturo for b hours when
229*%6 gn. of solvated fatty acids wore filtered off. This yielded p2*7
of solid fatty aoids (AG/A/30) which wore then ostorified with absolute

an”rdrous otlumol and fractionated (pago 79).

Tho filtrate from tho crystallisation at -30°0. was crystallised at
-60°C. for 6 hou >i!tor vhioh, 173*8 of sulvatod fatty acids wore
filtered off. This yielded 49*0 gn. of liquid fatty acids (AG/A/60)

\/aioh were ostorifiod with anliydroua methanol and fractionated.

Tho filtrate from this latter crystallisation yioldod 59*0 gn. of
fatty acids (AG/A/60P) which -/ore ostorifiod with anhydrous methanol and
fractionally distilled,

Tho following tabloc give tho results of tho ostor-fraotionations:~

4G/V50 ....



S'jnplo

11
I11
v

"1
VII
VIII
IX

XI
XII

XIII

'"Total

b

Woight
gn.

1*694
1*955
3*082
5*142
2*744
1*884
1*113
1*385
2*200
1*791
1*993
0*739
3%253

28%975

To ohook on thu Sapc.iifiontion, lo-lino and hydroxyl values of tho

fractions, tho auras of the products of each valuo and tho corresponding

Pruasuro

11.

AGA/30.

Weight of oators diatilled

Saporifioation oquivalont

Saponification valuo

lodino wvaluo

hydroxyl valuo

Temporaturo 0C.

Oil Bath
208 - 209
209 - 211
211 - 215
215 ~ 218
218 - 219
219 - 222
222 - 230
230 - 246
246 - 257
257 - 284
284 - 292
Residue
Residue

in

in

Column Hoad

149 - 150
150 - 152
152 - 153
153
153 - 154
154 - 158
158 - 159%5
160 - 174
174 - 182
182 - 192
192 - 220
Column.
Flask.

Saponifi-
cation

~ Zquivalont

J

283*3
293*2
294*7
296*3
300*0
299*7
293%2
296.2
304*1
307*5
326*3
346%*2
366*3

1*3 mnu Moroury

29*529 0%.
305*2

183*8 mgii. KOti/gn.

31%27 9%. 72/100 gri.

2*89 ngm. KOilJ/ga.

Saponifi-
cation
value

197*9
191%*3
190*3
189*4
187*0
187*2
191*4
189*4
I 184%5
182*0
172*0
1 161*9
154*1

sample weight, were divided by tho sum of tho sample "./uighta.

lodino
( value

7%30
25%08
25%21
28%27
36%21
37%02
37*73
41%83
47%18
45%88
38%%
19%90
14*48

Tliie gave

Hydro#
v;,luo

18%97

tho moan Saponification valuo (S), lodino vcilue (I) and Hydroxyl value (H)

of tho samples.



12.

28%975 x S = (197*9x 1%694) + (191*3 x 1%955) + (190*3 x 3*032) > (189*4 x5*142)
(187%0x 2%744) + (187*2 x 1*884) + (191*4x 1*113) + (139%4 x 1*385)
(184*5X 2%200) + (182*0 x 1*791) + (172*0 x 1%#993) + (161*9 x 0*739)
(154*1x 3%253)

+ o+ o+

S = 532212 = 183*9
28*975

28%975 x 1

(7%30 x 1%694) + (25°08 x 1%955) + (25*21 x 3*082) + (28%*27 x 5*142)

+ (36.21 x 2%744) + (37%02 x 1%#884) + (37*73 x 1*113) + (41*83 x 1*385)
+ (47%18 x 2%200) + (45-83 x 1*791) + (38*31 x 1%*993) + (19%*90 x 0%*739)
+ (14%48 x 3%253)

I = 877*6 = 30%*29
28*975

28*975 x K= (2*01 x 1.385) + (18-97 x 3*253)
H = 2%29.

It will bo noticed that tho calculated saponification value is vo17

closo to that of the original crystal fraction, as is also tho hydroxyl

value. Tho calculated Iodine value is, hov/ovor, ono unit lowor than
that of tho crystal fraction. This may bo duo to oxidation of tho
column and flask residues as suggested by Hildifcch. This is further

substantiated by tho abrupt fall in tho iodino values of tho residues as
compared with those of the procoding fractions. [HIditoh"” ro commends
that the iodino and saponification values of the residueo bo assumed
equal to those of the last distilled fraction, but this gives a degree

of unsaturation ’ilgher than that of tho total crystal fraction.

It was found that when values of iodine valuo versus weight of
distilled esters, and saponification equivalent versus woight of dis-
tilled esters -./ore plotted, they foil on smooth curves oxoopt for tho
iodine values of tho two residual fractions. If, hov/ovor, tho curves
-Joro produced, and values extrapolated for these iodino values, a dogroo

of unsaturation muo: closer to that of tho original crystal fraction was



12.

(197*9 X 1-694) + (191*3 X 1¥955) + (190*3 x 3*IV.) + (189%4 x
(18750 x 2%744) + (1872 x 1-884) + (191%4 x 1*113) + (189%*4 x
(134%5 x 2%200) + (182.0 x 1*791) + (172*0 X 1¥993) + (161*9 x
(154%1 x 3%*253)

S = 5329-2 = 183-9
"28-975

28%975 x 1

(7%30 % 1*694) + (25%08 x 1-955) + (25%*21 x 3%082) + (28-27 % 5* 1"12)
(36.21 x 2%744)+ (37%02 x 1%#834) + (37*73 x 1*113) + (41%*83 x 1*335)
(47.18 x 2-200)+ (45%86 x 1*791) + (38*31 x 1%993) + (19%90 x 0%739)
(14*46 x 3*253)

+ o+ o+

R I =877*%6 = 30-29
28*975

28%975 x H = (2*01 x 1.385) + (18.97 x 3*253)
*. H =2%29.

It will bo noticed that tho calculated saponification value ie very

close to that of the original crystal fraction, as ia also vho liydroxyl

valm . Tho calculated lodine vuluo is, however, ono unit lovror than
that of the crystal fraction. Thic may bo dufj to o-.idaf > tho
coluirn and flask residues au suggested by ililditch. xr’cher
substantiated by the abrupt fall in thu iodine value” oJiuof as
compared vdth those of the preceding fractions. illla " ee'-otanondu

that the iodine and saponification values of the residues be ass-imed
oqual to those oi’ tho last distilled fraction, but this gives a (e"yee

of unsaturation 'x>vior than that of tlio total crystal fraction.

It was found that whon values of iodine valuo versus weight uf
distilled esters, and saponification equivalent versus weight of dis-
tilled esters e./ore plotted, thoy fell on smooth ourvoa except for tlie
iodine values of tho two residual fractions. If, however, tho curves
-roro produced, and values extrapolated for these iodine values, a decree

of unsaturation muo closer to that of tho original crystal fraction vitxn
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obtained. Consoquuntly thooo extrapolated iodino valuoo and, in lator
dotorminations. nxtrapolatod saponification oquivalontu v/oro usod in
proforonoo to ti. dotominod valuoo, or thoao basod on Liluitcn

assumption.

Thus tho iodino valuoo for fractions XII and XIII v/oro oorroctud
to 32*1 anu 22*0 roopootivoly gL'/ing a oalculatod iodino valuo oi

31*34 oomparod with 31*27 dotorainod on tho original aaraplo AG/V3ve

Tlio nothod of correcting both thu saponification valuoo ana tho
iodino valuoD is illustrated in Pig. I, in vMch are tho curves for tho

iodine values and saponification equivalents of fraction AG/V6of*

ACi./60
Pressure 1.0 - 1*9 m . liercury
Vfoight of Esters diotilled 44" 840 ga.
Saponification equivalent 291%*2
Saponification valuo 192*7 mgn. KDn/"a,
Iodine value 117*¥1 m- 1100 gm.
hydroxyl value 3*26 mgin. ivOH/gn.
Taiecyanogen value 77*8 gm. 12/100 gn.
1 1 Temperaturu 00 Proliaura Saponi- eSaponi- jlodine _
Tfoigjlt ! ] Bath Column Hoad; mm 1ficatiun,fication:value j valuo
! Sample @ lercury j 3(juiv-.- valuo
1 j lent L ., J
, XIV | 7*%532 213 - 222 158 - 163 1*0 288*6 194%*4 1108—2 -
XV 1 3%930 i 222 - 224 163 - 165 i 1%0 292*5 191*%8  1117*5 —
XVI 1 2%*215 224 - 2W 165 - 167-5' 1.0 1290-3 193-2 112*0 -
XVII 6*515 240 - 250 181 - 185 1%9 291%*6 192-4 1117-6 -
, XVIIT 5*096 250 - 259 , 170 - 181 1*3 289*7 193*6  '120%*1 -
XIX 10*029 259 - 274 ! 181 - 183*51 1*4 290-3 193-3  !118*%4 11 m
Ac 4*159 274 - 280 | 185 - 187 1*#7 292*6 191-7  :113*9
XXI 1*¥107 Residue li. column 273-8 204-9 ! 73*%9 1 25%04
XXI1 3-868 Residue © 294%4 190-6 i 03*8 30%20

, Total 44*501



Eto saponification, iodine and hydroxyl values of the mixed esters

was calculated as for AG/A/30:
44501 x S

(194'4 x 7.582) + (191*8 x 3%930) + (193*2 x 2%215) + (192%4- x 6*51")
(193%6 x 5-096) + (193*3 x 10%029) + (191*7 x 4*159) + (204*9 x 1*107)

J’_

+ (190%6 x 3*868)

S 193*1
44.501 x 1 = (108*2 x 7*582) + (117-5 x 3*930) + (112*0 x 2.215) + (117%6 x 6*515)
+ (120*%1 X 5%096) + (118*4 X 10%029) + (113*9 x 4*159) + (73*9 x 1*107)
+ (83*8 x 3*868).

p—
Il

5076*1 = 114*1
44* 501

44501 x K= (25%04 x 1*107) + (30*20 x 3*868)

H - A4£3 = 3*27.
44*501

As in thv previous fraction, there is a sudden drop in tno iodine
values of the residues in tlw column and flask, but in this oaae it is

much greater than in the formor due to the groator susouptibilit ox di

unsaturated ostore to oxidation.

'ilio saponification oquivalont of the column residue also drops
sudden! -. This, too, is probably duo to oxidation, since this fraction
contained froo f .tt - acids, giving it an .oid value cf 15*74 mgn. KOii/gn.
The true saponification and iodine values, ho./over, could not he calculated
from the acidit' since some double bonds t/oro apparently oxidised onl
as ftu* as the diketone or aldehyde stages, vhilo others ’voro oxidised

oomilotoly to the acids.

An explanation for the groator oxidative efi'oct on the residue in
the column than on that in the flask, is that, when the vacuum was b-
at the completion of the distillation, tlv> ostors in the column presented
a ykoater surface area than those in the flask and v/oro tuorcfore more

extensively oxidised.



Oxidation of a double bond to a dikoto compound or to tvo aldohydaa,
oonaidorablvwr dooroasos tho ioddno valuo without affooting the saponilita-
tion valuu to any groat oxtont. fllion, howvor, oxidation roaul La in
tho formation of ot;rboxylio aoidy, tho aaponifioation valuo is inoroasod

aone _dorabl/ anC tho iodinu valuo lo\orod.

Tho offoots of tho two otayoo of oxidation arc shown by tho follow-
ing calculation.
Ccnsidor a fraction of motliyl ootora ;/ith a saponification valuo of

190 1"Oh/ga. ~ ~ 1iodine valuo of 130 gn. I2/100 gn.

(1) Lot all tho dcublo bonds in mothyl linoloato (foming 5" of
this fraction) bo oxidisod to aldohydoc and dikotones, i.o. t-/o
atoms of oxygon aro addod to oaoh doublo bond,

Xho oquivalont woigjit of tho oxioisod nothyl linoloato thon

booano'J! ~ +64 = 55w
. ¥, Total Vuight of oxidisod oators from1 fjn. of unoxidisod
ostora = 0*95 + 358*5x 0*05
294-5
= 1*0108 gn.

Tho saponification valuo of tiio unoxidisod portion of tho

ostora = 190 x 1 - 0*05 x 190*5
0*95

189.9 mgu. iCOH/gn«

and tho iodino valuo of tho unoxidisodportion of tho

ostora = 1"O0O x 1 - 0*0™ X 1?7.2jit£
0-95
* 127%*9 ~2/100 @n.
Lot S = saponification valuo of tho total oxidisod fraction,
thon (189*9 X 0*95) + (56-100 x 0*0608) = S x 1*0108

358*5



Lot I = iodine value of tine total oxidised fraction,
then (127%¥9 x C*95) + (O-000fi x 0) =1 x 1*0108
I w 120*1

(ii) Now ist the double bonds in the same % of methyl linoleate bo oorrplotul.

oxidised to acids, i.e. k£ atoms of oxygpn are addod on to each double

bond.
.*.  Thc saponification oquivalont of the oxidised methyl linoleate
= 29k*5 + 128 = 84*5 mgn. KOh/gn.
and the total weight of oxidised esters from 1 (@n of unoxidised
ostora - 0%95 + 422*5 X 0%*05
294*5
= 1*0216 gn.

The saponification and iodine values of tho unoxidised poition

remains the samo as before.

Lot S1 = saponification value of tho total oxidisod fraction,

thon (189*9 x0*95) +(56.100 x 0*0716)
84*5

S x 1*0"1"

SI = 222*4 mgn.KOH/ga.

Lot I1 = 1iodine value of tho total oxidisod fraction,

thon (127*9 x 0%95) + (0*0716 x 0) = I1 x 1*0216

* 1= 11™T70IF ~2/100

For tho acid value, tho oquivalont weight of tho oxidisod methyl
linoleate is 105%6
£ (molecular './eight of mothyl linoluato + 8 x atomic weight of oxygon)
=1 (294*5 +128) = 105%6

Thug tho acid value of tho oxidised fraction



Prom thoso oaloulatione, it oaii bo soon ho:.- tho saponification and

iodine values of ostor fractions can bo altorod quite considerably by a

relatively mnall amount of oxidation. It is also evident that to attempt

to oaloulato tho truo constants of an oxidiood ester fraction from

experimental data is virtually impossible.

Thus, tho method used for obtaining values' for uso in calculating

tho "-'tty acid constitution of tho tvro residue samples XXI and XXII was
the same as for AGA/30.

equivalents versus

Curves of iodine valoos end saponification
eights of ostors distilled ’/ere plotted, and tuoso
for tho t-ro rosiduos extrapolated so as to give calculated values for tho

total crystal fraction closer to tho determined values.

The iodine values of XXI and XXII wore corrected to 115%6 and 112*2
respectively giving a calculated iodine value for tho crystal fraction

aG/V60 of 116*8 as compared with a determined value of 117*1.

Tho saponification equivalent of XXI ;ms corrected to 295*5.
saponification value thus becamo 191*2, giving a calculated saponification

value for AG/A/60 of 192*8 compared vdth the determined value of 192*7.

A fter calculation of the composition of the ester fraction AG/AM the
theoretical thiocyanngen value of tho fractions v/as computed and compared

vdth that determined on the mixed ostors (see pago 54).

Pressure 0.8 - 1*2 m. Horcury
Woigtit of esters distilled 55*181 gm.
Paponification equivalent = 2952

Saponification value = 190*0 ngn. KOn/"i.
Iodine valuo * 152*A Ig/100

Thiogyanogon valuo 96*92 en.Ig/iQC gn.

Hydroxyl valuo m 27*49 mgn.KOn/ga.



Weight Temporature ®C Saponi- Saponi- lodine fhio- fydrox

Sample gn  Oil Bath Column Head ?;l?i‘i/i;_n ‘I;iacliéion valuo Cz]/?;lls(%on value,
ent
XXIII 4*256 223 144 - 159%*5 279*8 200%5 143-9  93-03 8*28
XXIV 9.609  223-224 160 292.7 191*7 1591 90*72 3*47
i XXV 7*421 224-226 160 - 160*5 294%*7 190*4 158-8 92%32 3*88
1 XXVI  11-288  226-23J 160*5 - 161 2948 190*3 159-1  94*77 3%4]
j XXVII 8%539  230-250 161 - 163 296*8 189*1 156*0 110*50 4*82
IXXVIII 2%511 Rosiduo in column 291%*8 192%3 112*J;  101*20 45%9(
XXIX 9%415 Residue in flask 300*4 186*7 1006 97-31 59%93

Total  53*039

Tho saponification, iodj.no, and tliiooyanogon valuoa of tho mixod oatvro

vroro oaloulatod as abovo.

53*039 x 8= (200*5 x 4*256) + (191*7 %9*609) + (190*4 x 7*421) + (19C*3 x 11,2
+ (189*1 x 8-539) +(192*3 x2*511) + (186*7 x 9*415).

Saponification valuo = 10105 = 190*3 mgn. KOK/*,
53-039
53*039 x 1= (143*9 x 4*256) + (159*%1 x9*609) + (158*8 x 7*421) + (159*1 * 11%*288)
+ (156-0 x8.539) +(112.3 x2.511) + (100.6 x 9*415)

lodino valuo m 7676*0 = 144*2 gn. I"1OO am
53-039

53%039 x 0 = (93*03 x 4*256) + (90*72 x 9-609) + (92*32 x 7*421) + (94*77 x 11.288)
+ (110%50 x 8¢539) + (101*20 x 2.511) + (97*31 x 9*415)

1

.",  ThiDoyanogon valuo = 5130*9 = 096*7
53*039

As before, oxidation ,/ae obsorvod to havo takon plaoo in tho tv/o roaiduoc
and tho iodino, saponificacion and thiocyanogon values vroro accordingly

corroctod as abovo.

J



Tho iodine values of XXVIII and XXIX v/oro oorrootod to 146*9 and
1j6*0 roepoctivoly giving a calculated iodine value of 152*6 while tho

value dotoTrained on the crystal fraction AG/A/60P was 152%4«

Tho thiocyanogon values of tho same tvzo fractions v/oro corrected to
105*%8 and 101*2 respectively giving a calculated value of 97*1 for AG/A/60P

oonparod with tho oxporinontally determined value of 96*92#

Tho saponification equivalent of XXVIII v/as corrected to 299*4 to
bring tho saponification value to 187*4 and tho calculated saponification

value of A<4/A/60F to 190*1 whereas t.io value as dototmihocW " 190%*0.



4.5 Tho Hydroxyl Valuo of tho Soparatod Fatty Acids.

4ftor tho proaonco of liydroxylc.tod oor.ipoilndo in tho fatty acids and
ostor fractions v/as provod by moans of hydroxyl values, thoso vuro calcu-

lated in torms of hydroxy fatty acids.

It was thon proposed to attoupt to isolate and identify thoso hydroxy
acids. To this ond, a frosh sample of fat was extracted, tho un-

saponifiablo matter removed, and tho fatty acids soparatod.

Thoso woro thon dissolved in diy aootoneat a concentration of Is 25
Which was tho highest concentration at which all tho fatty acids wore
completely soluble at room tonporaturo.  This solution was thon crystallised
at tho lov/ost t( -poraturo obtainable using alcohol and dry loo (-78°C) ler

six hours, and filtered.

Tho hydroxy acids, together with linolonio and a snail quantity of

linoloic acids woro expected in tho filtrate. Vhon thi solvent was
stripped off at room tonporaturo using tho technique of Hawke , -t was
observed that solid particles bogan to separate out. After tho solution

had boon concentrated to about 1: 3> it was filtered and 07 gm. of solids

obtained. Tho remaining solvent Was then stripped from tho filtraio.

Tho solid had an acid value of only 16*3 m@n KOH/gp, tut tho hydroxy
value was found to bo 368*1 agm. KOH/gp., and its lodine value (V/ijs) was
103*7 gIA 1g/100 gn.

Tho acid value was calculated to linolonic acid, and tho iodine and
hydroxyl values corrected accordingly, giving tho "non-saponifiabloM natter
an ioddno value of 89*1 gm. 12/100 gn an<@ Qn hydroxyl value of 389*7 mop.

KOIVgm
That there Vas still some hydroxy body ronairdng in tho crystallised

fraction (at -78=0) and tho filtrate loft after tho removal of tho solid

material, wnshown by hydroxyl values of 11*0 and 23*1 reo.we ivoly.

Since this hydroxylatod substance appeared to bo appreciably soluble

in acotono oven at low tempomturos, it was decided to attempt complete

An this thesis, the tom "non-saponifiablo" matter is used to rofor solely
to material which is not saponifiable but which is not rc jvod with tho
unsaponifiablo natter as determined by tho standard methods.



separation by oxhoustivo extraction of iho aoap solution with othor.
Accordingly, a sanplo of "atty acids, from which the unsaponifiablo had boon
extracted, was treated with boiling alcoholic potassium hydroxide solution
for ono hour. After dilution vdth water, tho soaps \voro extracted eight
times with other in a separating funnel. The free fatty acids woro thou
liberated and tho hydroxyl and acid values of tho fatty acid samples

determined bofore and after treatment.

Tho acid value was observed to increase from 194*8 to 197*2 and
tho hydroxyl value to docrease from 32*1 to 15*6.  The procedure was
repeated but th acid and hydroxyl values both remained substantially

unchanged.

The soaps of the fotty acids woro again prepared arid extracted with
ether for 100 hours in the continuous liquid-liquid extractor (page 78).
Thin brought about a reduction of only 2*2 units (to 13'4) in the hydroxyl
value of the fatty acids and an increase in the acid value to 190*3. It
v/as obvious that extraction of the soaps With ether would not remove -ho

hydroxy compounds and work along these lines was discontinued.

In an attempt to utilise the higher molting point of tho hydroxylate I
compounds as a moans of separating it, tho ro-oxtractod fatty acids Voro
heated to C and filtered at this temperature. This left some solid of
hydroxyl value 109*0 and acid value 169%j but tho filtrate still con-
tained hydroxyl groups as indicated by a hydroxyl value of 9*9, while
its acid value was 198*6. As this method appeared to offer no means ol

separation of tho hydioxylatod compounds, ft too was discontinued.

A fresh sample of fatty acids was dissolved in thrco parts of acetic
anhydride and warmed under reflux for 30 minutes on a boiling water bath.
The solution was then cooled and allowed to stand overnight, .hen white
orys.ols separated out. These, however, still had on acid value of
158*4 mgn. KOH/gn. and a hydroxyl value of only 169*4 mgn. KOH/gp. The
saponification value v/as the same as the acid value, showing that no

acotylation had taken place.

The filtrate was boiled several times with water to remove tho

acetic anhydride, and the remaining fatty acida saponified. The soaps



22.

voro split and tho fatty noids oxtractod. Tlioso 'w'ao found to ha,yro an aoi l
valv;o of 188*7 and an tydroxyl value of 11*5 so crystallisation frcm aootic

onl-jydrido was abandoned as a posciblo notliod of soparation.

Various fonis of absorption and partition ohrca*iatograpliy voro attempted
but found to bo of no use in separating the fatty acids and tho hydroxyl tod

conpounds, as both were eluted, or absorbed sinultoneously.

Since all those attempts at separation failed, it was decided tc re-
calculate the fatty acid composition from the data already obtained, assisiing
all the liydroxyl value to be due to "non-saponifiablo" matter vrith an

liydroxyl value of 389*7 and an iodine value of 89%*1.

Those values v/oro airived at from the constants determined on tho solid
T/hioh separated out from tho filtrate, when orystallising tho fatty ocils f"om
aootono at -78°0 (page 20 ), by calculating the acid value to linoloic acid.

The hydroxyl and iodine values wore thon corrected accordingly.

The substance gave a positive result from nitrogen in tho Lassaigno teat

for the elements by fusion with sodium.

It was found to bo insoluble in other, acotono,alcohol and water, except
in tho presence of largo quantities of fatty acids, when tho solubility in

ether and acetone was enhanced considerably.

Owing to the small quantity of tho subatancc available, no further tests

v/oro carriod out.

Sphingosin, obtained from tho hydrolysis of sphingomyelins, has tho

formula CH,(CKA10CH = CHCHCHCHNH. /2  and hydroxyl and iodine values of
6HOH

387*1 ngn.KOIVga, and %*9 31. 12/l00 &i. respectively.

According to Boilstoin , it ir insoluble in other,aootono, alcohol
and water. In this respect it is very similar to tho solids associated
with the fatty acids of the seed fat. Its hydroxyl and iodine values, too,
aro very close to those calculated for tho "non-saponifiabloll matter hove.
lhose values were, of necessity, determined on vory small samples of material

and wore accordingly acourato to only within ¢ 5 unitr.



nw presence of 0-05 mgm. phosphorus per gro. of seed fat I=
indloativo of tho presence of phcsptoHdes mrtdch usually include

looithins, oophalins and aphinganyolins.

Tho romovc.l of choso by treating tho fat with a boiling salt

solution, also resulted in the removal of hydro# bodies trm the
fatty acids, vfr.ioh then had zoro hydroxyl value.

prom this ovidonco, tho likelihood that tho hydroxy body, asrooiatod
with tho fatty acids of tho sood fat, is sphingosin, is voiy strong.

It also shows conclusively, tho absonco of hydx-oxy acids in tho sood
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4,6 Tho liucilagdnouo Hatorial in tho Fat.

On washing tho sood fat with a acdlun ohlorido brino, (pago 81),
phosphatidos and nucilaginouo material, to tho oxtont of of tho total

vroight of fat, wro ronovod.

Thic natoilal, on liytlrolysia with dilute sulphuric acid accorling to
tho method of i'mdorsonl5, yielded riannose and galaotose after neutralisation

with barium carbonate.

These sugars vrore identified by their phenyl osazones  After five
minutes treatment with phenyl hydrazine in a boiling water bath, pale rroavy-
v/hite crystals were observed to separate out which were identified as the

osazone of mnnose. These were filtered from the solution which was returned

to the water bath. After a further thirty minutes, or&mgo-yellow crystals

separated out which wore identified as galactosaaono.

Hence, the r.iucilaglnouB material in the seed fat probably consists of
galacto-nannans, since these are reported to occur to tho”exclusion of

other polysaccharides in mucilaginous material fron seeds

That this nucilaginous material together with the phosphatidea, was
responsiole for the emulsifying properties cf the fat was shown by tho in-
crease in the interfacia], tension between the fat and water caused by their

removal.

The interfacial tension was observed to increase fron 0*42 dynos/au. to

20*01 dynes/cm. at 4CPC. rfter troati'nont of tho fat with sodium ch*orilu brino.

Tlie liydroxyl value, too, was found to be affected by this treatment and
dropped from 20*5 ngp. KOH/*. to 8*0 mgi. KOH/gn. which was ccoplotolj'
ajrounted for by the 5"(# unsaponifiable ;.iatter with an hydroxyl value of
140*1 ngn. KOH/g-A
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Ccilo\ilatioTi of Fatty ..cid Ctonposition.

Thio-cyanonotrically.

Tho fatty acid composition was oaloulatod aooordine to tho

principles pat forward by Hilditch 12f. Doponding on tho values

of tho constants of tho fraction, ono of four methods was usod.

In tho case of fractions found to havo an bydro”l valuo, this
was calculated to tho "non-saponifiablo" substance of iodine value
89-1 and hydroxyl value 389*7, m-d the modified constants of tho
esters in tho fraction computed. Those wore then used in tho

calculations.

Tho following are examples of tho four basic types of calcula-

tion usod,

A, This method was usod for calculating fractions '.-it:, low
iodine values and was based on tho assumption that tho saturated
and unsaturated esters in tho fraction havo the sane moan molecular
weights: viz. tho saponification equivalent of tho fraction. The
compositions of fractions I - XIII wore calculated according to this

method, and the following is tho detailed calculation for fraction II.

Saponification equivalent = 293%*2
lodine valuo - 25*08
Weight u 1*955
Lot P =Ethylpalnitato - saponification equivalent =284%47
5 =Ethylstearate - saponification equivalent =312*5'
6 =Ethyl oloato - saponification equivalent =310*50
Iodine voluo = 81.75
H = Ethyl hoxadooonoato - saponification a 282*46
equivalent
lodir*"1 value a 89*87
Lot the weight of unsaturatod esters = u
% weight of saturated esters = 1%955-u
&H+ e - u
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Asouno that tho unsaturatod and saturated ostors have tho
noan nolocular vroight.

"lion, fron tho oaponificatior oquivalonts,

H = I+0
282*47 310*50 293*2

3*5403H + 3*2206 © = 3.4107H + 3*4107©

0.1296H 0*1901 e

& H 1668 ©

Fron tho iodino valuo:

89-87H + 81*75 ¢ 25*08 x 1*955

¥, 1.4668 x 89*87 ® + 81*750 25*%08 x 1*955

e = 25%08 x 1%*955
213*57
= 0%2296
* H = 0*3363
Saturated ostors = 1*955- 0*566
= 1*389
P + 3 = [*381
284*47 312*52 293%*2
3*%5155P + 3*19983 = 4%*7340
but P = 1%*389 - 3
Jx 4 8792 - 3*51553 + 3*%19983 = 4%7340
3 = 0iV_52
0*3157
s o+460

P = 0%928
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Composition is Ethyl hoxadooonoato = 0*337

Etliyl palr.iitato = (%928
Ethyl oloato = 0*230
Ethyl stoarato - 0*460
B. In this typo of calculation, tho fraction v/ae assmod to conoict

of throo conpononts only. It '/as u;jd for fractions in %hioh tho
saponification oquivalont 'Yas within fivo units of that of tho oloato,
while tho iodino valuo was abovo that of tho oloic ostor. .ilditch
suggests this method rathor than tho previous ono in this case, as tho
latter torxls to yivo high resvdts for tho hoxodoconoio acid content.

(Fractions XIV - XXII).

Tho method was also applied whoro a "ourth oonponont might havo
boon prosont, but had boon olininatod by considering tho crystallisation
conditions. Thus in fractions XXII - XXV, palmitic acid was olininatod

by this reasoning.

Tho following is tho dotailod calculation for fraction XV.

Saponification oquivalont = 292*5
Iodine valuo = 11 75
Weight = 3*930 @n
Lot P = Itothyl palnitato- Saponificationoquivalont=270*45
0= Methyl palnitato - Saponification oquivalont =296%*48
- lodino valuo = 85%62
N= Muthy 1 linoloato - Saponification equivalent = 294*47
- lodine value = 172*40

Thou, from saponification equivalents,

P + N + 0 a 3*930
270*45 294*47 296.48 292%5
5. 3-6975P + 3*3959N + 3*37290 = 13%436 .ooccoooooerrree (i)

Fror iodino values,

172-40N + 85*%620

117*5 x 3*930
461*78



Also ptN+e = 3*930

P o ettt e (ill)
Eliminate p from (i) and (iii)
IL*531- 3-6975N-3'°975€> + 3-3959N + 3*37290 = 13*W6
0*30i6n + 0.3246e = 1*09%
9 = 1%¥095- 0%*301i-'N..oooveererieeeeeenene (iv)
o'lar™
Eliminate 0 from (ii) and (iv)
172-AON + 83*%62 (1*095- 0*3016N) = 461%78
C/;246
i.e. 172*40N + 288*83 - 79* 55N = 461*78
N = 172;35
92.35
1*863
Substituting in (iv) 0 - 1*643
P = 0*424
Thus tlio composition io:-
ltothyl paLnitate = 0424
Methyl oloato = 1*643 O*
Hothy!l linoloato = 1*863 0-*
0. In tlio calculation by this method, the fraction was assumed

to contain palmitic and hoxadoconoic esters together with unsaturated
esters, as suggested by Hilditoh”. Hie unsaturatod C*g esters

wore taken to have iodine and saponification values equal to those of

the C,Qesters in the next fraction, since this has boon show to bo

voiy nearly true

The only fraction calculated by this method was No. XIV since
its saponification oqui.'alont was more than five units below that of

the oleic ester.



Tho doiaile of t ho calculation of thiss fractionarc glLvon bolov.

Saponification oquivalont = 288*6
lodino value = 108*2
Weight = 7*582 (@n
Lot P = Hothyl palnitato - saponific sn equivalent  =270%*45
K =Ilothyl hoxadoconoato - saponification equivalent =268%42
iodine value = 94*57
0 = Methyl esters of 0.Qacids - saponification ax

acts. K ;pF"

Eron saponification equivalents,

Ji_ + K + 0 = 7%582
270%45 268*42 295-41 288~
3%69752 + 3-3851C+2-7255H  =26%271 = = oooovveceorerrrcer. (i)

Rrjm iodine values,

131*¥70 + 94*57H = 7%582 x 108.2
820%37 oo, (ii)

Also P = 7-582-0 -H .o, e (ii1)
Substitute for P in (i)

28.036-3'6975C - 3*6975H + 3*38510 + 3*7255H - 26.271

ie. 0.31240 - 0.0280K = 1.7615
0 = 1%765 +0-0230H ..oovovvveeen...... e (iv)
0.3124

Substitute in (ii)

(1°765 + 0'028011)+ 94*57TH = 320*37



Composition is:

Mothyl hoxadoconoato 0*717 gm.
Hothyl palrdtato 1*151 SPe
Hothyl oloato 2%678 gn.
Motliyl linoloato 3.036 gn.

D. Calculation by this nothod, invulvod tho uso of tho thiocyano;::on
valuo ao vzoll as tho iodino valuo. Tho saponification oquivalont v/aa usod
only v/ion tho dotom inod valuo difforod appreciably from that of tho
corresponding linoloato, otherwise, tho fraction v/as calculated tc a
mixture of unsaturatod C-* ostors using only the iodino and thiocyancgon
values. This v/as the ease in fractions XXVII - XXDC but fraction XXVI,
with a saponification equivalent of 292*0 (after correcting for "non-

saponifiable" matter) was calculated to include motliyl palmitato as ".roll.

The nothod of calculation is as follows:-

Saponification eqaivalent = 294*8
Iodine value = 159*1
Thiocyanogon valuo = 94-77
fjydro”yl value = 3-41
Weight = 11*288 ejn.

Lot X = weight of "non-saponifiable” matter

Hydroxyl valuo s 390

Iodine value s 90

X = JJtl x 11*288 = 0*099 gn

390
Esters = 11*189 gn
11*189 11*288
3.2. of esters 294:3-
Saponification equivalent of esturs = 292*0
Iodine value of ostors (11*288 x 15:3*1) - (0-099 x 9C)

11*139



Tliiooyanoson valuo of ostors = (11288 x dk'Tl) - XQ*Qz_

11189
= 94*16
Saponification lodlno Thlocyano, on
Squlvalont Valuo Valuo.
Lot H =Mothyl hoxadoconoato 268%42 94%*57 94*07
0 =Illothy1 oloato 29648 85%62 85%12
N mM ot”1 linoloato 294*47 172*40 92*10
L = Mothyl linvlonato 292%45 260*J3 159*0
Calculate for 1 gm, oatora to einplify tho arithnotio
thon H=1-N-0-L. (0
FVon Saponification oquivalonts,
K % e + N + L » 1
26.3.42 296*48 294*47 292*0
3-7255% +3*3729 0 + 3*3959% +3'U9]L = 3*%4227 .cveeieieee (H)
Pror. Iodine values,
94*¥57% + 85*%62 &+ 172*40% + 260*38L = 159%6 (iii)
Pron Thiocyano.;on valuo0,
94*%07%+ 85*120 + 92*ION + 159*OL = 9416 e (iv)
ELininato H from (i) and (11)
0*3286 ¢ + 0*3296% + O.306IL =0%*3028 v)
ELininato H fren (i) and (iii)
-8%95 6 + 77*83% + 165*811 r 64%43 (vi)
ELininato H from (i) and (iv)
+ 8*%950 + 1*97% - 64*931 =-0%09 - (vii)



(ix)— (vlii) 86»18

79*30
64*63 L = 2%64
* .4 = 0-410
Substitute in (ix)
N = 72-12 - 7-0Q
36-18

Substitute in (V)

0 = 0-3020 -0*2491 - 0-0126
0-3526

= 0-119
H = 0-084

Onrnosition ia

Hoth™’1 licxadooonoato a 0-940 EP-
Ilotliyl oloato a 1-332 0~
Liotbj/1 linoloatu = 8-456 on.
Methyl linolonavo = 0-459 gn.



Using tho abovo nothods of calculation, tho following cro tho ocnpositivns

of tho distilled fractions:

AG/A/30.
Ethyl 2stors of Saturated Acids Ethy%hllfrslg(i(rls of ‘M 0- Sapcnifrilz;blu
Fraction Weight 18 20 oy Cl4 16 18 Mat bor
. gnec. 1
I 1.6% 0-058 1*499 0*005  0%*132
11 1%955 0-928 =% < 0%337 0%230
o II1 3*082 1*¥330 0%842 0-487 0°V5
v 5*342 1*¥915 1*530 0*820 0.877
v 2*744 0*665 0*905 0-414 0.760
VI 1*884 0%480 0*626 0*335 0.443
v 1%113 0%523 0*259 0-134  0*197
VIII 1*385 0%*396 0*313 0*329 0.347
IX 2*200 0*293 0*668 0.290 0%944 0.005
X 1*¥791 0%132 0*663 0.093 0.398
X1 1*993 0*492 0-519 0*403 0-574
XII 0*739 0%*233 0*190 0.316
j XIII 3%253 1¥318  0.930 0%835 0*162
!
i Total 28%975  0*050 0*169 6-750 2*070 1*120 10—005 3-376  5%519 1*725 0*167
AG/A/60
Hothyl Estors of Ilotliyl Estors of Mbbiiyl Bstors | Non-
Fraction Wbight Saturated Acids Monr)-o thonoid acids —Of,\/[())li-c({s}IbhOHOId ! \S/Ialll)}(l)irllql_ .
8P. fil3 ao C13 093 ;Ikttor
XIV 7%502  1.151 0%717 2*670 3036 g 1
« XV 3*%930 0*424 1*643 1.C63 : !
XVI 2*215 0*413 0*721 1*031 )i t
XVII 6*515 0*925 1*157 4%233 t
Tfl.11 5*096 1*024 1*037 3%035
XIX 10*029 1*324 2%613 5*507
XX 4*159 0*44-6 I'P1O 1*#795 1 »
XXI | 1*¥107  0%300  0*054 0%638 0-065
1 XXII 3-363 1*¥240 2*¥720 0*303

!Total 44%501 T*747 0*054 0*717 11%972 23-630 0-373



Tho calculated thiocyanogon value of this fraction is 77°‘1 which agrees

well with tho value of 77*8 determined experimentally

AG/A/60F

Methyl 3stors of Mono- Methyl esters of Methyl esters  Non-

. . Ethonaid Acids -« Di-othonoid Acids of Ttiotho-  Saponi-
Fraction Weight noid Acids fiablo
yna. Matter

_____________________ <16 °18 =16 , °I8 C18
m u 4%*256 1*808 1%#333 1.022 0*093
XXIV 9%609 1%447 0*086 7%988 0*088
XXV 7%422 0*756 0*435 6*155 0*076
XXVI 11%288 0%940 1¥332 8*456 0*459 0*101
XXVl 8*559 4*459 1-197 2*%775 0*108
XXVIII 2%511 1*085 0*565 0%558 0*303
XXIX S -5 4-213 2%373 1-345 1%484
TOTAL 53-040 4%951] 11%610 1-333  27*756 5%137 2%253

Tlioso calculations give the woi”its of the various esters in tho total
distilled samples, but allowance must be made for slight losses during

crystallisation, etc, and also samples removed for analysis.

To obtain an accurate fatty acid composition, therefore,tho woilits of
distilled esters wore corrected to weights equivalent to the fatty acids in
tho original fractions from tho low-temperature crystallisations, from tho

following data.

AG/a/30 AG/A/60 AG/A/60F

Fatty acids as crystallised (yn.) 32%7 49*0 59-0
Fatty acids corrected for losses (gn.) 33-1 49%*7 59*8
Saponification equivalent of esters 305%2 291%2 295%2
*. Calculated Saponification equivalent 277*1 2772 281*2
of acids.

Weights of esters extracted (gm,) 32*0 49*0 58*3
Weights of Unostorifiod acids (gn.) 0*8 0*1 0*7
Weights of esters calculated from fatty 36%44 50%29 62%83
acids corrected for losses (gn.)

Weights of esters actually distilled (gn. 28*98 44*50 53*04

Correction factor to obtain tho esters " N .
equivalent to the original fatty acids 1%258 1*173 1*184



iiyriatic
Palmitic
Stoaric
Arachidio
Bohonic
Totradoconoic
Hoxaduconoic
Cloio

Eicoaonoic

Hoxadocodionoic

Linr."c

Li oiv. ic

- r

“laponifiablo" 0.197

i0om

Corroctod Eetor Fractions Patty Acids Por-
AG/A/3C AG/A/60 AGA/60F  AG/A/30 AGA/60 AG/A/605 Total contago
0-073 0*065 0*065 0*046
10.280 9*084 9%262 8.612 17*874 12*80
8%502 0-063 7%739 0-060 1 7-799  5-59
2*604 2*390 2%390  1*71
1*419 1*311 1*3H 0%94
0*006 0-006 0*006 0*004 1
4%247  0%*841  5*882 3%824  0%799  5-556  10*179 7*28
6%944  14*040  13*780 6%¥316  13*380  13*100  32*796 23*49
2*170 1*990 1-990 1*43
1*589 1*496 1*496 1*07
27%725  32%895 26%396  31%¥298  57.694 41-45
6*092 5*789 5%789 4*15
0*473 2*563 0*197 0*473 2*563 3*203 —
j 36%472  52%226  62*810 33*100  49-720  59*802 142”‘6221 100
;ho fatty acid composition of tho sood fat, v/hon corroctod
Inoarost 0*Ifo is as follows:-
V/oipht Porcont. Itolar Porcont
Uyriotic traco traco
Palmitic 12.8 13*8
Stoaric 5-6 5.5
Araohidic 1*7 1*5
Ebhonic 0*9 MOO
Saturated 21.0 21%*5
Totradoconoic traco traco
Hoxadooonoic 7%3 7-9
Oloic 23%5 230.
Biccsonoic -4 10 .
Monoothoncid 32-2 32-3
Hoxadooadionuio 1*1 1*2
Linoloio 41%*5 40'8
Linolonio 4*2 4%
Di-and Tri-othonoid 46*8 46.2



Tho neutralisation equivalent of this mixture of fatty acids vzas
calculated to bo 278%*1.

This v/as exactly tho same as the moan molecular weight of tho fatty
acids calculated from tho acid and saponification values, and tho percentage

of unsaponifiablo matter of tho fat i lolf. (page ?)*

There v/as, however, a considerable difference botv/eon those calculated
values and that determined by direct titration of tho fatty acids; this v/as
found to bo 284*3. This value was determined on fatty acids containing the
hydroxy body which was shown to bo "non-snponifiablo" and thus would havo

had tho effect of increasing tho neutralisation equivalent of tho fatty acids.

Tho determined neutralisation equivalent v/as then corrected as follows,

allowing for tho "'ncn-sapcnifiablo" natter present.

Associated with 100 gn. of fatty acids, there wore 2*298 of "non-

saponifiablo" matter.

If tho neutralisation equivalent of fatty acids alone = N
then 100 - 102*298
N 284%*3
N = 278*0

'"This is oxtromoly close to tiio tv/o calculated values, and well within tho

limits of experimental error.

Tho calculated iodine value of this fatty acid mixture is 119*9 0%

In/ioo gn ;hioh aSrj0OD V/DIl with tho value of 120*1 gn. Ig/lOO gm deter-
mined on tho mixed fatty acids.

Also, computing tho hydroxyl value of tlio "fatty acids" as extracted,
from tho abovo data on the assumption that tho hydroxy body had an hydroxyl
value of 389*7, close agreement was obtained with tho determined value of
9*10 mg. KOH/gn.

The calculated value was 8*97 ngn. KOIi/ga.

.72. 3poctrophotonetrioally.
The fatty acid composition of another sample of fatty acids v/as later

dotominod using tho alkali isomorisation tuid epootrophotono trj.c method of
Hilditoh, Morton and Riloy'*'".



37.

cw 268 "A 33'W0 (“kftor iaorioriBntion at 170°C for 15 minutes)

Vei A

lodino valuu = 121%9 m . 12/i00 ga.

H26.5 (oftor iacnoriantlon at 180"C for 60 ninutos)

.*. Porcontago linolonlc acid 33-00 x 100 6*2#
532
Poroontago di-oth.onoid acids (as linoloic) = 426»5 -33*00 x 562 10
532 90"
=43"2#

Porcontago nono-othonoid acids (as ololc)= 100 x 121»9- (6*2 x 273*5 + 43"2 x 131-0)
39*9

30-Of?
Porcontago saturated fatty acido (by difforonco) 20*%6$
Tho agroonont botvvoon thoso valuos and thoso obtained by the ootor

fractionation and thiocyanonotric procoduro is within the limits of

accuracy olainod for this latter determination: viz. + 2



Tho Probablo &lyaorido Conpooition of tho Sood Pat.

According to Hilditoh tmd Hoaral6, tho mounts of nixod glyooridos,
proBont in natural vogotablo fats, can bo conputod with 'SOLIO approach to
oxaotitudo" from tho proportions of thoir oonponont fatty acids by apply-

ing tho "rulo of ovon distribution",

Pron thoso nothods of calculation, a glycorido-composition of tho sood

fat has boon computed as indicated bolov.

For tho purposes of calculation of glycorido-conpoaition, minor con-
ponont acids woro considorod oithor collectively or included with tho most

suitable major oomponont.

Thus tho arachidic ;nd bohonio acids xror: ffoupod together as "arachidic"
hoxadooadionoio acid was included undor "lirvoleic" and oioosonoic acid

under "oleic".

The molar percentages of fatty acids woro "hon as folio;

Linoloic’l 42*0
Oloic" 24*4
Palnitoloic 7*9
Linolonio 4*2
Palmitic s 13*8
Stearic 5.5
h'«raonidio" a 2*2

100%0

pyotr. those figures, thoro had to bo at loast ono moloculo of "linoloic"
acid in oaoh glycorido moloculo, and not more than ono of any other acid,

if tho rulo of ovon distribution was to hold,

"Oloic" acid would probably form "oloo" - "linoloins" with a moloculo
of ono of tho remaining acids, and tno excess of "linoloic" acid could

possibly have boon prosont as di-"linoloins".

For this to bo possible, tie following equation would have to hold;



percent, '"linoleio'l J. percent, "oleic" + 2(percent. fattyacids other than
>leio" and. lin.leic" — percent, "oleic").

The percent, "linoleio" acid = 42*0
Tho ri/jht hand side of the equation m 24*4 + 2(33%*6-24%*4)
=42-8
Thus the above equation is very nearly true, and the glyceride com-

position based on this assumption was calculated. This wascorrected to

the nearest whole number and found to bo as follows

Molar porcontago.

"0loo"-?llinoloina" 74
Falmitoloo-"oleo"- " linoloin" 18
"Oloo" - "linoloo" - linolonin 9
Palmito - "oloo" - "linoloin" 30
Stcaro - "oloo" - "linoloin" 12
"Arachido" - "oloo" - "linoloin" 5
Di-"linololns" 26
Palmitoloo -di-"lirioloin" 6

Id.-"linoloo" - linolonin
Palmito - di-"linoloin" 11
Btoaro - di-"linoloin" 4

"Arachido" - di-"linoloin" 2




4.9 Tho Unsaponifi.-blo uattor in tho Sood Fat.

Tlio unaapcnifiablo mattor v/as found to havo tho following oonpositj on

sjhon analysed according to tho methods of Kamovslg/ ot. al.

vVoight Porconta”o

Saturated hydrocarbons 15*%6
Unsaturated hydrocarbons (asSqualono) 2C
Sterols (as Sitosterol) 48*5
-Glyceryl others (as Selachylalcohol) 3*2
69-3

After separation of tho ster' " as their digitonldea, these v;ere split
according to tho method of Dun czid Lhe froe sterols oxtracted, Theso
crystallised in tufts of short neo'iloa anc? had a m. .ting point ol 139“139" C.
With tlu U.ebormann-Brohard reaction, a pyoonlflh '/iolot-colour was produced.
From this data, it way concluded that / ctorol was present almost to the

exclusion of other phytosterols.

Tlio hydroxyl value of tho unsapoidfiablu mattor was 140*0 mgm.KOIVgn.,
and from this was calculated tho hydroxyl value of the 30%*7% unaccounted

for in tho above analysis.

Sitosterol has the hydroxyl value of 170 ngn.KOH/gp.
and Selachyl alcohol one of 330 ngm.KOH/gm.

If X's lydroxyl value of remainder of the unsaponifiablo mattor, then:-
30.7X + (170 X48.5) + (3*2 x 330) =140 x 100
X =14000 - 8.245- 1056
30-7
= 153*0 mgn.KOH/gn.

Tliis hydroxyl value is probably duoto tho higher-aliphatic alcohols
from the testa wax and also to choline from tho hydrolysis of the

phoaphatl)?s.

The carotenoid content was determined by finding the extinction of a

1% solution of tho unsaponifiablo mattor in other at 450 ny/.19



Tho vnluo of KI/\ 4-50 mfi. =0*08
cm
Pron this tho poroontago of oarotonoids in tho unoaponifiablo

mattor, c¢s A oarotono = *08 % 100
A 2,500

*0032”~ which is nogligiblo.



The fat from tho good pods is a vory dark groon solid fat vdth a
not unploasont horb-liko odour. On standing at room tomporaturu |or
sono til 10, a v/hito substance) was found to soparato out on tho suriaco

of tho groon fat.

Thin v/as probably lucilaginous matorial, sinc.i tho separation no
longer occurred aftor ronoval of tho mucilaginous matorial vdth sodium

chloride brino.

Whan tho pods v/oro oxtractod inuodiatoly aftor removal of tho goods,
and without further grinding, tho potroloun other extract v/as found to bo
only O-kJfi by weight of tho material; but vtion tho pods v/oro finely
ground, in a laboratory hammer mill, tho fat v/as found to form 1*2yc of
tho husks. Those fats v/oro found to have v/idoly differing ohonical
constants, but, duo to insufficient of tho former material boing available
tho physical constants v/oro doton.lined only on tho more completely

oxtractod fat.



TEMPERATURE

FIG 2.



1 Phj'Lioal Constants of the Soed Pod_ ?"i-

Molting range = 6)'C - 6)"8 C
Specific gravity. (o
Temporatui'e °C

Solid Pat 25 0-9373

30 0-9310

40 0-9203

50 0-9088

60 0-8981

Liquid fat 70 0-8792

Refraotivo Indox In = 1

[n]p°= 1*4599
[n]75%= 1-4582

Temperature coefficient of refractive index

=-0*00036 per "C

Optical activity negligible

Surface tension = 35*10 dynoe/cm. at 70°C

Interfacial tension v/ith water = 8%*91 dynoe/cm. at 70°C

~o_..0lUnfl Range of tljo F~"t.

Although the fat was found to have a very short molting range, changing

from solid to completely molten over a rango of 0*8°C, it was found to

have a very large softening range. At roar, temperature and up to about

35°0, the fat was quite hard, but above WfC it started softening and

botv/eon 55rC wd its melting point, it was found tr bo plastic.
ThoSpacific Gravity.

Tho softening of the fat above 40°C and its becoming plastic at higher
temperatures, did not affect the linearity of the Specific Gravity -
Temperature curve for tho solid fat (Pig. 2).

Within tho limits of
experimental error,

tho specific gravity was found to vary linearly with



44,
tho tomporaturo botv/oon 25' and 6CPC according to tbo equation:-

dl =d - .00U2 ( tA-t)

"Vhoro d1 = opocific gravity at tomporaturo t

and a = specific  gravity at tomporaturo t

At 70° 1, hovovor, vvhon tho fat was molten, tho specific gravity dropped

suddenly and no longer fell on tho ourvo. This is to bo expected in a
ohango of stato vhon changes in rate of expansion almost invariably take

place.
Tho Refractive Index.

itho tomporaturo coefficient of the refractive index was observed to

bo slightly lower than normal which is givon as -0-00038 per "C.
tomporaturos near 7CfC.

at
This is, however, not of much significance.

Intorfacial Tension with fator.

As with the seed fat, there was a consiuv-r-cloandabnormallowonng

of tho intorfacial tension with water. Thiswashowever not.uito as
groat as in the fomor case, which explains why tho emulsions foxroed with
v/ator separate i inw two layers on standing without tho addition of otliyl

aliohol.

This property was again shoxm to bo duo to mucilaginous material

phospbatidos and their removal resulted in an increase o. tho intorfacial

tension to 24*2 dynoo/cm. at 70°G.

Phosphatides wore present to tho extent of 0-30 ngm. phosphorus per
gram of fat and together with the mucilage, they foraod 6*7% of the fat.



5.2 Tho Chor.dGe-1 Constants.“f tho Sood Ppil.£g"«

Twu ohonical oorstcjita of tho fat fron finely-ground pods, and that
oxtractod frm tho podo broken for tho removal of the aeede, and ;-ithcut

I'urthur grinding, aro tabulated bolov/.

Sanplc T. ScL.mlo 11
Tat fror.i finely ground Rvt fra.i broke
pods.
Porconto. ;o fat 1 *2# 0%45
iicid value (ufp.KOti/gn,) 57-3 58-7
Saponification value 143-2 103*5
(ngn.KOH/g.a.)
% droxyl value 30*2 78*0
(ngr.i.KDH/ga.)
Jodino v'.luo (".1js) 69*0 55%0
(SD.T2/ioo gn.)
Unsaponifiablo r.a.ttor (fo) 26*0 32%7
Fatty acids (") 70*8 62*4
L Patty maide (by Siroot 30543 385%0
titration)
Heichoit Meissl value 0*38
Polensko value 028

Tho peroontage of fat oxtractod in both casoc renainod substantially
oonotant/voryinj only be”en 1-17 anr!. 17 O-W and 0. ~ Peepeotivo-
ly. This would eoe i to indicate that the potrolem other soluble natter
viao present in two distinct layers in the pod husk; one on or near tno
surface and quite readily dissolved by the solventj the other jrutoctiX
by outer layers of plant tissue through vrtiioh diffusion of extracted

solution was difficult.

Since the sapunifio-.tion and io-line values wore observed to be reator
in Souple I tlian in So,.plo II, while tlva hydroxyl voluo war correspondingly
lo.vor, it would a pear tlmt the more cmplotoly extracted fat smiple con-
tained a larger quantity of glycerides. That the properiion of free

fatty acids extracted was nore or locs constant \7bw sho”m by a decrease



of only 1»4 unito for oonplo I oonparod with r*xiplo II.

Thu oaloulc.tod. moan nolooulor weight of tho fctty acid, (276.3) ™

ar-oin obsorvol to bo nuoh lov/or then that dotonainod by diroot titrr.ci-n,
but this diDcropanoy v/as satisfactorily oxplainod in tho //frt¢ of furthor
investigations (page 59 )

Tlic noalictblo Roiohort Ifcinol <md Pulonake valm. Indloato tho aboonoo

of iw nolcoulor woint fatty Mid.. Ih= valuoo uay bo aooribod te * 31

qucntitioa of ,Wrl=tio and iBkdtlo and tho oorro=VondIn(; uneatumtod wI®

vrhich aro unavoidably oarriod ovor by tho atooj.u



E3t,or RV”jbiojmtion Data.

IhO o»tor= woro proparod frm tho fatty aoids dorivod from 150 @l.
of fat aftor proliminary aoparation by Im tomporataro oryatalliaation fran
aootono.

Aftor aaponiflootion of tho fat and oxtraction of tio unsaponifiab

matter, tho soaps woro split and too fatty acids extracted with other, ttorang
tho extraction of tho uneaponifiablo matter, a highly solvated soli!

eel
out between tho other and aqueous layers.

This was filtered off and set
aside for further investigation.

This procedure yielded 106.3 & . of fatty acids of which 101.0 # .

wore dissolved in one litre of dry redistilled acetone and heated to boiling

under reflux until all tho fatty acids hod dissolved. The solution was

cooled to room temperature (270) when it was crystallised for six hours
with constant stirring and then allowed to stand for a further 12 hours before
filtering. this yielded 100-0 am. of solvated product from which lb-6 gm.

of fatty aoids woro obtained (PAG-/A./+25)+

Tho filtrate, together with 100 ml. of dry aootono used to v/ash the
precipitate, was then crystallised at (fO for 18 hours and filtered. Tie
crystals weighed J2 gn. when solvated, but on removal of solvent, 11-7 gm.

fatty acids woro obtained (PAG/A/0).

The filtrate from this crystallisation was then cooled slowly to -35°0
with constant stirring, when a considerable quantity of czysta]s separated out

On attempting to cool to -W C, however, the whole solution together with

separated solids set into a firm jelly-like mass. Consequently the

crystallisation was carried out at -35°C for 4 hours.

This yielded 130 gm. of solvated product from which 33*4 gm. of fatty
acids v/uro obtained (PAG/A/-35).

Prom tho filtrate, 38'9 gms. of fatty acids (PAG/V-35F) more recovered.
The neutralisation and iodine values of the fatty acid fractions wore

doterr,dnod before conversion into the methyl esters. All tho fractions wore

ostorifiod with anhydrous methanol since the difference in molting points
between the ochyl and corresponding methyl esters was found to bo inappre-

ciable in tho fractional distillation of fro esters of tho fatty acids



from tho sood fat.

Tho following oro thu neutralisation and iodino vnJ.ucs of tho fatty aoid

fractions:

Fraction PAG/VO PAG A /-7
Noutralisation value 122.8 169.8 195.2 189*7
Iodino valuo 43%*57 25*09 39*93 128*0

Iho apporont anoiaaly in tlio magnitudes of the iodino values is
explained in tho light investigations into the constitution of tho solids
separating out at various stages in tho resolution of tho fatty acids.

(This is discussed on page 65).

A fter ostorification of both PAG/A/+25 and PAG/A/0, largn quantities
of a fluffy precipitate settled out on 00 /*ag; this v/as filtered off
before dilution with water and extraction of tho asters \/ith other. During
this latter procedure, more solid had to be filtered from those fractions
but similar trouble was not experienced with die other two. The solids
were extracted vrith other to remove all trace of caters and tho other

solutions addod to the corresponding bulk extractions of tlio or oro.

A fter removal of unostorifiod fatty acids, and distilling off tho

other, tho esters wore fractionated through an E.H.P, column,

Tlio following tables give tho results of tho ostor-fraotionationc:

Pressure 0*9 - 1*0 mm liorcnuy
Weight of ostors distilled 36.31 gii,
Saponification oeuivalent 297*3

Saponification value 188.5 mgn. KOH/g%,

lo ino zaluo 120%9 gm. Iz2/100 gn.



I
I1
III
v
v
VI
Vil
VIII
IX
X

Tonpor ~ %o Saponifica-  Saponifi- Saponifi-

Fraction Woitiit Oil Bath  Colum  Column 0% =~ (ation apon
gn. Hoad

4*201 200 - 206 130 - 145 140 - 150 267-6 209*6 107-6
3-234 206 - 208 145 - 150 150 - 155 266-9 195*5 125%*7
4*422 208 - 210 150 - 155 155 - 160  289*0 194-1 128-1
6*727 210 - 211 155 160 291*9 192.2 129-8
3*418 211 - 214 155 - 158 160 - 163  292-2 192.0 127-5
2-008 214 - 220 158 - 160 163 295*2 190.0 124-0
2-114  22: - 230 160 - 165 163 - 165  293*0 191*4 123-7
2-371 230 165 166 291-0 192.9 121-7
2%493 Itutiiduo in column 287-6 195-0 97%83
5-075 Residue in flask 364-4 153%7% 869
36-063

Total

*0»1347 fips. of solid aoporatod out por gru of ostors during tho saponifica-

tion valuo dctomination.

This arrived at as follows:- Tho solids soparatod aftor titrating
tho saponification niixturo with hydroohlorio acid, v/oro filtorod off on n
tarod sintorod glass cruciblo. Tho cruciblo was thon washed throo tir.ion
alternately vdth 0-5Nitydrocliloric acid and othor to onsruro tho ronoval of
any fotty acifaprooont as thoir potaosim soaps, and finally with 25 ml. of
othor, Tho cruciblo and contents were thon dried in a vncuun dosiccator

and weighed.

The theoretical saponification and i.-dino values of the .lixod esters

wore calculated, as described on page 11.

36.063 XSap.valuo = (4%201 x 209%6) + (3-234 x 195%5) + (4*422 x 194*1)
+ (h*727x 192%#2) + (3*418 x 192.0) + (2.008 x 190.0)
+ (2 114x 191%4) t (2-371 x192.8) + (2-493 * 195-0)
+ (5-075 x 153*7)

-'.  Saponification valuo = 189*2



50.

36%063 x lodine value = (A*201 X 107*6) + (3*234 x 125%7) + (4*422 x 128%*1)
+ (6%727 X 129*8) + (3*418 x 127*5) + (2*008 x 124*0)
+ (2*114 X 123-7) + (2*371 x 121*7) + (2*493 x 97*83)
+ (5*075 X 86.56)

Iou.ino value = 117'5

Pron tho cliocrooancy in the calculated values, and also the sudden
drop in iodine values of tv/o residual fractions, oxidation nuot have taken
place. Tho saponification and iodine values of those tv/o fractions i/ore

accordingly adjusted as described previously (Pago 12).

Tho saponification values v/oro corrected to 190*0 and 150*8 respectively
giving a calculated saponification value of 188*6 for tho nixed ester

fractions as compared with tho determined value 188*5*

Tho saponification value of fraction X was lowered to 150*8 so that,
when correction was made for tho "non-saponifiablo" nactor which separated
out, tho value become 175*8 which lay on the curve of saponification value

versus weight of esters distilled.

Tho corrected iodine values of 121*0 and 105*3 for fractions IX and X
respectively gave a calculated value of 120*8 compared with the determined
value of 120*9*

The iodine value of fraction X was further increased to 119*3 by allov-

ing for tho separated "non-saponifiablo"” matter which had aero iodine value.

PAGA /-35.
Pressure 0*6 - 0*8 mm Mercury
i/olgfit of esters distilled 30*%61 gn.
Saponification equivalent 308+*8
Saponification value 192*6 mgm. KOH/gn,

lodine value 36.1} }y H)



T ~

Fraction

X1

X 111
X1V
XV
XVI
XVII

X VIII

Total

Weight
gn.

5.085
4*874
2*330
3-068
3*312
3-658
3*009
5*015

30*351

*0%*0936 gn,

O il Bath
206 - 208
208 - 212
212 ~ 216
216 - 218
218 - 225
223 - 240

51.

Tonporature 00

Column

130 - 132
132 - 135
135
135 - 140
140 - 144
145

Rosidixe in column

Rooiduo in flask

of solid

soparatod out per gm,

tion value doterm ination.

Tho theoretical saponification and iodine values for the nixed esters were

calculated as before.

Sap. Value x JO<351

Iodine valuo x 30.351

Iodine value

Saponification value =

(5%085 x 9%92) + (4*874 x 14-00) + (2*330 x 17*23)
(3%068 x 42*37) + (3-312 x 72.49) + (3*658 x 77*07)

Saponifi-
Col cation
ofumn Equivalent
Head
130-132*5 267-9
132*5-135 273%*3
135 - 140 277*2
140 - 146 281-1
146-150*51  290%*5
150*5-155*5 295*5
303-7
310%*1

192*8

of ootors during tho

Saponifi-
cation
Valuo

209*4
205%*3
202*4
199*5
193*1
189*9
181*8
163.5*%

= (5*085 x 209%4) + (4*874 x 205%3) + (2*330
+(3%068 x 199%5) + (3*312 x 193-1) + (3*658
+(3*009 x 181.8) + (5*015 x 163*5)

(3%009 x 37*47) + (5*015 x 37%64)

35%2

Iodine

Valuo

9%92
14*00
17-23
42-37
72-49
77*%07
37-47
27-64

saponifica-

x202.4)
x 189%9)

In this case, duo to the absence of die;honoid acids,oxidation was

not very severe in that the calculated and dotom inod valuoo are in

reasonably good agroer.ont, but a slight correction waa still necessary
Tho Todine values of fractions XVII and XVIII
thus bocano 42*0 and 31*7 giving a calculated valuo of 36*1 while tho

for tho iodine wvalues.

valuo determined on tho mixod esters was 36*13.



52.

Aftor making allov/anoo for tho "non-aaponifiablo" mattor as under
PAG/A/-35F, tho saponification and iodine' values of fraction XVIII bocarxi
181*1 and 35*0 "ospoctivoly.

PAd/yo
prossuro 0*7 m . Mercury
Weight of ostors distilled 8.6/4 g-i.
Saponification equivalent 308-2
Saponification value 172-9 ngi.KOH/gr-.
Iodine value 20-6 3.1. 1rnQQ
Temperature n0 Saponifi- Saponifi- lodjno
Fraction Weight Oil Bath  Column  Column Hoad Ecat}on cation Value
quivalent Value
gn-
XIX &8 210 - 220 155-165 144 - 157  283%0 198-3 29*90
XX 1*919 220 - 228 165-180 157 - 160 304%*3 184*4 41*02
XX1 1*157 228 - 234 100-190 160 - 164 310-8 180%*5 22-17
XXl 1*#705 Residue in column 315%9 178%6 5%49
XXIII 2-528 Residue in flask 326 8 141* 9* 10-43
Total 8-637

~0-1728 gr.. "non-saponifiablo" matter sop'jratod out per gm. of esters

dm ng saponification value determination.
Tho calculated saponification and iodine values of tho nixed esters vuru
n;5dn cmputod.
Sap.value x8-617 =  (1-328 x1930) + (1-919 x 18a*4) +(1*157 x1800)
+ (1-705 x178*6) + (2-529 x 141%*9)
Saponification value = 172-7 ngn. KO-Vyi.

lodine v=lue x 8-637 = (1-328x 29-90) + (1-919 x 41-02) +(1-157 x22-17)
+ (1-705x 3-49j + (2-528 x 10-48)

lodine value = 20-5 Ig/™ gu



As whoulcl liavo boon oxpootod in a fraction of low iodino valv.u, vory
littlo oxidation aypoarod to havo taken olaco and no corrections v/oro

nocossary.

On allowing for tho "non-sapordfiablollnatter in fraction XXIII, tho

saponification and iodino values booano 171*4 and 12*81 ruuuoctivoly.

Pressure = 0*7 m . Morouiy
Weight of esters distilled - 8*68 gn.
Saponification equivalent = 321%2
Saponification value = 174*5 ngn.KOH/g ;.
Iodino vuluo - 59-28 1~
| I o * S
Temperature °C Saponifi-  Saponifi- 1lodint
, . ) cation cation Val
Fraction Weight Oil Bath Column Column Hoad Equivalent  Value atie
XXIV 1-336 208 - 230 14C - 155 139-5-144%*5 275%6 203*5 55-81
XV 2.145 230 - 240 155 - 160 144%*5-145 286-3 196*0 82+*69
PXXVI 0-673 240 - 246 160 - 170 145-152%5 289-7 193-6 85-35
; XXVII 1-339 Residue in Column 315%7 197-0 46*39
XXVIII 3-154 Residue in flask 395-6 141-8* 27%99
Total 8-647

___r _
1 0-2210 gi. oolic! ooiJoratod out por g.i, of uatorn during saponification

value determination.

Tlio saponification and iodine values calculated for the nixed esters

wore as foilova:-

Sap. value x 8%647 = (1-336 x 203*5) + (2-145 x 196%*0) + (0*673 x 193.6)
+ (1-339 x 197-0) + (3-154 x 141*8)

Saponifica on value = 177*2 m@a.KOH/yi.



lIodine value x 8.647 = (1-336 x 55*81) + (2*145 x 82%9) + (0*673 x 35%*35)
+ (1*339 x 46*39) + (3*154 x 27*%99)

**s  Jcdino value = 53*26 m *12/100

Onoe again, oxidation was obsurvoci to have taken plaoo, and the
saponification and iodine values of the tvo residual fractionc v.'oro

oorrected ap before.

Tlie saponification values v/ore corrected to 192*0 and 1J6*1
rosTxictively, giving a calculated value of 174*5 for the nixed usturn,

v.iich v/as the sam as that deterrd.nod on PAG/V+25.

Tio iodine values becaue 70*0 and 34*7 respectively, brin. in the

calculated - Ino value to 59*3 as cmpared with thv determined value

of 59*23 for the nixed esters.

On allowing for the "nen-aaponifiable" natter in fraction XXVIII,
the saponification and iodine values v/ore calculated as 175*2 and 44*5

respectively.



5.4

5.41 Prom Bator Fractionation Data.

Galoulation_of tho Fatty hold Compoaition.

The mothodo of computing tho fatty acid composition from tho

ostor fractionation dato v/oru tho some as theso onplcyod for tho good fat,

Freni thoao data, tho following compositions of tho oator fractions wore

calculated.

Fraction ’Voigtit

I1
I11

v

VI
VIII

Total

m_

4*201
3*234
4*422
6*727
3-418
2-008
2-114

| 2371 ;

2-493
5-075

36-063

Nothyl Botors of PAG/A/-35F.

Saturated j.oids I

| -4

I 0-256

0-256

°16

0-068
0-049
0-800
0-376
0-022
0-197
0-370

1-882

I'.ono-cthonoid Acids Di-othonoid Acids, "Non-

°16

3*307
0-679
0*694

4-6:0

CI8

0-980
1*481
1-707
1-019
1-074
0-938
0-650
1*477

9*226

0 dé6 j s

0.638 !
0-132 1*375
0.133  2.065
4*220
2-023
0-912
1*¥079
1*351
1-016
2-475 1*¥916

2-475!0.903 15%957

saponi-
i fiablo"
natter

0-684

0-664



Bstora of PAG/175

. Saturated Acids Ilono-othenoid acids "Non-
Praotion Weight Sr.ponifiabl- W1
ffin. 18 20 . U Io16 1418 Hatter
_ 4- ool
X! 5-085 0-407 4-618 | 0.009 0-051 :
X1l 4.874 i 3-685 , 0-453 0-595 0-1U.1
X111 I 2-530 1*404  0-487 0-291  0.148,
XV 3-068 0-963 0-663 0-748 0.694
XVooi 3312 1 , 0-3A9  0-414 0-539 | 2-210
XVI 3-658 I 0.165 0-201 3-292
XVII 3-009 I 1-138  0.394- 1-477
XVIII 5-015
I 1-436
e L PIL 1-854 0-470
Total  30-351 0-407 510.984 ] 4-792 1 1-649 0-009 5794 9.316 0-470
Mot*yl Eaters of PAG/A/O.
‘ | Saturated Adds Hono-Etaonoid Aoidt "Non-
Fraction'W eight "6 C18 20 0., 1 0 Saponifiable"
g m. | 22 A ] 20 Ila ttor
- k¥4
XIX 1*¥328 ! 0-470 0-416 j 0-203 0-239
XX ! 1.919 0-511 0.2489 0-919
Xx1i 1.157 0-298 , 0-561 0-298 ;
xxii 1.705 0-721  0-977 0-007 !
XXIII 2.528 1-669 0.080 0-3%2 0-4%*7
~U.

Total 8-637 | 0-470 1-946 3.696  0*080 0-203 1-463 1 0-32+2 0*4 7



iL"jV1 Eatora of PAG/A/+25

Saturated Acids jviono-othonoid Acids S iiriablo
. . aponii“iablo
Fraction Ifcglltht °16 0 °16 °18 =20 pMatter
XXIv 1.336 0422  0.106 0.584 0.224
XXV 2.7A5 0-060  0-086 0.687 1.312 1
XXV n-673  0%005  0-012 0.14:  0-511
XXVl 1-339 0.194  0.051 1.094
1 _XXVIT ~ 3-154 0-233  0-947 0.167 11.111 0%696
Total | 8-647  0.681 0-488 0947 1416  3-308 1.111 0.696

Tlioao oaloulu.tions givo tlio "./o.glita of tlio various ootor's in tho tota
distillod samples but allouanoo <rust bo nndo for slight losaos during
o-'ystallisation, ot ootora and also for srijnplia romovod for analysis.

To obtain an aoourato fatty aoid coir osition, thoroforo, tho weights of
distillod oators v/oro oorrootod to choso v/oights oqui/alont to tho fatty acids
in tho original fractions from tho low tomporaturo orystailiaationc, usin,;
tho foil zing data: -

z —. PAG/VO PAG/A/-35 PA&/V-35.
PMty acids at' crystallised (gn.) 16 *60 11%72 33-49 .
Patty acids corrected for losses (gn.) 16 *64 11-74 33.57 39.06
Patty acids ostorifiod (gn.) 15*008 10-332 31.4X2 37 *167
Solids separated out during osterifi. 5%3(0) 091 ) )
cation :
Saponification oquivalont of Esters 321.2 324%() 291%3 297.4
* * Calculated saponification equiva- * *
lent of acids 3C72 31070 277%3 2834
Weights of esters extracted (#,u) 9-247 9-369 31-488 37187
Vfoightn of unostorifiod acids (gn.) 0.20 0.15 0.42 0%51
Vioiglits of ostors calculated from
tho fatty acids corrected for 11*%213
losses (gn.) 11.211 35 238 41.033
Woigiits of %gﬁfl{s actually distillod 8%647 8-637 30-353 364063

Corroction factor to obtain tho
vators oquivalont to tho original
fatty acids. 1-101 1.297 1.162 1.136



58.
Methyl Esters Fatty Acids
PAG/A/+25 j PAG/1/01 PAG/A/-35 PAG/A/-75F Total' Total Weight :
Porcont.i
Myristic I 0-473 0%291 10-764! 0-72 0.8
Palmitic 0*884 0.610 12-750 2.141  16-385] 15%53 17.0
Stearic 0.633 2.525 5-563 8.721) 8.31 0%*1
Arachidic 1-228 4-797 1-914 7%939:  7*60 8*3
3ohenic 1 0-1C4 0-104 O-IC 0-1 !
Pt'tradecenoic 0-010 0-010| 0-01 0-01 j
Palmitoleic 1*837 0- 264 2-582 5*322  10-005 9*%48  10*4
Oleic 4-291 1-900 11-400 10%490  28-081: 6*75 29*3 .
11i.cosenoio 1*%442 ' 0-444 2*815 4-701! 4*50 4.9 1
Hoxadocadionoic 1 1*036 1-036; 0.98 1.1
Linoleic ¢ 18-160 18-160 17*30 19*0 t
"Non-Sapordfiable" 0%*903 0%567 0*546 . 2-794  2%79 | -
Total 11-218 11*211 35-238 41-033  93-700 94-07 | 100-0

ofco fatly acid composition, rounded off to one duoimal place is thor as follows:

Weight Percent. Molar Percent.
Juristic 0-8
Palmitic 17-0
Stearic 9%1
Arachidic g%3 :
Bohoni0 0-1
Saturated acids 35%3 35%5
Totradoconoic Trace Traco
Palmitoleic 10%*4
Oleic 29.3 28*8
ELcosenoic 4-9 4%*5
Mono-othenoid acids 44%6
Hexadecodienoic 1-1 1%2
Linoleic ‘ 19%0 18 %]
Dt-ethenoid acids 20-1

100*0
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The neutralisation equivalent of this mixture of fa 'y acids v/as
calculated to bo 276%*4. This agrees vozy well with the moan molecular
weight of the fatty acids calculated from tho acid and saponification
values and tho percentage unsaponifiablo matter of tno fat itself. This

value v/as 276*3 (See page 46).

There is, however, a considerable difference between this value and
that determined by direct titration of tho mixed fatty acids which v/as

found to bo 305%*3.

This ./as determined on fatty acids containing largo quartitles of
"non-saponifiablo" matter which v/as later sounrated during tho ostorifioa-
tion process and the determination of saponification valves of ester

fractions.

When corrected to account for this "non-saponifiablo" m atter, tho

value approaches very closely to tho two calculated above.

Associated with 91*28 gns. fatty acids, there -/ore 2*75 # . "non-
saponifiablo" matter removed during saponification value determinations
aid also 6*93 gn. of "non-saponifiable" matter removed during ostorifdcation,

giving a total of 101 gn. "fatty acids" crystallised.

Hence, allowing for those, tho neutralisation equivalent of tho fatty

acids becomes

305*3 x 91.28

101
= 276*%0
The calculated iodine value for tho mixed fatty acids is 79*4 gn.l1./,
Lo»k - 2/100 [w#\
while tho valut determined on tho mixed "fatty acids" v/as 71.9 *2/100

~on latter is corrected for tho "non-saponifiablo" matter as above
(Iodine value loss than 5 ~*V 10C gmj It bootmos 79*7 »n*V 100
which is in good agroomont v/ith tho calculated value.

5.42  Spootrophotanotrioaljy.

Tho fatty acid composition of anotlvor sajnplo of fatty acids
from tho pod fat was later determined using tho alkali isomorisation and

spectrophotom etrie method of Hilditoh, Morton and R iley".



X%
X cm. mM

l

2*73 (After isomorisation at 17070 for 15 minutes)

cm. 2" mW 3 2058 (After isomorisationet 180°Cfoi 60minutes)

lodine value = 79-2 gm.[2/100 "
Percent, linolonio acid = 2*73 x 100 m o»5ll
532
Percent di-othonoid as linoloic acid = 205*8 —2*73y 76~ 100 = 22*3$
U 532. 90&

Percent nono-othonoid as oleic acid = 79*2 y 1QQ -(0*5 y 273*5 + 22*3 x 181*0)
w T

= 41*6?0
Porcont saturated acids (by difference)
100*0
IThis fatty acid cor,position agrees TAIT1 v/ith that .lotominod by ester

fractionation.



5,5 Tho Probable Glycorldo ConipoBition of the Pod Fat.

Using tho method of Hildltch and Moara"”, it was possiblo to calculate

a glyoerido composition for tho pod fat from tho fatty acid corposition.
lho fatty acids contained

35*5~ (molar) Saturated acids
44'6" Mono-othonoid acids
and 19*%9% El-othonoid acids,
Honco, thero would havo to bo at least ono saturated and one mono-othonoid
acid in each glyceride molecule, and not more than ono di-unsaturated acid

in ary molecule,

Therefore, for 100 molecules of fatty acids, there v/ote throe mrdn

groups of glycerides.

A. 11*3 molecules containing 1 saturated and 2 mono-othonoid acids.
B. 2*2 molecules containing 2 saturated and 1 mono-othonoid acid,
0, 19*9 molecules containing ono each of saturated, mono-othonoid

and di-ethenoid acids.
The saturated actdo wore further uividod into

19*3 mols. "Palmitic" (including 1*0 mol. of nyriitio)
8*8 mols. Stearic
7'4- mols. "Arachidic" (Including C»l mol. of Bohenic)
and tho mono-othonoid acids into
33*3 mcls. "Oloic" (including 4*9 mole. Eicosonoic)
11*3 mols. Palmitoloic
Hexadocadienoic and Linoloic acids were grouped together as "Linoloic"

acid - 19*9 mols.
Tho glycerides in group A were thon calculated to comprise

6*1 ni'ls. "Palmito" - pali.iitoleo - "oloin"
2*8 mols. Stoarc - palmitoloo - "oloin"

and 2*4 molo, "Arachilo" - palmitoloo - "oloin"

Those in group B were fiurther sub-divided into
1*2 mols. "Palmito" - stoaro - "oloin"

and 1-0 mols. "Palmito" - "arachido" - oloin.



mHd composition of tho .third group of glycoridos v/as computod to bo

10*8 nols. "Palm:J - "oloo" - "linoloin"
4*9 nols. Stoaro - "oloo" - "linoloin"
and 4%*2 nols. "Arachido" - "oloo"- "linoloin".

ITho molar porcontago composition of tho glycoridos, roundod off to tho

noarost v/holo nmbor, was thon found to bo as follows:-

Palnitoloo - "oloins"

"PalLdto" - palnitoloo - "oloinl 18
Stoaro -palnitoloo - "oloin" 8
"Araohido" - palnitoloo - "oloin" 7

"Palnito" - "oloins" 7
"Palnitc" - stoaro-"oloin" 4
"Palnito" - "araohido" - "oloin"

"Oloo" - "linoloins" 60
"Palnito" - "oloo" - "linoloinl 33
Stoaro - "oloo" - "linoloin" 15

Araohido" - "oloo" - "linoloin" 12



5.6 Analysis of Unsapordfiablo L, ittor.
Tho unaaponifiablo nattor was found to Lavo tho following composition: -

Woigjit poroont.

Saturated, hydrocarbons 9-1
Unsaturatod hydrocarbons (as squalono) 03
Storols (ai sitosterol) 15-8
X Glyooryl others (as solachyl alcohol) J,-7

26*9

doscribod provicusly (pagoigO ) tho froo storols were separated as

thoir dlgitunidos and isolated by tho method of Denlr\

Sic storols crystallised in tufts of short noodles molting at 139 -139<6' C.
and gave a greenish violet colour with tho Liobomai n-Burchard reaction. Rrom
this it was deduced that tho storols consisted almost entirely of sitostor: 1,
although tho greater molting range in this case than in that of tho storols
from tho sood fat would soou to indicate the prosonoo of a slightly largor

amount of other phytosterols.

Kio hydroxyl value cf tho total unsaponifiablo matter was found to bo
93*0 and from this, tho hydroxyl value of tho 73* unaccounted for in tho

abovo analysis was calculated.

Ii X = hydroxyl value of the remainder of tho unsaponifiablo matter,
thon 73*1 x X + (170 x 150*8) + (330 x 1.7) = 9300

9300 -2686 - 561
73-1

= 82*9 mgm.KOH/gn.

X

This lydroxyl value, according to Karnovsky ot al.1" is indicative of
tho pi'ocjnco of fatty alcohols in tho unsaponifiablo iiattor: the low value,

however, indicates tho prosonco of othor non-hydroxylatod substances.

The carotonoid content was determined from tho extinction of light at
430 m/ 19

Poroontago oarotonoids as  carotene

= «0185/! mwhich is negligible.



Tho "Non-Saponiflablo" Matter in tho Pod yat.

TGo solids \vhioh soparatod out during tho extraction of tho unsapcni-
fiablo matter from tho soap solution (page 47 ) wore acidifiod with
dilute hydrochloric acid, and thoroughly extracted with other to ronovo

any fatty acids. After this troatmort, they wore dried and weighed.

Krem 150 gp. of fat, 1J.1 gm of solids wore recovered, and those

wore extracted in a soxhlot apparatus vdth other for 24 hours.

The residue in tho extraction thimble (4*4 ga.) was found to con-
sist of polysaccharides since, on hydrolysis by boiling with dilute
sulphuric acid, a positive reaction for carbohydrates was obtained,

using Molisoh's tost.

Tho other extract, after similar treatment, gave no positive

reaction for carbohydrates. Tho extract was crystallised from alcohol
giving a precipitate of 4*5 and leaving 4*0 gm. dissolved in tho
filtrate. Tho hydroxyl values and molting points wore determined on

those two fractions and also the molting points of their acetyl deriva-

tives.

Fraction Alcohol soluble Alcohol insoluble
Weight of fraction (gp.) 4*0 4*5
hydroxyl value (mg.i.KCIi/*.) 134*4 126-1
Molting point of fraction 82 - 83°C 85"0-85*87C
Molting point of Acetyl doriva- 64*9 -66°0°C 68-3 - 69»10C

tivos

lodine value (gp.lg/* 3-2 1*7

IThoso melting points wore sdollar to those reported by Piper ot al.

for mixtures of long chain fatty tJLcohols.

A mixture of 20~ + 407? + 4077 alcohols xms reported to
have a molting point of 82*3°C and the acetates of tho mixture, a molt-
ing point of 65%5°C. Tho hydroxyl value corresponding to this
mixture of alcohols is 135*7 ngm.KOH/g%,, hence it woull appear that
tho alcohol soluble fraction contained about 0*8 <p. C*, 1»6 Ou.

and 1.6 gm. C'0 saturated fatty alcohols. The low iodine value



indicated the absence of appreciable unsaturation in the alcohols.

Iho alcohol insoluble fraction w3 found to have characteristics
very similar to those of a synthetic mixture of 100 Ogg + QDo +
100 072 fatty alcohols. This mixture ra? reported to have a molting
point of 85*6°G. and the acetyl doriv-* . <prepared from the mixture,
a molting point of 68»9°G, lho calculated hydroxyl value is 126*2
ngm.KOH/gn. which agrees with the value of 126*1 obtained above within
the limits of experimental error of a semi-micro hydroxyl value

determination.

Thus the fraction was calculated to contain 0*5 Og", 3*5

and 0*5 gn.G"g long-chain alcohols.

Iho composition of the total other soluble fraction was then calcu-

lated to bo as follows:-

Weight Weight percent.
Hoxaoosanol 0*8 gm. 9
Octaoosanol 2*] ga. 25
Triaoontanol 5*1 gm. 60
Di-triaocntanol 0*5 gm. 6
100

This method of determining the proportions of the alcohols was
used owing to lack of enough material for fractional distillation of

the acetates.

The solids separating out from the fatty acid fractions on ostori-
fioation (page 48 ) and during the dotominntiz-n of the saponification
values of the residues in the distillation flasks after ester fractiona-
tion (page 49 ) wore hydrolysed by boiling with dilute sulphuric acid.
A fter this treatment, all the above gave a positive reaction for oarb -
hydrates with Molisoh’s tort, indicating the possibility of theif boin

polysaccharides.

Iho presence of polysaccharides and other carbohydrates in the
faliy acids probably explains the high degree of unsaturation in the
least soluble fatty acids in fraction PAG/A/-f25. This fraction would



hwo boon oxpoctod to contain only tho most saturatod of tho fatty acids.

Rov/al 121 indicates tbit cai'byhyrlratos aro associated with fatty
acids and phosphatidos in a loose combination but without tho formation
of any stable compound. lho acids must commonly associated with the
carbohydrates aro tho unsaturatod - (0Q acids, which wore prosont
to a considerable extent in PAG/A/+25. IThis fraction was also found
to contain nearly by weight of "non-saponifiablo" matter. Thus it
would appear that tho carbohydrates romainod associated with tho fatty
acids and decreased their solubility in acetone - hence tho separation
of abnormal quantities of unsaturatod acids during tho crystallisation

of tho acetone solution of tho "fatty acids" at room temperature.



67.

6. THE TEST/, -WAX

When tho unomahod soods \roro oxtraotod with Potrolour.i Bonzino, 0*20*

of tho mcoirial was fotind to bo soluble,

Tho extract, after removal of the solvent, v/aa found to consist of
two phases: a solid and a liquid. Those wore separated by crystallisa-
tion from acetone (concentration 1:5) at CPC. for /2 hours, when tho bulk
of tho extract remained in solution.  From 25*5 gns. of extract from tho
seeds, 3*0 gn, was filtered off aa insoluble in acetone and 22*1 gn, was

recovered from tho filtrate.

The material rocovoro-1 fr mfiltrate was an oi'ango-coloured liquid
similar in appearance to tho 30" ’ fat which was shovm to form tho mo.jor

part of it.

The following wore tho chemical constants of tho material from tho

filtrate. (Valuen for tho seed fat are shown in brackets).

Saponification value = 179*5 mgn.KOH/gn. (184'5)
Iodine value = 103¢58% 100 gm (112«8)
Add valuo = 8»0 nxgn.KOH/g-,;. (3*%7-7*1)
Hydroxyl valuo = 33*] m&a.KOH/gm. (20-0)

The aolid material, insoluble in acetone had tho following constants*-

Saponification value (after 30 minutes' saponification) * 18»8

Saponification value (after 2 hours' saponification) = 3C*7
Iodine value = 6*59
Hydroxyl valuo * 89%4

From those data, it would appear that tho greater part of tho extract
of tho whole aooda, consisted of fat extracted from the kernel itaolf
through tho holoa caused by inaoct attack, Tho values of tho chemical
conatanta determined on the liqtiid portion of the cxtract are very
similar to those of the aoed fat itself, Tho higher hydros”! value and
correspondingly lower saponification and iodine value? wore probably tho
result of incccroloto sopc.ration of the two phases duo to alight solubility

of the solid material in acetone at CPC,
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F o* tho oucord.fioation vaQuoo of tho snail quantity of solids crystcdlis-
od fron aootone, thoso would appear to bo of a wax-like nature, sinco vvaxou
aro novor ocmplotoly saponified in tho standard tino of 30 ninutos with G5N
alcoholic KOH but usually roquiro fron 1j to 2 hours for saponification

umor thoso conditions 22

Or. tho assumption that this material consisted of a mixturo of higher
aliphatic alcohols, and thoir ostors with tho corrospending fatty acids,
soparation of tho alcohols from tho aoida after saponification for two hours
was offoctod by tho method of Chibnall ot a1.23.

Hio neutralisation oquivalont of tho fatty acids liberated was found to
bo 134-'8 ngn. KCH/ga., giving a mean molecular weight of 416. This corres-
ponds to a mixturo of hoxaoosinoic, ootaooaruioic and docosanoio acids.

FTotn 1*5 gns. of wax, only C«I83 of fatty acids was obtained so that

further detorminrtions woro not oarriod out.

Iho alcohols wore ciystallisod from alcohol (95$) giving 1¥163 EP. of
alcohol soluble fraction and 0*207 gn. of alcohol insoluble.  Cro hydroxyl
values of tho f/aotions woro dotonninod together with thoir molting points

and thoso of thoir aootyl derivatives,

Alcohol soluble Alcohol Insoluble

Fraction Fraction
Woight 1*163 5n. 0*207 gn.
Hydroxyl valuo mgn.KOH/gn, 140*9 119%2
Molting point °C 80*0- 80*8 86*9-87*5
Molting point of aootyl derivatives °0 63*5- 64*0 72%2- 72*8

Iho alcohol soluble fraction corrosponds to a mixturo of 40$ C n +
40% Cgg + 20% alcohols which has boon reported ¢ to have a molting point
of 80*4°C. with acotatos molting at 63*8.  Tho calculated hydroxyl valuo for
this mixturo is 139*5 mgn.KOH/gn.

Tho alcohol insoluble fraction corresponds to an oquinular mixturo of
AGC" 32 gjvr GV Alcohols which is reported to have a molting point of 87*1°C.
and tho acotatos of which have a molting point of 72*5°0. Tho hydroxyl valuo
of this mixturo was calculated to bo 120*0 m*a.KOH/gn,



ITho composition of tho alcohols from tho toata wax w.8 thon ooznputo'.

to bu as follows:-

Woigjit (m.) Woipht Poroont,
Hoxaooeanol 0*465 y
Ootaoosanol 0»465
Triaoontanol 0.}02 22
Dotri.aoontanol 0*059 5
Totratriaoontanol 0*069 5

1-370 100



HmUBCADIENCIC  ACTTy.

7.1 PiQsenoe in tho Seed emd Seod Pod Pats.

ITho presence of a hexadeoadienoic acid was firat suopectod in

the ester fraction number XXIII of tho good fat.

Its ohomicil constants mro as follows:-

Saponification equivalent = 279*8 mgn.KOH/gn.
Iodine value
Thiocyanogon value

Hydroxyl value

Prcsn tho saponification oqjiivalent, it ms dooidod that there
would bo a lar*o proportion of unsaturatod acid, in the fraction.

The iodine value indicated the presence of di-, and, possibly,
tri-othonoid esters, but tho 3attor wore excluded by considering the com-
positions of tho noxt two oator fractionr. Whon thoao wore calculated to
include linolenic acid, in both cases the porcontage was loss than 0*l;a
of tho fraction. Honee, it was considered unlikely hat linolenic acid

would bo present in fraction XXIII.

Hie thiogqyanogen value wvaa higher than that of pure methyl
linoleato (92*10). Ito account for this value, there would have had to bo
present in the fraction the esters of either linolenic aoid or amo di-
othonoid aoid. Since the proaonoo of tho former had already boon shown
to bo unlikely, the fraction was assumed to contain tho nothyl eater of a
hexadocadionoio acid, this being the only method of explai'dng tho values

of tho chomical conatanta aatiafoctorily.

In tho case of eater fraction number i of tlie pod fat, the ovi-
donee for the proaonoo of a huxadocadlonoiu acid v/aa evon stronger.  The

saponification equivalent and iodine value uf this fraction VUTU

Saponification equivalent = 267%6

Iodine value " 10> 6 S»-Vico a».
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The iodino value war well above that of even methyl totradooonoate and

could only havo boon duo to tho nothyl oator of a di-othonoid acid.

Tho saponification equivalent was 0*8 unit below that of nothyl
palmitoloato so that prosonco of mothyl linoloato in tho fraction was
oxtromoly unlikely. Honoo, to account for both tho low aaponifioation
equivalent and also tho high iodino value, tho prosonco of methyl hoxade-

cadionoato was again postulated.



Diatillato

1.54 Estor Praotion No. XXIII from Sood Fat.

Oxifiation and removal of oxooos pomanganato
Stoam distillation (oa. 750 ml. of Aiotillato)

Flask Rosiduo

Extract \4th fethor and
wash \dth NdgCO" Aq.

1

Distil off othor from Neutral Acidify aquoouo layor

Products Extract with other
IHctil off solvent
0*103 (@n. 0*20 gn.

Saponification equivalent = 262 Neutralisation oqjuivalont
Probably unoxidisod = 111%2 |

ostors Odour of butyrio acid

I
Probably butyric and
hoptanoio acids

Reacidify, extract, distil off
othor

Distil acids at atmospheric
prossure

1

Distillate Residue

Wash extract
With Na2G3 Ag"

Distil off othor from extract

0%20 ga.
Nbutral Products

Saponification Equivalent =283

Probably unoxidisod ostors

Extract with othor

Saponify aqueous layer
with KOH Acidify,
Extract with othor,
distil off solvent

Triturate with Fotroloum

othor and wash with

Soluble

Distil off petroleum
othor 1

0*21 gp.

solvent |

-1
0*40 gm. In-
soluble
Neutralisation
Equivalent = 82

&
Cliromatograph

Still odour of butyrio acid

Neutralisation equivalent =

119

Probably butyrio, oaprio and

hoptanoio aoido

Aqueous layor

Evaporate to near
dryness with KOH
acidify vdth H'SO* and
take to drynosi f

I

Loach with aootmu and
distil off solvent

Neutralise vdth! alco-
holic KOH, acidify to
methyl orange vdth

HgSO”", cool and filter

Evaporate to drynoss

1*24 gm. Neutralisation
Equivalent = 72*8

Chromatograph

Neutralisation Equivalent
a 89
Odour of butyrio acid

Neutralisation equiva-

lent = 118

Probably butyric,

oaprio and hoptanoio
acids



3-06 Betor Fraction No. I froi.i tho pod fat.

Oxidation and removal of oxooss pon.inngnnato
Stonn distillation (on. 750 nl. distillato)

Eiotillato

Extract with otlwr and
V/ach with itogCC* Aq.

1
D iotil oft othor fror.i tho
Noutral Products

0'30 gn.
Saponification Equiva-
lent = 221
Nl
Probably notliyl r.iyrist'.to
and othor unoxidiaod outers

listillato
B.R. 155-160°C
Neutralisation Equiva-

lent = 90

Odour of Butyric aoid

Acidify aquooug layer
Extract with othor
Idotil off so]vont

03A gm
Neutralisation Equiva-
lent = 112%*1

Odour of Butyric iloid

Probably butyric and
hoptnnoic acids

Roacidify, extract and distil
off othor

Idstil acids at atmospheric

poreseuro

Hl
Residue

lent = 123

Flask Ros' lue

Extract with othor

Wash extract with

NhgCO Ac.

I
Distil off othor from Saponify aqueous layer
extract. with KOh, Acidify, ex-
I tract with othor
0»44 gn. Distil off solvent
Noutral product:
Saponification Equivn-
lont = 2?72
Probably unoxidisod ostors  Triturato with potro-
loun other and wash
with solvent

Solublo O'1fO jn. In-
soluble
Distil off Potro- Sqolllit\r,zlllz;l.;
leurn othor Ohrorxxto, )
0»A6 ~gra.

Still odour of
butyric acid and
probably butyric +
hoptanoio acids
Noutraliaation
equivalent = 127

Neutralisation Equiva-

Odour of Butyric acid

Probably butyric and
hoptanoio acids

FIG. 4.

aqvroous layer

Evaporate to noor dryross
with KOh acidify with
HgSO™ cuid take to dryness.

Lonoh xrith acetone and
distil off solvent

Neutralise 5/ith alcoholic
KOH, acidify to nothyl
orange with 11,80. ,000l
and filter "

Evaporate to drynoss
1'5 On. Neutralisation
Eculvalent = 72'8

1

"irorv.to graph
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7.2. Proof of Cecnstitutionv

To confirm tho prooonco of hoxadocadionoio aoid in tho 'v/o fats, and
to attempt to dotomino its atruoturo, tho two fractions montionod abovo
(AG/A/60F, No. XXIII and PAG/A/-35F, No. I) v/oro subjoctod to oxidation by

potassium pormanganatc in acutono*

Aftor reducing tho oxcoss potassium pormanganato v/ith potassium
biaouphito, tho oxidation products woro atoam distillod and troatod as

shovm in tho flow shoots (Pigs, J and /*).

In tho acid products from tho stoam distillatoa of both fractions, tho
proconco of butyric aoid was dotoctod by its characteristic odour and

further confirmed by moans of tho neutralisation equivalents as shown.

In the oxidation of fraction Number XXIII ( aG/A/60F), butyric acid

could be obtained from ono of tho following esters:-
(1) s5ARGR0H » CHCH2H = CHGH2)70003
(i1) A GRARaH = CHGH)1000008
(ii1) (H A2G2AH = CHfOHg"CH = a.(CH2 )yCOOCH*
(iv) BARARM » CHHe(H = Oli(CH,)"000GIi*
v) GH3CH2CH2CH = OH(CH2)12000CH5

Butyric acid could also be dorivod from fraction Number I (PAG/A/-55F)

by the oxidation of ono of the following esters!-
(1) BARARM =GHGH2(H = CHCH2 )7Q00H
(i1) CH;GHgCHCH =CH(CH2) 1000033
(111) OH30H2GR2GH =cHav2dl » CHfQHMCOOOIM
(iv) GBOR2CH2GH =OH(GH2 )Q000ai3

Which of the abovo oators was present in the fractions \ma indicated
by tho dicarbooylic acids preaent in tho residues remaining in tho atoam
diatillation flaska,

ITho dicarboxylic acids woro determined qualitatively by partition
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ohromatography according to t ho raothod of Bcigomann, Kopplor and Boolconoogor/"™>

Tho method was first tostod \7ith a synthetic mixture of one part oach
of azolaic and adipic acids and fivo parts oach of avccinio and malonio
acids to dotormino tho applicability of tho mothod to tho lov/or dicarboxylic
acids. It was obsorvod that tho resolution of azolaic and adipic acids
was oxtromoly sharp (Pig. 5) but tho succinic acid appeared only after ICO il.
oluato had boon collootod and thon only as a vory flat hump in tho curve.

It was obvious that malonio acid would have takon ovon longer to appear
and would havo had an ovon flatter hump than succinic acid, Consoquontl/,
tho method was modified to include the elution of tho column with acetone
after 170 ml, oluato had boon collected. dhis figuro was choson because,
in tho abovo dotermination, the succinic acid was obsorvod to havo boon

olutod completely by this quantity of bonzono eluent.

Prom tho standardisation curvo (Pig. 5) tho offoct of this modification
may bo soon to bo satisfactory and this mothod was adopted throughout tho

succeeding determinations.

Pig, 6 sho.'s tho four curves obtained from tho various samples of di-
oarboxylic acids. In all cases, tho curves drawn with full lines aro
those of tho acids ar obtained from tho oxidation procoss. %o broken
linos aro tho curvos obtained whon small quantities of azolaic and malonio

acids woro addod to tho unknown acids to identify tho poaks.

Pig. ¢ A and ti aro those obtained from tho chromatography of tho
dicarboxylic acids extracted by othor from tho residues in tho stoam dis-
tillation flasks.

Pigs* 6 Cana Daro tho curves from tho determinations on tho di-
oarboxylio acids in tho aqueous layers remaining aftov extraction of tho

residues in the distillation flasks -/ith other.

The acids used to obtain Pigs. 6 A and C woro obtained from tho pod
fat fraction (Number 1) and Pigs. 6 B and D frcti tho sood fat fraction
(Number XXIII).

Pig. 7 shows tho curves of Pig, 6 A, drawn on a larger scale to

indicate tho variations in titrc of successive portions of oluato. Ftot.i

Su  iddL 1 >l
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this ourvo, it is obvious that tho peaks obtained in tho dotominations could

not possibly bo duo to experimental error.

In all tho curves on dibasic acids from oxidation of tho ester fractions,
tho first throe to five ml. of oluato required appreciable quantities of
alkali for neutralisation. This was shown to bo duo to traces of sulphuric
acid which had not boon washed from tho acids, Thoso samples gave precipi-
tates vdth Barium Chloride solution which wore insoluble in boiling concur.orat-

ed hydrochloric acid.

Theso ourvos indicate the presence of azolaic and malomc acids to tho
exclusion of all other dicarboxylio acids in tho oxidation products of tho
two ester fractions,

Tho only possible ester from which those two acids could bo derived
together with butyric acid, is
*3 Hoxadocadlonoic Acid.

Tho evidence offered in tho foregoing paragraphs indicates chat'-3'
hoxadooadionoto acid was almost cert dnly present in the mixed fatty acids
from both tho seed fat and tho seed pod fat.

How this acid, on oxidation with potassium pormanjanato, yields butyric,

malonic and azolaic acids, is shown ty the equation below.
CHjCHeCHeCH = CHCHpCH m GH(CH2)7G0CH + 80
CH"CHgCHpC00H + HOO0C OHpOOCH + HOCO(CH2 )7000H



(i)

(ii)

75.
8. THE TECHNOLOGY OF THE F.ITS.

Tho 3o0od Fat.

Tho drying tino of tho aood fat was dotominod according to tho
standard method opocifiod by tho South African Buroau of Standards”" and

found to bo as follows

Extraotod fat = 48 hours
Extraotod fat, aftor ronoval of * 30 hours.
phosphatidos and mucilago
Uio lattor drying tinos is normal for a sord-drying oil and aocorrl-
ing to Hilditoh 7, somi-drying oils of this typo aro unsuitod to uso in
paint nanufaoturo, sinco hoat troatmont has vory llttlo offoot on thoir
drying proportios. Evron aftor fractional crystallisation from suitably
solvents, duo to tho mix”i glycorido structure of natural fats, no
fraction can be separated which will have a sufficiently high iodine
value to render it useful as a drying oil. Hence no further investiga-

tion into tho drying properties of the oil was made.

3ho use of tho fat as a source of sterols or phosphatidos would
most probably prove uneconomic due to tho sr.iall percentage of fat in
tho seeds. Soya bean oil, with approximately the same proportions

of sterols and phosphatidos, is much more readily available.

The Seed Pod Fat.

Being a higlily-coloured solid fat containing appreciable amounts
of free frtty acids and unsaponifiablo matter, the pod fat would appear

to have no technological applications.

At present tho sole uno of both seeds and pods of Acacia giraffao
is as a cattle fori .uirl it * uld appear that this is tho only oconct.dcil

rmxy of utilising frdt of tho troo.
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9. BCFERBIBNTAL .

9.1 E xtraction of Fats.

Tho aoods v/oro soparatod from tho pod husks by pounding tho v/holo
pods andsorting out tho Goods by hand,Tho soods woro thon subjootod to a
preliminary oxtraction for 24 hours in tho extractor described bolow, usin/*
tiholl "Spooial Boiling Potroloum Bonzino" (Boiling rango 50- 70°C) as solve'’it.
Potroleum bonzino was used, because, while boing considerably less expensivo
than Analar Potroloum Ethor, it was found to bo in no woy inferior (soo page

91).

After tho "Testa Wax" had boon removed, tho seeds, owing to tho hard
tough nature of the testa, had to bo passed several times through cracking
rclls prior to grinding. The final grinding was carried out either in a

largo hand-operated coffee mill, or in a laboratory hamor mill,

Tho finely-ground seeds wore then extracted in batches of 3'5 -4
kgs, for24 hours at a time. As boforo, this was carried out in tho

sp-acially designed extractor, using petroleum bonzino.

After drying tho solution of fat in bonzino over anhydrous sodium
sulphate for a poriod of 12 hours, and filtering, tho solvent was distilled
off at atmospheric pressure on a wator bath. As tho solution became more
concentrated, suction was applied to tho flask but had to bo discontinued

owing to violent frothing of tho fat.

This difficulty was overcome by tho adoption of a different
technique for tho removal of tho last traces of solvent, A stream of
nitrogen was bubbled throu”i the fat, heated on a boiling wator bath, and
jets of nitrogen woro directed on to tho surface to prevent undue frothin
The apparatus is shown in Pig, 8. $y this moans, tho solvent was completely
removed in about four hours after tho passago of nitrogen was started
(Nitrogen could not bo replv!Qd by carbon dioxide, fYom dry ioo, for this

purpose since a high pressure was required to break tho bubbles in tiio froth).

Tho pod husks woro at first extracted without any further grinding
after the removal of tho seeds but thir* Vas found to give inocmplete extrac-

tion of tho fat, oven after jj6 hours. Subsequent batches of pods were
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finely ground in a laboratory hamnor ni'.l. Aftor tho.s troatmont, 24 hours 1

oxtraction romcvod tho fat oomplotoly.

In tho oaso of tho pod fat, tho removal of tho solvent proaontod no
difficulty and tho last tracea v/oro romovod undor roduood pressure. To
facilitate this removal, however, carbon dioxide or nitrogon wae bubblod

through tho molton fat.
Iho Extractor (Fjg. 9).

This was dooignod by tho procont autlior togothor vdth Mr G. van dor Pol.

From tho diagram, it can bo soon that it oporatos on tho gonoral
Soxhlot principle out tho vapours pass up through a contral tube in tho
extractor body, thus conforring tho addod advantage of extraction with

hot solvent,

IV/lo oondonsors v/oro usod and cho contro portion of tho covor raised,
to provont roflux of solvent down tho contral tubo. Tho oondonsors as
woll as tho distillation flask wore fittod by moans of woll-rollod, sholl je-

imprognatod, corks previously extracted with petroleum bonzino.

heating v/as carried out on an oloctric water bath with Simmerstat
control to maintain a tomporaturo of 70-80°C. Undor those conditions,
tho avorago timo takon to fill and drain tho extractor was 1= hours, thus

giving at least 15 extractions during a 24-hour run.
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78.
n<2 Rosolution of tho Fatty Acids.
9.21 Sciuonification.

Tho fats \voro saponifiod by boiling for 3 hours under reflux

with alooholio potaaaiun hydroxide solution to ensure complete hydrolysis.

For each 100 go. of fat, 30 of potassium hydroxide in 500 ml. of S.V.R.

28
wore usod™ .
9.22 Romoval of Uiidaponifiablo M atter.

Aftor completion of tho saponification, about three-quarters of
tho alcohol wae distilled off and tho solution of soaps made up to twice its

volume with distilled wator.

Tho soap solution was thon extracted with other in tho continuous

liquid-liquid extractor shown in Fig. 10. This is a modification of 4

similar apparatus suggested by Hilditch

Tho bottle in this latter apparatus has boon replaced by a five
litre flat-bottomed flask so as to reduce tho volume of the other layer to a

minimum and thus increase tho rate of romoval of un&aponifiablo mattor.

A oocond reflux condenser was addod to prevent loss of other duo

to incomplete condensation.  This wao found to be considerable in tho Hilditch

apparatus, especially during warm woathor.

Tho corks used wore impregnated with a solution of "Perspox in
chloroform to obviate diffusion of other vapours from tho flask, as this pre-

vented the efficient operation of tho siphon.

Efficient mixing of the other and soap solution was achieved by
the introduction of a sintered glass distributor together with a propeller

typo stirror revolving at a low speed to minimiso omulsification.

By mans of this apparatus, tho unsaponifiablo mattor from 400 gp.

of fat could bo extracted completely in 8 hours.

The other solution of uneaponifiablo mattor was washed throo times
alternately with 10% potassium hydroxide solution and distilled wator and

finally with distilled wator until tho wosnings were no longer alkaline tc

phenol phthaloin. After drying overnight with anhydrous sodium sulphate, and

filtering, tho other was distilled off under reduced pressure.



9.23  Sbetraction of Patty Aoids.

Aftor ronova?. of the unsaponifiablo nattor, tho soaps vroro split
by warning with dilute sulphuric acid (2N) until definitely acid to nothyl-
orango, Tho fatty aoids .voro then oxtractod with othor, tho oxtracti on being
continued until the aqueous layer was olo&r. The othor solution was thon
driod ovomight with anhydrous sodium sulphato, filtered and tho other dis-
tilled off undor roduood prossuro in a stream of nitrogon or carbon dioxido,
9.24  Separation of tho flatty Aoids into Fractions by Low-Toraporaturo

Crystallisation from Anhydrous Aootono.

Anhydrous aootono was proparod by allowing "ohonically puro"
aootono to stand ovor anhydrous potassium carbonate for several days and
then distilling through a Vigroaux column. Tho fraction distilling between
50*5 and 51*0°C (625 mm Mercury) was collected, stored inglass-stopporod

bottlos, and usod as soon as possible after distillation.

Solutions of tho appropriate concentration of fatty acids in
anhydrous aootono woro crystallised for six hours at tho required tonporaturo

and tho crystals thon filtered o ff".

Tho filtrates woro thon crystallised at suitably lowor tonpora-
turos without further troatmont and tho solvent from tho various batches of
crystals and tho final filtrates removed at room tonporaturoundor roducod

pressure using a stroam of nitrogon or carbon dioxido.
9.25. Sstorifioation of Fatty Acid Fractions.

Tho solid fatty acid fraction of tho seed fat was ostorifiod
with absolute othyl alcohol and tho two liquid fractions with anhydrous

mothyl alcohol.

Tho othyl esters wore employed at first duo to thoir slightly
lowor molting points, oomparod with those of tho corrospending methyl esters.
Lator work showed that no appreciable advantage resulted from this tochniquo

and in subsoquont work, tho nothyl ostors woro usod exclusively.

Tho ariydrous alcohols woro proparod by rofluxing "ohonically
puro" material ovor calcium oxido for two hours followed by distillation
through a Vigroaux column. In oach caso, tho distillate was collected

ovor a rango of 1°C.
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Eatorifioation was oejriod out by boiling tho fatty acids with four
tinos thoir weight of tho particular alcohol in tho prosonco of 1% of conoon-

tratod sulphuric acid-50. This niaturo was rofluxod for two hours, allov/od

to stand ovomight and rofluxod for a further two hours to onsuro oomploto

ostorification.
Excoss alcohol was distilled off on a boiling water bath undor atnos-
phoric prossuro, tho ostors coolod and diluted to twioo thoir volume with

distilled water. Tho resulting mixture was oxtraotod with other until

oloar and tho unitod other oxtracts washed with 50 ml. aliquots of a Iyo

potassium oarbonato solution. Finally, tho other solutions wore washed

vdth distilled water until no longer alkalino to phonol phthalin, and dried

ovomight with anhydrous sodium sulphato. Aftor filtering, tho other was

distilled off undor reduced prossuro in a stream of nitrogen or carbon dioxide.

Bio potassium carbonate washings woro united in oaoh case, acidifiod with

hydrochloric acid and extracted with other. Tho extracts wore thon washed

«it. listillod water, dried ovor anhydrous sodium sulphate and, aftor filter-
in’, tho other was distilled off. Bio conversion to ostors oxooodod 95"
in all cases and honco ro-ostorification of tho other extract of tho potassium

oarbonato washings was not necessary”0.

9+%26 fractional Distillation of tho Eatons-

This was carriod out in an E.H.P. column similar to that dosoribod

by Inlditch- , but fit cod with standard ground glass joints throughout.
Oporating pressures varied between 0-5 and 1-5 mm Mercury, and were main-
tained by including a "diy-ico" coolod trap in the system to collect oon-

donsiblo matter.

A modified receiver, Fig. 11, was designed and used. It eliminates

tho inclusion of a vacuum-tight joint botwoon tho roooivnr and tho tubes used

collecting uhu sa.iplos. Bio time botwoon breaking the vacuum to collect

a samplo, and tho ro-attainmont of the original pressure, was loss than one
minute which is comparable with the tine used for changing the receiver on a

Porkin 'Triangle. It has, however, the considerable advantage of a very

closely reproducible vacuum.

Provision was also made for heating tho receiver to prevent
solidification of saturated esters while distilling. Bio heating wilding
was 28 S.W.G. Nichromo Resistance wire and maintained a temperature of 50=0

in tho receiver with a current of 1 amp. at 50 volts.
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Iho Ronoval of Mucilaginous Material frcn tho Fata.

About 100 go. of sood fat was boiled with 200 ml. of a 2% eodiun

chloride solution, and stirrod vigorously with a propollor stirror. Tho

boiling was continued for one hour and tho fat and water allowed to stand

until cool.

No separation into layers was obtained on standing and oven centrifuging

failed to break tho emulsion, suggesting tho presence of powerful emulsifying
Tho mixture was then stirrod again without heating and S.V.H. added

agents.
After centrifuging

slowly until tho fat showed a tendency to form globules.
at 1500 x 0 for five minutes, tho clear fatty layer was separated from tho

layers of brine and emulsion.

Iho procedure was repeated and the fat washed several times by boiling

with distilled water to remove the last traces of salt. To remove tho water,

tho fat was dried over anhydrous sodium sulphate at for 2 hours and
filtered hot. Tho fat was then a clear golden yellow oolou. but still con-
This had to be completely removed to determine

tained traces of alcohol.
since ethyl alcohol has an hydroxyl value

tho true hydroxyl value of tho fat,
of 1,219. Thia was effected under vacuum on a boiling water bath while

bubbling a stream of carbon dioxide through tho fat. Tho acid and hydroxyl

values wore then determined.

ITho pod fat was treated similarly, except that tho addition of alcohol

to break tho emulsion was unnecessary and the mixture separated into two

well-defined layers on cooling.  Thus the final treatment with carbon

dioxide was not required.

After separating »= fats,the brine extract, from the above procedure,
"ore, in both cases, treated with taice their volune of S.V.H. to plec pitate
the mmiaginou. material chich .ex. then separated by centrifugation. Jhe
solid separating out v», dried and then hydrolysed by heating on a boiling

Whtor bath for six hour, with 35 tine, its «,i»t of 2%sulphuric acid135.

After decline, the hydrolysate was filtered and the acid in the filtrate
iho bariun sulphate fomed, anl

neutralised with solid bariun carbonate.
Tho filtrate end.

excess bariun carbonate TOre then filtered off and washed.

eashing, taero united end evaporated to dryness under vacum on a boiling eater



Tho oryatallino product thuo obtained was troatod with phonyl hydrazino
and aootic acid to prepare tho oaazonos of tho sugars. Aftor hooting for
livo ninutos on a boiling vvator bath, tho soparatod crystals woro oxaminod
microscopically and filtorod off. Aftor a furthar 30 ninutos' heating, a

turthor crop of crystals had fomed and those too woro examined,

Ih.e oaazonos fret: tho hydrolysis ot tho mucilages frctn both the seed fat
and vne seed pod fat xToro compared and found to be similar.

A sample of mucilage was extracted from the seeds tliomsolvos according
tothe method of Anderson"l”, hydrolysed, andtho oeazonos of tho re ulting
suga”r ptjparod.

These were examined microscopically and found to be similar to those
from both the seed and the seed pod fats.



9,4 tv o nn and Troataont of tho Cxiil -ilon "“qdufts uf

Estor P”aotiona Containing HOKU -cud”oroif LA°"*

Tho outor fractions from tho sood a.J. sood pod fats which vroro

postulatod to contaii. reasonably largo proportions of hoxadooadionoio
acid woro BOlootod! Nunbor XXIII fron tho

tho pod fat.

fat and Nu“bor T frcn

[hOBO woro soparatoly subjootod to oxidation with potassium pomanyonato

in aootono aooording to tho nothod of Armstrong and Hilditoh

The oxidation rjixturo, aftor tho reduction of oxcoss pormnga.uxto

x-nth sodium bisulphito and diluto sulphuric acid, was stoam distilled. The

steam distillate and the rosiduo in tho flask wore extracted with other

and tho aqueous layer of tho stoam distillate discarded, but that of fro

flaok residue was reserved. It was thou”vt that this latter layur Vould

contain malonic acid, as it iu about ton times as soluble in water as in
other, While its partition coefficient between other and water is 12: 1 in

favour of wator"N
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7.41 The Ether Extract of the Stem, D istil]ate.

This was first washed with 10# aqueous sodium carbonate solu-
tion to remove the acid products of oxidation. The neutral residue was
left in solution in the other which was washed with water, the washings
being added to the sodium carbonate washings. After .distilling off tne
other, the saponification equivalent of those neutral products was deter-

mined.

The sodium carbonate washings wore split and repeatedly
extracted with ether. It was considered unnecessary to saponify them,
as the semi-esters of the dicarbo”ylio acids are non-volatile and would

therefore have boon absent.

The other extract war dried with largo quantities oi
anhydrous sodium sulphate to ronv vo all water. If any water were le ft in
tho other, it would on distillation, have carried over some of the steam

vo:.tile fatty acids with it.

The distillation of the other was carried out very gently

at atmospheric pressure on a water bath at temperatures not exceeding ;0 -

Tho neutralisation equivalent of those fatty acids was deter-
mined and tho solution of soaps in alcohol retained. Thcuo, after splitt-
ing, extracting with other and stripping off tho other as above, wore
distilled at room temperature. Tho i/eight and neutralisation equivalent
of the residue \roro determined and honoo an approximate neutralisation

equivalent of tho distillate calculated (see Pigs. 3 &4 facing p.72),

9.42 The Ether Extract of the Residue in tho Steam D istillation F.

This was washed with sodium carbonate solution and tho

other layer treated as above.

Tho sodium carbonate extract was, however, boiled with
10# of sodium hydroxide pellets for one hour to saponify tho somi-esters
of dioarboxylic acids which woro present. Tho resulting solution oi
sodium salts was then acidified \tith sulphuric acid (2N) and repeatedly

extracted with other.
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Aftor drying tho other oxtraote and distilling off the othor, the acids
lroro triturated with 100 mis. "Analor" petroleum othor (Boiling range 40° -
6(fC) and allowed to stand overnight to dissolve out tho nono-oarboxylic
acids. A fter two more washings with petroleum othor, tho solid residue '/as
dried at 10CPC.

This residue was then chromatographed according to tho mothod of

Bcergomann, Kepplor and Bookonoogon™*.  Experiments rdth synthetic mixtures

showed this method could net bo used for the detection of malonic acid, but

its proounce could bo demonstrated by the following modification.

An equilibrium mixture of 10 parts benzene, 3 parts water and 3 parts
ethanol, was prepared. Tho aqueous phase was used to wot the column of
silica gel and tho benzene phase for elution of tho column until 170 ml. of
oluato had boon collected. This was determined to bo past tho point where

saccinic acid was completely eluted (See Fig. 5).

Thu benzene phase was then replaced by acetonewhich eluted malonic
acid. Tho oliicacy of thrmothod was proved by chromatographing a synthetic
mixture of azolaic, adipic, succinic and malonic acids, when complete re-
solution was obtained (See Fig. 5).

9.43 The. Agioous [“yor B]maining after tho Bthor Extraction of tho
Residue In the Distiilin,,, Plask.

This v&a boiled with 10% of odium hydroxide pellets for one hour and

then concentrated by heating in an evaporating basin on an asbestos pad.

V/hon solids began to roparatv out, the residue was acidified to methyl orange

ith 2N sulphuric acid and evaporated .just to dryness. Tho solids loft in

the evaporating basin wore extracted with hot S.V.R. several times and tho

alcohcw. evaporated.

A tarry mass remained which was extracted with cold alcohol throe or

fcur times and tho alcohol distilled off. Tho acids remaining wore then

triturated with petroleum ether and extracted as above. The acids insoluble

in petroleum of ro then chromatographed as before.

Ckromatcaraphic

9.44
Treatment ofJho Id-oarboxvlic

Each tample, on v/hich a chromatographic doton.iination had boon carried

out, vac mixed with a known quantity of azolaic and malonic acids and tho
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ohronatographio analysis ropoatod, (y aupor-inposing tho rolovant oun/oo,
tho idontity of tho known oarbc”’lio acids ivith thoso in tho fraotions wea

easily dononstratod.



9*5 l.Iothoda of Analysis.

9.501 Donslty”2.

Tho donsitius of tho sood and eood ixd fats \voro dotominod

using spocifio gravity bottloa of approximtoly 10 ccs. capacity.

iill results vroro reported as dt® and consequently an air-free
sample of distilled water had to bo used as a reference in each case. To
acliiovo this, double distilled water was boiled for a short v/hilo and thon
allowed to cool under vacuum. This process was repeated iimediately before
each determination so that errors due to dissolved gases were eliminated.
Hie specific gravity bottles wore calibrated at all tonperaturos at which
they vroro used, maintaining the temperature of the bath to £ *05° at 6¢PC
and + .02° at JCPO.

Tlio determinations on the fats when liquid were carried out
exactly as for water, but ir the case of tho seed pod fat below’ 65°C, special

precautions had to bo taken.

For each determination, about 5 of molten fat was weighed
into each specific gravity bottle and kept at a temperature of 110°C for 30
minutos. The bottles wore then removed and allowed to cool in a vacuum
diaiccator. This was repeated twice more to ensure tho removal of all air
bubbles from tho fat samples. The bottles vroro then filled with air-free
water, replaced in tho vacuum dislocator and again evacuated. After this
treatment, tho bottles wore heated to the temperature of the determination
for half an hour and thon a 'ain evacuated in the vacuum desiccator. After
this, they wore hold at the required temperature in the thermostat for one

hour, cooled, dried and weighed.

o
From these determinations, tho values of dI‘O wore calculated

and corrected for buoyancy of tho air”.
9.502 Itofractivo Inlux® .

Hie refractive indices of tho fat samples vroro determined using
a Zeiss Abbd Refractomotor and a Zeiss sodium vapour lamp. During a

determination, tho temperature was maintained constant within i 0*1°C.

iuaple time was allowed after introducing the fat sample for it
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to reach the constant temperature before taking a reading. Readings
wero takon every minute until constant for throe minutes. The temperature
was then raised ICPO. and a further not of readings takon to determine the

temperature coefficient.
9.503 Optical Activity”.

Iho optical rotations of the fats wore determined on chloroform
solutions at a temperature of 20°C1i 0.1°0., using a Winkol-Zoiss precision
polarimotor fitted v/ith a jacketed two decimetre tube. A Zeiss sodium

discharge lamp was used as a light source.
9504 Surface Tension and Intorfaoial Tension with Water.

The surface tension against air was dotorminod using a Conoo-du
Noi*r precision tonsiomotor.  All glass,.naro used was cleaned with hot
bichromate cleaning mixture, washed with distilled water, and dried with
absorbent paper. Hie ring was cleaned in boiling acetone, heated to
redness and allowed to cool slowly, thj* procedure being repeated after each

determination.

Bio determinations vroro carried out ..n a squat moisture dish
jacketed with a container through which water was circulated to maintain a
constant temperature. At least ton readings wore taken at each temperature

and the moan used in calculating the surface tension.

The intorfaoial tension was determined by gently floating a
layer of molten fat on the surface of distilled water at the temperature of
the determination. After allowing the whole to reach thermal equilibrium,

the tension at the interface between the water and the fat was dotorminod.

9.505 Viscosity.

Thu viscosity of the seed fat was determined using a standard

No. 3 U-tubo viscometer as described in B.S. 188, 1937.
9.506 Saponification Value.

This was dotorminod on 1 to 2 gn. samples of fat using 0.5N
alcoholic potassium hydroxide solution according to the British standard
method*'
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9.507 lodino Valuo.

Tho iodino valuoa of all samploa of fats, fatty acids and ustors

vroro “otorroinod according to tho mothod of V/ije"".

Tho iodino valuo of tho sood fat was ohockod using tho brandno
vapour mothod of Atmoro and Havko to confirm tho abaonco of conjugated

unsaturation.
9.500  ThiocyanoHon Valuo

This was dotominod on ostor fractions in the absonco of a
spoc Uopiiotomotor to find the percentages of linoloic and lirolenic acids
present.  Tho British standard method was usod” and tho load thiocyanato

propejred according to tho procedure of Lambou and Dolloar”.

"fon an ultraviolet spectrophotometer became available, tho fatty
aciu compositions were checked using tho alkali isomerisation technique of

Hilditch, Morton and Riloy”.
9.509 ijydroxvl Valuo.

Thu mothod used waa that o' Hawko™.

It wap necessary to modify tho mothod in the case of tho pod fat,
since, on cooling after hydrolysis, the fat separated as a hard layer on top
of the acetic acid pyridine-water mixture, and was found to be almos;

insoluble in butanol.

ITho modification consisted of adding 25 ml. portions of chloroform
to each of tho flasks on completion of the hydrolyuil of tne excess acetic
anhydride and before cooling and adding the neutralised butanol. By this

moans, an homogeneous jystou was /aaintained throughout tho determination.

Tax- determining the hydroxyl values of small samples, tho method
was modified as suggested by Schoorxm . A sample of between 0*1 and
0*5 (p. was weighed out and 1 ml. of acetylating reagent added from a
graduated pipette or micro burette. Acotylation was carried out for one
hour when the excess acetic anhydride was hydrolysed for 15 minutes with
4 ml. of distilled water.

After cooling, 20 rd. of neutralised butanol was added down tho
condenser and tho nook of the flask washed with a further 10 ml. Titration



90.

of tho acotic acid fomod was oarriod out using 0.12 N alcoholic potassium
hydroxide solution. This noxnality was chuson to givo a blank titration

of botvvoon 40 and 50 m1., thus making tho fullest use of a 50 nl» burotto.

Using this method, tho maximum difference botiroon two blanks wao
observed to bo 0*04 ml.  This on a sample weight of 0*2 gn. with hydroxyl
value of 200 mgn, KOH/i.corresponds to a difference in hydroxyl value of
1'3* Thus tho hydroxyl va"luop so obtained are accurate to onlj 2 units
or /o on a sample weight of 0*2 gm. On a sample weight of 0*5 ,

however, the results are accurate to 0*5 units or 0%*258$.
9.510 Aci'l Value.

This vns determined using buta i0? and pyridine as a solvent mixture
and titrating Jlo fzt o acidity with 0*53N alcoholic potassium hydroxide

against a mixed indicate" cf crosol r*d and thymol blue in alcohol”l.

For 3o0i.ii-td.Gro dotorilnations, the sample weights wore reduced to
between 1 a-d 0*5 @n f.-1 ,i0 ml. of butanol added instead of 75 ml.
The free acids wore then titrated with the 0-12N alcoholic alkali used in
tho semi-micro determination of hydroxyl values. A blank titration was

al.roys carried out on the reagents and found to bo between 0*15 and 0*20 mis,
9.511 Unsr-pcnifiablo Mattor.

Thio percentage of unsaponifiable matter in tho fats was determined

using the method of the Society of Public Analysts”.

9.512 Vclatilo Acils.

The method for detemining tne Roichert-Meissl and Polonske values
waa that adopted as a British standard”.

9.513 Ritty Acid Oontont.

Ihe soaps remaining after the extraction of the unsaponifiable matter
(see under 8.513 ) were split with 1 »1 hydrochloric acid and the fatty
acids extracted with ether until tho aqueous layor was clear. The united
extracts wore washed with water until the waohL.g: were no longer acid to
methyl orange. Tho ethereal solution waa dried ov.rnight with anhydrous
sodium pulphato, filtered, and tho other distilled off under reduced pressure

in a tarod flask.
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Both in tho caso of tho aood fat and also in tho oaao of tho pod fat,
tho porcontago fatty acids obtained by this method had to bo corroctod for
"non-aaponifiablo" matter v/hich was not oxtiactod by othor ftron tho soap

solution but romainod associated with tho fatty acids.
9.514 Glycerol Content.

Ihis was determined according to tho method of Bertrand and Rutgers”
on tho aqueous layer remaining after tho extraction of tho fatty acids with

othor.
9*%515  Analysis of Unaaponifiablo M atter.

The total hydrocarbon fraction of tho unsaponifiablo mattor was separated
fror: tlio hydroxylie conpononts by tho chromatographic method of Kamovaky

> w17

The oluato from this was analysed according to tho method of Fitolson*"™*
.0 doternino tho percentage of unsaturatod hydrocarbons and the results ex-

pressed as squalono,

Tho V -glyceryl others in tho unsaponifiablo fractions wore dotomiird by
tho method of Karnovsky and Rapson” using ethyl acetate as solvent and

oxidising with alcoholic periodic acid.

Tho sterols were precipitated as their digitonidos with a ife alcoholic

solution vif digitonin in 100?S excess. Tho unsaponifiablo mattor was dls-
solvt;d in chloroform for this purpcso.  This is tho method of Denl8 as
modified by Karnovsty ot al. 7 Tho storols wore identified by talcing up

thoir digitonidos in warm pyridine and treating as described by Danl8.
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9.6 Specification of Spoclal Boili.ir, Potroloun Bonzino.

Tho Potroloun Bonzino v/as tostod aooording to tho I.P.T. standard
J.O
notholo for potroloun spirit

In tho distillation tost, tho first fraction distilled ovor at
V£#*5°0 (625 nn. Moroury) and tho final fraction at 63*2°C«  Uioso
tomp.”raturr.3, vMon corroctod for barunotrin pro.isun according to tho

spocification bocmo 50*2°C and 69 '(PC rospoctivoly.

Tho rosiduo on evaporation ttls found to bo 0*00~. Thus tho potroloun
bonzino confoms closoly with tho spocification for 50/70 "Analar"

Potroloun Ethur”'t-

Non Volatile natter = 0*003"
808 to boil hotvToon the linits S5CPG to 7CC.
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