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tane-insoluble solid was crystallized twice from 82%.
of acetone. The resulting tetrabromostearic acid had
an activity of 0.074 d.p.s. per mg. (expressed on the
basis of the bromine-free compound). Too little activ-
ity remained for further purification.

Discussion

The fish employed in these studies were maintained
on Purina Trout Chow until the start of the experi-
ment when they were fed the same diet after ether
extraction. Under these circumstances the fish de-
posited fat which apparently contained high propor-
tions of the typical mammalian polyunsaturated acids,
linoleie and arachidouic acids. Dinolenic acid, the
typical marine fatty acid, is present in very small
amounts. It therefore appears in agreement with pre-
vious studies (7,8) that the fish deposits, to a signifi-
cant extent, the fatty acids of the diet. In this case
these were the typieal animal and vegetable fatty
acids furnished by the 49 of fat in the diet.

The longer-chain, more highly unsaturated acids,
for which arachidonic may be taken as an cxample,
appear to be formed by desaturation and elongation
processes typical of the mammalian metabolism (3).
If this is indeed the case, structure determination will
probably show them to be derived largely from oleic
or linoleic acid and not from linolenie acid as i1s the
case with fish on a natural marine diet (4,5). Thus
the same processes of alteration of unsaturated fatty
acids found in mammals pr'olmbly holds for fish with
the exception that in the latter case the process cou-
tinues to produce fatty acids of somewhat greater
chain-lenigth and higher degree of unsaturation,

The tracer studies revealed that under conditions
of the experiment the fish synthesized large amounts
of fatty acids. In agreement with animal studies the
rapidly synthesized fatty acids were largely of the
saturated type; the polyunsaturated acids were by far
the least active.

Degradation studies indicated that the 20-carbon
polyunsaturated acid, probably largely arachidonie,
was synthesized by addition of acetate to a relatively
inactive 18-carbon portion, probably largely derived
from linoleic. The nature of the active 18-carbon acid
that contributed activity to the linoleic and the fter-
minal 18 carbons of the arachidonic acid was indicated
by two experiments. Degradation of the linoleie frac-
tion showed it to contain equal activity in the carboxy
and methyl moicties. That the active acid in the frac-
tion was not linoleic is revealed by the fact that the
activity did not appear in the recrystallized tetra-

bromostearic acid derived from the linoleic acid. A
suggestion as to its nature can be made. Since it had
uniform activity throughout the molecule, it could
have been derived from oleic acid (similar degrada-
tion of the crude oleic acid fraction from these fish
revealed that, unlike mammals, fish appear to synthe-
size uniformly labelled oleic acid). Furthermore an
octadeecadienoic acid derived from oleic must be postu-
lated for rats which have been fed a fat-free diet
(14). This 1s the 6,9-octadecadienocic acid, which is a
probable intermediate between oleiec and 5,8,11-eico-
satrienoice acids (14). Another probability is the pos-
tulated 8,11-oetadecadienoie acid intermediate between
palmitoleic and 7,10,13-eicosatrienoic acids (14). The
existence of this acid in rats has been demonstrated
by Fuleco and Mead (3). Either of these acids would
have the properties of the active octadecadienoic acid
postulated in the present study.

In any event the tracer studies tend to confirm the
hypothesis that polyunsaturated fatty acid metabo-
lism is not qualitatively different in fish and mammals.
Although small quantities of polyunsaturated aecids
can be synthesized from acetate, these are apparently
not the higher essential fatty acids, which must be
formed from dietary linoleic acid.

Summary

Following injection of Tilapia mossambica with
acetate-1-CM, their fatty acids were isolated, frac-
tumdted, and degraded. The high content of linoleie
and arachidonie acids was evidently dertved from the
diet. Degradation of these acids revealed a distri-
bution of carbon-14 similar to that found in similar
studies on mammals.
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Search for New Industrial Oils. TV.

F. R. EARLE, C. A. GLASS, GLENDA C. GEISINGER, and I. A. WOLFF, Northern Regional Research
Laboratory,! Peoria, Illinois; and QUENTIN JONES, Crops Research Division,® Beltsville, Maryland

a program is in progress to determine by chem-
1cal sercening analyses what amounts and gen-
eral classes of fatty acids are contained in seed oils
of a large number and variety of presently unculti-
vated species. Those with suitably high oil coutent,

QS RELATED in previous papers of this series (1),

1 Thig is a laboratory of the Northern Utilization Research and Devel-
opment Division, Agricultural Research Service, U. S. Department of
Agriculture.

2 Agricultural Research Service, U. S. Department of Agriculture,

and with fatty acid ecomposition thought to be suffi-
ciently different from that of present commercial
vegetable oils to make them of potential practical
interest, are then scheduled for more intensive chemi-
cal study.

In this paper we report results obtained on 158
species representing 52 plant families in 23 orders.
Of these, 138 are previously unreported in the compi-
lations of Hilditeh (2) and Eckey (3) or in more



(ponuya))

ens e - [+ 4 )14 0 % 0 of  oNT 9t 291 o5 2 : v O wnaf) "ge
- o . s (34 v SUSAT  UOSWLID A[NO(T SRUFORYD WnI &) "8E
eusg - ¢z 9 o€ o't oS 10 [ 9lgn 1t [4:14 714 i h<4 06 v wroImey Lumnoc

ensg 2 - 9°‘0 8 [ 0 Ly [+] 1 glon't 29t ™ [14 of (X1 v wng }pong Dy 1o )s anquppinT *1¢

SudIBPIDWBIMR ]

sarusoy

_“ﬁw% .@w - 80 8 2 o S S0 o 9T 68T a8 9t R ¢ v poonLurwe) e pgOISIY DISIUDIOL 0S
?:MQ . - g0 ot 61 o <9 [ 2 (4L N Y 3 4 ont [ £ o¢ v poosfuruie passySuoy ~pwaadshydvd} DISUDIOT 63
:.:w.u - - 2°0 ST L [¢] 49 0 T %oN'T 69T Lot i< S 8oy q Jey0LING 994 ], “DILOQLD SLUIWON] 8T
m:,nw - .o EE * o o o ] 9591 gt 9TT 6t % 22 v 1amoy xapuds Lurdg - psoulds w01) 1T
vns; 2 e 2’0 8 12 0 o< 0 62 TuUnT 6T 951 e " 92 v 200y Iapids-oag] DIDINLIIS JWO) 9T
ns audauplandd
M”.”ww T = %o et gt 0 <9 0 0 2ot 19t %1 <] L gz v sddod spyoug DIPIULI W SNOUIBLY T
+ M - S0 St w 0 LS [ 4} 659m° 1 Tt $2T Lt X ¢z v Addod spprad pajsas) - iy oWt FE

anannaasudeg

KPR
SuvL3-908L], e - 90 68 9 ) 0 ) 0 olny T 9Lz 9 w2 l+,] 0'gs a SUIJUSSBY Cruenprqn spLfo

ot |
—msmp - - o1 ol 2 0 23 o T LSon't 9Lt L1 " LK ggr V¥ FIIMSIDIUL Y r00ovad SMPUDNOWIYD "ET
[ensjy “e - 20 ot " 0 29 0 0 U1 gLt st w2 an 6 v 2rds[u vutjodn,) saprioy SNYJUInY 1T

ABIIBERIL )

SUPL-098L], “HOA %01 o 0'9 T8 [4 49 12 L €0 \m.} <aln't [¥34 (€4 9T 22 9'1 v Jus-Ing, DINGM MPIRI Y 0
DUIIVTHDLI(]

Umﬂv—m NWkw SMmm s - 01 \ﬂﬁ‘lv )AQNV 0 }ASV 0 mN QFW::H § ﬁH ﬂﬂ mﬂ O.aﬂ AH ﬁbb./.:oo‘—f‘ TASUIPDUDI W 21 :ff\a\.«:Ty%p‘ @H
Istungy
awnm.u o - ° (%) \ﬂswv 0 \dﬁwv o 1 @'t 18t Sl 82 [*4 (44 0 INI-MOPRDY O NG0E0d WO L (8L
rensn 2 - 10 Tz 1€ o] 61 [¢] " o6 T [r14 [134 1 61 0" %1 v Luoad simorgg TR0 VINOID L]
D:L.:W—SU_:::“N—
tvmr.:-wu—
?,:mﬁ 0 - Lo ot 21 [ 05 20 < 999n'T  ggt %1 on = Lt ) DLIST} uTIssnYy 2 f1380d DS 9L
ensy Tt - 9°0 4 g< ] o T'0 4 oom1 98T (194 8 91 9°0 ¥ <B501d X 2-2WAING “prdoss PPN el
avadnrpodouay;)
suauy sapepodots
*f10d 94¢ ! puog m_.af,r e 0T L0 ( ) . . - .
: grin’1 04T [£+] [+ 29 0° %1 DUDALLIUD VUMY T
/T Fad /T T /T /T g v 2BIIBIT[()
ELI LN
-rensf) k¢ - 2'0 [ L4 0 2L [} [ 60om° T [0 nt o ™ 9'1R v a8ueao afus() “pasfiniod DARPV “¢1
bﬂ@uﬁ.mﬂ:ﬂ
SuvLy 9501 e - 2'0 [ L o 4 o 0 T nR I ot 1z o4t 0 royjoz asaued ¢ IDAIS DAOYZ GL
EREETICINY
w.«:rv«wgr\w
eas) hhd - 10 \ﬂAmlv () ] (98) 0 4] gt oft 29T 64 2 g2 v POOMFIOQ JSAL0 ] < DSOINLO} DUIADASDY [T
% d JRIIVULILNSE))
i Sa[muLIenS,)
7611 pue ‘g9
‘09 ye spueq { HOY YS1H e (4 €0 \ﬂﬁwnnv \..H.A._H: 0 \ﬂﬁwv [} 0 onén' 1t 621 T $T LT 6°66 v SUT URUdy < DITUDULLIS
rensn o - €0 et T 0 2L o o o6gn't  ogt 2Nt 62 ©’ 2z v 131098 2AVDF 6
ARDDRPI[[LEIRTTY
Hmwﬂwb - N g0 4 6t 0 69 o 0 wIn'T T ant 12 2 g% v paandros [[rUg ~ponvb 3N '8
HOA mzmh aee - <0 8 e 0 <9 (] o |M'T 9Lt 143 1© 92 0" e v waonl Loppong - D]214SU0D DIINL L
~«:mD n - Lz 6 92 [+] 6¢ ] T |lon°t {314 w©t & 2 6Lz q LS (+ds *3a0y) sypo0LIMI L "9
U =mb < 10 $0 g i 0 <L 0 o glon't  egt ot 92 = 9'1 v 10308 121201 Ay gy UOMNASD(] (¢
® mb Ty - 70 ¢ on [} 2¢ [} [ Ligm't 261 %t 9t st e v snriudse uopany s o snlivipdsy ¥
[ens L] - 12 6 w L't 9 [} 0 0694 ° T 251 443 92 91 'Y v Faorg waatod wmy L
auaeLU]
s
s cer . .
Tene o¢ 61 \inuv a:nv o \ﬂ?mv 0 \NJA.SV 69ln'1 4024 (18 Tt Tt S v ruswmoyd.i1o ssoundup - ~poruedvl viLowo)dhi) °G
: apeonIpoxXI],
SUDL-B0BLT, aee - 40 - o5 0 T 0 0 - . S sndavdopod asouedep e “10vu sndivoopod 1
7z hg ) /740%8) A1) Lot alt %34 ot on o2y ¥ D r e 0y
$9[BIDFIUO,)
% ‘pLoe N
% % fxod azont : , 3
m._cmumda _“.?.owﬂ G.Wc wﬂ ‘5o M\a v ..ﬁau—\m e .AMW»«:. :_‘oﬁ““, .wm:_,w— . .m.m g\uv ‘u.—u.ﬂm—f ::M:J h._d_.i
0! a1, - 2 2 Al : ¥4 <N &2 N ~
posmiIuI mo OOHO .v.wﬁaq. s oHaooIt m_mw”.~w”rMH mmﬂ_ﬂoh%& sovagey Twodrg mnipeg :w,:.v.,oﬂ 100 PN Jurig e nommoy A2n0Y
4H ) ) oI g to pozaeun
110 3O JUIJU0D PIOT 433 g Juatneduto))

S[I() POALIA( PUR SPIsg U0 BIR( [RIUS[RUY
I 3719VL



(panuijuo))

. . v poydne Iequuuy) v v pyputw SIvA Doav)) vandn) FL
sup.-30eL], nee - 20 2] 8 o S ° o oary'1 2Lz gt L ' ov ! “ agavRimydLry
Proe 3y w3y . . v QA0 wrIsSNY ::s:cbtﬁmge snubvavyg 'Sl
tsupy-00ud} fHOY eI *t* - 70 1 4 [ [ o T 20L4°T gt [43¢ 2 %2 66t AR -
EEILARTN 4
. T2 9'0 v 1eysBurze(q (eypd ua g, e ppodpoap DIIRINI ] T
- 1 _ 90 8 92 o o [} L} 669%°T  C6T ont 2n v 122 1) 28%84
soBIolIE g
. . . “wapdwis puviwarg 14
- 0 65 0 1 2591 L:i8 60T 92 i o5 q 3013-[oserBd asauny)) xapduei 1)
rens)) /191 ST o . 045t EERCEEN S *$MYef14a08 wo YR oveg 0L
rens) - it 114 " o M e t AR g %* o b a oL 280D BIMAIIS
. noom* 00t 52 9t ¢ v AOT[UI-990) (Y] WU DL31DADT 69
T1QY 906l f[vus]) m. = ét an 8 M Mm_ m m 5?.“ MMM 91T 62 &2 m.w e UOARG-F0-380Y NODLUAS $105L1H "9
Y6658 puLd . - 7L a o M) 1 o'l o8t g & 1wl v NO[MA-a50Y s Rayasow sRosgrg CL9
7 6°¢ 38 pue v - 3¢ €1 % o m . . 3 SRUVYDUL] nost .
661 w mw " e 2 &t o ° 1 Sont oGt Lot g2 T ¢z v Jeusyy S:.en 00 SNOSIQPLH 99
ens; - . <z st - EETNEXSCY, 380440y nOINQY CH
sy - \No.u o1 o1 0 €9 0 1 €Nt T [+ 4 [} v DPOOMIAIBA 30T I
SI[CABIV
. - o ) 889%°T 1 nt ot 91 9°L2 v odrad xour g rpwidpng st F9
Tens} ° \mﬁuv \A?.: e \435 st QUIINITA
. . ¢ anont |0t I3 S <o q epeades vavase) vuviysind snuwoyy "¢y
Mczmw oﬂn M.w w MM M Ww: M "2 gIin’t MM“ 661 oe 2 ez a LI0Y}NRNY uRLINyRf CPOMRADY SRUUDYY ‘Z9
uns; A ) . o [+ . WIOWINONG UG CDONMDYIDD snuwoy C19
o 0 ot 61 0 % 0 € gUAT gt 99T et a 1ong 0 AL
serewweyy
wve - . vee . 0 9206° ¢ LTAS 9T 2 Llg ws[eq wapaty U e puwnsyng suouoduy "09
v otrenLLg ¢ V3 ° € \wo L v Al sraspunuvs{ ey
e - . 3 < €T 99T 63 (9 ¢ o1 q Lrraqdeos agauryy IS 0LON UL SRPUIADS GG
Tens) n.o n & M u . 62 ¢ o dda3-ureIuap[od awe DUDSOULLO [ D3NS40 "8G
puoq a[diiL 0 - 2o se % o L ° ¢ eowt sl ® o g Rt L) azavepuideg
ven - - SCANPR 7% M 4 1 91T & gt 06 v TOIMRIIIILY (BT g LU0 §RSHII) LG
pueq T o8 [ 9% gt o 02 0 V4 gl © ! 9TIORIISE[R)
saepnidey
. . 44 soly't 091 4T [+4 0Tt v g | e ds shguopfiyg 9¢
1 olo Mw Ma.n Mn w MN w oL 3»“:” w% e 61 JA B 1 4 v AInRIBW- QI DRUUD SOLINILIP *CG
(s 3 - L0 %1 [4 [ ge <} T ehan't QLT 00T St € o008 v : e apweny wniydieydoq ‘%<
NS . X . ocln't 59T [+4 92 oL v FEEAS {7 0. (S A S PISUITI] NOQL] €Q
ensy vo To ST 8 ° L 9 & " %t 4 aeaoviqroydng
- . . T Toln't 23t L2t t %S . v poosudNg e ds oYL "3
spuuq Sutg o1 90 \..Am.v \ime o \ma: 9 \ms ) o 8 2e9 f .
. . . T oLg% T 19t 21 (14 0°¢6 v YSNI9331q VPLIoT L Dupubusd PINWDINT "1C
oy fswvdp 1 02 1o ¢ mm S Wm 0 o Ew.ﬂ mma & 82 9% 06 g WOAV-FO-001 L, "DWISSID SAIUDPF "08
s - $0 " 2BIDEQROIRIUIY
s . . 420 T 92 [4 BN 4 v ernmrys aseundn p e podn muwwyg 6§
#'0 Lo 8 e 0 o ° %2 d zet o . yste-a93u TeroIono fiay vagd 8%
A g0 1 z ° 2 0 oK TEMN'T 2gt 6L1 ™ 9 o' q t ALF Y : avorviny
. . . . 2943 qoqurr T o) diGav sopuppg " L%
HOY M, L - 6°L x g 2¢ %4 o] o ™HON'T 98T €6 e on  0°069 Al et avodryLydodsy
SO[UTUELOL)
s . oo ott % St - v A040[0 HEITBIIO)qNY WRIUD4 JQNS WO J1AT "OF
fone.1 vee - MM = L2 [} Al 0 T 6591 gl ot on it g v 2380y [Touag 1139046 saypunsolfils FF
- I 61 ™ o & 0 T %lwt o oTet @ 22 s ogle v 9213 170 TH00g viound unbuod "¢y
o2 9°0 gt n o 149 0 [ 22t 99t Q0T Lz £ o= v TOIN UOLUDY VORI TY
¢ - g0 oe o ° = o 2 eyt et «1 ™ 9t o'y ¥ AIPIN LIt $IPIOYRGLL} GV ¥
. - o1 ¢ % 0 14 0 o SEON'T At 13 24 [ 1] v . “SUIISISOL WNILIDYODI "OF
nee - %°0 " [19 [} Lz [ 1 0294 "1 9T €g o oe 2°90T A\ aprIY s ds DIPWLNLY "6E
1 P 't 2 ¢ 0 * o [ o't 9Lt 6 Al 6T 9€Il v 9IL}-[140) ds vugephiag g
e <0 <0 iz ' a ot o 4] wen't gt al 44 Sh o'gne v uvIq vRUO, DIDID VUNGLBUNGY "LE
s _ 9'6 "2 % 2'¢ o o o olon't €9t 00T 5 91 0°22k v apadsorud snyy THRPILOY WNPpr0as) (9e
[ens 8 - T o e L'y 92 [} o 59" 1 [<-14 g8 & 91 [ 1¢ v TAPIEI[[eD JJINDSIWISIBT .ncz\m.R«M.E%%:E:ec oy
B _ . 0 ™oN'T 00T = 02 0'¢R ; Bragyueq ddang vosndind prunpiog He
juns ) ven o't © €t o o o I &t v L mr.-mcna_uE:wa
(P 3u0d) SI{LS0Y
e ST
2 P aios
xxodo 5 ey A o € Sv ENEN
) st singug |, O1OL0 v i ; aely LCTYNN) . ; .
pareIjul ‘osedn ‘sauinguy ‘auaoua [y u;.:. L) ,M_.w””w- SIRAEOY Jajuoa uod QWL WOTWo;) 221004
jiias SUOMITL ARG NA woad 1o

110 30 Payued plov Spvg

(panuniuo)))—71 ATIVL

pozA L
Juduoilwie))




(ponutiuoy))

Tens) 0 L 0 9T 0 ° 9¢on°T 08T 16 It o ot v POOM-sOLLY CUWRID POP WRULIRGL 4 CQTT
HOY 9ova], Lo |t ] 21 [ 1 2N T et ont 12 % g2 v AYANSLIUOY WLLIRIIR ], TDIMVID) DLIOJUOT "ZTT
ogaoer[ograde)
s %0 s¢ ] 05 o [ o099t ngT 22T 41 o2 < v anrwsel-ode) T $IP1I0UPUSD] PIUIPLDY “TTT
1ensy) sz 4] [} h [} ) €9on"1 LT STt gt 91 0 q wuoyduL) DuOYIUL) "OTT
apagLIqNY
sapuIqny
s 3 5 dojiyn "6
ILIBIYSOD[D YT €0 41 T2 (4] wegh'T €9t 2Nt o2 24 S ¥ AMO[[IM J98d([ SDIUL S18AONYD "60T
ATIBIPSOI[D OYI" . . edjuird uowwo) ‘soprorwoudrq vdoipiny 801
T1B3)S0[2 L'} 9'0 4T 82 0 L LM TR S st % s s 4 1 avodetuourg
Tensn . . 0 v [Papaads-ayidg ..:Ec.ﬁ.«? DAUOLI { "LOT
ensn MM MM W M M@"M MWM WMM Mm Nmm ‘T v uowajsuad Feap-[oqs oY IpUDAD HOWISUIYL Q)T
PIO® 9213 %08 * HOYU %0€ *D ¢ 9s) 0 1) gTgn’t ot g2t <t 0z 0 v wowaysuad o314 Ay SHPIQID UOWIPSUIT "COT
HOY 228, 2'0 61T 0 \io 069%°T Sgt 6T 2T 2 o Ki ersmo(ned [rioy TDSOIUIWOL DIUROPV T FGT
HOY 9001 { prow 021 %0¢ g0 o o 2 &€on'T Ut KT 62 o 0 \'s CIEWRU puo g HUONNS PISIUS Y 0T
18NS 2'0 it 0 0 Ye9M°T 902 ™t 9T [ 0 A’ uodeapdeus uowwo,) SR{DW WRUALIUEF CG0T
ens; . . . 0 - IOMOY S O[] TURRILNIISDR POSUOY "TOT
1 a €o \,mA.Sv ve \ﬂanv T ot et b *® ¥ v aeavenreinydosg
211 . . waniep npul - o1 DD 00T
Tensg) <0 4 0 1 8som"1 6L1T ott T 61 %t v D OPUH JvaBUR[OY
H - - . 3 - . 1 \mnN .@@
en 2’0 6T 0 To clin't L1514 €12 1% % 9o o) UL UTRJUNO [ wn wm.s..s:EE::SS [
B0 2'0 2t a ° MM "'t Sat w0 at @ $o 0 dugye)y c:w.puw Dyoday .wm
rasy 10 6 0 ] 9 iyt o 12 [+ ™m 90 o gy ds Dyuopy *L6
jensn 2'0 ¢t 0 0 8¢ 25T gt 661 ot 2 10 0 Jurw pRLy SISUIALD DY UIJT "96
2v 221) 481y {Spueq yrOmn SUBY 9't 6N [¢] 0 o€ 6y’ 89T (144 Lt € Lo 5 pIasdEngg ~aadsp sndoofi] "gg
TS $'0 44 0 0 z 6994°T o8t ¢t 2z % %0 15} 310.4201}0W WOWWUIO;) TDIDIPADI SNANUOIT F6
oS . . 2 - 0 Junaysng rsugjoaanns SNdAg ‘g6
B0s.), 0 9 0 2o o 9%69m°t 98t Bald = e L svyEIqYT
2 . . . [ DIFSI[(PL BUT WIDJSD A NDIUIPIII0 WRIPOWSOUD "GE
en 20 A& To  slom) e 061 % 9 §et q v ovsopurAIOg
SO BINOWI[OJ
18NS 9°0 o2 Qs ) 0 0 neoh'T 7] Lz M oot q USRS DIIPSIDIT 16
Tensy) ¢o 9 o4 [} [} 2 199%°T (14 61T 1< 12 9¢ v pooaytu dukmy .E::.E\,wz.~ .,EM&&.V ‘06
ens €0 . . v paanmypyy S pUDIUMDW S U SDIIYOST 68
ousn 9 144 o 0 2 99’ 99t L18¢ 2n g 19 asasepeidorosy
[ensg 0 s 10 [ CTIR A 6L 9t g5 o'gvm ¥ : ‘ds mypaaoyr "g
%0 o5 0 ot oL T gt h <44 62 ¢z [} A aueqlop dwdij Crwngpuund wnufioody 18
aeangusoody
ens . . - \td USNQLPIug 048 28wty - 1PV DIYPRY 98
rensi) 2'0 z2 4] 1 9N 1T [9h4 ¢ 44 6T 82 1o ety AN
SI[BUBTJUIL)
ens . . . 210008 LS dde ppwparund sosoidufig "¢y
Ensq 0 119 o 0 o 9%om'T T st 12 2 oLt Voo Jwleoas athqanddey L .
IRV H (Y . B A2 23UI10-420]¢ DUDILLWD TDLA)G “F8
spueq Lurfy \N@ 9 6¢ o \mo 6 60gh° T (724 42T 61 & 91 aesoeooduig
Ejehicd
vns . . 01T VITUBZURW PIALLLI([-} RO ‘wonv)f soifiydn)so)oay g8
uns} o] 24 o S noLN'T 68T LSt 54 95 savats
Ss9vaLIg]
7 QT~/ SpUBq SUBLL - 4T oee vee ne LN ooz 19 22 9T $ o) drusaed mo0d wowmo)y TR WRAPDLIYT T8
spueq furpg - [9+] \%lwm.c 0 \\M celn't KT 22T oe L2 0 o 23 ILIOJSI N NOY sipnsnd sRanper .Hm
spueq yros {ueyy S o2 i o A &Lt 29T s2 9e 0 ct ity DIOLDO SRIND(T 08
HOY 2,e1 ) ‘[ens;} /8 9'T 18 o] o o941 291 90T of of 1 €8 V0D 3_2:5‘ 62
eus gy - (%] 65 0 o gmon'tT  nel 8ot 61 9t g ) T 8L
ELNER ¢ IR
saju|laqur,)
. . - - oA JQUO L DLIYIOUIO "L L
Tensgy 20 g T o ¢ geomT  mT i©t 9t € zo v e i
enss B . ¢z . ¥ osoqutad-Furnosd uomwo,)y SIUNG DLIYIOUIO ‘9L
ensgy <0 € ne 0 8 2oy’ gel €51 9t 90 oesoeadeug
a3 fuo; (RN} . . ajuneadowog WRDUDLE DRIUNRT "CL
auaryy "oy 0 29 Vid INTS'T [4:24 <91 g T o v o«owaﬁ_:&
(P,3U092) SI[TLIILY
3, ‘prov A %, g (A
ixoda % “fwey “fuosuoy %w\oﬂﬂ anjea SN g g% w2 000°T/ 298)
sty su ‘91970 S a WE. noyLay  fom[ua o omﬁxz/.v J:ﬁ: WET AL Jaed — oranog
porerguy ‘oyeydn [ ENIT Y %:.wc. D ba..&.wm -wodrg  AWPOL 1T lwed -wod SN querg W ooy
SE QUL ‘
‘dH ML uorg [0 pozspruy

110 3O JURIUOD POB {338

juduoduro))

(panunuo))—i1 ATV



-nlwod pue ‘pwE JB[oU] AT 0} 193dSAT YILM SIWILINI Y} DIB PIY) OM} Y} "Pozi[EUE Soduies WYI JO

‘PIAOWIIL JBOD PIIS 10 Jarwg—g ‘dIsallad 30 Jied snjd pasg—7

BUSRBIY, W3 e

‘pass sujd davaopuli—q

‘pees snjd damstreg—)

=

‘so[dules JR[IWIS INOJ JO ISBIIAY o

‘480> PIIs sSTulw pIdg—yg
JYSYS 9d9a SOIPSLISIORIBYD IBYI0 Ul SUWOIIBIAI(
‘3U3vIId) parednluo) %y e
“Ysep Sq PojRIIPUI 185} [AUOQIBD IANRIBYN ¢

"Poysay JON ¢

‘PIRIS—V (483
‘aualp pojed
°189) UeydeF

aandisod soAly) ., ‘audedd) pajeSuluo)y J5¢g, SI[AWES IB[LWIS OM} JO IFRIBAY ¢ AUIRAI], YT s ‘a[qeuorysanb 10 I[qBII[ddR J0U POYIOIY ¢
: - . . . . 0 PITIGUMOID UBPTOL) §PIOIIUI DISIUIMLY “0GT
o bovl D oo ¢ PS8 0 e ktom os & & koo . sapiouary il il 6eT
[ens]) - 3 It 6 o 6 o o gowt lgt 1 ot ¢t Lo O afouop[o8 yropng “DppRoD) Dbl BCT
rensn 0z 9 ¢ 6 62 0 95 [¢] 2T ooln't Ut 1€t E3 ®© ¢t o] posmwol] D)DYN0ISHS DIUOULD 4 *LCT
spueq \m::mm - Lo e {601} 0 1°¢) 10 \mAH:C N 6 Lot e oz "0 D Pasuol] puvasddap vruouss 4 '9GT
[ens) - q ad g2 /T 8 w1 \mA s 0 0 09941 Ut 911 1z T 56 0 BIUOYI] JB[1BIS ..cme.Ew&m sw&axt& egy
spueq {uew { oY ozt oz - g 0 %) [ 6°0)  g6BM'T AT o i 8l ¢t 0 poruapiog puolas 0bopHos pST
2::,«“ 0°¢ 0'2 T WN ) \iwnv o] awm 0 \ﬂm.o ein't Ri%)8 ™t sz K T o} poiuapioy SISUIPDUDD 06DPIOF ‘gst
B8 - L0 % R o] o] 0 8's mmw:ﬁ . )¢ gt 8 %2 L't D IoM0paN0) 85t
) S 00 % 5 ¥ gt omoow oW % 3% Yoosms no et
w‘m”w m "o M.w wa ® w mm 0 Tt lon't  4gT Let Ly 62 m.mn v 1038 Buzvg “vivgound s1IT “6F1
s ) - 80 6 = ° <9 0 m.w MM@:M m“w MMM MM M IR ,w 8o1133] 1011y emwn%mwe%ﬁwmm “mw
ens } - g0 [} L2 0 o9 0 ‘0 9" o't poul 2 -
S o@of p o3 g ogoEommo&omog g oy 9 ok — et 8
s - . . . ¢
ﬂ‘wnw oo - m_w OA wm M "9 0 Lo Légn T 0214 SHT % 92 W.w s} YOYITJIE WA[USILLD [* SNSOLIGN] SMYJUDYIH BHT
Tw:m»w 1 - 3'0 8 12 0 L9 0 2'0 669%° T T ont Lt [v'q 7S 0 fanogung SRWILLIQDIS SIUDIIH "€
?v:.n.w - 9°0 9 [+7] 0 29 10 10 6h° 1T 18T F14 4 92 [+ 4 6'S 0 Iasogung Waaqplie snyuvioff “GFI
E:.ﬂw cen - 10 [ %2 0 9 o 20 609%°T 18t ™t 61 €  0'¢ 0 JIMOPYUNS AT J S14portod SMUVIPOH CTFT
Tw:.n.g A - 90 6 (44 o €L 0 S0 wolt'1 Li%1d (414 ¢ o€ 0'e 0 aaoguny CHUDMEDUE SRPQUNPIH COFT
1:%# e - 1€ [44 ha s 9°1 9 0 <0 9lon'1 A 9¢T 2¢ iy oo v Janopung SRAUUD SHPUDSH 68T
f:_m.w [ - 62 #T ™ 21 6% 0 10 591 T OTtT e 6% 0’0oy Y Jsaoyung LSIHRUUD SRYJUDPIH “8ET
sundy ver o1 o1 (z-) (g2) T'0 \imwv 0 1) oeln't 202 (143 [ ¢z 01 0 PIIndZINLG T AN D WP Y T LET
.2:&& - $°0 \..m 9 \ﬂ feed I} 9 0 \N S0 26991 98T [+44 41 oe Lo D pramwng dnaspngy vsoLtonbs vIPPUILY "OCT
jensy - o'y 9T It 5} 09 [¢] 10 06941 981 KT 21 gt 1t 0 BIpAB[[ILS pajuteg vpoopnd Dpa)vY LT
[ens - ) ot 9T 9°¢ [« [+ 0"t goLN' T 98T ™t 9% ® o2 g vipaered peruustad wowwo;) TUDIBISID MPIDIDY FET
1,.:,%# - 20 8 14 0 oL 4] 1'0 oot L1 (414 92 on (4] 0 JOOIIYBUS DT AL wnsofng wniopdnyg "ger
Lens - <0 at ce 0 43 0 o 9Lon'T  0gl 0gT [+ w2 T 0 SN AT “DSOULD [ DIIOUT TET
[ensy - oL 2t nooge 9 % 9°0 ST HeT 6T L &€ ot 0 213814} 2013 urIsSNY sy rs sdoupyod “1¢1
fensy - 01 8 = 0T L) o <0 [1: 24088 €81 661 6% ik o2 o] Jduogauoy DUOSHSNOUD DIODUNOF “OFT
3 - (451 gt gt 60 9% ] 9°0 olon 1 gt (€49 g2 (1] 202 o] uoopLL)) QHIUNPADD DLDURY) “6GT
- 6'0 et 24 [ 29 o o o't Lt %t gt L2 slz ] DBSIGY Passareg $N)orpIusq SNy 8Ll
0’1 "o ot 2 0 41 0 9°L 6T 2T ™t 61 e 2 0 a[sTY pawn|g UNWISSTD WSAL) *LTT
Lo - [ ] 12 o] 9 [} [ #69m T 2] eqt )8 6T 61 D WHWA T RSLID PO DUCOD WN W RUDSALY]) 9G]
ot - o'nl H [ 9°S 15 20 o 69"t 08T s2t 92 Lz D RCITHIREXVSTRTY D0J1p142q) 20 yont "L T
o - 24 2 & ¢} "5 Lo Lo 9ln°t 98T Kt 61 10 o) oo 9314 \y IPI0AI 5D DIN0IOG FET
ot o't €0 < 9% 0 99 o 10 88N’ T LgT m™mt 92 € 20 0 ASTRp sewgoryaty{ SIPIOOLLS L2IST "EGT
0’2 [} (=-) (65) g0 (85) [+] 80 SUN'T 9Lt 191 61 [T 4 o} 191SE Y20y sndp 13)57 53T
- oL T s Lz ¢ n €S [ 10 609" T 261 9T 9 g g0 q ASTRD LUV WU $20104F 13T
sunLy <0 §'0 &3 ot-) (5¢) 4} \onS (o] 20 %Mt QT 651 Lt 2 $6 0 sPOPIng] RN WALIOLF QST
[ens ) - o2 Fad /T [} 4 et 2L [+ <o <69n° 1 2gt et gt e 90 D A[IWOTULD SIAYO [* *J§ SINUD YO -11oUDS SUIYIUT 6TT
[ens ) 0 0T 20 ot gt 0 L9 <] 2o 189N T 4514 24 22 $e  g'$t ) PRONBLI juriy DpYLY DIROLQULY STT
oeysodwo)
sere[nuedury))
[ _ N 1 231 w© w o q J00I-L [y “pupfato syshioowryorg 41T
Howewn ipmey I ¥ & 2 ooo% 0 @t e o wmo fodok o B oo st 1T
[uns ) - o't 9t et o L9 [4 [ slon't S8t MQ 3 s m.um Mm | oppuiaye iy, ..aﬂ.s\mi ZwE\.G SIT
LU0 SUD.-s1) 250¢ e - . cee 0 € [¢] 6T64°T 1 9t gt %2 : -ds muodofivy FIT
’ FRo o o Fad \AAW.V \mA ) b 31I0BJIqINN))
SO[BILQINDIT)
21, pLan F % U 5 -4 (€
s s s . - - alor anpe N o e . <
éﬂ: _wa: ,_vomw froauox “fuoy “fuoawox LWL anpea ,zm_ﬂ,ﬂ . Mm.ﬁ w.\w 4 _r.wwv o:mc_ﬁ\ wwmw
pexeguT Syse s se .u%_:,;r P~y prouyy ,uww_w awpoy ,m._mzw__,.wv .w.o.w VISR g AW UOWWO)) 921108
HO 0=) S ouK( SR, Jo¥
14H : ’ RISEAR S N pozi{nu:

[10 30 JUdJU0D POT £33EL Jwanodwo,)

(panunuo))—J ATHVL



SEPTEMBER, 1960

recent references that we have encountered. Many
plant families and genera that we listed earlier (1)
appear again, but no species appears a second time
unless the oil composition differs distinctly from the
earlier sample.

Materials and Methods

Sample origin, sample preparation, and analytical
procedures used were as previously deseribed (1).
In addition, a qualitative test for carbonyl (4) was
made on the present oils. On oils positive to this test,
the amount present was estimated by a colorimetric
procedure (5).

Hydroxyl content was determined chemically (6)
on methyl esters from selected oils, including a num-
ber indicated by infrared absorption to have signifi-
cant amounts. Methyl esters were prepared by well-
known transesterification (7) or diazomethane [for
preparation see (8)] procedures most appropriate in
consideration of funetional groups present, sample
quantities available, or the desire to exclude unsa-
ponifiables. For convenience, the hydrogen bromide
absorption was caleulated in terms of the percentage
of oxirane oxygen as apparent epoxy oleic acid al-
though the lack of specificity of the method is now
well recognized (9, 10). Gas chromatographic analyses
were carried out on methyl esters from sclected oils
on a Burrell K-5 Kromotog with Apiezon-T1. and Reso-
flex-446 packed columns.

‘When more than one sample of a given species
was analyzed, results were averaged unless there was
some dissimilarity. The two Daucus carota |79, 8013
samples differed markedly in IIBr absorption, infra-
red absorption, and behavior on isomerization. The
Helignthus annuus oils showed a range in eomposition
similar to published results (2), and the two samples
reported [138, 139] give the extremes in iodine value
and linolei¢ acid content for the eight samples ana-
lyzed. The amount of conjugated diene and HBr
absorption (possibly dimorphecolie acid) in the I an-
nuus did not vary greatly.

Results and Discussion

The species analyzed are listed in Table | according
to orders in the plant kingdom so that familial simi-
larities of chemical characteristics are more readily
apparent.

Three specics, Zelkova serrata [12], Sassafras al-
bidum [23], and Cuphea llavea var. miniala |[74],
produced oils with such low iodine values that most
of the acids present must be saturated. These three
and Celastrus orbiculata [57] had high saponification
values, indicating the presence of acids probably
smaller than the usual Cg acids. Hopkins and Chis-
holm (11) showed that Z. serrate oil contains pri-
marily capric (73%) and caprylic (8%) acids; our
results are in excellent agreement. QOur chromato-
graphic analyses (Table I1) of the esters of S. albidum
and C. llavea show that these oils are very similar to
that of Z. serrata but that the C. Uawvea oil contains
even more capric actd. Chromatography of the esters
from Celastrus orbiculata shows no significant amounts
of short-chain acids. The high saponification value
may result from esters of formic and acetic acids,
such as have been reported in other Celastrus species
(2), which would be lost in the routine preparation
of the methyl esters.

3 Numbers in brackets refer to position in Table T.
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TABLE 11

Gas Chromatographic Analyses of Methyl Esters from CQuphea llavea,
Sassafras albidum, and Zelkove serrata Seed Oils

Type of acid C. Uavea | 8. albidium | Z. serrata
Saturated %% % %
1 5 9
83 59 77
1 17 3
1 1 1
3 2
1
5 5 3
6

Sassafras albidum, a small tree in the family Lau-
raceae, is the source of a spicy root bark used for
preparing a medicinal tea and a flavoring extract for
various uses (12). Lindera oils in this same family
have been reported to contain saturated acids 10 to
14 carbon atoms in chain length along with the cor-
responding monoenes (2,11). The sassafras oil by gas
chromatographic evidence contains caprie, laurie, and
caproic acids as major compouents in the order of
decreasing amonnt.

Cuphea lavea, family Lythraccae, belongs to a
genus of about 100 species of herbs and subshrubs
native to the subtropics and warm temperate areas
of North and South Amecrica. Several of the species
are grown as ornamentals in greenhouses 1n the North
and in the open in the South. The outstanding high
content of capric acid makes this oil the richest known
natural source of this acid. Cuphea, containing nu-
merous herbaceous species, undoubtedly has higher
crop potential than Sassafras or Zelkova.

Confirmation of gas chromatographic data on these
oils by conventional characterization is desirable and
contemplated. As in the case of Zelkova oil, the lower-
molecular-weight saturated acids are not accompatied
by their unsaturated counterparts, a point of possible
significance in the biosynthetic process ( 11).

The oils of high iodine value (above 190) encoun-
tered among the species studied, although many are
previously unreported, oceur largely in families and
genera—the mint and spurge groups—known to con-
tain good drying-type oils and hence are not unex-
pected. Five species contained more than 55% ‘‘ap-
parent linolenie’” acid; the highest, with 70%, was
Mecurialis annua [55], a spurge. From this maximum
the content of linolenie acid ranged down to 09%.

Onosmodium oceidentale |92] in the borage family
is systematically closely allied to the mints; the high
iodine value of its seed oil is therefore not surprising.
0. occidentale seed is however most unusual in its
exceptionally high ash content, 48.9% on a dry basis.
ITand separation of kernel from hull revealed that the
ash was largely in the hull, which contained 59.09%
of total ash (15.2% of Si0.). The hull as we obtained
it comprised 83% of the seed as received; oil and pro-
tein analyses in Table I refer only to the kernel (3.6%
ash). Onosmodium is a small genus made up mostly
of coarse perennial herbs found on dry, gravelly, or
caleareous soils throughout much of the eastern half
of the United States.

Nine species produced oils containing more than
70% ‘‘apparent linoleic’” acid. Oil from Hyptis sua-
veolens [93], a mint, contains the highest concentra-
tion, 77% (equivalent to 80% in the mixed acids). Tf
the acid is found to be linoleie, H. suaveolens will be
among the richest sources.
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Exceptionally low saponification values (below 165)
were obtained on seed oils from Iris germanica [10],
Ximenia americana [14], Dawcus carota [80], Daucus
pusillus [81], Penstemon albidus [105], Solidago ser-
otinag [154], and Vernonie deppeane [156]. When
refractive index is plotted against iodine value, points
for all these oils, except possibly the last, lie off the
line representing oils made up only of the common
Cys acids (Figure 1). This deviation from the typical

75 |
1.510-
1.500}-
= -
£1.490-
2
z L. 18555559 ny—12425.928
gl 7
tazob e
R - 1 i | 1 1 i i L i S | | S
50 1o o o 1o o 410

lodine Value
Fie. 1. Relation between iodine value and refractive index
(regression line from reference 1a). Numbers on points refer
to the numbered items of Table 1.

behavior of common vegetable oils is sometimes as-
¢ribable to structural features, such as conjugated
unsaturation, high carbonyl content, presence of es-
sential oils, presence of apparent hydroxy acids, or
excessively high content of unsaponifiables. In other
cases it is due to unexplained factors that are revealed
only by the presence of unidentified bands upon infra-
red analysis ov by the failure of the usual analytical
methods to provide reasonable values (e.g., large neg-
ative value for the percentage of saturated acids).
For example, seed oils of four species of the genus
Penstemon have been found in our studies to contain
9 to 18% unsaponifiable matter, values much in excess
of the normal. Many of the oils with lower than nor-
mal saponification values deserve more detailed chemi-
cal examination.

Conjugated tricnes were found in pomegranate [75]
(2), in catalpa [108] (13), in onc previously unre-
ported speecies of Bignoniaceac, and in three of Cucur-
bitaceae. Ome of the cucurbits, Momordica balsamina
(balsam apple), not reported in this paper because of
similarity to a previous sample (1), has been given
a preliminary field trial, and it appears to be well
adapted to conditions at College Station, Tex. The
species has been grown both with and without trel-
lises; its viny habit with concomitant difficulties in
mechanized harvest somewhat limits its erop potential.

Of a number of species containing some conjugated
diene, only Chilopsis lincaris [109] (which also had
conjugated triene) had more than 10% in its constitu-
ent acids, according to ultraviolet spectroscopy. In
practically every instance where there is conjugated
dienoid unsaturation, there is at least an equivalent
amount of hydrogen bromide absorption in the Dur-
betaki titration (reported arbitrarily as apparent
epoxy acid) and of hydroxyl. In selected instances
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lithium aluminum hydride reduction (9) confirmed
that the HBr uptake is not due to true epoxy groups.
This combination of conjugated diene, hydroxyl, and
IIBr absorption is characteristic of dimorphecolic
acid (le) and compounds with related structures.
It appears probable that dimorphecolic acid is rather
widespread in nature and indeed occurs in a consid-
crable number of families other than the Compositac.

Among the oils reported none was found with out-
standingly high percentages of HBr-absorbing com-
ponents, such as Vernonia anthelmintica (656-70%)
(14) and Dwmorphotheca aurantiaca (ca. 50%) (le).
ITowever a surprising number of the oils contain
amounts from several tenths up to 20% or so of
acids reactive in this titration. These undoubtedly
have a number of chemically different groupings. For
example, Hibiscus moschentos [67] and H. syriacus
[68] samples give a positive Halphen test and have
a prominent infrared band at 9.9 p, indicating the
probable presence of acids similar to sterculic.

Twenty-nine oils gave positive qualitative tests for
carbonyl, but only five contained enough to corre-
spond to as much as 5% of a C;g keto acid. The types
of earbonyl compounds present are unknown, In the
two Penstemon samples {105, 106] approximately half
the carbonyl oceurs in the unsaponifiable fraction.
Although the ecarbonyl-containing compounds have
not been identified, the analyses provide an indica-
tion of their occurrence and amount.

Hydroxyl determinations on 48 methyl cster sam-
ples, selected on the basis of analyses on the raw oils,
verified the presence of apparent hydroxy acids in all
but four, in amounts ranging from 1 to 29%. Our
qualitative infrared examination of the raw oils does
not permit unequivocal detection of small amounts of
hydroxy acids because of the presence of free acids
and glyceryl hydroxyls. Failure of infrared to dem-
onstrate the presence of hydroxyl groups in Polanisia
viscosa [30] however is surprising, and the explana-
tion is not evident. (as chromatography shows the
otl to be of complex composition but does not reveal
known hydroxy compounds. Tn other instances, hy-
droxyl found in the esters is probably formed from
epoxy groups during acid transesterification, but such
a reaction cannot occur to a significant extent with
Polanisia oil.

Figures given for apparent monoene and saturated
acids, calculated by difference as they are in standard
procedures, provide reliable values when usual types
types of Cig acids are present. If unusual types of
acids are present, such values may serve only as guides
to oils that deviate from the norm and require further
study. Infrared analysis sometimes provides a simi-
lar guide.

Among the 23 oils obviously unsuited for complete
analysis by the alkali-isomerization method, three con-
tained eonjugated triene or tetraene in sufficient quan-
tity to give erroneous results for the iodine value.
Seven have many absorption bands in the infrared
not associated with the common fatty acids. One,
Ximenta americana [14], contains an acetylenic bond
conjugated with an ethylenic bond (2). Two, Podo-
carpus nagi [1] and Thalictrum revoltum [18], prob-
ably contain a double bond too far removed from other
double bonds to conjugate under the influence of
heat and alkali. Such a structure has been proposed
for P. nagi (15) ; gas chromatography of 1. revolutum
shows a large amount of apparent triene rather than
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the diene given by the isomerization method. One,
Penstemon albidus [105], contains sufficient carbonyl,
hydroxyl, and unsaponifiables to explain the anoma-
lous results obtained. The remainder present no ob-
vious reasons for inapplicability of the analyses. In
faet, some oils showing from —2% to —5% saturated
acids may actually be suitable for the isomerization
procedure because such results are not necessarily out-
side acceptable limits of precision of the method.
Conversely, routine application of the isomerization
method to unknown oils may give results that are in-
correct but not obviously so. For example, Picramnia
pentandra [51] appears to have a reasonable, though
unusual, composition. However the oil is solid well
above room temperature, and the major component
has chromatographic characteristics not of the usual
monoenes but of stearolic acid. About 85% of the
mixed methyl esters is probably from taririe acid,
known to occur in other Picrammnia species (2), but it
behaves like stearolic acid in the equipment used.

Summary

Chemical screening of seed oils eontinues to reveal
nature’s diversity. This work provides leads to nu-
merous species which warrant further research to
investigate their oil and meal in greater detail, to
appraise their crop potential, and to asscss their
practical value for providing new oilseeds.
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Direct Conversion of Lipid Components to Their

Fatty Acid Methyl Esters

FRANCIS E. LUDDY, R. A. BARFORD, and R. W. RIEMENSCHNEIDER,
Eastern Regional Research Laboratory,” Philadelphia, Pennsylvania

(GLC) for analysis of lipids has created the need
for a convenient, quantitative method for con-
version of milligram quantities of lipid components
to their fatty acid methyl esters. The methyl esters
are more amenable to GLC analysis than the fatty
acids or their higher-molecular-weight alkyl esters.
Transesterification with methanol and catalytic
amounts of sodium methylate has proved to be a rapid
and effective method for conversion of glycerides to
methyl esters and has been employed for many years.
The reaction is substantially complete when a mix-
ture (1:2%/V) of glycerides and methanol (containing
gsodium methylate in amounts equal to about 1% of
the weight of the glycerides) are refluxed for 30 min.
The same procedure however does not give complete
methanolysis of sterol esters and phospholipids.
Little has been published on the methanolysis of
sterol esters and phospholipids. Rollet (6) reported
some measure of success in the methanolysis of egg
lecithin when using tin or zine to prevent resinifica-
tion. Shinowara and Brown (7) were able to get good

Tlm ArprLIcATION of gas-liquid chromatography
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yields of methyl esters from methanolysis of phos-
pholipids with 5-10% of dry hydrogen chloride as
catalyst and reaction time of 36 hrs. Stoffel (8) re-
cently described a micromethod for methanolysis of
lipid components with methanol containing 5% of
dry hydrogen chloride and 2 hrs. of reaction time; the
methyl esters were volatilized from the unsaponifiable
matter and collected.

This paper describes the results of further investi-
gation of the use of methoxides in transesterification
of lipids, particularly sterol esters and phospholipids.
Quantitative conversion to methyl esters was obtained
with excess methanol, which contained many times the
amount of sodium or potassium methoxide normally
used for methanolysis of glycerides. A simple chro-
matographic treatment on a silicic acid column was
found effective in removing free sterols and other
unsaponifiable matter from the methyl ester product.

Experimental

Sources of Samples. The cholesteryl esters (Tables
I and II) were synthesized by the reaction of lard
fatty acid chlorides with cholesterol as described (2).
The lipid components (Tables T1T to VI), except for
soybean phospholipids, were obtained as fractions in



