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Abstract:
The composition of the free fatty acids and the neutral lipids of the Mormon cricket, Anabrus simplex.
Hald., was studied by infrared spectroscopy and gas, column, and thin-layer chromatography. Free
fatty acids were separated on the basis of unsaturation by column chromatography of their methyl
esters on silver nitrate impregnated silicic acid. The presence of normal and branched chain saturated
acids (C8-C36) and unsaturated acids (C14-C24) was demonstrated by gas chromatography on SE-30
silicone arid EGS polyester columns. Structures of the major unsaturated acids, oleic, linoleic; and
linolenic, were determined by infrared spectroscopy and reductive ozonolysis followed by gas
chromatography. Neutral lipids were separated into chemical classes by column chromatography on
various adsorbents. Wax esters, steryl. esters, triglycerides, free sterols, diglycerides, monoglycerides,
and traces of residual fatty acid were found. The fatty acid components were studied by
transesterification followed by gas chromatography. The free sterols and non-saponifiables derived
from the ester fractions were determined by gas chromatography on SE-30 and QF-1 silicone columns. 
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ABSTRACT

The c o m p o s i t io n .o f  th e  f r e e  f a t t y  ac ids  and th e  n e u t r a l  l i p id s  o f  the  
Mormon c r i c k e t ,  Anabrus s im plex . H a ld . ,  was s tu d ied  by in f r a r e d  spectroscopy 
and g a s , column, and t h i n - l a y e r  chromatography. Free f a t t y  ac ids  were sep ­
a ra te d  on th e  b a s is  o f  u n sa tu ra t io n  by column chromatography o f  t h e i r  methyl 
e s t e r s  on s i l v e r  n i t r a t e  impregnated s i l i c i c  a c id .  The p resence  of normal 
and branched chain  s a tu r a te d  ac ids  (CgOgf,) and u n sa tu ra te d  ac id s  (C14-C24) 
was dem onstrated by gas chromatography on SE-30 s i l i c o n e  arid EGS p o ly e s te r  
columns. S t ru c tu re s  o f  th e  major u n sa tu ra te d  a c id s , o l e i c ,  l i n o l e i c ; and 
l i n o l e n i c ,  were determ ined by in f r a r e d  spectroscopy and re d u c t iv e  ozonolysis  
followed by gas chromatography. N eu tra l l i p id s  were s ep a ra ted  in to  chemical 
c la s s e s  by column chromatography on v arious  a d so rb e n ts . Wax e s t e r s ,  s t e r y l . 
e s t e r s , t r i g l y c e r i d e s , f r e e  s t e r d l s , d ig ly c e r id d s , monoglycerides, and 
t r a c e s  o f  r e s id u a l  f a t t y  ac id  were found. The f a t t y  a c id  components were 
s tu d ie d  by t r a n s e s t e r i f i c a t i o n  followed by gas chromatography. The f r e e  
s t e r o l s  and n o n -sa p o n if ia b le s  de rived  from th e  e s t e r  f r a c t io n s  were d e t e r ­
mined by gas chromatography on SE-30 and QF-I s i l i c o n e  columns.



INTRODUCTION

The c u t i c u l a r  wax o f  in s e c ts  has been found to  be an im portant f a c to r  

in  th e  c o n t r o l  o f  m ois tu re  balance in  i n s e c t s . ^«^0 Abrasion o f th i s  la y e r  

f r e q u e n t ly  r e s u l t s  in ra p id  d e s s i c a t ion and death of th e  i n s e c t .  Some 

i n s e c t s , such as th e  cockroach , a re  r e s t r i c t e d  to  moist h ab ita t 's  whereas 

o th e r  i n s e c t s ,  such as th e  Mormon c r i c k e t ,  have th e  a b i l i t y  to  surv ive  in 

a r id  re g io n s .  A study o f  the  n a tu re  of th e  c u t i c u l a r  l i p i d s  would lead  to  

a g r e a t e r  unders tand ing  o f  one o f  th e  l im i t in g  fa c to rs  in  the  geographica l 

d i s t r i b u t i o n  o f  i n s e c t s .  Beament has p o s tu la te d  th a t  r e t a r d a t io n  o f  water 

passage through th e  c u t i c l e  o f  th e  cockroach is  due to  th e  presence o f  a 

mono-layer o f  f a t t y  a lcoho ls  a t  the  lower in te r f a c e  o f  th e  c u t i c u l a r  wax.^

In  a re c en t  s tudy Gilby and Cox*® showed th a t  the  l i p id s  o f  th e  cockroach 

inc luded  f a t t y  a c id s ,  a l i p h a t i c  a ldehydes , e s t e r s , and hydrocarbons, but 

no f a t t y  a l c o h o l s ; the reby  p a r t i a l l y  r e f u t in g  Beament1s p o s tu la te d  mechanism 

o f  m ois tu re  c o n t r o l .

There have been few in v e s t ig a t io n s  in to  th e  chemical composition of 

c u t i c u l a r  waxes. P a r t i a l  analyses have been c a r r i e d  out on c u t i c u l a r  waxes 

from t i c k s a n d  silkworm l a r v a e ^  P o ss ib ly  th e  most complete study of 

an in sec t  c u t i c u l a r  wax p re sen t  in th e  l i t e r a t u r e  is  t h a t  o f  Gilby and 

C o x . 18 The n a tu re  o f  th e  hydrocarbons, a ldehydes , and f a t t y  ac ids  were 

f a i r l y  com pletely  e lu c id a te d .  L i t t l e  o r  no work was done to  c h a ra c te r iz e  

th e  e s t e r s  or to  confirm  th e  t r a c e  q u a n t i t i e s  o f  s t e r o l s  re p o r te d .

The o r ig in a l  in v e s t ig a t io n  in to  th e  l i p i d  composition o f  th e  c u t i c u l a r  

wax o f  th e  Mormon c r i c k e t  was i n i t i a t e d  by J . H. Pepper and E . J . Hastings 

in th e  m i d - 1940 ' s . 2 9  The o b je c t  o f  th e  s tudy was to  le a rn  more about th e
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c o n t r o l  o f  w ater ba lance  by s tudying  th e  chemical com position o f  th e  in sec t  

c u t i c l e .  The Mormon c r i c k e t  was s e le c te d  because o f  i t s  a v a i l a b i l i t y ,  la rg e  

s i z e ,  and economic importance in Montana. At t h a t  time in s e c t  waxes were 

g e n e ra l ly  b e lie v ed  to  be r e l a t i v e l y  simple m ixtures o f  long chain  a l ip h a t i c  

a lc o h o ls ,  long chain  a l i p h a t i c  e s t e r s ,  and long chain  a l i p h a t i c  a c id s .  The 

e x t r a c te d  c u t i c u l a r  wax was su b jec ted  to  s a p o n i f ic a t io n ,  r e s u l t i n g  in in ­

t r a c t a b l e  em ulsions. About 1957 th e  p ro je c t  was rev ived  by Baker^ who under­

took a spec tropho tom etr ic  and chromatographic study o f  th e  wax. This s tudy 

showed th e  p resence  o f  e s t e r s ,  f a t t y  a c id s ,  hydrocarbons, a c id ic  r e s in s ,  

and p o s s ib ly  c h o le s t e r o l .  The ac ids  and hydrocarbons were p a r t i a l l y  c h a rac ­

t e r i z e d ,  but no work was done on th e  e s t e r s  and the  p resence  o f  c h o le s te ro l  

was not confirm ed.

The o b je c t  o f  th e  p re sen t  study has been to  c h a r a c te r iz e  as com pletely  

as p o s s ib le  th e  e s t e r s ,  f r e e  s t e r o l s ,  and f r e e  f a t t y  a c id s .  This  has 

inc luded  th e  de te rm ina tion  o f  double bond p o s i t io n  and c o n f ig u ra t io n  o f  th e  

major u n sa tu ra te d  ac id s  and th e  i d e n t i f i c a t i o n  and q u a n t i t a t i v e  de te rm ina tion  

o f  th e  a c id s ,  f a t t y  a lc o h o ls ,  and s t e r o l s  o f  th e  various  e s t e r  f r a c t i o n s .  

Methods were developed an d /o r  modified to  perm it th e  a n a ly s is  o f  th e  va rious  

f a t t y  a c id s ,  s t e r o l s ,  and e s t e r s  p re s e n t .



EXPERIMENTAL PROCEDURE AND RESULTS

I s o l a t i o n  &£ Max

C ric k e ts  used in  t h i s  s tudy were c o l l e c te d  during th e  summers o f  1961 

and 1962 from various  lo c a t io n s  in  so u th ea s te rn  Montana. The l iv e  c r i c k e t s  

were quick frozen  and s to re d  in a f r e e z e r  u n t i l  ex c is io n  o f  th e  c u t i c l e s ,

No s e le c t io n  was made as to  sex but only a d u l ts  p a s t  th e  f i f t h  moult were 

used. The c u t i c l e s  were exc ised  under w ater and brushed l i g h t l y  to  remove 

adhering  c e l l u l a r  m a te r ia l .  The exc ised  c u t i c l e s  were d r ie d  and s to re d  

frozen  u n t i l  e x t ra c te d . .

I n i t i a l  s tu d ie s  were performed on wax i s o la t e d  by so x h le t  e x t r a c t io n .  

The c u t i c l e s  were he ld  in  a cup of chloroform-washed cheese c lo th  and 

e x t r a c te d  with chloroform  fo r  about twenty h o u rs . The so lv en t  was removed 

and th e  crude wax recovered .

F in a l  s tu d ie s  were made on m a te r ia l  e x t r a c te d  from 1962 c u t i c l e s  a t 

room tem pera tu re . C u t ic le s  and chloroform  were mixed in  a la rg e  s t a i n l e s s  

s t e e l  b len d er  and homogenized f o r  f iv e  minutes The homogenate was allowed 

to  s tan d  fo r  about te n  minutes and was then  f i l t e r e d  to  remove th e  ground 

c u t i c l e s . The chloroform  was reduced to  about te n  ml on a ro ta ry  ev apora to r  

under reduced p re s su re  and then taken to  dryness under a s tream  of n i t ro g e n .

The wax i s o la t e d  by both  methods had s im i la r  c h a r a c t e r i s t i c s . I t  was 

yellow -green  in  c o lo r ,  had a c h a r a c t e r i s t i c  odor, and a so f te n in g  range of" 

25-50 d e g re e s . The crude wax ob ta ined  by e i t h e r  method was designa ted  wax K.

Wax K was taken  up in  hexane and allowed to  s tand  fo r  about one hour. 

The hexane s o lu t io n  was f i l t e r e d  t o  remove th e  a c id ic  r e s in s  and o th e r
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hexane in s o lu b l e s . The f i l t e r e d  hexane so lu t io n  was immediately passed 

through a K i e s ^  c o u n te rcu r ren t  appara tus  to  remove th e  f r e e  f a t t y  a c id s .

The th r e e  s tag e s  co n ta ined  0.01N KOH, 0.005N KOH1 and w ater r e s p e c t iv e ly .  

T o ta l  tim e fo r  an average Kies e x t r a c t i o n  was about 60 hours .  Ethanol 

was added dropwise t o  th e  f i r s t  and second s tages  as heeded to  reduce 

foaming.

The e x t r a c te d  hexane s o lu t io n  was taken  to  dryness and des igna ted  wax 

Kn. The in f r a r e d  spectrum o f  Kn i s  shown in  f ig u re  I .  The in t e n s i t y  o f  th e  

bands a t  720 and 730 cm ~ \ th e  r a t i o  o f  th e  carbon-hydrogen deformation 

bands a t  1380 and 1470 cm~l, and th e  i n t e n s i t y  o f  th e  carbon-hydrogen 

s t r e t c h in g  v ib ra t io n  near 2900 cm~^ in d ic a te  long hydrocarbon c h a in s .  The 

e s t e r  carbonyl a t  174Q cm"I i s  c h a r a c t e r i s t i c  o f  th a t  observed in  t r i ­

g ly c e r id e s  and s t e r y l  e s t e r s .  The carbon-oxygen s t r e t c h  near 1200 cnT^ is  

a l s o  s im i la r  in  p a t t e r n  to  t h a t  observed f o r  t r i g l y c e r i d e s .  A small amount 

o f  f a t t y  a c id  is  probably  s t i l l  p re sen t  as in d ic a te d  by th e  shou lder a t  

1705 cm"I ,  th e  c h a r a c t e r i s t i c  carbonyl s t r e t c h  o f  an a l i p h a t i c  a c id .  Weak 

bands near 3300 cm- * suggest the  p o s s i b i l i t y  o f  hydroxy compounds such as 

a lc o h o ls ,  s t e r o l s ,  m onoglycerides, and d ig ly c e r id e s .

The combined aqueous so lu t io n s  from th e  Kies appara tus  were a c id i f i e d  

to  pH 3 w ith 1 .0  N s u l f u r i c  a c id  and e s t r a c t e d  th re e  times w ith  d ie th y l  

e th e r  in 300, 300, and 200 ml p o r t io n s .  The combines e th e r  e x t r a c t s  were 

washed with 25 ml o f  w ater and d r ie d  over anhydrous sodium s u l f a t e .  The 

e th e r  was removed by evapora tion  on a r o ta r y  evapora to r  under reduced p r e s ­

su re  to  about 10 ml, then taken  to  dryness under a stream  o f  dry  n i tro g en . 

The recovered  a c id ic  m a te r ia l s  were d e s ig n a ted  was Ka. The in f r a r e d
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W A VELENG TH IN MICRONS 
8 12 13 14 15 16 ,

W A VENUM BER IN KAY SERS

F igure  I .  In f ra r e d  spectrum o f  Wax Kn (cap. f i lm .)

W A VELENG TH IN M ICRONS

F igure  2. In f r a r e d  spectrum o f  Wax Ka (cap. f i lm .)
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spectrum , f ig u re  2 , i s  ty p ic a l  o f  s p e c tra  ob ta ined  from long chairi f a t t y  

a c i d s . The weak baijd j u s t  below 3000 cm- * on the  s id e  o f  th e  carbon- 

hydrogen s t r e tc h in g  v ib r a t io n  in d ic a te s  th e  presence o f  unS a tu r a t ion.

T able  I shows th e  r e l a t i v e  amounts o f  hexane in s o lu b le s , n e u t r a l s , and ac id s  

o b ta in ed . ,

TABLE I

Composition o f  Wax K

F rac t io n Weight P e rcen t

hexane in so lu b le s 1 .3
Wax Ka * 31.3
Wax Kn 67.4

In f ra re d  S pec tra

A ll in f r a r e d  s p e c t ra  were ob ta ined  on a Beckman IR-4 Spectrophotom eter 

equipped with sodium c h lo r id e  o p t ic s  with p re s e n ta t io n  l i n e a r  in?wave- 

numbers . S pec tra  were taken  as c a p i l l a r y  f ilm s whenever p o s s ib le .  S pec tra  

o f  s o l id s  were ob ta ined  in  both carbon d i s u l f i d e  and carbon t e t r a c h l o r i d e .

Column Chromatography

A ll  chromatography columns, r e g a rd le s s  of adsorbent used , were p repared  

in  an id e n t i c a l  manner. The weighed adsorbent was s l u r r i e d  with hexane and 

p laced  in to  a 1 .2  cm.column. The column was l i g h t l y  tapped  t o  insu re  u n i ­

form packing o f  th e  adsorben t;  the  adsorben t was covered with a f i l t e r  paper
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d is k ;  and th e  p repared  column washed thoroughly  with hexane. The sample 

was in troduced  onto th e  column in  a minimal amount o f  hexane and washed in to  

th e  column with 1-2 m„ o f  hexane. Care was taken a t  a l l  times to  in su re  

t h a t  th e  column was covered with s o lv e n t .

In o rd e r  to  use a ba tch  e lu t io n  techn ique  o f  column e lu t i o n ,  each 

column was s tan d a rd ized  fo r  r e te n t io n  volumes o f  l i p i d  c l a s s e s .  The l i p i d  

m ixtures chosen f o r  th e  s ta n d a rd iz a t io n  were s e le c te d  to  r e f l e c t  as c lo s e ly  

as p o s s ib le  th e  l i p i d s  to  be encountered in  th e  c u t i c u l a r  wax as determined 

by t h i n - l a y e r  chromatography. S u f f i c i e n t  columns were p repared  fo r  each 

s e p a ra t io n  to  f irm ly  e s t a b l i s h  r e te n t io n  volumes.

Thin-Layer Chromatography

E xtensive  use was made o f  t h i n - l a y e r  chromatography throughout the

course  o f  th e  i n v e s t ig a t i o n .  P la te s  were p repared  in  a manner s im i la r  to
97t h a t  d e sc r ib ed  by Mangold. The adsorben t was s l u r r i e d  w ith water in  a 

m ortar fo r  one m inute, pouring th e  r e s u l t a n t  s lu r r y  in to  a Desaga sp read e r ,  

and ra p id ly  spread ing  i t  over th e  p l a t e s .  The p la te s  were a g i ta te d  f o r  a 

few seconds while s t i l l  wet to  produce a more uniform la y e r .  A fte r  a i r  

d ry ing  th e  p la te s  were a c t iv a te d  in  an oven a t  IlO0C f o r  one hour. These 

a c t iv a te d  p la te s  were s to re d  in a d e s s i c a to r  u n t i l  used.

General l i p i d  se p a ra t io n s  were performed on s i l i c a  g e l  p la te s  con­

ta in in g  0.04% Bhodamine 6 G in d ic a to r .  The Rhodamine c o n ta in in g  p la te s  

were p repared  by adding th e  f lo u re sc e n t  dye to  th e  w ater used to  prepare  

th e  s l u r r y .  The p la te s  were developed with wicks in  a 75/25/1 (v/v/v) 

h ex an e -d ie th y l  e th e r - a c e t i c  ac id  so lv en t  systerm . This so lv en t  system gave a
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s e p a ra t io n  in  which s t e r y l  e s t e r s „ t r i g l y c e r i d e s ,  s t e r o l s ,  d ig ly c e r id e s ,  and 

monoglycerides were i d e n t i f i a b l e  when con ta ined  in the  same m ix ture . De­

t e c t i o n  was made by viewing the  developed p la te s  under u l t r a v i o l e t  l i g h t  

bo th  b e fo re  and a f t e r  exposure to  iod ine  vapor followed by spraying with 

50% s u l f u r i c  ac id  and c h a r r in g  in a dry ing  oven. D e tec tion  le v e ls  fo r  most 

l i p i d s  using t h i s  techn ique  were around 0 .1  microgram.^

S te ry l  e s t e r s  and wax e s t e r s  a re  not sep a rab le  on s i l i c a  ge l by the  

usual so lvents, bu t may be sep a ra ted  w ithout wicks using t r i c h lo ro e th y le n e  

as a s o lv e n t .5 In t h i s  so lv en t  system s t e r y l  e s t e r s  m igra te  ahead of wax 

e s t e r s .  I t  was d iscovered  th a t  a b e t t e r  sep a ra t io n  cou ld  be a f fe c te d  by 

chromatographing s t e r y l  and wax e s t e r s  on A nasil p la te s  (Analabs, Hamden, 

Conn.) developed with wicks in  a 90/10/1 (v/v/v) hexane-d ie thy l e th e r  

a c e t i c  ac id  so lv en t  system. In t h i s  system wax e s t e r s  m igrate  ahead o f 

s t e r y l  e s t e r s .  D e tec tion  was made by spray ing  the  A nasil p la te s  with 

d ic h lo ro f lu o re s c e in  followed by iod ine  vapor and s u l f u r i c  ac id  as used 

with s i l i c a  g e l  p l a t e s .

Mixtures o f  a lcoho ls  and s t e r o l s  were sep a ra ted  by chromatography 

on s i l i c a  ge l p la te s  developed w ithout wicks in  the  so lv en t  system 90/10 

(v/v) benzene-e thy l a c e t a t e .  D etec tion  methods were s im i la r  to  those 

p rev io u s ly  d e sc r ib e d .  The d e te c t io n  le v e l  o f  a l ip h a t ic  a lcoho ls  was 

approxim ately  I microgram and was in  th e  neighborhood o f 0.01 microgram 

f o r  d e l t a - 5  s t e r o l s .  During s u l f u r i c  ac id  c h a r ,  s t e r o l s ,  and s t e r y l  e s t e r s  

develop an in ten se  purp le  c o lo r .  S t r a ig h t  chain  a lcoho ls  develop a f a in t  

yellow  c o lo r  and la n b s te ro l  a redd ish  c o lo r .
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Solven ts

A ll  s o lv e n ts ,  whether t e c h n ic a l  or reagen t g rade , were found to  

co n ta in  sev e ra l  m illig ram s o f  im p u r i t ie s  p e r  I i t e r ^  thus  n e c e s s i ta t in g  

p u r i f i c a t i o n  p r i o r  to  u se .  Hexane (High P u r i ty  Normal Hexane, P h i l l ip s  

Petroleum C o . ) , reag en t  grade methanol, and reagen t grade chloroform were 

found to  be s u f f i c i e n t l y  p u r i f i e d  by a simple d i s t i l l a t i o n .  Benzene was 

p u r i f i e d  by s t i r r i n g  with co n cen tra ted  s u l f u r i c  a c id  (5/1 v /v )  fo r  a t  l e a s t  

8 hours p r i o r  to  d i s t i l l a t i o n . D ie thy l e th e r  was p u r i f i e d  by d i s t i l l a t i o n  

from f r e s h ly  cu t sodium m e ta l . P u r i ty  o f  so lv en ts  was checked by concen­

t r a t i n g  200 ml to  le s s  than  I nil and chromatographing 50 micro I i t e r s  o f  th e  

re s id u e  on s i l i c a  g e l  t h i n - l a y e r  p l a t e s .

Gas Chromatography

P re lim inary  gas chromatograms wejre ob ta ined  using a Wilkens A90-G 

Aerograph equipped with; a fou r f i lam en t therm al c o n d u c t iv i ty  d e te c to r .

F in a l  gas chromatograms were ob ta ined  using  an FGM Model 400 Biomedical 

Gas Chromatograph equipped w ith a flame io n iz a t io n  d e te c to r .  Helium was 

used as a c a r r i e r  gas a t  a s tandard  flow o f  65 ml pe r  m inute . Columns were 

c o n s tru c te d  o f  6 mm O.D pyrex g la s s  t u b in g . In je c t io n  was made d i r e c t l y  

on column to  circumvent th e  p o s s ib le  decomposition o f  sample in a hot metal 

in j e c t io n  b lo ck . Columns co n ta in in g  le s s  than  3.0% l iq u id  phase were packed 

on s i l a n i z e d  60/80 mesh Chromasorb W (John M ansville  In c .)  and packed in to

s i l a n i z e d  g la s s  u - tu b e s .  H exam ethyld isilazane  was in je c te d  in to  th e  column
! ■

p r i o r  to  i n i t i a l  use in o rd e r  to  reduce s i t e s  which cause peak t a i l i n g  and .
r '

i r r e v e r s i b l e  ad so rp tio n  o f  sample. The 3.8% SE-30 column used in  t h i s  s tudy
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was packed on 80/100 mesh D ia to p o rt  S (FOl S c i e n t i f i c  C o rp .) .  A ll  o th e r  

columns were packed on 60/80 mesh Gas Chrom P (Applied Science L a b s . ) .

P r e p a ra t io n  o f  Methyl E s te r s  o f  Ka

In o rd e r  to  f a c i l i t a t e  t h e i r  handling  in subsequent column and gas 

chromatograms th e  f r e e  f a t t y  ac id s  were converted  to  t h e i r  methyl e s t e r  

d e r iv a t i v e s .  The f a t t y  ac id s  were re f lu x e d  with boron t r ic h lo r id e -m e th a n o l
, I :

or boron t r i f l o u r i d e -methanol reagen t (2 ml p e r  100 mg o f  acid) fo r  f iv e  

m inutes . I d e n t i c a l  r e s u l t s  were achieved with e i t h e r  re a g e n t .  A f te r  r e f lu x  

th e  r e a c t io n  m ixture  was poured in to  25 ml o f  w ater and e x t r a c te d  th re e  tim es 

with 25 ml p o r t io n s  o f  hexane. The hexane e x t r a c t s  were combines, washed 

with 25 ml o f  w a ter ,  then  d r ie d  over anhydrous sodium s u l f a t e .  The hexane
•i. ; .
s o lu t io n  was evapora ted  to  y ie ld  th e  f a t t y  a c id  methyl e s t e r s ,  wax Kam.

The in f r a r e d  spectrum o f  th e  methyl e s t e r s  is  shown in f ig u re  3.

Hydroxy methyl e s t e r s  a re  in d ic a te d  by th e  hydroxyl bands a t  3350 and 

3425 cm -J . B n sa tu ra t io n  i s  in d ic a te d  by th e  small band a t  2980 

T h in - la y e r  chromatography on s i l i c a  g e l  p l a t e s  a lso  in d ic a te d  th e  presence  

o f  hydroxy diethyl e s t e r s  as w ell as more p o la r  e s t e r s .  The non-po lar  

e s t e r s  appeared t o  be u n sa tu ra te d  as in d ic a te d  by the  q u a n t i ty  o f  iod ine  

vapor adsorbed on th e  above th in  la y e r  p l a t e . 33

Sepa r a t io n  o f  P o la r  Methyl E s te rs

The methyl e s t e r s  o f  th e  f r e e  f a t t y  ac id s  were chromatographed on a 

20 g column o f  F l o r i s i l  (Research S p e c i a l t i e s ,  Richmond, C a l i f . )  in  o rder  

to  s e p a ra te  th e  n on -po la r  methyl e s t e r s  from th e  p o la r  methyl e s t e r s .  The
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non-p o la r  methyl e s t e r s  were e lu te d  from th e  column with 100 ml o f  10% 

d ie th y l  e th e r  in  hexane. The hydroxy ac id  methyl e s t e r s  an d /o r  methyl 

e s t e r s  o f  s im i la r  p o l a r i t y  were e lu te d  from th e  column with 100 ml o f  5G% 

d ie th y l  e th e r  in  hexane. The more p o la r  methyl e s t e r s  were e lu te d  with 

TOO ml o f  10% methanol in d ie th y l  e th e r .  A yellow  pigment and o th e r  mate­

r i a l s  were not e lu te d  from th e  column and not in v e s t ig a te d .  The th re e  

e lu a n t s  from th e  f l o r i s i l  column were des ig n a ted  Kara-I5 Kara-2, and Kam-3, 

r e s p e c t iv e ly .  The in f r a r e d  s p e c tra  o f  th e  th r e e  methyl e s t e r  f r a c t io n s  

i s  shown in  f ig u re s  4 to  6 , Table  I I  shows th e  r e l a t i v e  amounts o f  the  

in d iv id u a l  methyl e s t e r  f r a c t io n  de rived  from acids  ob ta ined  from both 

1961 and 1962 c u t i c l e s .

TABLE I l

Composition o f  Methyl E s t e r s , Kara

Year % Kam-I % Kam-2 % Kam-3 % not e lu te d

1961 83 .9 3 .9 0 .6 11.7
1962 90.8 5 .0 1 .3 2 .9

The f r a c t io n s  from th e  F l o r i s i l  Column were su b jec ted  to  t h in - l a y e r  

chromatography on s i l i c a  g e l  p la t e s  developed in a 75/25/1 (v /v /v) hexane 

d ie th y l  e th e r - a c e t i c  a c id  so lv en t  system. F rac t io n  Kara-1 showed only a 

s in g le  spot c h a r a c t e r i s t i c  o f  non-po lar  methyl e s t e r s  such as methyl 

{■stearate o r  l i n o l e n a t e . F ra c t io n  Kam-2 showed a spot which m igrated l ik e  

methyl I 2 -h y d ro x y s te a ra te „ p lus  o th e r  spo ts  o f  a more p o la r  n a tu r e . Kam-3
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W AVELENG TH IN M ICRONS

Figure  3. In f r a r e d  spectrum o f  Methyl e s te r s  Kam (cap. film)
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W AVENUM BER IN KAYSERS

F i g u r e  4 .  I n f r a r e d  sp e c t ru m  o f  M ethyl e s t e r s  Kam-I ( ca p .  f i lm )
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Figure  5 . In f ra re d  spectrum o f  methyl e s t e r s  Kam-2 (CCI4 s o l . )

W A VELENG TH IN M ICRONS

W A VENUM BER IN KAY SERS

F ig u r e  6 . I n f r a r e d  sp e c t ru m  o f  m eth y l  e s t e r s  Kam-3 (CCI4 s o l . )
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s bowed l i t t l e  m a te r ia l  which m igrated from th e  o r ig in  in d ic a t in g  m a te r ia ls  

o f  a high degree o f  p o l a r i t y .  F rac t io n  Kam-I was a lso  chromatographed on 

s i l i c a  ge l p la te s  c o n ta in in g  5% s i l v e r  n i t r a t e . ^8 The p la te s  were developed 

in  a 50/50 (v/v) hex an e -d ie th y l e th e r  so lven t system. The spots  were de­

te c te d  by s u l f u r i c  ac id  c h a r .  S a tu ra te d ,  monoenoic, d ie n p ic ,  and t r i e n o ic  

methyl e s t e r s  were in d ic a te d .

F rac tio n s  Kam-2 and Kam-3 were analyzed by gas chromatography on a 

4 foo t 3.8% SE-30 s i l i c o n e  column a t  195°C. The major peaks in  th e  chromato- 

gram o f  f r a c t io n  Kam-2 appeared to  be s a tu r a te d  and an u n sa tu ra ted  

hydroxyoctadecanoate . Bromination o f  th e  sample followed by r e in je c t io n  

in to  t h e  chromatograph brought about the  d isappearance  o f  th e  peak thought 

to  be th e  u n sa tu ra te d  hydroxy methyl e s t e r .  The assignments o f  chain leng th  

fo r  the  two methyl e s t e r s  were based oh the  observa tion  th a t  th e  l a t e r  major 

peak in  th e  chromatogram had a r e te n t io n  time id e n t ic a l  to  th a t  o f  methyl 

12-hydroxy s t e a r a t e . The peak immediately preceding i t  in  the  chromatogram,
^ ,',f ■; u '! ' ' I". ‘

which d isappears  upon b rom ination , was a lso  ass igned  the  18 carbon s t r u c tu r e  

as u n sa tt ira ted  e s t e r s  a re  e lu te d  from SE-30 columns b e fo re  t h e i r  s a tu r a te d  

a n a lo g s . v -No compounds were i d e n t i f i e d  in f r a c t io n  Kam-3. R ep resen ta tive  

chromatograms o f  th e se  two f r a c t io n s  d e r iv ed  from 1961 ac id s  a re  shown in 

f ig u re s  7 rand 8 . Corresponding f r a c t io n s  from 1962 ac ids  ex h ib i te d  minor 

q u a n t i t a t iv e  d i f f e r e n c e s .

S e p a ra t ion o f  Non-Polar Methyl E s te rs

F rac t io n  Kam-I was chromatographed on a 4 foot 15% e thy lene  g lyco l 

su cc in a te  p o ly e s te r  (EGS) column a t  ITO0C . The chromatogram fo r  the  1962
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F i g u r e  7 .  Gas ch rom atogram  o f  Kam-2



Figure  8 . Gas chromatogram of Kam-3
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methyl e s t e r s  i s  shown in  f ig u re  9. Due to  the  complexity  o f  th e  chromate-
\

gram o b ta in ed  from th e  t o t a l  non-pola r  e s t e r  f r a c t i o n ,  i t  was decided to  

s e p a ra te  f r a c t io n  Kam-I in to  u n sa tu ra te d  and s a tu r a te d  methyl e s t e r  f r a c ­

tion's . The methyl e s t e r s  were acco rd in g ly  chromatographed on a 25% s i l v e r  

n i t r a te -A d s o rb o s i l  column (Applied Science Labs, S ta te  C o lleg e ,  P a . ) . 14 

S a tu ra te d  methyl e s t e r s  were e lu te d  from th e  column with 40 ml o f  18% 

benzene in hexane. U nsa turated  methyl e s t e r s  were i s o la t e d  as a group by 

e lu t io n  with 150 ml o f  100% d ie th y l  e t h e r .  The r e s u l t a n t  f r a c t io n s  were 

des ig n a ted  Kam-Is and Kam-Iu. The r e l a t i v e  q u a n t i t i e s  o f  s a tu ra te d  and 

u n sa tu ra te d  f a t t y  acids from 1961 and 1962 are  shown in  Table  I I I .  A flow 

diagram fo r  th e  se p a ra t io n  o f  methyl e s t e r s  is  shown in  f ig u re  10.

TABLE I I I

Composition o f  F ra c t io n  Kam-iI

Year % Kara-Is % Kam-Iu

1961 36.2 63 .8
1962 24.0 76.0

Gas Chromatography p f S a tu ra ted  Methyl E s t e r s » Kam-I

In o rd e r  to  determ ine the  f a t t y  a c id  methyl e s t e r s  p re sen t  in Kam-Is, 

they  were chromatographed on EGS a t  ITO0C. The r e s u l t a n t  chromatograms
r

in d ic a te d  the  presence  o f  s a tu r a te d  e s t e r s  from m y ris ta te  to  a r i c h id a t e .  No 

t r a c e s  o f  u n sa tu ra te d  methyl e s t e r s  cou ld  be d e tec ted  by th e  disappearance  or
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F i g u r e  9 .  Gas ch rom atogram  o f  Kam-I
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F i g u r e  10. C h ro m ato g rap h ic  s e p a r a t i o n s  o f  f r e e  f a t t y  a c id  m ethyl e s t e r s
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s h i f t  o f  a peak when chromatographed subsequent to  brom ination o f  the  sample. 

A r e p r e s e n ta t iv e  chromatogram o f  1962 methyl e s t e r s  on EGS is  shown in 

f ig u re  11. F rac t io n  Kam-Is was a lso  chromatographed on SE-30. A programmed 

tem perature  gas chromatogram from 100 degrees to  above 300 degrees shows the  

presence  o f  s a tu r a te d  normal and branched chain  methyl e s t e r s  from la u r a te  

to  t r i c o n ta n a te  and above. A p o r t io n  of th e  chromatogram from 1962 methyl 

e s t e r s  is  shown in f ig u re  12. Iso therm al chromatography on SE-30 a t  80°C 

showed th e  presence o f  t r a c e  amounts o f  ac ids  from Cg to  . Programming 

on SE-30 from 200° in d ic a te d  the  presence o f  ac id  e s t e r s  up t o  C36 and 

beyond.

Q u a n t i ta t iv e  A nalysis  o f  th e  S a tu ra te d  Methyl E s te rs

F ra c t io n  Kam-Is was q u a n t i t a t i v e ly  analyzed by a combination of gas 

chromatographic te c h n iq u e s . The normal ac ids  from Cg to  C24 were analyzed 

by gas chromatography on EGS a t  120» 170, and 195°C. C o r re la t io n  was made 

between chromatograms by means o f  common p eak s . Methyl l a u r a te  (C^g) was 

used to  r e l a t e  th e  chromatograms prepared  a t  120 and ITO0C; methyl a r a c h i -  

d a te  (Cgg) was used to  r e l a t e  the  chromatograms prepared  a t  170 to  I 950C, 

Percentage com position was determined through th e  use o f  a Disk i n te g r a to r  

a ttachm ent on a I mv Brown re c o rd e r .  Chromatograms were prepared  in t r i p ^  

l i c a t e  and the  values averaged. Data on branched chain  methyl e s te r s  and 

normal e s t e r s  o f  carbon numbers h igher  than C24 were ob ta ined  from the  p ro ­

grammed tem perature  runs on SE-30. A p o r t io n  o f  a ty p ic a l  chromatogram is  

shown in f ig u re  11. Peak he ig h ts  were taken  to  be p ro p o r t io n a l  to  the  amount 

o f  component p re sen t  in  a sample as peak widths remained n ea r ly  cons tan t



21

Figure  11. Isotherm al gas chromatogram of Kam-Is



Kam-Is

F i g u r e  12. Programmed t e m p e r a tu r e  gas  chrom atogram  o f  Kam-Is
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throughout th e  r u n s . The peaks o f  methyl myris t a t e  CC14) and methyl 

a ra c h id a te  (Cgg) were used to  c o r r e l a t e  da ta  from th e  programmed tem perature  

chromatograms on SE-30 with th e  iso therm al chromatograms on EGS. Normal 

sh o r t  chain  methyl e s t e r s  from Cg to  C ^  were p resen t  in  t r a c e  q u a n t i t i e s  

fo r  both 1961 and 1962 a c id s .  Corresponding branched chain  methyl e s t e r s  

were not d e te c te d .  Both normal and branched chain  ac ids  from Cgg up to  a t  

l e a s t  C35 were a lso  p re sen t  in  t r a c e  q u a n t i t i e s .  The com position of the  

normal and branched chain  s a tu r a te d  methyl e s t e r s  from Cjg up to  Cgg is  

shown in  Table  IV.

Gas Chromatography o f  (Jnsa turated  Methyl E s te rs

To determ ine th e  u n sa tu ra te d  ac ids  p re sen t  methyl e s t e r  f r a c t io n s  

Kam-Iu from 1961 and 1962 were chromatographed on SE-30 a t  I 950C. Onsat- 

u ra te d  ac id s  from Cjg t o  Cg4 were found. As SE-30 s i l i c o n e  does not 

re so lv e  th e  various  u n sa tu ra te d  ac ids  o f  th e  same carbon number but con­

t a in in g  d i f f e r e n t  numbers o f  double bonds„ f r a c t io n  Kam-Iu was chromato­

graphed on EGS a t  both 170 and 195°C. A chromatogram o f  Kam-Iu from 1962 

ac ids  is  shown in f ig u r e  13. The mnemonic shorthand o f  S t o f f e l 1̂S and 

FarquharlS  w i l l  be used to  d e sc r ib e  u n sa tu ra te d  f a t t y  a c id  methyl e s t e r s .

In  t h i s  convention two numbers sep a ra ted  by a colon a re  used; th e  f i r s t  

number is  th e  number o f  carbon atoms in  th e  molecule and th e  second is  th e  

number o f  double bonds in th e  m olecu le . The major, components as determined 

by peak s iz e s  on SE-30 appeared to  be Cjg a c i d s . The p o s i t io n s  o f  th e  peaks 

on EGS in d ic a te d  th e se  methyl e s t e r s  to  be 18:1, 18 :2 , and 18 :3 . The 

r e t e n t io n  tim es o f  th e  t ^ r e e  methyl e s t e r s  were id e n t i c a l  to  th o se  ob ta ined
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TABLE IV

Composition o f  S a tu ra te d  Methyl E s t e r s , Kam-I

Carbon * % 1961 % 1962

12 0 .2 0 .3
13br T T
13 T T
14b r T T
14 4 .4 4 .4
15br 0.1 0 .2
15br 0 .3 0 .4
15 I . T 1.4
I6 b r 0.1 0.1
16br 0 .2 0.1
16 53 .0 51 .0
ITbr 0 .5 0 .4
ITbr 0 .7 O.T
IT 2.8 3 .2
18br 0 .5 0.1
18br 1.0 1 .4
18 31.1 31.4
19br 0 .3 0 .2
19br 0 .2 0 .3
19 0.6 O.T
20b r T T
20b r 0 .2 T
20 0 .9 1 .9
21br T T
21b r T T
21 0.1 0.1
22b r T T
22b r T T
22 0 .2 0 .3

T denotes le s s  than 
b r  denotes branched

0,1% o f  f r a c t io n  
s t r u c tu r e s
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Figure  13. Gas chromatogram of Kam-Iu
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fo r  o l e a t e ,  l i n o l e a t e  and l in o le n a te  methyl e s t e r s .

O verlap o f  carbon numbers occur when chromatographing u n sa tu ra ted  

ac id s  on EGS0 thus  making peak assignments d i f f i c u l t .  To make unequivocal 

assignm ents a p o r t io n  o f  Kam-Iu from 1961 was chromatographed on 25% 

s i l v e r  n i t r a t e - s i l i c i c  a c id  column. Monoenoic ac ids  were e lu te d  with 

100 ml o f  3% d ie th y l  e th e r  in  hexane„ d ieno ic  acids with 100 ml 15% 

d ie th y l  e th e r  in  hexane, and t r i e n o i c  ac ids  with 200 ml 10(% d ie th y l  e th e r .  

The f r a c t io n s  so ob ta ined  d e s ig n a ted  Kam-Iul0 Kam-I u20 and Kam-IuS. Gas 

chromatography on th e  in d iv id u a l  f r a c t io n s  on EGS showed t h a t  monoenoic 

e s t e r s  p re sen t  ranged from C14 to  C24, d ieno ic  e s t e r s  from C14 to  C22, and 

t r i e n o ic  ac ids  from to  Cg#. The major methyl e s t e r  in  each case was th e  

C10 and accounted fo r  a t  l e a s t  85% o f th e  weight o f  th e  in d iv id u a l  f r a c t i o n s . 

Gas chromatography o f  th e  u n sa tu ra te d  e s t e r  f rac tions , in d ic a te d  th a t  the  

s e p a ra t io n s  were about 95% complete.

S t r u c tu re  Determ ination o f  th e  U nsa tu ra ted  Acids

Ozonolysis was used to  determine th e  p o s i t io n s  o f  th e  double bonds in  

th e  u n sa tu ra te d  a c id s .  Ozonolysis has been e x te n s iv e ly  review  as a 

techn ique  fo r  th e  d e te rm ina tion  o f  u n s a tu ra t io n  in f a t t y  a c id  methyl 

e s t e r s . 4 Both o x id a t iv e * *^  and re d u c t iv e  ^  techn iques  have been used 

to  c leave  th e  ozonides formed from u n sa tu ra te d  f a t t y  a c id  methyl e s t e r s .

The re d u c t iv e  method a ffo rd ed  th e  b e s t  r e s u l t s  when working with m illigram  

q u a n t i t i e s  o f  u n sa tu ra te d  e s t e r s  because th e  aldehydes and aldehyde e s t e r s  

produced may be d i r e c t l y  analyzed by gas chromatography. In a d d i t io n  over­

o x id a tio n  products  a re  com pletely  ^ b s e n t . ^
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The method used in  t h i s  s tudy was based on the method o f  S te in  and 

N ic o la id e s .24 The f a t t y  ac id  methyl e s t e r  1-2- mg, was d is so lv e d  in  e i t h e r  

I ml o f  dichloromethane a t  -70 o r  I ml o f  methyl c a p ra te  a t  -20°C. Ozone 

was bubbled in to  th e  s o lu t io n  through a c a p i l l a r y  u n t i l  th e  so lu t io n  

tu rn e d  b lu e ,  in d ic a t in g  i t  was s a tu r a te d  w ith ozone. The excess ozone was 

removed by bubbling  dry n i tro g en  through th e  r e a c t io n  m ixture  f o r  approx­

im ate ly  I m inute. A 2-3 molar excess o f  t r ip h e n y l  phosphine was added 

d i r e c t l y  to  th e  r e a c t io n  m ixture to  e f f e c t  th e  red u c tio n  o f  th e  ozonides 

formed. A f te r  about 30 seconds th e  r e a c t io n  m ixture was removed from th e  

co ld  b a th ,  allowed to  warm to  room tem p e ra tu re ,  and a sample in je c te d  in to  

th e  gas chromatograph.

The cho ice  o f  so lv en t  used was d ic t a t e d  by th e  n a tu re  o f  th e  f a t t y  

a c id  to  be ozonized. Aldehyde products  with a r e te n t io n  time s h o r te r  than 

t h a t  of caproaldehyde a re  b u r ied  in  th e  so lv en t  peak o f 'd ichlorom ethane and 

o th e r  v o l a t i l e ,  ozone i n e r t  s o lv e n ts .  Thus p o ly u n sa tu ra ted  f a t t y  acids 

o f te n  re q u ire  ozonolysis  in  both s o lv e n t s .  The y ie ld  o f  aldehydes ob ta ined  

by ozonolysis  in  methyl c a p ra te  i s  co n s id e rab ly  lower than  th a t  ob ta ined  

in  dichlorom ethane due to  the  h ig h e r  r e a c t io n  tem peratures and th e  decreased  

s o l u b i l i t y  o f  th e  t r ip h e n y l  phosphine.

Each o f  the  th re e  u n sa tu ra te d  e s t e r  f r a c t io n s  gave th e  same aldehyde 

e s t e r  f r a c t io n  upon ozonolysis  in dichloromethane as determined by gas 

chromatography on EGS a t  I 70°C. As th i s  fragment was th e  same as th a t  

o b ta ined  from known samples o f  o le a t e ,  l i n o l e a t e ,  and l in o le n a te ,  each o f 

th e  unknown C^g e s t e r s  was ass igned  a 9 ,10  double bond. Thus th e  p o s i t io n  

o f  th e  double bond o f th e  18:1 methyl e s t g r  was th e  same as methyl o le a t e .
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Chromatography o f  th e  r e a c t io n  m ixtures on EGS a t  120°C showed the presence 
o f  pelargonaldehyde in  th e  r e a c t io n  m ixture o f  Kam-Iul9 tlius confirming th e  

s t r u c tu r e  as a 9 ,10  double bond. No o th e r  sh o r t  chain  aldehyde was p re sen t  

in  th e  m ixture in d e te c ta b le  q u a n t i ty .  The only a l i p h a t i c  aldehyde ob­

ta in e d  from th e  r e a c t io n  m ixture o f  Kam-lu2 on EGS a t  120°C was capro- 

a ldehyde, thus  confirm ing i t s  s t r u c tu r e  to  be a 9, 12 -oc tad ieno ic  methyl 

e s t e r .  No sh o r t  chain  e s t e r  fragments were d isce rn a b le  fo r  Kam-IuS by 

chromatography on EGS. For t h i s  reason th e  t r i e n o ic  a c id  f r a c t io n  was a lso  

ozonized in  methyl c a p ra te  and the  r e a c t io n  m ixture analyzed by gas chrom­

atography on a 20% XF-1150 s i l i c o n e  a t  25°C. The only aldehyde found was 

propionaldehyde, thus  confirm ing the  s t r u c tu r e  as 9, 12, 1 5 -o c ta t r ie n o ic  

methyl e s t e r .

The in f r a r e d  sp e c tra  of th e  th r e e  u n sa tu ra te d  methyl e s t e r  f r a c t io n s  

correspond almost e x a c t ly  to  those  ob ta ined  from methyl o l e a t e ,  I i n o l e a t e 9 

and l i n o l e n a t e . The complete absence o f  a t r a n s  band a t  960 cm-  ̂ in th e  

in f r a r e d  sp e c t ra  o f  th e  f r a c t io n s  Kam-Iul and Kam-I u2 in d ic a te s  th a t  the  

double bonds must be in  th e  c i s  c o n f ig u ra t io n .  A weak band near 960cm~l in 

th e  spectrum o f  Kam-IuS is  not nea r ly  as s trong  as t h a t  observed in th e  

spectrum o f  methyl l in o le n a te ,  so th e  m a jo r i ty  o f  th e  double bonds in Kam-IuS 

a re  probably  in  th e  c i s  c o n f ig u ra t io n .  S u b s ta n t ia t in g  th e  c i s  co n f ig u ra t io n  

o f  th e  18:1 i s  the  occurence o f  only one spot corresponding to  methyl o le a t e  

when th e  f r a c t io n  is  chromatographed on s i l i c a  ge l p la t e s  co n ta in in g  5% 

s i l v e r  n i t r a t e .  According to  Morris^® a m ixture o f  o le a te  (c is  c o n f ig u ra t io n )  

and e l a i d a t e  ( t ran s  c o n f ig u ra t io n )  would show two d i s t i n c t  s p o t s « Thus th e  

th re e  major u n sa tu ra te d  ac ids  a re  taken  to  be id e n t ic a l  to  o l e i c ,  l i n o l e i c ,
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and l in o le n ic  a c i d s .

Q u a n t i ta t iv e  A nalysis  o f  the  U nsa tu ra ted  Methyl E s te rs

Q u a n t i ta t iv e  a n a ly s is  o f  th e  methyl e s t e r s  o f  th e  f r e e  un sa tu ra ted  

ac ids  was performed on a 4 foot 15% EGS column a t  both 170 and 1950C.. A ll  

chromatograms were run in  t r i p l i c a t e  and th e  values averaged. C o r re la t io n  

was made between th e  two s e t s  o f  chromatograms by means o f  th e  common methyl 

l in o le n a te  peak. Table  V shows th e  composition o f  th e  methyl e s te r s  de­

r iv e d  from th e  u n sa tu ra te d  a c i d s . Peaks not reso lved  have a combined p e r ­

cen t  l i s t e d .  The major component in  th e  unresolved peaks i s  underlined .

In  th e  case  o f  th e  18:1 and 18:3 p eak s , th e  Cjq ac ids make up more than 

95% o f  th e  t o t a l  peak as in d ic a te d  by gas chromatograph o f  th e  monoenoic 

and t r i e n o i c  methyl e s t e r  f r a c t i o n s .
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TABLE V

Methyl E s te rs  o f  th e  Free U nsa tu ra ted  A c id s , Kam-Iu

- % Kam-Iu % Kam-Iu
1961 1962

14:1 T
1

T
14:2 T T
15:1 T T
16:1 3 .0 2 .4  .
16:2 0 .9 0 .3
17:1 T T

*18;1-16 :3 5 4 .3 39.9
18:2 29.1 44 .8

* 1 8 ;3 -2 0 :I 9 .8 11.3
20:2 0 .3 0 .3

* 2 2 :I -20 ;3 1 .0 0 .7
22:2 1 .3 T

* 2 2 ;3 -2 4 :I T T

T denotes l e s s  than  0.1% of f r a c t io n
* not re so lv ed  under c o n d it io n s  used, major component underlined

I s o l a t i o n  o f  N eutra l L ip ids

C lass  s e p a ra t io n s  o f  l i p id s  a re  necessary  to  e f f e c t i v e l y  study t h e i r  

com position by gas chromatography. A g re a t  deal o f  re se a rc h  has been 

devoted to  th e  development o f  column chromatographic tech n iq u es  fo r  th e  

se p a ra t io n  o f  l i p i d s . Most o f  th e se  methods have been based  on complete 

s e p a ra t io n s  by one c o l u m n . ® 6* ® ,21 Due to  the  com plexity  o f  th e  l i p id s  

o b ta ined  from th e  c u t i c u l a r  wax o f  th e  Mormon c r i c k e t ,  a more e f f e c t iv e  

method has proved to  be a combination o f  s e v e ra l  columns in  con junc tion  

with p re p a ra t iv e  t h i n - l a y e r  chromatography.
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The n e u t r a l  l i p id s  and hydrocarbons of wax Kn were chromatographed on 

a 4 .5  g column o f  U n is i l  (Clarkson Chem ical, W ill iam sport ,  P a . ) , an a c t i ­

va ted  s i l i c i c  a c id .  Hydrocarbons were e lu te d  from th e  column and accounted 

f o r  75% o f  wax Kn. The n e u t r a l  l i p i d s  were e lu te d  from th e  column in  fo u r  

f r a c t io n s  by th e  su cc ess iv e  use of 18% benzene in  hexane, 100 ml o f  60% 

benzene in hexane, 75 ml o f  100% benzene, and 100 ml 100% methanol 

The fo u r  f r a c t io n s  were, des ig n a ted  K no-I, Kno-2, Kno-3, and Kno-4 , re sp e c ­

t i v e l y .  T h in - la y e r  chromatography was used to  analyze each o f  th e  f r a c t io n s  

from th e  U n is i l  column. Kno-I gave one spot corresponding  to  ,a mixture of. 

wax and s t e r y l  e s t e r s  p lus  a second spot which had m ig ra t io n  c h a r a c t e r i s t i c s  

s im i la r  to  those  o f  methyl or C thy l1 e s t e r s , o r  a c e ta te  e s t e r s  o f  long chain  

a lc o h o l s .  The in f r a r e d  spectrum o f  Kno-I, f ig u re  14, i s  s im i la r  to  t h a t  - 

o b ta ined  from known c h o le s te r y l  e s te rs , .  The in te n se  pu rp le  c o lo r  developed 

by th e  !spot on t h i n - l a y e r  a f t e r  being -sprayed with s u l f u r i c  a c id  and ch arred  

i s  i n d ic a t iv e  o f  d e l t a s ?  s t e r y l  e s t e r s . , i Kno-2 was found, b y . th in - l a y e r  

chromatography; to  be t r i g l y c e r i d e s . The in f r a r e d  .spectrum, f ig u re  15, is  

s im i la r  t o  t h a t  o f  known t r i g l y c e r i d e  m ix tu re s . Kno-3 was found to  be com­

posed o f  s t e r o l s  and h igh ly  u n sa tu ra te d  t r i g l y c e r i d e s .  Kno-4 appeared to .b e  

a m ix tu r e ;o f rm onoglycerides, d ig ly c e r id e s , and f ree  f a t t y  a c i d s . The in f r a r e d  

spectrum, f ig u re  16, i s  s im i la r  to  t h a t  o f  mono-olein.

F ra c t io n  Kno-I was chromatographed on s i l i c a , g e l  p la t e s  developed in 

t r i c h lo r o e th y le n e  and on A nasil  p la te s  developed in 90/10/1  (v/v/v) hexane- 

d ie th y l  e t h e r - a c e t i c  ac id  in  o rd e r  to  determ ine i f  wax e s t e r s  were p r e s e n t .

A spot was observed which m igrated  ahead o f the  s t e r y l  e s t e r s  on the  A nasil  

p l a t e s  but behind th e  s t e r y l  e s t e r s  on s i l i c a  g e l , thus  in d ic a t in g  the
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Figure  14. In f ra r e d  spectrum o f  Kno-I (cap. film)
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F igure  15. In f ra re d  spectrum o f  Kno-2 (cap. film)
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presence  o f  wax e s t e r s .

F ra c t io n  Kno-I was sep a ra te d  in to  two su b fra c t io n s  by means o f  p rep ­

a r a t i v e  t h i n - l a y e r  chromatography on A d so rb is i l  -2 (no b inder)  p l a t e s .  The 

Kno-I was sp o t te d  in a continuous s t r i p  2 cm above th e  bottom o f  th e  p l a t e .  

The p l a t e  was developed in  a 90/10/1 (v /v /v) hexan e -d ie th y l  e th e r - a c e t i c  

a c id  so lv en t  system u n t i l  t h e  so lv en t  f ro n t  had t r a v e le d  15 cm. The 

m a te r ia l s  were lo c a ted  by chromatographing s tandards  along the  edges o f  th e  

p l a t e ,  sp ray ing  th e  s tandards  w ith Bhodamine 6 G in e th a n o l ,  and viewing 

under u l t r a v i o l e t  l i g h t .  The p o r t io n s  o f  th e  adsorbent co n ta in in g  th e  un­

knowns were scraped  from th e  p l a t e  using th e  d is ta n ce s  t r a v e le d  by th e  

s tan d a rd s  as a g u ide . The adsorbent removed from th e  p l a t e  was s l u r r i e d  

w ith  d ie th y l  e th e r  and f i l t e r e d  through a f r i t t e d  g la s s  funnel o f  very f in e  

p o ro s i ty .  The adsorbent was washed th r e e  tim es with 5 ml p o r t io n s  o f  

d ie th y l  e th e r .  The so lv en t  was taken  to  near dryness on a ro ta ry  evap­

o r a t o r ,  then taken to  dryness under a s tream  o f  n i t ro g e n .  The wax and 

s t e r y l  e s t e r  f r a c t io n  was des igna ted  Kno-Ia and th e  second f r a c t i o n ,  s im i la r  

t o  a c e ta te s  o r  methyl e s t e r s ,  was d e s ig n a ted  Kno-Ib. No in d ic a t io n  o f  s i l i c a -  

g e l  was found in  th e  i s o la t e d  f r a c t i o n s .  A ll m a te r ia ls  in  both f r a c t io n s  

were so lu b le  in hexane, leav ing  no und isso lved  re s id u e .  A blank  p la te  run 

as a c o n tro l  f a i l e d  to  show th e  presence  o f  e i t h e r  s i l i c a  g e l  o r  ex traneous 

l i p i d s  a f t e r  e lu t i o n .

The u n sa tu ra te d  t r i g l y c e r i d e s  were removed from f r a c t i o n  Kno-3 by 

chromatography on an alumina column (F isch e r ,  Fairlaw n, N . J . ) .  The 

t r i g l y c e r i d e s  were e lu te d  w ith  50 ml benzene and th e  s t e r o l s  with 50 ml 

d ie th y l  e th e r .  The t r i g l y c e r i d e s  recovered  were added to  f r a c t io n  Kno-2.
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Figure  16. In f ra re d  spectrum of Kno-4 (cap. film)
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Figure  17. In f ra r e d  spectrum o f  Kno-Sn (CSg s o l . )
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T h is  f r a c t io n  was then  red e s ig n a te d  Kno-2m. The s t e r o l s  contained very 
minor t r a c e s  o f  d ig ly c e r id e ,  in d ic a t in g  some hy d ro ly s is  o f  th e  t r i g ly c e r id e s  

on th e  alumina column. The f a t t y  ac ids  r e le a s e d  were not e lu te d  from th e  

column. The q u a n t i ty  o f  d ig ly c e r id e  p re sen t  was j u s t  s u f f i c i e n t  to  g ive  a 

f a i n t  spot when 75 micrograms o f th e  s t e r o l  f r a c t io n  was examined by t h i n -  

la y e r  chromatography. The in f r a r e d  spectrum o f  th e  s t e r o l s , Kno-Sn, i s  

shown in f ig u re  17. The t r a c e  o f  d ig ly c e r id e  is  in d ic a te d  by th e  small 

e s t e r  carbonyl band near 1740 cm"^. The remainder o f  th e  spectrum is  id en ­

t i c a l  to  th a t  ob ta ined  fo r  c h o le s t e r o l .

F ra c t io n  Kno-4 was chromatographed on a 5 g F l o r i s i l  column to  s e p a ra te  

th e  m onoglycerides, th e  d ig ly c e r id e s ,  and th e  f a t t y  a c i d s . D ig lycerides  

were e lu te d  with 100 ml 5(% d ie th y l  e th e r  in hexane, monoglycerides by 100 ml 

10% methanol in d ie th y l  e th e r ,  and f a t t y  ac id  by 50 ml 2% a c e t ic  ac id  in 

d ie th y l  e th e r .  The re s p e c t iv e  f r a c t io n s  were designa ted  Kno-42, Kno-4b, and 

Kno-4c. The com position o f  Kno by l i p i d  c la s s  is  shown in  T ab le  VI.

F igure  18 shows th e  se p a ra t io n  scheme fo r  the  n e u tra l  l i p i d s .

TABLE VI

Composition o f  Kno by L ip id  C lass  

F ra c t io n  Weight Percen t

Kno-Ia 22.6
Kno-Ib 9.1
Kno-2m 36.5
Kno-Sn 9.1
Kno-4a 4 .9
Kno-4b 12,3
Kno-4c '' 5 .5



Kn o-2 Kno-3

K no-2 m Kno- 3n

THIN- LAYER FLORISIL

Kno-Io Kno-Ib Kn o -4 a Kn o- 4b Kno- 4o

F igure  18. Chromatographic sep a ra t io n s  o f  the  n eu tra l  l ip id s
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T r a n s e s t e x i f i c a t Ion o f E s te r  F rac t io n s

The various  e s t e r  f r a c t io n s  were t r a n s e s t e r i f ied  by the  method of 
26Luddy e t  a l . by re f lu x in g  in  sodium methoxide-methanol s o lu t io n s .  The 

sodium methoxide was f r e s h ly  p repared  immediately p r i o r  to  use by d is so lv in g  

sodium b a l l s  in  r e d i s t i l l e d  m ethanol. S te ry l  and wax e s t e r s  were t r a n s -  

e s t e r i f i e d  with 10 ml o f  0.4N s o lu t io n  fo r  I hour. The otfyer e s t e r  f r a c t io n s  

were t r a n s e s t e r i f i e d  w ith  0.1N methoxide f o r  f i f t e e n  m in u te s . The re a c t io n  

m ix tu res  were a c i d i f i e d  with 0.5N s u l f u r i c  ac id  in  methanol a f t e r  r e f lu x  

was com pleted. The a c id i f i e d  r e a c t io n  m ixtures were poured in to  25 ml o f  

w ater  and e x t ra c te d  f iv e  tim es with 25, 25, 15, 15, and 15 ml p o r t io n s  o f  

hexane. The h e x a n e .e x tra c ts  were combined, washed with 10 ml o f  w ater , and 

d r ie d  over anhydrous sodium s u l f a t e .  The hexane was removed on a ro ta ry  

ev ap o ra to r  to  about 2 ml. F rac tio n s  Kno-2m, Kno-4a, Kno-4b were taken to  

dryness w ith a stream  o f  n i t ro g e n .  The hexane so lu t io n s  o f  Kno-Ia and 

Kno-Ib were chromatographed on F l o r i s i l  t o  s ep a ra te  th e  n o n -sap o n if iab les  

from th e  methyl e s t e r s . The methyl e s t e r s  were e lu te d  w ith 100 ml 15% 

d ie th y l  e th e r  in hexane and th e  n o n -sap o n if iab le s  were removed with 100 ml 

10% methanol in  d ie th y l  e th e r .  The methyl e s t e r s  so removed were d e s ig n a ted  

Kno-Iam and Kno-Ibm; th e  n o n sapon if iab les  were des igna ted  Kno-Ian and 

K no-Ibn. F ra c t io n  Kno-4c was converted  to  i t s  methyl e s t e r s  with boron 

t r i c h l o r i d e  methanol reagen t in a manner id e n t i c a l  to  t h a t  used fo r  th e  f r e e  

a c id s .  T h in - la y e r  chromatography was used to  monitor each o f  th e  t r a n s ­

e s t e r i f i c a t i o n  m ix tu res  fo r  completeness o f  r e a c t io n .  A ll  r e a c t io n s  went 

to  apparent com pletion except fo r  th e  wax and s t e r y l  e s t e r s . Small 

q u a n t i t i e s  o f  s t e r y l  e s t e r  could be d e te c te d  in  th e  r e a c t io n  mixture a f t e r
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one hour o f  r e f lu x .

Q u a n t i ta t iv e  A nalysis  o f  Methyl E s te rs  of N eutral L ipids

The. methyl e s t e r s  from th e  t r a n s e s t e r i f i c a t i o n  were chromatographed 

on EGS a t  ITO0C. Chromatograms ob ta ined  from th e  methyl e s t e r s  a re  shown 

in  f ig u re s  19 to  24. To s im p lify  q u a n t i t a t i v e  a n a ly s is  th e  methyl e s t e r s  

were chromatographed on columns o f  25% s i l v e r  n i t r a te -A d s o rb o s i I  to  

s e p a ra te  th e  s a tu r a te d  ac id s  from th e  u n sa tu ra te d  a c id s .  The f a t t y  ac ids  

were then gas chromatographed on EGS a t  both 170 and 195°C. Percentages 

were computed through th e  use o f  a Disk i n t e g r a to r .  C o r re la t io n  was made 

between chromatograms, prepared  in t r i p l i c a t e ,  ob ta ined  a t  th e  two tem per­

a tu re s  by th e  comparison o f  common p e ak s . Table  VII shows th e  p a t te rn s  of 

th e  s a tu r a te d  f a t t y  ac ids  o f  th e  n e u t ra l  l i p i d s . Table V III  shows th e  

p a t t e r n s  o f  th e  u n sa tu ra te d  a c i d s . Only c r i c k e t s  c o l l e c t e d  during the  

summer o f  1962 were used fo r  th e  s tudy o f  th e  n e u tra l  l i p i d s .

A nalysis  o f  S te ro l s  and Alcohols

Free  s t e r o l s  and s te r t i l s  from I h e 1S te ry l  eister f r a c t io n s '  Aere 

analyzed  by gas chromatography on SE-30 and QF-I s i l i c o n e  gas chromato­

graphy columns. Due to  th e  peak overlap  in  th e  s t e r o l s , percen tage  com­

p o s i t io n  was determined by t r i a n g u la t i o n  o f  th e  peaks . F igures  25 and 

26 show th e  chromatograms o f th e  f r e e  and e s t e r i f i e d  s t e r o l s .  The gas 

chromatograms were ob ta ined  on a 4 foo t 3.E% SE-30 column a t  250°C. The 

s t e r o l  f r a c t io n s  were a lso  chromatographed on a 4 foot 0.75% QF-I f lu o -  

r in a te d  s i l i c o n e  column a t  202°C to  s u b s ta n t i a t e  the  i d e n t i f i c a t i o n  o f  th e
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TABLE VII

S a tu ra te d  F a t ty  Acid Methyl E s te rs  o f  th e  N eutral L ip ids

Carbon No. Kno-Ia Kno-Ib Kno-2m Kno-4a Kno-4b Kno-4c

8 to  12 T T T T T • T
13 T T 0.1 T T T
14 5.1 6 .2 5 .6 10.6 6 .1 4 e0
15 6.1 1 .3 1 .2 1 .9 2 .3 1.5
16 56 .3 54.6 55 .7 56.5 49 .8 39.2
17 7.2 2 .7 2 .5 5 .7 5 .3 3 .8
18 23.5 27.0 21 .2 20.5 22 .7 44.1
19 0.4 T 0 .7 T 1.6 1.4
20 7 .7 T 2.6 4 .8 12.1 6.1

T denotes le s s  than 0.1% o f  f r a c t io n

TABLE V III

D nsa tu ra ted  F a t ty  Acid Methyl E s te rs o f the  N eutra l L ipids '

Acid Kno-Ia Kno-Ib
% composition 

Kno-2m Kno-4a Kno-4b IKno-4c

14:1 0 .7 T T T T T
14:2 0 .4 T T T T T
15:1 0 .3 T T T T T
16:1 7.1 1,8 2 .5 4 .3 4 .9 2.4
16:2 1 .0 0 .4 0 .3 T T T
17:1 T T T T T 2.6

*18 :1 -16 :3 41 .5 39,2 26 .7 46.8 59.4 73.2
18:2 40 .3 46.2 46.6 40.8 29.4 10,6

*18:3-20:1 7.6 2.1 11.6 6 .4 5 .6 3 .3
20:2 0 .2 0 .2 0 .2 1.6 T 5.1

*22 :1 -20 :3 0 .3 0 ,5 1 .2 T T T
22:2 0 .6 , 9 .4 0 .7 T T T

*22:3-24:1 T T T T T T

T denotes l e s s  than  0.1% o f  f r a c t io n  
* not re so lv a b le  under co n d it io n s  used. major e s t e r underlines
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F i g u r e  19. Gas chrom atogram  o f  t h e  m ethy l  e s t e r s  o f  Kno-Ia
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F i g u r e  20 . Gas chrom atogram  o f  t h e  m ethy l e s t e r s  o f  Kno-Ib
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F i g u r e  21 . Gas chrom atogram  o f  t h e  m ethy l  e s t e r s  o f  Kno-2m
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F i g u r e  22 Gas ch rom atogram  o f  t h e  m ethy l  e s t e r s  o f  Kno-4a
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F i g u r e  23 . Gas ch rom atogram  o f  t h e  m ethy l e s t e r s  o f  Kno-4b
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F ig u r e  2 4 . Gas ch rom atogram  o f  t h e  m ethy l  e s t e r s  o f  Kno-4c
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s t e r o l s . Table  IX shows th e  s t e r o l  com position o f  Kno-Sn and Kno-la. 

U n id e n t i f ie d  s t r u c tu r e s  a re  in d ic a te d  by l e t t e r .  Known samples o f  c h o le s ­

t e r o l ,  c am pes te ro l,  and b e t a - s i t o s t e r o l  have r e te n t io n  times on both columns 

id e n t i c a l  to  th o se  l i s t e d  f o r  the  c u t i c u l a r  s t e r o l s  which were i d e n t i f i e d .

TABLE IX

S te ro l  Composition o f  F rac t io n s  Kno-Sn-and Kno-Ia

S te ro l % Kno-Sn % of s t e r o l s  
in Kno-la

X

Rt
OF-I

y
Rt

SE- 30

A 0 .7 1.3 ' 2 .8 1.6
C h o le s te ro l 92 .2 , 86 .2 3.1 1.8
B 0 .9 2 .7 3 .6 2 .0
Campesterol 2 .5 3 .5 4 .1 2 .3
{ 3 -s i to s te ro l 3 .7 5 .5 5 .0 2 .9
C T 0 .8 6 .0 3 .2

T denotes le s s  than  0.1% o f  f r a c t io n  
x r e t e n t io n  tim es r e l a t i v e  to  c h o le s ta n e ,  t r 3 .2  minutes 
y r e t e n t io n  tim es r e l a t i v e  to  c h o le s ta n e ,  t= 6 .2 minutes

The f a t t y  a lco h o ls  o f  th e  n o n -sa p o n if ia b le s  were chromatographed on 

SE-SO a t  2150C f o r  twenty minutes fo llowed by tem perature  programming to  

SOO0C. F igure  27 shows a p o r t io n  o f  th e  gas chromatogram o f  th e  a lc o h o ls .  

T ab le  X shows th e  com position o f  th e  f a t t y  a lcoho ls  d e r iv ed  from th e  wax 

e s t e r s  o f  Kno-la. U nsa tu ra tion  was determ ined by brom ination  followed by r e ­

chromatography. Those peaks which d isappeared  or were s h i f t e d  in p o s i t io n  

were taken  t o  be u n s a tu ra te d .

The n o n -sa p o n if ia b le s  o f  Kno-Ib were chromatographed on SE-SO. The 

chromatogram i s  shown in f ig u re  28. C h o le s te ro l  was p re sen t  in  th e  sample
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as  shown by th e  peak a t  5 .6  m inutes, B t= I .8 .  This  assignment was confirmed 
by chromatography on Q F -I . The peak a t  9 .1  minutes in  f ig u re  27, Rt=2.9, 

appeared t o  be e i t h e r  b e t a - s i t o s t e r o l  or Cgy a lc o h o l .  Chromatography on 

Q F-I, however, showed t h a t  t h i s  peak was n e i th e r  b e t a - s i t o s t e r o l  or Cgy
I

a lcoho l as i t  had an Bt o f  5 ,2 .  The peak a t  9 .8  minutes in f ig u re  27 had 

th e  same r e te n t io n  tim e as s t e r o l  C in  T ab le  IX. T h in - la y e r  chromatography 

on s i l i c a  g e l  suggested  th a t  t h i s  f r a c t io n  was mainly composed o f  m a te r ia ls  

s im i la r  to  l a n o s t e r o l . Gas chromatography on SE-30, however showed th a t  

none o f  th e  m a te r ia l s  had th e  same r e te n t io n  time as l a n o s t e r o l . None o f 

th e  m a te r ia ls  o f  t h i s  f r a c t i o n ,  w ith th e  excep tion  o f c h o le s t e r o l ,  were 

i d e n t i f i e d .

TABLE X

F a t ty  Alcohols o f  th e  Wax E s te rs

Carbon No. % of Alcohols

16 T
17 T
18 1.6
19 T
20u 0 .8
20 23.6
21 2 .0
22u 13.6
22 17.4
23? 27.1
24 5 .5

• 25 . 4 .1
26 4 .3

T denotes l e s s  than  0.1% of f r a c t io n  
u denotes uns a tu r a te d  s t r u c tu r e s
? in d ic a te s  th e  peak does not f a l l  on a log p lo t  o f  e i t h e r  the  

s a tu r a te d  or u n sa tu ra te d  a lcoho ls
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F i g u r e  25. Gas chrom atogram  o f  t h e  f r e e  s t e r o l s , Kno-Sn



Figure  26. Gas chromatogram of the  s t e r o l s  o f  Kno-Ia



Kno-Ia

I
in01

F i g u r e  27 . Gas chrom atogram  o f  t h e  a l c o h o l s  o f  K no-Ia



Kno-Ib

F i g u r e  2 8 .  Gas chrom atogram  o f  t h e  n o n - s a p o n i f i a b l e s  o f  Kno-Ib



•DISCUSSION: LIMITATIONS OF RESULTS

Some o f  th e  r e s u l t s  o f  t h i s  s tudy were ambiguous and o th e rs  were based 

on assumptions not in d ic a te d  in  th e  s e c t io n  on experim ental p rocedure . In 

an a ttem pt to  in d ic a te  th e  n a tu re  o f  some o f  th e se  assumptions and ambig­

u i t i e s  th e  fo llow ing d iscu ss io n  i s  inc luded .

Percen tage  com positions fo r  th e  various  methyl e s t e r  f r a c t io n s  a re  

based  on th e  o b se rv a tio n  t h a t  the  response  o f  a flame d e te c to r  i s  p ro ­

p o r t io n a l  to  th e  number o f  carbon atoms in  a m olecule. The p ro p o r t io n a l i ty  

c o n s ta n t  i s  th e  same fo r  a l l  members o f  a homologous s e r i e s , thus the  a rea  

p e rcen t  computed from a re c o rd e r  t r a c e  is  d i r e c t l y  c o n v e r t ib le  to  weight 

p e rc e n t .  E t t r e  and K a b o t have shown th a t  t h i s  same r e la t io n s h ip  holds 

f o r  a l l  types  o f  noq -po la r  methyl e s t e r s  so t h a t  f a t t y  a c id  methyl e s t e r s  

may be compared d i r e c t l y  fo r  weight pe rcen t from th e  d e te c to r  response.

T ables  IV and V l i s t  th e  r e l a t i v e  percen tages  o f  th e  f r e e  s a tu ra te d  

ac id s  determ ined as methyl e s t e r s .  Small d i f f e r e n c e s  may be noted between 

th e  s a tu r a te d  f r e e  f a t t y  ac ids  o f  1961 and 1962. In almost a l l  cases th e se  

d e v ia t io n s  between th e  percen tages  computed fo r  th e  two years  f a l l  w ith in  

t h e  s tan d a rd  d e v ia t io n s  computed fo r  th e  p a r t i c u l a r  a c id  s tu d ie d .  In th e  

case  o f  th e  u n sa tu ra te d  ac id s  th e  s tan d a rd  d ev ia t io n s  do not account fo r  

th e  wide v a r ian ce  o f  percen tage  com position . These might re p re se n t  d i f ­

fe ren ces  in sample t r e a tm e n t . A second p o s s i b i l i t y  i s  v a r ia t io n  between 

th e  two years  due to  environm ental s e l e c t i o n .  O bservations on the  b ig ­

headed grasshopper have shown d if fe re n c e s  in c h a r a c t e r i s t i c s  between i s o ­

l a t e d  p o p u la tio n s  during  th e  same y e a r . ^  Svoboda^b has found d i f f e re n c e s



- 5 3 -

in  l i p i d s  between grasshopper eggs c o l l e c te d  one mile ap a r t  on th e  same day. 
Thus th e  observed d i f f e r e n c e s  may be due to  any one o f  s e v e ra l  b io lo g ic a l  

f a c t o r s .

During th e  in v e s t ig a t io n  in to  th e  n a tu re  o f  th e  f r e e  f a t t y  ac ids  i t  

was noted t h a t  th e r e  were m a te r ia ls  not e lu te d  from th e  F l o r i s i l  column 

used to  s e p a ra te  th e  methyl e s t e r s  in to  p o la r  groups (Table T I ) . The 

m a te r ia l  not e lu te d  cou ld  r e p re se n t  n o n - e s te r i f i e d  f a t t y  a c i d s . This i s  

u n l ik e ly  as th e  in f r a r e d  spectrum, f ig u re  3, o f  th e  t o t a l  methyl e s t e r s  

shows no evidence o f  an ac id  carbonyl a t  1705 c m . I n  a d d i t io n  V o r b e c . 

has shown th e  m ethy la tion  procedure used to  be q u a n t i t a t i v e .  A more l i k e ly  

p o s s i b i l i t y  i s  t h a t  th e se  m a te r ia ls  a re  phosphatid ic  a c id s .  Such m a te r ia ls  

would not be converted  to  methyl e s t e r s  but would be r e ta in e d  on the  column 

as magnesium s a l t s .  A t h i r d  p o s s i b i l i t y  i s  t h a t  th e se  m a t e r i a l s , as well as 

th e  p o la r  methyl e s t e r s  Kam-2 and Kam-S0 re p re se n t  ox id a tio n  products o f  th e  

uns a tu r a te d  a c id s .  This  i s  q u i te  l i k e l y  as th e  acids from 1961, which showed 

a high percen tage  o f  m a te r ia ls  not e lu te d  from F l o r i s i l , were c o l le c te d  from

a number o f  Kies e x t r a c t io n s  and S tored in w ater s o lu t io n  as sodium s a l t s
.

fo r  s ev e ra l  weeks. The f a t t y  acids from 1962, which were converted  to  t h e i r  

methyl e s t e r s  immediately upon i s o l a t i o n ,  showed, a: much lower percentage o f  

m a te r ia l s  not e lu te d .  -

In a re c en t  s tudy  Ast^ has found th a t  m e th y le n e : in te r ru p te d  po ly­

u n sa tu ra te d  f a t t y  ac ids  may be in a d v e r ta n t ly  converted  to  th e  conjugated  

isomers during methyl e s t e r  p re p a ra t io n .  No evidence fo r  such iso m eriza t io n  

was found in  t h i s  s tudy as con jugated  s t ru c tu re s ,w o u ld  have given e i t h e r  

longer  aldehydes or aldehyde e s t e r s  than the  ones a c tu a l ly  found.

\
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No d i r e c t  evidence was ob ta ined  fo r  th e  assignments o f  branching to  

some o f  th e  s a tu r a te d  a c id s .  These assignm ents were based on th e  g e n e ra l ­

i z a t io n  t h a t  branched cha in  s t r u c tu r e s  a re  e lu te d  be fo re  t h e i r , s t r a i g h t  

chain  c o u n te rp a r ts  during gas chromatography on .1SE-SO s i l i c o n e .  The gas 

chrom atogram s;of th e  s a tu r a te d  ac ids  show two s e r ie s  ^ f  branched chain  com­

pounds e x i s t . These two ,s e r ie s  might.! r e p re se n t  iso  ,and a n te i s o  s t ru c tu re s  

as Leibrand^S showed th e  presence  o f ; s t r u c t u r e s : o f  t h i s  type  in  the  hydro­

carbons o f  th e  Mormon c r i c k e t .  I t  i s  a lso  h igh ly  p o s s ib le  t h a t  the  o th e r  

h ig h ly  branched ac id s  e x i s t  but a re  masked by th e  peaks o f  th e  s t r a ig h t  

chain  a c i d s . H  Conversion o f  th e  methyl e s t e r s  to  hydrocarbons followed by 

m olecu lar  s iev e  s tu d ie s  could  be used to  confirm  th e  presence  o f  branched 

cha in  a c id s .  Mass s p e c t r a l  da ta  on the  branched chain  methyl e s te r s  could 

be used to  e lu c id a te  th e  branching i f  enough m a te r ia ls  could  be c o l le c te d  by 

p re p a ra t iv e  gas chromatography.

Wax and s t e r y l  e s t e r s  could  have been sep a ra ted  f o r  independent s tudy 

by  p r e p a ra t iv e  t h i n - l a y e r  chromatography on A nasil  p l a t e s .  This was not 

done in  th e  p re sen t  s tudy d u e . to  th e  small amount o f  wax e s t e r  p r e s e n t ,

approxim ate ly  1/6 o f  th e  weight o f  f r a c t io n  Kno-Ia as e s t im a ted  fo r  t h i n -
s,

l a y e r  chromatography.

The s t e r o l s  i d e n t i f i e d  as c h o le s t e r o l ,  cam pestero l, and b e t a - s i t o s t e r o l  

co u ld  be o th e r  ep im ers. V a r ia t io n  in th e  c o n f ig u ra t io n  about one carbon 

atom would not be l i k e ly  to  change th e  r e l a t i v e  r e te n t io n  times o f  th e  

s t e r o l s .  The s t e r o l  re p o r te d  as cam pesterol in  t h i s  s tudy  is  u sua lly  

re p o r te d  as g a m m a -s i to s te ro l . Thompson e t  a l.*^„  however, have re c e n t ly  

shown th a t  th e  supposed gam m a-sitoste ro l to  be cam peste ro l.  The cam pesterol
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s tan d a rd  used in t h i s  s tudy  was th e  im purity  in  b e t a - s i t o s t e r o l  shown by 

Thompson to  be c a m p e s te ro l .



SUMMARY

The c u t i c u l a r  l ip id s  o f  th e  Mormon c r i c k e t  were i s o la t e d  by chloroform 

e x t r a c t i o n  followed by hexane p r e c i p i t a t i o n .  The crude l i p id s  were sepa­

r a te d  in to  n e u t ra l  l i p id s  and f a t t y  acids by a Kies co u n te rcu r ren t  ex­

t r a c t i o n .

The f a t t y  ac id s  were converted  to  t h e i r  methyl e s t e r s  and chromato­

graphed on F l o r i s i l  to  e f f e c t  a s e p a ra t io n  in to  p o la r  g ro u p s . The non-polar 

methyl e s t e r s  were f u r th e r  f r a c t io n a te d  on s i l v e r  n i t r a t e - s i l i c i c  acid  

columns in to  s a tu r a te d  methyl e s t e r s  and uns a tu r a te d  methyl e s t e r s .  Quan­

t i t a t i v e  a n a ly s is  showed t h a t  th e  s a tu r a te d  ac id s  ranged from Cg to  a t  

l e a s t  and inc luded  both normal and branched chain  s t r u c t u r e s . The major 

ac id s  were found to  be p a lm it ic  and s t e a r i c .  The u n sa tu ra te d  ac ids  were 

found to  range from Cig t o  Cg^ with th e  major ac ids  being id e n t i c a l  with 

o l e i c „ l i n o l e i c , and l in o le n ic  a c id s .  The s t r u c tu r e s  o f  the  major u n sa t­

u ra te d  ac id s  were determ ined by th e  use o f  re d u c t iv e  ozonolysis  and in f r a r e d  

spec tro scopy .

The n e u t ra l  l i p id s  were f r a c t io n a te d  in to  chemical c la s s e s  by a com­

b in a t io n  o f  column chromatographic methods. The n e u tra l  l i p i d s  included 

wax e s t e r s „ s t e r y l  e s t e r s , t r i g l y c e r i d e s , f r e e  s t e r o l s , d ig ly c e r id e s ,  and 

m onoglycerides . The f r e e  s t e r o l s  were determ ined , and th r e e  o f  them were 

i d e n t i f i e d  as be ing  c h o l e s t e r o l , c am p e s te ro l , and b e t a - s i t o s t e r o l . The 

e s t e r  f r a c t io n s  were t r a n s e s t e r i f i e d  and th e  acids and n o n -sap o n if iab le s  

determ ined by gas chromatography. The methyl e s t e r s  o f  th e  n e u t ra l  l i p id s  

were found to  be s im i la r  to  th o se  found in  th e  f ree  ac ids  ^
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TABLE XI

R eten t ion  Times*of the  Major Acid Methyl E s te r s  on EGS**

Methyl E s t e r
Figure  No. 16:0 18:0 18:1 18:2 18:3

9 3 .3 6 .3 7 .3 9.5 13.2
11 3.2 6 .2 —  — — —  —  —

13 —  —  — —  —  — 7 .0 9.1 12 .6 \
19 3.2 6 .2 7.0 9.1 12.6
20 3 .3 6 .2 7.1 9 .2 12.7
21. 3 .0 5 .5 6 .4 8 .3 11.4
22 3 .0 5 .6 6 .5 8.5 11.7
23 3 .0 5.6 6 .5 8.5 11.7
24 3 .0 5 .6 6 .5 8.5 11.7

* Time in minutes from the  so lven t  peak
** Column tem pera tu re—ITO0C

I
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