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ABSTRACT 

The lipids of the common house cricket, 
Acheta domesticus L., have been ex- 
amined with the following results. Th~ 
fatty acids associated with the lipid ex- 
tracts do not change significantly from the 
third through the eleventh week of the 
crickets' postembryonic life. The major 
fatty acids are linoleic (30-40%),  oleic 
(23-27%), palmitic (24-30%),  and stearic 
acids (7-11%). There are smaller amounts 
of palmitoleic (3 -4%) ,  myristic ( ~ 1 % ) ,  
and linolenic acids ( < 1 % ) .  The fatty 
acid composition of the cricket lipids re- 
flects but is not identical to the fatty acid's 
of the dietary lipids: linoleic ( 5 3 % ) ,  oleic 
( 2 4 % ) ,  palmitic ( 1 5 % ) ,  stearic ( 3 % ) ,  
myristic ( 2 % ) ,  and linolenic acids ( 2 % ) .  

The amount of triglycerides present in 
the crickets increases steadily from th~ 
second through the seventh or eighth week 
of postembryonic life, then drops sharply. 
Other lipid classes, such as hydrocarbons, 
simple esters, diglycerides, monoglycerides, 
sterols, and free fatty acids remain about 
constant. The composition of the fatty 
acids associated with the tri-, di-, at~d 
monoglycerides and the free fatty acid 
fraction are all about the same. The fatty 
acids associated with the simple esters are 
high in stearic acid. 

INTRODUCTION 

I NSECT LIPID metabolism is a topic of con- 
siderable current interest, and a number of 

good reviews covering the subject have ap- 
peared in the last five years (1-4).  In this and 
the following two papers, the analysis and 
characterization of the lipids of the common 
house cricket, Acheta domesticus L., are re- 
ported. Because of the relative ease of main- 
taining laboratory colonies (5,6) and because 
of the commercial availability in large quanti- 
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ties of Acheta domesticus, this species is a par- 
ticularly appealing one, both for biologically 
and chemically oriented studies. In this first 
paper the over-all lipid pattern in crickets at 
different stages of  development is established, 
and the fatty acids associated with each lipid 
class are characterized. In the second and third 
papers the hydrocarbon and sterol fractions are 
examined in more detail. 

MATERIALS AND METHODS 

Live crickets were purchased from the Lucky 
Lure Cricket Hatchery, Whitmore Lake, Mich. 
The crickets were stored for 24 hr without food 
and were separated from excretory products 
prior to being extracted. 

Lipid Extraction 

In a typical extraction 1,000 g (fresh weight) 
of crickets, immobilized by quick-freezing, 
were extracted in a 1-gallon Waring Blendor 
with two liters of ether-methanol (3 :1) .  The 
marc was extracted twice with two-liter por- 
tions of ether-methanol (3 :1) .  The three ex- 
tracts were combined and separated into an 
ether and an aqueous phase. The ether phase 
was washed once with a saturated sodium 
chloride solution. To the aqueous phase was 
added an equal volume of saturated sodium 
chloride solution. It was then extracted with 
ether until the extracts were colorless. The 
combined ether extracts were dried in a pre- 
l iminary fashion with sodium sulfate and con- 
centrated on a rotary concentrator. The residue 
was dissolved in methylene chloride and dried 
over sodium sulfate. Filtration and concentra- 
tion gave the crude lipid extracts studied in this 
and the next three papers. 

Lipid Separations 

Lipid separations were carried out by a 
modification of the method of Carroll  (7) .  In 
a typical run, 5.0 g of lipid, dissolved in a 
minimum of petroleum ether (bp 40-60C, re- 
distilled), was adsorbed on a column of 400 g 
of Florisil (Fisher) ,  to which 20 g of water had 
previously been added. Hydrocarbons were 
eluted with petroleum ether, simple esters with 
ether-petroleum ether (5 :95) ,  triglycerides, and 
sterols, successively with ether-petroleum ether 
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TABLE I 
Fatty Acid Composition of Lipid Extracts of Acheta domesticus of Different Ages 

Postembryonic Percentage Composition of Fatty Acids 
age of crickets 

(weeks) <Ca4 C~:o Ca4:1 Ca6:o C~6:I Cls:o Cas:l Cls:~ Gas:3 

3 Trace 1 - -  25 4 11 27 30 - -  
4 Trace 1 - -  25 3 9 24 36 - -  
5 Trace 1 - -  24 2 8 26 37 <1 
6 Trace 1 - -  27 3 8 23 35 1 
8 Trace 1 <1 26 2 8 23 40 <1 

i0�89 Trace 1 <1 30 2 7 24 39 
Cricket food Trace 2 <1 15 1 3 24 53 2 

( 1 5 : 8 5 ) ,  diglycerides with e ther -pe t ro leum 
ether  (30: 70) ,  monoglycer ides  with methanol -  
e ther  ( 2 : 9 8 ) ,  and free fat ty acids wi th  acetic 
acid-ether  ( 4 : 9 6 ) .  Total  amounts  of  each lipid 
class were  de te rmined  gravimetrically.  Dupli-  
cate runs gave results which  were  within 0.5 
absolute per  cent  of each other.  

Free Fatty Acids 

These  were  conver ted  into methyl  esters for 
identification and quant i ta t ion de termina t ion  by 
gas-liquid ch roma tog raphy  ( G L C ) .  Esterifica- 
t ion was carr ied out  using 14% b o r o n  tri- 
f luor ide-methanol  reagent  (Appl ied  Science La- 
bora tor ies)  by  the me thod  of  Metca l f  and 
Schmitz  (8). Fa t ty  acids in esterified lipids were  
conver ted  into methyl  esters for  G L C  analysis 
by transesterif icat ion using the same procedure  
as modif ied by Pe te r son  et al. (9 ) .  G L C  analy- 
ses were  conduc ted  on an F and M Mode l  810 
dua l -co lumn chromatograph ,  equ ipped  with a 
flame ionizat ion detector.  The  co lumn  of  choice 
was a 6-ft x l~- in .  6% diethyleneglycol  succi- 
nate  (LAC-728)  on  acid-washed silanized 
C h r o m o s o r b  W. The  carrier gas flow rate was 
30 c c / m i n ,  the detector  t empera tu re  was 275C, 
the injection por t  was 260C, and the co lumn  
was main ta ined  at  a cons tant  t empera ture  be- 
tween 150C and 175C. Peak  areas were  deter-  
mined  either by t r iangulat ion or wi th  the aid 
of  a disc integrator.  Duplicate  analyses con- 

ducted  on crude  lipid extracts or  lipid fract ions 
gave percentage composi t ions  for  major  com- 
ponents  within two or three absolute per  cent 
of  one another  and values for  minor  compo-  
nents  within one absolute per  cent  of  one an- 
other.  Identif icat ion of  the fat ty acids was 
achieved through a compar i son  of  the retention 
times of  the methyl  esters with those of au- 
thentic samples (Appl ied Science Labora tor ies ) .  

RESULTS AND DISCUSSION 

Diet, Age and Fatty Acid Composition 

]n  Table I are tabula ted the fat ty acid com- 
posit ions of  the total lipid extracts  of  crickets 
of different ages. Also  included for compar ison  
is the fatty acid compos i t ion  of the lipids of 
the cricket food.  There  appear  to be no 
dramat ic  differences in the fatty acid composi-  
t ion of  the lipid extracts  derived f rom crickets 
o f  different ages. The  comparat ive ly  lower 
value for  linoleic acid in three-week-old  crickets 
is p robably  real, but  even there  the change as 
the insect  ages is ext remely  small. The  fatty 
acid composi t ion  of  cricket  lipids is in no way 
remarkable  and shows a pa t te rn  similar to those 
exhibi ted by two other  Or thopterans ,  Melano-  
p lus  sanguinipes  (10)  and Gry l lus  b imacula tus  
(11) .  

The  influence of dietary lipids is also appar- 
ent. The  three major  acids of  the food are also 

TABLE II 
Composition by Class of Lipids from Acheta domesticus of Different Ages 

Postembryonic Lipid Class (mg of Fraction/g Fresh Weight) 
age of crickets Hydro- Simple Triglyc- Diglye- Monoglyc- Fatty Unre- 

(weeks) Total carbons esters erides Sterols  e r i d e s  erides acids covered 

2 48.4 2.4 0.4 21.3 2.6 2.5 3.3 2.2 11.9 
3 54.8 2.0 0.4 32.1 2.5 1.8 1.0 1.0 12.3 
4 60.1 1.9 0.5 40.3 3.1 2.1 0.8 0.8 9.2 
5 65.9 2.0 0.4 44.1 2.4 2.6 2.6 2.6 8.2 
6 77.1 2.3 1.2 53.2 1.9 3.8 1.5 1.5 10.3 
7 78.6 2.6 0.9 52.7 3.7 2.1 3.5 3.5 11.9 
8 76.9 3.7 1.5 49.9 2.7 2.9 1.4 1.4 15.0 

10�89 49.4 2.1 0.6 29.1 2.5 2.2 1.3 1.3 9.1 

Average - -  2.4 - -  - -  2.7 2.5 2.2 1.8 11.0 
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TABLE III 
Composition of Fatty Acids Associated with Lipid Classes from Eight-Week-Old Acheta domesticus 
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Percentage Composition of Fatty Acids 

Lipid class <C14 C14:0 C14:1 C1~:o C16:1 C~s:o Cas:l Cls:z Cas:3 

Simple esters Trace 1.0 Trace 20.5 3.0 19.0 21.5 34.0 Trace 
Triglycerides Trace 1.0 Trace 22.5 3.0 7.0 27.5 37.0 2.0 
Diglycerides Trace 0.5 Trace 25.0 3.0 6.0 26.0 39.0 1.5 
Monoglycerides Trace 1.0 Trace 28.5 3.0 7.0 22.0 37.5 1.5 
Free acids Trace 0.5 D 23.5 2.5 9.0 26.0 37.5 1.0 

the  three  m a j o r  acids of the  cricket.  T h e  c r icke t  
does seem to s tore the  sa tu ra t ed  acids, pa lmi t ic  
and  stearic, and  util ize the  uns a t u r a t ed  acid, 
linoleic, p re fe ren t ia l ly  s ince the  cr icket  l i p i d s  
are h igher  and  lower  respect ive ly  in these acids 
t han  is the  cr icket  food. This  is in  accord  wi th  
the data  of  H o u s e  et  al. ( 1 2 ) ,  w ho  d e m o n -  
s t ra ted tha t  d ie ta ry  po l yuns a t u r a t ed  lipids c an  
increase  the  degree  of  u n s a t u r a t i o n  of  depo t  
fa t  on ly  up  to a cer ta in  level. 

Lipid Composition and Age 

In  Tab le  II  the  b r e a k d o w n  of  the  l ipids in to  
classes, t ha t  is, h y d r o c a r b o n s ,  s imple esters, 
tr iglycerides,  sterols, diglycerides,  monog lyc -  
erides, and  free  fa t ty  acids for  crickets  of  
va ry ing  ages is presented .  F r o m  the  first 
co lumn  of  T a b l e  II, it is c lear  tha t  there  is a 
bui ld-up  of  depot  fa t  du r ing  the  first seven or 
e ight  weeks of  the  cr ickets '  p o s t e m b r y o n i c  life. 
This  is fo l lowed by  a loss of  l ipid be tween  the  
e ighth  and  e leven th  week. F r o m  the  f o u r t h  
c o l u m n  it is a p p a r e n t  tha t  i t  is the  t r iglyceride 
f rac t ion  wh ich  is p r imar i ly  respons ib le  for  the  
changes  in to ta l  a m o u n t s  of l ipid wh ich  are 
p resen t  in  the  cricket.  T h e r e  also appears  to 
be  a small  increase  in the  quan t i ty  of  s imple  
esters a l t hough  the  m a g n i t u d e  of  the  effect is 
on  the bo rde r l ine  of expe r imen ta l  significance. 
T h e  o ther  l ipid classes, hyd roca rbons ,  sterols, 
diglycerides,  monoglycer ides ,  s imple fa t ty  acids, 
and  highly  po la r  u n r e c o v e r e d  lipids appea r  to  
r e m a i n  at fa i r ly  cons t an t  low levels t h r o u g h o u t  
the  cr ickets '  life. T h e  increase  in t r iglyceride 
be tween  the  second  a nd  e igh th  week  and  the  
subsequen t  r ap id  decl ine be t w een  the  e ighth  
and  e leven th  week  would  seem mos t  l ikely to 
be  associated wi th  the  processes  of  egg devel- 
o p m e n t  and  oviposi t ion.  

Fatty Acids Associated with Each Lipid Class 

In  Tab le  I I I  are t abu la ted  the  compos i t ions  
of  the  fa t ty  acids associated wi th  each  l ipid 
class isolated f r o m  8-week-old  crickets.  I t  
would  appea r  t ha t  the  f ree  fa t ty  acid f r ac t ion  
and  the  fa t ty  acids der ived f r o m  the  mono- ,  di-, 
and  t r iglyceride f rac t ions  are similar.  On ly  the  
s imple  ester  f r ac t ion  appears  to  be  dis t inct ive 
in t ha t  i t  con ta ins  an  u n m i s t a k a b l y  h igher  pro-  
po r t i on  of s tear ic  acid and  also seems to differ 
f r o m  the  o the r  f rac t ions  in  some  of  the  m i n o r  
componen t s .  I t  con ta ins  less l ino lenic  acid and  
m o r e  ( 1 %  ) of  an  u n k n o w n  mate r i a l  wh ich  has  
a r e t en t i on  close to tha t  an t i c ipa ted  for  a 
s t ra igh t -cha in  16-ca rbon  doub ly -unsa tu r a t ed  
acid, a s t r a igh t -cha in  17 -ca rbon  acid, or a 
b r a n c h e d - c h a i n  18-ca rbon  acid. 
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