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Insect Lipid 

A B S T R A C T  

Chrysalis oil, an insect fat obtained from the spent 
silk worm pupae, Bombyx mori, is a by-product of 
sericultural industry and represents a potential 
source of 1750 tons of linolenic-rich oil per annum 
for India. Fatty acid and triglyceride compositions of 
chrysalis oil have been determined by the combina- 
tion of the techniques of lower temperature segrega- 
tion, lipolysis, thin layer and gas liquid chromato- 
graphy. Percentage contents of the component  acids 
are: C14:0 , 0.6; C16:0 , 19.3; C18:0, 3.9; C18:1, 
17.7; C18:2 , 9.8, and C18:3 , 48.7. Major component 
triglycerides are, LLnLn, 5.2%; PLnO, 6.4%;OLnLn, 
9.6%; LnLnLn, 10.5% and PLnLn, 14.0% (P, 
palmitic; O, oleic; L, linoleic and Ln, linolenic acids. 
On low temperature crystallization, Chrysalis oil 
yielded two fractions amounting together to 40% 
of the total with composition quite similar to that of 
linseed oil. 

I N T R O D U C T I O N  

Chrysalis oil, an insect fat obtained from the cocoon 
of the silk worm, has recently gained industrial significance 
in this country. About seven million kilograms (dry weight) 
of spent silkworm pupae belonging to the mulberry 
(Bombyx mori), Tassar (Antheraea mylitta), Eri (Phylo- 
sami ricini) and Muga varieties are produced annually in 
India. Over 70% of this total comes from mulberry silk- 
worm pupae. Mulberry and Tassar pupae are reported to 
contain 28.4% and 26.9% oil, rich in linolenic acid. As 
such, spent silkworm pupae, the by-product of sericul- 
tural industry, represent a potential source for 1750 tons 
of linolenic-rich oil per annum. Spent pupae of these 
varieties are also rich in protein (50%), and nutritional 
studies have indicated that spent pupae make good poultry 
and cattle feed (1). Long ago, Kimura (2) and Bergmann 
(3) determined the fatty acid composition of Chrysalis 
oil by methods now considered inadequate for the purpose. 
The changes in fatty acid composition of lipid at various 
stages of ontogeny of the insect were determined by 
Niemierako (4) and Herodek and Farkas (5). The latter 
group used the technique of paper chromatography. 
According to Sridhara and Bhat (6), unsaturated neutral 
triglycerides (42-43%) along with high concentration of 
phospholipids (18-24.3%) constitute the silkworm fat. They 
also observed an increase in the content of oleic acid and 
free fatty acids with concomitant decrease in the content  
of saturated acid in the lipid during the process of meta- 
morphosis of the insects. Ito and Nakasone (7,8) studied 
the nutritional requirements of the silkworm and found 
that fatty acids, especially the polyunsaturated ones, are 
essential in developmental stages. But Sridhara and Bhat 
(9,10) showed that certain fatty acids are biosynthesized 
from the acetate in Bombyx mori. Nakasone and Ito (11) 
later used GLC to determine the fatty acid composition of 
the lipids of Bombyx mori in its different developmental 
stages from egg to adult, of larval organs and of mulberry 
leaves, the main diet of the insects. These studies indicated 
that linoleic acid (33% of the total) predominates through- 
out its developmental process. Fatty acid composition 
varies greatly during the larval period, and young larvae 
c o n t a i n  more stearic and linoleic acids and less palmitic 
and oleic acids than the older ones. All these earlier studies 
were primarily oriented towards metabolism of lipids in 

Bombyx mori, but there is not  much data in the literature 
on the triglyceride composition of insect lipids. Triglyceride 
composition of the lipids of four scale insects were deduced 
by Hashimota et al. (12) by determining the fatty acid com- 
position at the 2-position of the glycerine moiety. 

In view of the potential importance of Chrysalis oil in 
industry, it was thought desirable to study the fatty acid 
and triglyceride compositions of the lipid of spent silkworm 
pupae by modern techniques. This communication reports 
the findings on the triglyceride compostion of this insect 
lipid. 

E X P E R I M E N T A L  

The techniques used were low temperature segregation, 
selective enzymatic hydrolysis, thin layer chromatography 
and gas liquid chromatography. Repeated and systematic 
crystallization of the oil from acetone, first at -60 C and 
thereafter successively at higher temperatures in 10 C 
increments were carried out by the method suggested by 
Foreman and Brown (13). Supernatent liquids at each step 
were removed as Fraction F (-60 C), E (-50 C), D (-40 C), 
C (-30 C), and B (-20 C). The final precipitate left at -20 C 
was designated Fraction A. 

Lipolysis was carried out as suggested by Coleman (14) 
at pH 8.5 and 37.5 C using a purified pancreatic lipase 
preparation with the addition of Ca 2+ ions and bile salts. 

FIG. 1. Thin layer chromatography of Chrysalis oil on silica gel. 
Spots: A Steafic acid; B - Chrysalis oil. C - Refined chrysalis 
oil; D - Tripalmitin. Solvent system: n-Hexane/diethyl ether/acetic 
acid (80:20:0.25). Spray Reagent - 2,7, dichlorofluorescein. 

620 



JUNE, 1979 M A . I U M I ) E I r  ANI- )  S E N G t J I ' T A :  T R I ( . ; L Y C t . ; I ~ . I I ) I - ~  O 1 .  A N  I N S E ( ' T  L I I ' I I )  621 

T A B L E  1 

C h a r a c t e r i s t i c s  o f  Ref ined  Chrysa l i s  Oil 
a n d  Its Mixed F a t t y  Acids  

Characteristics Oil M I"A 

Saponification equivalent 294.9 276.2 
Iodine value (Wijs 60 min.) 161.8 167.5 
Nonsaponifiable matter (% Wt.) 5.1 --- 

The partial glycerides were separated on a thin layer (0.3- 
0.4 ram) of  silica by developing with the solvent system of  
n-hexane/diethylether[acetic acid (75 :25:0 .12) .  The mon-  
oglyceride fraction was detected with 2 ' ,7 ' -d ichlorof luore-  
scein, and the original triglycerides were conver ted to 
methyl  esters by the semimicro  me thod  of  Ludy et al. 
(15). 

Gas liquid chromatography of  the methyl  esters was 
carried out with the Hewlet t  Packard analytical gas chrom- 
atograph (model  700-RI 2) equipped with flame ionizat ion 
detector .  The column (6 ft x 1/4 in.) packed with 10% 
diethylene glycol succinate on 60 /80  mesh (;as Chrom Z 
was operated at 160 C with a carrier gas flow of 40 ml/min.  
Peak areas were determined as the product  o f  peak height 
and the width o f  half h e i g h t / T h e  weight percentages were 
conver ted into mole percentages. The sample of  the oil was 
analyzed by the method  of  Fiske and Subba Rao (16) to 
determine the conten t  o f  total phosphorus.  About  8 mg of  
the sample was digested with 2.5 ml. of  10 N sulfuric acid 
in a 10 ml micro Kjeldahl flask until  'all the fumes were 
l iberated. One drop of  concent ra ted  nitric acid was added, 
and boiling was cont inued until the evolut ion of  fumes 
ceased. After  cooling, the con ten t  of  the flask was trans- 
formed to a 50 ml flask. Five milliliters 2.5% solut ion of  
ammonium molybda te  and 2. ml 0.25% 1,2,4 amino- 
naphthol  sulfonic acid were added. The volume was made 
up and optical  density of  the solut ion was measured against 
a blank at 660 mgt. 

R E SU LTS 

The sample of  Chrysalis oil was ext rac ted  with petro- 
leum ether  (bp 40-60 C) from the cocoon of  the s i lkworm 
pupae Bornhyx mort supplied by a reputed chemical  and 
pharmaceut ical  concern of  Calcutta.  Upon chromatography  
on a thin layer of  silica gel G with the solvent system of  n- 
hexane/d ie thy l  e ther /ace t ic  acid (80 :20 :0 .25)  tr iglycerides 
and free fat ty acids only,  were detected but no phospho-  
lipids (Fig. 1 ). Analysis by the inethod of  Fiske and Subba 
Rao (16) also did not  indicate the presence of  phospho-  
lipids in the sample. 

A por t ion  o f  the oil (free fa t ty  acids 22.4% as oleic) was 
refined with alkali as 50% (w/w)  solut ion in hexane (17). 
The refined oil and the mixed fat ty acids isolated theref rom 
on analysis showed the characterist ics given in Table 1. 
Refined Chrysalis oil (42.1) g) was segragated by low tem- 
perature crystal l izat ion technique of  Foreman and Brown 
(13) into six fractions with varying degrees of  unsatura- 
tion. First crystal l ization was effected at -60 C and the 
tempera ture  was raised by 10 C at each o f  the subsequent  
crystallizations. Fat ty  acid composi t ions  of  all the six frac- 
tions (A-F) and of  the oil i tself were de termined  by gas 
liquid chromatography  of  their  methyl  esters. Chrysalis oil 
and its fractions (A-F) were then subjected separately to 
hydrolysis  by pancreat ic  lipase (14). The 2-monoglycer ides  
were isolated by thin layer ch romatography  and were con- 
verted to methyl  esters by the me thod  of  Luddy et al. (I 5). 
Those esters were analyzed by GLC. Fa t ty  acid composi-  
t ions of  the triglycerides and the corresponding 2-mono- 
glycerides were all conver ted  into mole  percentages,  and the 
results are shown in Table 11. Triglyceride composi t ions  of  
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T A B L E  III  

Tr ig lycer ide  C o m p o s i t i o n  a (M%) o f  Ref ined Chrysalis Oil and Its 
Frac t ions  (A-F)  

VOL. 56 

Frac t ions  

A B C D E F C o m p u t e d  
Tr ig lycer ides  b Oil (4 .0%) (30 .2%) (15 .7%) (26.3%) (13 .8%) (10 .0%)  values (A-F)  

SSS 0.7 6.0 2.4 0.7 0.1 . . . . . .  0.6 
SSU 2.4 5.9 4.5 3.2 1.0 0.7 0.6 2.6 
SUS 10.2 38.6 23.7 9.9 2.6 0.9 1.5 8.7 
USU 2.8 1.3 2.1 3.5 2.5 3.1 2.4 2.9 
SUU 41.1 38.6 45.6 40.8 25.9 17.5 21.8 39.5 
U U U  42.8 9.6 21.7 41.9 67.9 77.8 73.7 45.7 

aGlycer ides  present  m o r e  t han  5% are shown be low:  
Oil: PLnO,  6.4, P L n L n ,  1 4 . 0 ; O L n L n ,  9 .6;  L L n L n ,  5.2 and L n L n L n ,  10.5 
Frac t ion  A:  OPO, 6.7;  POST,  7.8;  PLnP, 7 .6;  PLnSt ,  8.8;  PLnLn ,  5.2. 
F rac t ion  B: PLnP,  9 .9;  POLn,  5.2;  PLnO,  9.2;  P L n L n ,  11.4;  O L n L n ,  5.4. 
F rac t ion  C: PLnO,  6.2;  PLnLn ,  13.2;  O L n L n ,  9 .2;  L L n L n ,  5.6;  L n L n L n ,  9.8. 
F rac t ion  D: P L n L n ,  8.6;  O L n L n ,  16.0;  L L n L n ,  9 .0;  L n L n L n ,  15.9. 
F rac t ion  E:  PLnLn ,  6 . 0 ; O L n L ,  6 . 0 ; O L n L n ,  14.8;  L L n L n ,  14.5;  L n L n L n ,  17.8. 
F rac t ion  F: PLnLn ,  10.4;  O L n L n ,  11.8;  L L n L n ,  13.0;  L n L n L n ,  26.2.  

b s  = Sa tu ra ted  acyl  groups  and U = U n s a t u r a t e d  acyl groups ,  and the o rde r  ind ica ted  is the  o rde r  o f  l inkage 
w i t h  g lycer ine  mo ie ty .  

T A B L E  IV 

Fa t ty  Acid Comp o s i t i o n  (Wt. %) o f  B o m b y x  mor i  Lipid 

Fat ty  acids 

Sample  C14 :0  C1 6 :0  C18 :0  C16:1 C18:1  C18:2  C18:3  

B o m b y x  r~tori ( 2 )  --- 25 .0  --- 22 .0  38.0 15.0 
B o m b y x  mor i  a ( 3 )  --- 20 .0  4.0 2.0 35.0 12.0 25 .0  
B o m b y x  rnori b (19)  . . . . . . . . . . .  29.8 48 .9  21.3 
B o m b ) , s  rnori ( 5 )  

L b --- 10.0 10.8 --- 18.1 25.6 34.0 
PP - -  26 .9  4.1 - -  20 .8  14.7 33.5 

B o m b y x  mor i  ( 6 )  
L --- 20.0 18.0 --- 26.0 12.0 26 .0  
P --- 16.0 11.0 --- 35.0 12.0 26.0 

B o m b y x  mor i  ( 1 I ) 
L 0.4 16.4 7.2 0.7 14.7 16.0 44.7 

(Sth instar)  
PP 0.4 27.2 4.4 2.2 21 .6  7.7 36.4 

B o m b y x  mor i  P 0.5 18.0 4.0 --- 18.2 10.0 49 .3  
(Present  w o r k )  

a - c 2 0 .  0, 1.0 %, and higher  u n s a t u r a t e d  acids 1.0%. 
b c  > i8  acids 1.5%. L = Larva;  P = Pupa;  PP = Prepupal  Larva  a f te r  Cocoon  spinning.  

the Chrysalis oil and of its different fractions were calcu- 
lated from the fatty acid compositions of the original tri- 
glycerides and of the corresponding 2-monoglycerides using 
the assumptions of Vander Wal (1 8) and Coleman (14). The 
fatty acids have been grouped as: P-  C 16:0; St -C14:0 and 
C 1 8 : 0  ; 0 - C 1 8 : 1  and C 1 4 : 1  ; L - C 1 8 : 2  and L n -  C18:3. 
Results are shown in Table III. 

DISCUSSION 

Of the previous reports on the fatty acid composition of 
Bombyx mori lipid obtained from the insect at its various 
stages of ontogeny (5,6,11,19) only that of Nakasone and 
(11) was based on gas chromatography. Earlier works re- 
vealed C 1 6 : 0  , C 1 8 : 0  , C 1 8 : 1  , C 1 8 : 2  and C 1 8 : 3  acids as 
the major constituents of this insect lipid, linolenic acid 
being present in very high proportions. Findings of the 
present investigation along with the previous ones are 
shown in Table IV. These results indicate a close parallelism 
between the fatty acid composition of the Chrysalis oil and 
that of the lipids of the 5th instar stage of the larva after 
cocoon spinning as reported by Nakasone and Ito (11). 
Minor discrepencies (not more than 5%) observed in the 
content  of C 18 acids may be due to difference in the dev- 
elopmental stages of the insects or due to difference in the 
composition of their dietory lipids in the two instances. In 
agreement with the observations of Sridhara and Bhat (6), 

the present sample of Bombyx mori lipid was also found 
rich in the content of free fatty acids, but the presence of 
phospholipid as reported by them (6) could not  be detected 
in the present sample. This may be due to difference in the 
methods of extraction. Hashimoto et al. (12) reported the 
trigiyceride compositions of the four scale insects by 
determining the fatty acid composition at the 2-position of 
the glycerine molecule. We also observed that upon 
pancreatic lipase hydrolysis the 2-position of the glycerol 
moiety is predominantly occupied by C18 unsaturated 
acids (94%). Following the assumptions of Coleman (14) 
and Vander Wal (18) originally proposed for seed lipids, 
the major triglycerides comprising the Chrysalis oil are 
palmitodilinolenin, 14.0%; trilinolenin, 10.5%; oleodilino- 
lenin, 9.6%; palmito linoleno olein, 6.4%; linoleodilinolen- 
in, 5.2%, and palmitolinoleo palmitin, 4.7%. 

A good drying oil should contain at least 50% inolenic 
and 20% linoleic acids (20). Chrysalis oil with 49% linolenic 
and 10% linoleic acids does not  satisfy this minimum and 
as such can not be used as a drying oil. But, upon low tem- 
perature crystallization, Chrysalis oil yielded two fractions 
(D, 26.3% and E, 13.8%) with compositions much similar 
to that of linseed oil as shown in Table V. 

So it is evident that on low temperature crystallization 
Chrysalis oil yields a fraction amounting to 40% of the 
total, which shows a potential of utilization in paint and 
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Acids 

TABLE V 

Fatty Acid Composition (Mole %) 

Linseed oil (21) 
Argentina India 

Chrysalis oil Fraction 
(present work} 

D (26.3%) E (13.8%) 

Saturated 17.7 15,7 11.9 8.0 
Oleic 15.2 13.7 20.2 17.3 
Linoleic 14.9 14.4 12.6 17.4 
Linolenic 52.2 56.2 55.3 57.3 

varnish indust ry .  Low t empera tu re  crysta l l izat ion also 
yielded ano the r  f ract ion,  B, (30% o f  the  to ta l )  whose  com- 
pos i t ion  (35% satura ted  and 22% oleic acids) indicates  the  
possibil i ty of  its being ut i l ized for o the r  industr ial  purposes .  

Guns tone  et al. (22) i n t roduced  the  concep t  o f  selec- 
t ivity factor  for seed lipids to  compare  the  aff ini ty of  dif- 
fe rent  acyl groups for  the  2-posi t ion of  the glycerine mole-  
cule. Accord ing  to  them,  linoleic acid shows a selectivity 
fac tor  o f  1-1.2, while the co r respond ing  value for oleic and 
l inolenic acid is 0.8-1. Selectivity factors  were also cal- 
cula ted by the  m e t h o d  of  Guns tone  et  al. (22) for  all the 
C18 unsa tu ra ted  acids present  in the  chrysalis oil and its 
d i f fe rent  f rac t ions  (A-F)  ob ta ined  by low t empera tu re  
crystal l izat ion.  The selectivi ty factor  for  l inolenic acid was 
found  to  vary be tween  I-1.2, while the co r respond ing  
values for oleic and linoleic acids varied be tween  0.6-t  and 
0.7-0.9, respectively.  Whe the r  selectivity factor  is a 
speciali ty of  insect  lipid or whe the r  it  is d e p e n d e n t  on  the  
relative abundance  of  individual  C 18 acids in the  mix ture  
needs  con f i rma t ion  by fu r ther  studies.  
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