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Silkworm as a domestic animal occupies a special place among Insects 
and in theoretical works is often used as experimental animal. Thus many 
earlier publications refer to the fat content of Bomhyx móri L. in various 
developmental stages, the most detailed accounts having been given in some 
studies carried out in the Nencky Institute. One of these (S. N ie m ie r k o —  
W l o d a w e r — W o jt c z a k  1956) closely followed the changes in fat content 
throughout ontogeny. Fat content as per dry matter diminished in the cater­
pillars hatched out as against the egg and remained nearly constant through 
four consecutive moults. This value displayed already in the larval stage a 
difference according to sex, which later increased, the male imagines finally 
containing twice as many lipids as in dry matter than the female. Changes of 
fatty acid composition within the fats were only examined from the 4th moult 
until entering pupation with daily measurements of iodine and rhodan number 
(W . N ie m ie r k o  1947). In this period a strong desaturation was observed and 
the absolute amount of oleic and linolenic acid further increased even after 
cessation of feeding.

In the series of examinations published in the present paper it was 
attempted to trace the changes of fatty acid composition with the aid of 
quantitative paper chromatography throughout ontogeny.

Material and method

Examinations were conducted in spring 1959 on the silk worm race 
“Itáliai Fehér“ (White Italian). Eggs were examined in two different stages, 
viz. at the end of the diapause and immediately before the hatching, larvae 
were sampled in the larval stages invariably before moulting. After pupation 
the praepupa and the 3 and 10 days old pupie separated according to sex 
were examined. The imagines were analysed ore or two hours after hatching,, 
thus the females already before oviposition.

Samples were dried out in a vacuum-d’ier, ground in a mortar and 
extracted for two hours with warm petroleum ether in a nitrogen atmosphere. 
The extract evaporated to the volume requir'd was saponified in the cold 
way and after having removed the unsaponifkble compounds the fatty acids-
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were released as usual. Saturated and unsaturated acids were separated with 
a  selectivity suitable to the purpose with T w it s c h e l ’s method. After having 
determined the weight ratio of the solid and liquid fractions, the fatty acids 
were paperchromatographed according to K a u f m a n n ’,s method. A detailed de­
scription of the method is found in a paper on methodics (F a b k a s — H e r o d e k  
1959). As a variant: developing was carried out with rubeanic acid to obtain 
well-defined dark spots. Quantitative evaluation of the paper chromatograms 
was performed photometrically.

Results and discussion

The results of analyses are summarized in Table 1. When evaluating 
the data in this Table it should be taken into consideration that whereas in 
the case of pupae changes within a moderately diminishing quantity of fats

Table 1 — 1. táblázat

F a t ty  a c id  c o m p o s itio n  p e r  c e n ts  in  s ilk w o rm  a t  v a r io u s  s ta g e s  o f  o n to g e n y  
A se ly e m h e rn y ó  % -o s  z s írsav ö ssze té te le  az  o n to g e n e z is  k ü lö n b ö z ő  á l la p o ta ib a n

Condition examined saturated — telített unsaturated — telítetlen
Vizsgált állapot aracbidic stearic palmitic oleic linoleic linolenic

E gg  in  d ia p a u s e  
D ia p u z á ló  p e te

•

0,9 15,4 39,1 9,0 35,6
E g g  b e fo re  h a tc h in g  

P e te  k ik e lé s  e lő t t 4 ,0 14,0 37,7 9,3 35,0
1st m o u l t in g —  1. v e d lé s 0,3 7,5 10,3 26,7 28,5 26,7
2 n d  m o u lt in g  —  2. v ed lé s 0,8 12,1 7,1 14,7 44,2 21,1
3 rd  m o u l t i n g —  3. v ed lé s 1,3 14,3 5,4 6,0 50,4 22,6
4 th  m o u lt in g  —  4. v ed lé s 1,5 10,8 10,0 18,1 25,6 34,0
P r a e p u p a  —  b e k ö tö t t  h e rn y ó — 4,1 26,9 20,8 14,7 33,5
3 d a y  m a le  p u p a  

3 n a p o s  h ím  b á b _ 5,6 23,7 29,1 12,5 29,1
3 d a y  fem ale  p u p a  

3 n a p o s  n ő s té n y  b á b _ 7,2 23,6 22,4 14,5 32,3
10 d a y  m a le  p u p a  

10 n a p o s  h ím  b á b _ 7,5 30,0 25,6 10,9 26,0
10 d a y  fem ale  p u p a  

10 n a p o s  n ő s té n y  b á b _ 3,5 17,8 28,0 15,1 35,6
M ale im a g o  —  h ím  le p k e — 5,9 29,9 24,1 10,1 3 0 ,0
F em ale  im a g o  —  n ő s té n y  le p k e 2,5 14,8 29,2 16,2 37,3
M u lb e rry  leav es —  e p e rfa le v é l 2,3 13,5 11,0 36,4 36,8

are dealt with, in the case of larva stages, on account of the very rapid increase 
of the animals, the quantity of fats in the former stage is almost insignificant. 
Thus differences found in the larval stages should be interpreted as a change 
of the synthetic and assimilaiive processes. It is not known what changes 
take place within the larval siages since the end points were examined only, 
It is striking however that in the four morphophysiologically identical stages 
before moulting when fat consent in dry matter was also the same (S. Nie - 
m ie r k o — W l o d a w e r — W o jto sa k  1956) there are significant differences in 
the composition of fatty acids. As shown by the Table the change of the fatty
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acid composition from the egg in diapause to the 3rd moulting exhibits a uni­
form trend asserting itself in a significant increase of the arachidic-stearic 
and linoleic-acid content, with the relative quantity of palmitic and oleic 
diminishing accordingly. Before the 4th moulting a reversion occurs in these 
changes as compared with the 3rd. When comparing the values obtained for 
the stage proceeding the 4 th moulting with the data of N ie m ie e k o  referring 
to the first day after moult it is surprizing that linolenic acid completely di­
sappeared while the percentage of the saturated acids is rising from 22.3 to 
62.3 per cent, which can be only the result of the very intensive synthesis. 
Data obtained for saturated and oleic acid quantities in the praepupa, are 
in a good agreement with those of N ie m ie e k o , while in our analyses sub­
stantially more linolenic acid was found as against linoleic acid. In our opin­
ion the method used may be responsible for that, and the question arises 
whether it would not be advisable to show linolenic acid always present with 
paper chromatography also as to the days after moulting.

As to the origin of fat in the larvae already Bialaszewicz stated that 
the fully-developed larvae contains about twice as much fat as could have 
been taken up by it from food. It is not known however what part of fat 
originating from the food is deposited or used up respectively. The great 
amount of stearic acid as compared with the low value obtained from the 
leaves points to the intensity of synthetic processes.

The animals were only separated according to sex after pupation. Fatty 
acid composition in three days old male and female pupae and in praepupae is 
very similar, so it is not likely that more considerable differences might 
have been found as to sex in former stages. In ten days old pupae on the 
other hand very important differences were observed which still intensified 
in the imagines. The essence of this difference is that in the males the proportion 
of the saturated acids increased while in the females during egg formation 
it drops back to the low level found it the eggs. These conditions are clearly 
revealed in Fig. 1, showing the amount of saturated acids in the percentage 
of the total fatty acid in different stages of ontogeny.

D e m ia n o v s k y  and Z u b o v a  (1956) examining the fats of Antheraea pernyi 
G u e e . emphasized the analogies againts the Bombyx mori which is easy 
enough to understand in view of the many resemblances between the two 
“silk worms”. When on the other hand these present data now are compared 
with the results obtained for Antheraea it is surprising that in Antheraea — as 
may be concluded from iodine value — there'is no such change in fatty acids 
during the pupal period than in Bombyx. Iodine value in male and female 
Antheraea pupae are within a close range to each other, showing all the time 
but insignificant fluctuations. Fatty acid composition was only determined 
in the pupa in diapause and the values obtaired are surprisingly similar to 
those found in the eggs of Bombyx. Fatty acid analysis was performed with 
oxidation according to B e r t r a m  and iodine value, rhodanine number meas­
uring, making also fractioning according to T w it s c h e l ’s method. The value 
obtained for the solid fraction was 17.3—17.6 thus nearly the same as measured 
in the egg.

Since Bombyx hibernates in the form of" egg while Antheraea in the form 
of pupa, the question arises whether the differences found in the pupa stage 
of the two animals do not cover identity n fatty acid composition of the 
hibernating forms. Recently Thiele (1959) in snails and the present authors
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(Herodeк—Farkas 1959) in Crustaceans demonstrated fatty acid composi­
tion assuring a lower melting point in winter than in summer. For insects 
but the data of Slifer (1932) are known hitherto, who found in the case of 
some locust species that in eggs of the species hibernating in this form melting

Solid ecid % 
Szilérd SäV  %

Fig. 1 The am ount of the  solid fract ion in  per cents of to ta l fa tty  acid in various devel­
opmental stages of the  silkworm.

7 —  Egg (graine) in  diapause, 2 — egg before hatching, 3 — 1st m oulting, 4 — 2n<l 
m oulting, 5 — 3rd m oulting, в — 4tl> m oulting, 7 —. praepupa, 8 — th ree day pupa,

U — tea day pupa, 10 — imago
7. ábra. A szilárd frakció nagysága íz  összes zsírsav % -ában, a  selyem hernyó különböző

fejlődési állapotaiban.
7 — diapauzáié pete, 2 — pete kikelés előtt, 3 —1- első vedlés, 4 — m ásodik vedlés, — 5 
harm adik  vedlés, в — negyedik -veMlés, 7 — bekö tö tt hernyó, 8 —• három napos báb,

0 — tíznapos báb, 10 — imágó

point of the fats is lower than in those hibernating in the nymph stage. As 
against cases known hitherto for the relation between composition of natural 
fats and temperature, the fats cf low melting point in the hibernating forms 
of the insects must have been developed earlier, at the time of egg-laying 
or pupation, i.e. still under warm conditions. Anyway, it would be most interest­
ing to know, how far the fattj acid composition warranting a low melting 
point may be considered as a geieral attribute of the hibernating forms.

The authors wish to express their gratitude to their fellow-worker 
AkdIrás Gtjbicza who kindly placed the silkworms to their disposal from 
his own cultures and helped ther with several information.
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Summary

Fatty acid composition in the silkworm was determined is several 
ontogenetical conditions.

From the egg in diapause to the 3ld moult an identical trend was 
observed in the changes of fatty acid contents.

During metamorphosis a sharp difference arose according to sex, since 
in the males the amount of saturated acids increased while in the females 
it fell back to the low level in eggs.

When comparing the results with the data found in literature for 
Antheraea the authors were led to the conclusion that a substantial difference 
exists in the ontogenetical changes of fatty acid composition in the two species 
probably due to the different hibernation habit.

R E FE R E N C E S

Демяновский Л. Я и В. А. Зубова (1966) Жиры дубового Шелкогшда (Fats in i he o r­
ganism  of the Chinese tussu r m oth) Биохимия 21, 676— 682.

F arkas Т.— H e r o d e k  S. (1959): Bonyolult zsírsavkeverékek papírkrom atográfiája 
(Paper chrom atography of complex fa ttv  acid m ixtures). — Annál. Biol., 
Tihany  26, 203— 209.

H e r o d e k  S.—F arkas T. (1959): Évszakos változások az Astacus leptodactylus Esch, 
zsírsavösszetételében (Seasonal changes in the fa tty  acid composition of Astacus 
lep todacty lus Esch.). Biol. Közi. 7, 53— 59.

N ie m ie r k o , S.—-W l o d a w e r , P .— W o jtc za k , A. F. (1956): Lipid and  phosphorus m e ta ­
bolism during grow th of the silkworm  (Bombyx móri L.). —  Acta Biol. Exper. 17, 
255— 270.

N ie m ie r k o , W. (1947): Przem ianv kwasow tluszezowych gasienic jedw abnika. —  Acta 
Biol. Exper. 14, 137— 150.'

Sl if e r , E. H. (1932): Insect developm ent. Q uantitative studies on the fa tty  acids from  
grasshopper eggs. —  Physiol. Zool. 5, 448— 456.

T h ie l e , 0 . W. (1959): Die Lipide der W einbergschnecke (Helix pom atia L.) I. M itteilung: 
Jahreszeitliche Veränderungen in  der Zusam m ensetzung der Lipide. — Z. vergl. 
Physiol. 42, 484— 491.

A B O M B Y X  М О Ш  L. ZSlRSAY Ö SSZETÉTELÉNEK  VÁLTOZÁSA AZ E G Y E D ­
FEJLŐ D ÉS FOLYAMÁN

Herodek Sándor és Farkas Tibor 

Ö s s z e f o g l a l á s

K v an tita tív  papírkrom atográfia segítségével m eghatároztuk a  selyem hernyó 
zsírsavösszetételét néhány egyedfejlődési állapotban.

A diapauzáié petétő l a  harm adik vedlésig a  zsírsavösszetétel változásaiban azonos 
irányzato t észleltünk.

A m etam orfózis folyam án a  nem ek között erős különbség lépett, fel, a  hím ekben 
a  te líte tt savak mennyisége em elkedett, a  nőstényekben visszatért a  petéknek megfelelő 
alacsony szintre.

E redm ényeinket az A ntheraea-ra ta lá lt irodalm i adatokkal összehasonlítva a rra  a 
következtetésre ju to ttu n k , hogy a kétféle selyem hernyó zsírsavösszetételének ontoge- 
netikus változásában lényeges különbség van, m elyet valószínűleg az áttelelés eltérő 
m ódja okoz.
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