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SUMMARY 

The major impediment to the culture of penaeid shrimp in captivity in the 
United States has been an inability to obtain ovarian maturation and spawning. 
Lipid profiles of tissues (gonads, hepatopancreas, and tail muscle) of P~IZQ~US setifrzr 
caught at sea have shown that cholesterol is the dominant steroi and that poly- 
unsaturated fatty acids known to be essential in man comprise a si_tificant portion 
of the fatty acid fraction. A proprietary marine ration contains cholesterol, but is 
devoid of polyunsaturated fatty acids. Ovarian maturation and spawning were 
obtained when the shrimp diet was supplemented with an annelid rich in lipids 
containing these compouuds. The biochemical si@ficxnce of these Gnctings is 
discussed. 

INTRODUCTION 

Wild stocks of shrimp are being depleted, their natural habitat is threatened 
by pollution, and increasing ener_q costs are adversely afkzting the economics of 
shrimping. These factors alone are sufficient to stimulate an interest in the breeding 
of shrimp in captivity. Of greater long-term signikxnce, however, is that the 
achievement of this objective would open the door to selective breeding to obtain 
animals with superior characteristics. Previous attempts to obti spawning of 

l presented at the I&k Iazrnatiitd Symposia on Advances in Chronwogruphy, Lamanne, 
September 2-f-28, I979. The majority of papers presented at this symposium hzs been pub&bed in 
J_ Chronzazogr.. Vol. 186 (1979). 

*- ppestnt address: Texas AgricuItural Eqerime nt Station and Uqartment of Wildlife and 
Fiieri&-, Texas A &M University, P-0. Box 10607, Corpus Christ& TX 78410, U.S.A. 
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peuacid shrimp in captivity in the United States have been less than successt3: 
ovarian maturation has n3t been obtained except in is&ted instances**z. 

The study of metabolic profiles has provided iusigbt to many human bio- 
chemical disorde&_ NotabIe among these are the discovery of new inborn errors of 
amino acid metabohsm~, the diagnosis of diabetes mellitus by analysis of urinary 
volatik9, and the investigation of rheumatoid art.hritisS and breast lesions9. We have 
used a similar approach to the investigation of the maturation of female penaeid 
Shrimp. 

The classes of compounds which we selected for study were steroids and 
fatty acids lo_ Shrimp are unable to biosynthesize steroids”, which arc used by these 
animak as molting hormones and membrane components- The essential fatty acids 
also f-true as membrane components and, in some animals, are precursors of 
prostagkndins which are important in reproduction*z_ 

The sees of shrimp studied was the w_hite shrimp Pemezs sef$zm, native 
to the Gulf of Mexico. Steroid and fatty acid pro&s for the gonads, hepatopancreas 
(digest+ _&nd), and tail muscle of male and female specimens were determined, 
and compared with the corresponding dietary profiles, 

P_ seiiferzcs were obtained from the Gulf of Mexico off the Texas coast_ All 
colfections were made during the natural spawning season, which runs from May to 
September_ The stages of gonadal development were estimated using gonadal 
indices13_ Appropriate tissues were removed as soon as possible after capture and 
were frozen untit analyzed_ 

AU solvents were Mallinckrodt Nanograde (Mallinckrodt, St Louis, MO, 
USA_) except for anhydrous &ethyl ether (U.S_P. grade) and hydrochloric acid and 
sodium hydroxide (reagent grade). Samples were exposed only to Teflon, aluminium, 
or glass rinsed with chloroform. 

Extraction 

The samples were homogenized in 20 ml of water and were saponified with 
4 ml of 4 M sodium hydroxide by heating at 110°C for 2 h. Basic and neutral 
components (including sterols) were extracted with 2 x 15 ml of diethyl ether 
(extract A). After acidification with 2 ml of concentrated hydrochloric acid, acidic 
components (including fatty acids) were extracted with 2 x 15 ml of diethyi ether 
(extract B)_ Each extract (A and B) was fractionated by chromatography on separate 
20 x 1 cm glass columns containing activated silica gel (880-200 mesh). In each case, 
a 40-ml benzene eluate was discarded and the components of interest were eluted with 
40 ml of ethyl acetate. Thus, a sterol and a fatty acid fraction were obtained. 

Analysis 
Sterols were analyzed as trimethyisfiyi (TMS) ethers, prepared using bis- 

(trimethyisilyl)acetamide (Supeko, BeLlefor&, PA, U.S.A.) and fatQ acids 2s methyl 
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esters, prepared using dimethylformamide dimethykxetal (Pierce, Rockford, IL, 
U.SA). Gas chromatography was performed using P&in-Elmer 392OB instruments 
equipped with flame ionization detectors and 2 m x 2 mm I.D. silanixd glass 
c~hunus containing 3 % QV-1 on Gas-Chrom Q (100-120 mesh), programmed from 
1OQ to 270°C (fatty acid methyl esters) or 200 to 270°C (sterol TMS ethers). The 
injection port and inter&ce temperatures were, respectively,- 250 and 280°C. Some 
analyses were performed using a similar column with SF-2330 as the stationary phase 
or a 10-m glass capillary c&unn coated with OV-101. Combined gas chromato- 
graphy-mass spectrometry (GC-MS) was performed using a Hewlett-Packard 5992.A 
instrument equipped with a 2 m x 2 mm f.D. silanized glass column contaiuing 3 aA 
OV-l on GasAZbrom Q, with appropriate temperature programs and an electron 
energy of 70 eV_ 

RESULTS AND DJSCUSS~ON 

Shrbtp sterols 

The relative concentrations of sterols in the three major tissues (gonad, 
hepatopancreas, tail L muscle) of both sexes of P. sefifrzzs are given in Table I. 
Cholesterol was always the predominant sterol, and 22-dehydrocholesterol was found 
in most samples. Desmosterol was also fouud in some samples. 24Metbylcholesterol 
and sitosterol were encountered only in the hepatopancreas. The_ identities of all of 
these compounds were verified by GC-MS. 

RELATWE CONCENTRATIONS OF STEROLS’ IN TISSUES OF P. SETIFERUS FROM THE 
GULF OF MEXICO 

Specken’ = Tzksue”* n Cholesterol A” AU 24-Me 24El 

Male 

Female 

w4v 1) 

Fetnak 

(stage 5) 

G 
H 
T 

G 
H 
T 

G 
H 
T 

G 
H 
T 

G 
H 
T 

6 
6 
6 

2 
1 
2 

4 
4 
4 

2 
3 
3 

8 
8 
8 

98.7 * 1.90 
93.9 & 7.4 
82.2 & 40.3 

100 f 0.0 
96.2 
100 f 0.0 

99.0 f 0.8 
84.0 i il.3 
99.5 + 1.0 

98.1 f 2.7 
89.8 i 9.0 
100 A 0.0 

92.5 * 15.2 
82.5 2 4.7 
100 f 0.0 

c.7 &- 0.8 
2.7 * 3.0 
0.7 f 0.9 

3.8 

1.0 & 0.8 
5.5 * 3.8 
0.3 -F_ 0.5 

1.0 f 1.3 
4.6 & 1.8 

0.7 + 0.8 
6.4 & :.9 

4.2 f 1.4 
0.2 & 0.6 

5.1 & 3.7 
0.3 & 0.5 

3.1 & 3.2 

0.3 * 0-s 
5.2 f 1.2 

2.5 F 1.6 0.6 i 1.3 

3.3 I 2.6 2.2 * 1.7 

1.6 & 2.8 0.9 _” 1.6 

4.0 & 1.2 2.0 * 1.1 

l A” = 22-dehydroeholcsterol; A *( = desmosterol; 24-Me = 2knethykholesterol; 24-Et = 
sitostero!. 

l * For females, stage of development of ovaries is indicated: stage 1 is immature, stage 5 is 
about to spawn. No stage 4 ~S&IS& were coikcted. 

l I* G = gonad; H = hepatopancmas; T = tail muscle. 
a Mean f standard dbation. 
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Cholesterol has bezn known in marine invertebrates since the Turk of the 
ceWry”4, and is a common shrimp sterol ‘4 It is derived from the diets of species 
which are unable to synthesize it16-18_ 

22-Debydrocholesterols (22&s and 22-lrrms) are also widely distributed marine 
sterolP+. The origin of this compound is not c!ear. II? mammals, the formation of 
(22R)-22-hydroxycholesterol is the first step in the conversion of cholesterol into 
C,, C, and C,, steroids. Such steroids in crustaceans apparently do not share the 
signikance of their counterparts in mammals *. It is tempting to speculate that 
(22&Z)-2%hydroxychoksterol is dehydrated to 22-dehydrocholesterols in some marine 
organisms and, Iike cholesterol, is transferred through the marine food web. 

Desmosterol was first reprted in a crustacean and has been found since in 
other crustaceans2”. These animals can convert dietary desmosterol into cho- 
ksteroi15~26. 

It is of interest that we found 24-methylcholesterol and sitosteiol in the 
hepatopancreas but not in the gonads or tail muscle. Both of these phytosterols can 
be converted into choIestero1 by cnMaceans*5~~7-“‘. Our data indicate that the 
metabolism of these dietary sterols takes plaaz in the hepatopancreas or, perhaps, 
some tissue other than the gonads and tail muscle. 

Sirrimp fatty acids 
Analytical data for fatty acids in all three tissues of P. setr$rus examined are 

given in Table II. Their identities were verified by GC-MS. Most samples contained 
the full range of saturated and unsaturated fatty acids from C,, to CX_ Compotids 
included in Table II are the major fatty acids: palmitic (16:0), palmitoleic (16:1), 
steak (18 :O), oleic (I 8 : l), arachidonic (20:4), S,$, 1 I, 14,17_eicosapentaenoic (2G :5).. 
and 4,7, IO, 13,16,19_docosabexaenoic (22 :6) acids. Their relative concentrations are 
expressed as percentages of the total ,‘atty acid content. 

The saturated and monounsaturated fatty acids are presmmabiy most impor- 
tant as membrane components. Those which are likely to be most significant to 
reproduction are certain of the polyunsaturated fatty acids. The most prominent of 
the latter compounds in many samples are arachidonic acid, 5,&l 1,14,l%eicosapen- 
taenoic acid, and 4,7,10,13,16,19-docosahexaenoic acid. 

The C, acids are precursors of prostaglandins in many animakP_ While there 
are QO reports OQ endogenous prostaglandins in crustaceans, experiments performed in 
vitro have resulted in the conversion of the 20:3 acid into prostaglandin El in low 
yield by lobster stomach and gill homogenat&. Since prostaglandin c~~~centrations 
are particularly high in human seminal ffuid”-35 and since these compounds have 
been implicated in the stimulation of uterine contractions during labou+, it has 
been suggested” that a role of the G,, acids in the reproduction of shrimp is mediated 
by prostaglandins. 

ProstagIandins and prostaglandin analogues have been produced in vim using 
sheep vesicular gland homogenates only from C!,, C&,, and & substrates36*37_ There 
have been QO repmts of the formation of prostaglandin analogues from the 22:6 
acid or other C, acids. A correlation has been noted, however, between the sex ratio 
of zooplankton and the content of heneicosahexaene in algal fe2d at the nauplius 
stagP, and it has been s~ggested~~ that the 22:6 acid is the active compound, while 
the hydrocarbon is tierely a decarboxylation product. 
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There is strong &cunMantial evidence to su_eest that polyunsaturated fatty 
acids are involved in some capacity in the reproductive process, and attention to 
this possibility should be given in designing feedstocks for shrimp maricultnre. 

Dietary lipids 
The fatty acid content of many crustaceans re&cts that of their dietssp-‘L. Of 

parti& interest is the observation that the Iipid content of the coconut-ab is very 
similar to that of coconut+?‘. Thus, the foregoing discussios has shown that atten- 
tion should be given to the sterol and fatty acid conknt of the diets of penaeid 
shrimp if they are to be expected. to spawn in captivity. 

The fatty acid composition of a eommercialiy available marine chow is given 
in Table III. Cholesterol is the only sterol in this formulation. ?Vhile tie sterol 
content appears to be appropriate, there is cleariy a deficiency of polyunsaturated 
fatty acids. If this f&to& is *a be used for maturation, it should be supplemented 
with additives con’tining sui5cient essential fatty acids. 

TABLE HI 

RELATIVE CONCENTK4TIONS OF SELECIED FATn ACIDS IN COMMERCIALLY 
AVAILABLE MARINE CHOW itiD THE BLOODWORM G. DIBRANCHL47’A 

S--h- 16.3 16.-I Is.* 18:X 20:4 + 5’ 22:6 

Maine cbiv 21.6 3.3 7.6 27.1 3.3 1.7 
Bbdworm @c) l2.9 e.5 6.6 10.7 21.5 10.0 
Bloodm arm (frozen) f9.4 2.8 a.3 11.1 26.3 10.7 

- 20:4 2nd 205 not resolved cm OV-1. 

Among the f&to& supplements which we have investigated is the blood- 
worm Gl~~era dibmzchicrta. The fatty acid profile (Table III) of thkannelid appears 
to be appropriate for use with shrimp. 

P. setifem were maintained in captivity with a diet supplemented with 
G. dihranchikzta. Tke fatty acid profiles of these animals after three months on this 
diet are given in Table IV. These proWs are very similar to those for the wild shrimp 
in TabIe II. Ovarian development and spawning were obtained 3-4 weeks after the 
experiment was initiated: 63 egg collections yielded a total of 4.3 million we. 
Fertilization did not take place since the male shrimp had a Vibrio infection. More 
recer:tiy, however, this protocoi has resulted in the production of viabt larvae of 
P. styiiiostrisu. 

Even vhough the fatty acid profiks of the :vild and captive shrimp were 
siir, there were signikznt (P < 0.05) differences between the total lipid contents 
of the two groups of animals as shown in Table V. The hepatopancreas lipid 
conteat of the captive shriip v&s 204.4 times that of the wild shrimp, the gonad 
lipid content of the captive shrimp was U-2.0 times that of the wild shrimp, while 
the tail muscle lipid content of the captive shrimp was only 1.1-1.4 times that of the 
wild shrimp. The higher concentrations of the lipids in the captive shrimp indicate 





TAmE v 
TOTAL LIPID CO- (“A M TISS~ OF P. SETIFERUS FROM THE GULF OF MEXL 
CO AN’D GROW IN THE, LABORATORY 

r%maIe 

(s4s 4) 

FanaIe 
tsta!s 3 

5 22 & 0.7”’ 0 - 

5 24.1 + 20.4 0 - 
5 4.0 f 0.4 0 - 

2 6.0 * 1.8 0 - 
2 22.6 & 127 1 442 
2 4.2 &- 0.1 1 4.6 

2 7.7 2 9.1 3 15.4 * 1.9 
2 13.6 i 0.1 4 32.9 f 20.6 
2 3.5 f 0.1 4 4.8 2 0.4 

2 13-6 i 0.3 5 19.4 f 23 
3 15.1 i 2.1 5 66.8 i 9.8 
2 3.6 i 0.2 5 5.1 & 0.3 

0 - 3 20-l * 0.9 
0 - 3 51.4 & 19.7 
0 - 3 4.6 & 0.3 

6 16.1 f 1.1 3 19.5 2 1.1 
4 11.7 I 5.9 3 23.6 -_L 6.8 
6 3-s i 02 3 4.6 I 0.2 

that the artificial diet of the captive shrimp, while adequate for inducing m&u&ion 
zad spzwaiag, is not optimum- Further refinement of the artificial diet is required to 
seduce the accuinulatioa of lipids in ax&n& which are fed with it. 

coNcLUSIONS 

Fatty acid aad sterol pro&s were obtaiaed for peaaeid shrimp caught at sea. 
These pro&s were dupkatecl in captive _ Is and spawning resulted. 

There have been many reports of sezoa; chzages in the lipid content and 
composition of crustaceaas: Astactls astam 4s Astacus teptodactyiuf, Orconectes , 
rrcsticu.F, Paiaemon ca.rcW, aad Panukt~~ pulyphagz@. T&e changes probably 
re&ct difTereaces ;&I diet rather than changes in temperature. Minor variatioas in 
lipid content throughout the molt cycle, however, have been obscrved’g*S. 

Our success ia using G_ dibranchkta as a f&to& additive is probably aIso 
rel&ed to the diet of the bloodworm. The essential fatty acids probably derive uiti- 
mately from phqtoplaaktoa, aad other rou*%zs through the food web to shrimp 
could be envisioned. 

Finally, it is not impossible that a factor other than dietary lipid content was 
responsible for the promotion of cvariaa development. Now that spawning is 

_possib:e ia captivity on a reproducible basis, experiments caa be perfopmed to re~ohe 
some of these issues_ 
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