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ABSTRACT: Thisatticle provides 3 bricl summary on recent advances in Pensens wrindmet
putition fesearch in Boaador. In 1988, 8 study was performed 1o deatify the lipid profile of
wild sheemp larvae and broodstock, collected along the Ecuadorlan coast. Thie average fatry
acid percentages relative (o wital Upld content in wild Latvae weerg; 3.24% of 18:2n-Gand 1.22%
al 1R:3n-3, while the percemages found for the highly unsaturated fatoy scics (HUTFA)
cictmapentacnoic acid (EFA, 20:50-3) and docosahexsenoic acid (DILA, 22.6n-3) wene 14.26
ancd 1391, respectively. £ sannamet juvenies were found to have higher survival and Erowth
rates {138 mgsd) when fed o diel containdng 1% clietary Hpid level, P, vanrane! juvenlles
performed best with a diet containing 409 proteln. Average weight gain was 157 mg/d, The
aptimum vilamin © level in artificial diets, for £, vanmamed juveniles, was fewinz to be 46 mg
ascuriie acid equivalents/100 g diet, A scries of experiments designed to determine chgesnbility
1 ol diets caneining local feedstufls are reported here.
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1. INTRODUCTION

Pengeid shrimp are the most important and extensively culiured crustaceans twonghou
the warld. This is due to their great consumer demand and their high market value.
They are also ideal for intensive cultivation hecause of their adaprability to different

‘ culture systems, eapid growth, availability of postlarvae from anificizl propagation,
and positive response 1o supplemental feeding.

ln Ecuador the development of shrimp culture has been noteworthy. Shrimp
culture now constitutes one of the most important sources of hard currency through
exportation, Nevertheless, there is slill much 1o learn about their nurritional require-
{ Ml =

During the last decade, shrimp activity has undergone an imporiant develop-
ment in Eouador, In 1942, 114,340 ha were being used for shrimp cullure, providing |
a yield of approximately 113,137 metric 1ons, an export value of almost RZ6 million
dollars, If we consider that food for shrimp represents around G0%a of the production |
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ot Food avatiability aud quality are critical factors for the successfil development

of shrimp culture in Ecuador (Cimara de Produciores de camardn 002, 10030
i Despite the et thar the shiimg feod induster for P sansame s expanced
auickly, there arc still sorme problems wvith respect Lo guliny {Carnba, 1992) and the
cost of improving it Freguently, duc to the luck of references on nutritonal
requirements on this species, dicls e formulated bassd on requirements of other
penaetd shrimp, Morcover, many commercial dicts contain excessive amounis of
cermain ingredients and often poor dutrient efliciensy is observed, resulting in
unfavorable nutritional balances,

This arlicle feviews recent rescarch on the nutritional requirements and optimi-

zation of coinmercial diers in Ecvador.

/. PROTEIN REQUIREMENTS

Twi cxperiments weere carded out to evaluale protein requirements of P ianneme
juveniles and the effectivencss of different commereial diefs. The st expedment
evaluated different levels of proteins o the experitnental diets prepared ar CEMALRM,
while the second compared the best protein level oblained in the lirst expariment
willt local commercial dicts containing different protein levels.

For the lirst exscdment, Camba et al, (1993) collected B vannamel pverniles
[roin the ared of Palmar (Penfnsula de Santa Eleng, Eouador) und acclimated them
tor laberatory condilions. The animals were [ed [ive amificiul diets with protein levels
ranging from 25 to 45%: Dict formulation was based on locally available animal and
plant ingredicns instead of using semipurified test diets, An ammal:plant prolin
catio of 2.1 was utilized. Biochemical analyses were performed on the five diers and
shnimyy juveniles (dircetly after collection and duzing the experiment],

Resulis showed that animals fed the three lowest protein levels (25, 40, and 35000
armained significantly (P £ 0.05) lower weights (4,11, 3,30, and 3.57 g, respectively)
than those fed dicts containing 40 and 45% protein (657 and €52 g).

shrimp fed dict 40% protein hael the highest weight gain, significantly different
(< 0.05) from those fed the other distary protein levels, excent those led 5%
protein, No significant differences (2 £ {.05) were observed among welght gains of
shrimp fed the Gwes lowest dietary protein lesrels £25%, AD, and $3%.

In all treannents the feed conversion ratios (FCR) were relatively high, ranging
from 2.30 1 3.32. The 4004 pretein dict provided a FCR value of 277, There wis
no dillerence in PCR values for the 25, 40, and 45% prolein diets (F 2 0.03). The
protein efficiency ratto (PER = live weight gain [glprotein eaten [gl) was high for
the [ive treatments (0.88 to 1.34). The 258 protein diet gave 4 significanily higher
PER value than those of the other diets. The PER values of shrimp fed 4t 30 to 45%
protein did pot differ. Colvin and Brand (1577) ~eported that the profein reguine-
ments of P califormionsis, Posiplivosris, and P pansame poariarvas wire siilar
and waricd [rom 30 Lo 335,

P japonicus was found to grow besl when fed more than 60% prolein by
Destomura and Shigeno (19760 and at least 0% punified protein woconding (o
Deshimam and Eurold (1975), Tespite that both are Pergons, protein requireinents !
are different; otherwise, both present levels of proteins requirement over 409,
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wenl Growth of P sansame javeniles in the present study (1537 mg/dy was equal to
%) that reported for similar-sized penaeids fed artificial diets in tanks. Feoueei et al
] (19807 reported an increase of 130 mp/d obtained for P. stylirasiis fed with a diet
! the based on shrimp meal and Sick et al (1972) reported a 140 mgdd increase for
anal P aztecus, fed a fish meal based diet,
ther The quality of diet required Lo aclieve maxinmum growth also appears (o be size
s of dependent (Chen et al., 1985}, smaller shiimp being more dependent than larger
3 in ones on animal protein. The animal protein sources were shiimp head meal, fish,
and squid meal. Vegetable protein seurces were wheat and soybean meals and
- wheat bran, Under the present conditions, the best growth was oblained by [eeding

the 40% protein dict during & weeles, slarting with an average weight of 0.93 g
In the second experiment P oozt fuveniles with an average weeight of
1,51 & 0.16 g weie fed five srilicial diets (1-4046. 35%, 408, 38%, and 278 prolein).
One experimental diel (D-40%) was prepared at CENAIM, while the ethers were
bought at local feed mills, Afrer B weeks, shrimp fed diet D-40% showed the best

Il reaults in terms of weight gain (6.31 g), speeific prowth (1.27%), and survival rate
et {86073 Camba el al, (1992,
WM, ! The final average weight of disl Drdl)%h (784 g) wras signilicantly different (£ =
de . : 0.05) from thal of diet 40% (548 o), although both diets had equivalent protein
levels. Three out of the four commercial dists rested gave signilicantly lower results
Wles . than those of diet D-40%, in terras of weight gain, specitic growth rate, and survival
s i The averdge wet weights of animals fed diets A0% and 35% were 548 ¢ and 5449
vels i g and were not significantly difterenl than thase of dists D-40 ang 38%, The andmals
and | on trealrient 35% showeed the lowest average wel welght (493 + 00770
dein f The bosdy weight gain (BWE) in animals of diet 38% (686 g) was similar to that
it | reached by diet D-40% (.31 g). However, digt 38% obtained a weight variadon
eoellicient (18.24%) significantly greater (P< 0.05) than that of diet D-40% (10.5 8%).
S9) ! The BWG of both diets were significantly difterent than those recorded lor the orher
el j treatments (3,42, 3,99 vs. 3.4 g1, The FCR's were relatively high for all diets ranging
| between 3.34 and 7.58. Nevertheless, the FCR of dliets 13-40 and 48% were signdfi-
et cantly lower than those of the remaining Lreatments (P < 0.05).
4504 . According Lo studies by Colvin and Brand (19770, Smith et al. (1983), Akivama
5 of (1002) and Camba et al. (19933, the optimum proteie level for £, vmenamed lays
hetween 30 and 0%,
g Therefore, all the tested diems, excepr diel 27%, satisfied the prodemn reoure-
wras ments; however, diel D-40 and 28% gave the best growth results. [iets D-40 and 40%
The { showeed resulls thoroughly different in relation of W05, FOR, and suryival, and this
Fist . } seems 10 be due o the quality of protein wsed in the diel’s clabornon.
LT
¥k
lipe- ffl. LIPIDS
iilar
A, SURVEY OF FATTY ACID PROFILES
by '
G Arellano et al (19810 investigated Fally acid profiles of wild and halchery P tawniamel
=nls larvas and broodstocls. Tor 1 year, shoimp were collectad in several zones of the

Ecuadarian coast and the toral lipid content and faty acid profiles were detennined
i order to identily differences throughout the year and bemween geopraphical areas,
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Falty weid profiles did not fluctuate in relation to clmatic changes or geographi-
cul arca. The resulls revealed a high HURA content compared with other Lally acids,
prossibly 2n indication of larval quality, considering the well decumented mporance
of these essential distary compounds, In the cuse of hatchery larvae, the values of
18:2n 6 (06750 and 13:3n-3 (17.73%) ware much higher thar (hose observed it wild
Lirvae, while EPA (BO8%) and DHA {1.82%) were lower Lo in wild lareae. Farty
acid profiles of female broodstock were clso independent of scason, zone, and
maturalion slage. Female broodstock showed the following lpldological pattem
characteristics: 18:2n-9= [544%, 18:2n-0 = 2.58%, 2030 3 = 11.10%, and 22:6n-3 =
B AR,

We can assume that wild & vensanel shrimp in Bouadorcan walers make up
part of the same ccosystemn, given the homopeneity of the results, al lewst during
piarg with nomnal climaitie conditions, as was the case dn 1900 angd 1991,

B. DIETARY LIFID UTILIZATION

In & recent shidy performed by Ledo-tling ef al. (1893), lipid requisermnents of
P. vannamel were investipated in a 70-d experiment in which dicls of ditferent lipid
tevels were fed to juvenile shhimp. Lipid analysis of the hepatopancreas was
evaluated at the end of the experiment, and a determinulion of diet digestibility was
performed with a chronte oxide sralysis in feces collected during the experiment.
According to different smidies on lipid requirements lor other species of penasid
shiimp, recommended Upid levels for commercial diets are between 6 and 8% The
level should not be higher than 10% according lo Kanazaws st oal, (1079)

Five experimental dists with different lipid devels of 531,850, 1100, 13,14, and
16.57% on dry welght buse wers prepared, and animals were fed twice daily. Feces
weare collectad 1 b alter [ceding from duy 36 onward, and stored st —20°C umil
anahssis.

The results showead that a total lipid level between 8 and 11% can be constdered
suitable tor £ vanugmer uveniles, Lipid levels above 11 and helowr 8% produced
retarded geowth €8 < (0.05), Sheen and Chen (19923 [ound that the introducrion of
lipicl levels of &, 10, and 12% in diets for 2 mosiedor produced o significant growth
gain osvesver, il wis abscrved thal P sorodors did not demonstate o spealic lipid
TeCuirem et

After 7 d, the mean wet weight o the shrimp fed a diet containing 6.31% lipid
was significantly lower thin mean wet weipghts of those fed dicts with 830 and
L1.00% lipicls. There was no significant differetice among diets with 5,31, 13,13, and
16.67% lipids. Howewver, diet 11.00% had weight gains significantly kigher than the
arhiers dhicls

At the end of this stdy, survival it reatment groups ranged from 93,3 to 97.8%,
Survival in the reatment with the highest lipid level (16,6730 was lower than other
frestrents (P < 0.05),

The best tesulls inwerme ol BWG, PCR, molling Frequency, and specilic growlh
rate (SGR) were obtained using the diel with 11.00% lipid. ‘The romal lipid content
of the hepatopancreas a0 the end of the expedment had increased From 4.07 1o
14,7044, and it seemed to incresse accorcing to e dielary lipid levels. There was
also a stight variation in essential fatty acid (EFA) compasition, specifically of o-3
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HUFA in relation to diet. The lowest lipid level produced the lowest tolal lipid
contetit in the hepatopancreas (F < 0.05),

The apparent lipid digestibility values ranged from 77.53 to 90.28% and they
increased with he dictary lipid level In an expetiment with diews fornmilated for
v monodon containing crude lipid levels of 9.45 o 11.92%, Cataculan (1991
observed apparent lipid digestibility values of 90 to 933, which are higher values
than thase lound in P japowices, Regarding dry mafer digestibility, the valucs
abtained ranged beteeen 77.16 and 31.66% and did not increase according to the
lipid level in the dict. Tlowever, the diet containing 11% lipid produced the best
resylis (81.06% digestbility), probably due lo.an adequale energy dry matter rabio.

IV, VITAMIN C REQUIREMENTS

The requirement for dietary cscorhic acld (AA) has been demonstrated in peraeid
shriwp ( Deshimaru and Euroki, 1576; Guary el al., 1976; Scdgwicl, 1980; Shiau and
Jan, 1992, Haicui and Lawrence, 199%). Examples of the physiologieal effects with
Insufficient levels of AA have included poor growth, poos feed conversion, reduced
molling froguency or incomplete molticg, decreased resistance to siress, impaired
collagen synthesis and wound healing, melanized lesions undemeath the exoskel-
cton, and hHigh moitality (Lightner et al, 1977, Magarelli and Colvin, 197%; Hanter
e al. 1979; Lightner et al, 1479 Magarelli el al, 197%: Catacutan and De la Cruz,
1980 and Merchie et al, 150 )

A stable form of vitamin € r-ascorbyl-2-phosphate-Mg CAPMY, wras tested for
clficacy as a witamin C souree for P vanname juvenlles (Montoya and Molina,
199%), Five lest diets containing graded levels of APM (0, 10, 18, 33, 66 mg/ 100 gl
were prepared for feeding tr ls, Molting frequenscy ol shrimp Fed 10 mg APM/100 g
dier was significantly higher than that of the other groups. No differences in prowth
hetween the treatments Were detected, Feed conversion ratios wrere not significantly
different (2 = 0.0%5) among TEATNents. Thus, suppletnentation of 10 myg APM/1CHD g
dier was sullicient for batier survival and prevention of clinical signs of vitamin
deficiency signs in P gannamel,

The majority of the dead shrinp in the vitamin C-deprived treatment developed
hlackencd lesions under the exoskeleron oo the abdomen, on the carapace, in the
gllls, and in the foregul Histological examipaton of the blackened areds in these
shrimp showed the lesions fypically to be present in loose connective nssucs. This
symptom is similar to the proposed ascorbic acid deficiency syndrome named "Black
Death” (Lightner et al, 1977, Magarelli et al,, 1979) This pathology was not noged
in the other treatments.

V. DIGESTION

Diigestibilities of various local fecdsmifls for P wannamel were derermined by
Pedrazzoli et al, (1995}, Six ::':x;‘.rerirm:nml cliets were evaluated, The conirol diet was
a normal balanced artificial diet The other reatmerits consisted of 504 contrel diel

and 0% experimental ingredients that diffcred in each treatment. The tested
ingredients were rice bran, sopbean meal, fish meal shrimp head meal, and squid

meal.
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Digestbility values of cxperimental diets, creepl the basal diet, ranged from |
50,92 10 95.19% for diy multer; 59,80 10 93 2 1% For total lipids; ancl 73.00 to 906U
lor protein. Aldyarna et al. (1086, warking with P reeszreamel Foud apparent drw
natter digesribility: values for fish meal, shrimp head meal, soybean meal, squid
meal, and rice bran to be 64.3, 368 559, G8.9, and 40%, respectively,

Protein digestibility seems to eoineide well with other studics by Sindth e al,
(19850, in which the effect of protein level and soores weas irvestigated in P conmamet.
Results revealed rhar the protein digestibility ranged between 80.7 and 5454,
However, the lipid and drv matrer digestibility they obmined wreté lower than those
obrained in our shudy,

The highes: negative value reporled for (he proteln digestihility of the conteol
divl was —113 835, It suggests endogenious losses in the animal, invilving processes ]
suchL s efizymaric secretion, sloughing of gyt epithelial cells, lormarion of the
chitinous peritrophic membrane, and the sceretion of other lubricadve substances,
I was mendoned by Akivama et al {1650),

The protein digestibilitg of the rice bree dicl was high and significanty differcnt
(F = 0405 from those of fish and shiimp heacd meal. For cssenizl fatty acicls, the
digestibiliy ranged from 65.36 to 97.07%, ¥8.03 to 1i¥%, 58,48 to 96.33%_and 6257
L 95.63% [or 18:20-6, 18:3n-3, 20:5n-3. und 32:6n & respectively. Squid meal bad
the highest lipic digestibility. The squid meal, sovhean meal, and fish meal i the
diels proved 1o be most henslicial, because of their high mutritonal value and their
high: digestibiliy, :

Ly B

V. GENERAL CONCLUSIONS

The values reported on quantitative dietary protein reqirements [or 1 peinrcmed
ranged from 25 to 409, Unlii more knomledge is avuilable on essential anvne acid

TABLE |
Compositién of Experimental Diets Containing Various Feedstuffs {Dry
Weight Basis)

Componentes B1 Dz D3 D4 bOs Ds
Casein 40000 20000 20030 20000 20000 200.00 :
Gelatina 100.00 50,00 s0.00 50.00 50.00 50,00 ¢
Pallack liver ol 34,00 42,00 4200 42.00 42.00 42.00
S0y oil 21.00 10.50 1050 10,50 10,50 10.50 i
Lecithin 10.00 £.00 500 2.00 4.00 5.00
Cholesterol 5,00 2.50 257 2.50 2,50 2.50
Vitamin prembs 35.00 /50  17.50 17.60 17.80 17.50 ¢
Mineral pramix 20,00 1000 10.00 10.00 10.00 10.00 ’
Dextrin A00.00 150,00 15000 15000 18000 4 5000 C
Aquatec {bindar) 20.00 1000 1000 1000 1000 10.00
Chromic oxide 5.00 260 2,50 2.50 250 2.50 1 "
Experimental ingredisnt — 50000 50000 600.00 S00.00 500.00 '
Total 10C0 1000 1000 1000 1000 1000 ! 0
D= cepmtved diel; D2 vive brost waoalk D3 sovber meal D shvlengy bewd Moo, Dy fed menl DG
sepested el
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requitements, dierary proteinfenergy ratio and availability of isocaloric diets, detes-
mining more exact requircnents will e dillienlt

Recommnended lipid levels for commerscial shrimp feeds range [com 6 w0 7.5%,
An oplimum level of 11% s suggested. Bolyunsaturated fatey acids, phospholipids,
and sierols have rencived most stention in crustacean lipid N,

very litle is known about vitamia nutrision in shoimp. Most vimmin reguire-
ments are wllected by size, physiclogical state, environmental factors, and nuiricnt
interrelatdonslips. Dus o the inatability of aszeorh¥c wcid in feed, consideration must
S given Lo mamnufactusing and slorage lowses suslained helore feeding,

Proper nuiridon of marine argarisms is essential to profimble aquacuire, wud
cffective [eed depends on our knowledge of how orZamisms use various. diet
compenents. The trpes snd properties ol shrirnp-cligesiive enzymes define digestive
capabililies and hence the ingredients Lo e included in shimp diets, Fulure studics
will indude specific mechanisins involved (n cigestion and asstnilation.
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