
















Conclusion . 
The lack of acid digestion In the shrimp digestive system necessitates the use of more soluble mInGIaI 
spec.les than Is trad~lonally used In feed production. Even assuming a high bloavaUablilty of minerals 
from r<ffl materials used In shrfmp feed, zinc, manganese, copper and phosphorous are stil requited 
In a shrfmp minerai premix. 

Considering the range of different r<ffl materials used In feed formulation and the fluctuation In minerai 
levels of ITN{ materials used In shrimp feed, ~ Is In the Interest of feed mills to seek for specialised 
minerai premix formulations using quality minerai sources, su~ed for the range of feed r<ffl materials. 

To accommodate changes In ITN{ material quality used In shrimp feed, an Ideal mineral premix shoUd 
meet > 50% or more of the trace minerai requirement. 

Shrimp may be able to meet a substantial fraction of their calcium requirement from seav.ater 
HeM'ever, shrimp reared In environments with fluctuating salinity may require 1eM' levels of . . 
supplemental calcium (0.25%). 

7 



Uterature 

AIken, D.E. (1980). Moiling and groNth. Pages 91·163. In S.Cobb and B.F. Phillips (eds). Volume 1. 
The biology and management 01 lobsters. kademlc Press, Inc., New Yorl<, New Yorl<, USA 

Aldyama, D.M., WG.Domlny and ALu.wrence.(1991) . Penaeld shrimp nutr~lon for the commercial 
feed Industry: RENIsed. In, Proceedings of the Aquaculture Feed Processing and Nutrition 
Workshop. Pages 80-98. 

Akiyama, D.M. and Ronnie KH. Tan (eds). American Soybean Association, Thailand and Indonesia, 
September 19-25, 1991. 

Castille, F.Land ALlAwrence. (1989). The effect of deleting dietary const~uents from pelleted feeds 
on the groNth of shrimp in the presence of natural foods. J. Wortd Aquacul. Soc.,20(1):22A 

Cheng, WW,(l985) . The study of the nutr~ional requirements of the shrimp Penaeus japonicus Bate, 
In calcium and phosphorous. These de Trolsleme Cycle, Univers~e de Bretagne Occidental, Brest, 
France, 146pp. 

Clvera-Cerecedo, R. (1991). Creclmiento de juveniles del camaron Penaeus japonicus alimentado 
condflerentes niveles de calclo y fosforo filico. Revis1a Investigaclon Cientifica. 2 (2):1 ·5. 

Civera, R. and J. C. Guillaume. (1989) . Effect of sodium phytate on grC1N1h and tissue mineralisation 
of Penaeus japonicus and Penaeus vannamei juveniles. Aquaculture, 77: 145-156. 

Civera, R.,M.Fakhfakh and J.C.Guiliaume. (1990) . Digestive utilisation of phytate phosphorous In tv.\) 

species of shrimp: Penaeus japonicus and Penaeus vannamei. Abstract. Wortd Aquaculture 
Conference, Halflax, Canada. 

Combs, G.F. and S.B.Combs. (1986). Biochemical functions of selenium. The role of selenium in 
Nutmion, kademic Press, Toronto, Ont.,pp.206-265. 

Conldin, D.E.,l989. Vrtamin requirements of juvenile penaeid shrimp,pp.287-308. In:Advances in 
. Tropical Aquaculture, Tah~i, Feb 20·March 4, 1989. AQUACOP IFREMER Aetes de Colloque, 9 . 

. Dall, W and D.J.W Moriarty. (1 983). Functional aspects of nutrition and digestion. In: The Biology 
01 Crustacea. Mantel, L (ed), Vot5, Internal anatomy and physiological regulation, pp.215-262, 
kademlc Press, New York. 

Davis, DA(l990). Dietary mineral requirements of Penaeus vannamei: evaluation of the essentiality 
for thirteen minerals and the requirements for calcium, phosphorous, copper, iron, zinc and 
selenium. Ph.D. Dissertation, Texas A&M University, College Station TX, USA 

Davis, DA,J. Bldenbach and AL lAwrence (1 990). Qualitative effects of dietary mineral supplementa­
tion, salin~ and substrate on groNth and tissue mineralisation for Penaeus vannamei. Abstract. 
Wortd Aquaculture Society meeting, Halifax, Canada. 

Davis, AD.,ALlEwrence and D.M. Gallin 111 .(1992). Mineral requirement of Penaeus vannamei. A 
prel iminary examination of the dietary esential~y lor thirteen minerals. J.wortd Aqua.Soc.,23(1) :8-
14, 

Davis, AD.,ALl2wrence and D.M. Gallin 1t1.(1992). Evaluation 01 the dietary iron requirement 01 
. Penaeus vannamei. J.wortd Aqua .Soc.,23(t) : lS-22. 

Davis, DA, AL lEwrence and D.M. Gatlin Itl. (1993). Dietary copper requirement of Penaeus 
vannamei. Nippon Suisan Gakkaishi 59:117-122. 

Davis, DA, AL lEwrence and D.M. Gatlin III . (1993) . Dietary zinc requirement of Penaeus vannamei 
and the effects ofphytic acid on zinc and phosphorous bioavailability. Journal 01 the Wortd 
Aquaculture Society 24:40-47. 

Dep/edge, M.H.,l989. Re-evaluation of metabolic requirements lor copper and zinc in Decapod 
Crustaceans. Marine Environ. Res.,27: 115-126. 

Deshlmaru, a and Y Yone. (1978) . Requirement 01 prawn for dietary minerals. Bull. Jap. Soc. ScI. 
FIsh., 44: 907-910. 

Deshlmaru, O.,KKurokl, S.Sakamoto and YYone. (1970). Absorption 01 labeled 45Ca by prawn.!rom 
seav.ater. Butl. Jap. Soc. Sci. Flsh.,44 :975-977. 

Deshlmaru, a and KKurokl. (1974) . Studies on a purified diet for prawn. I. Basal compos~ion of diet. 
Bull. Jap. Soc. Sci. Fish.,40:413-419. 

8 



Desjardins, LM.,B. Hicks and J.w. Hiltom. (1987). Iron catalysed coddallon of trout diets and Its effect 
on (he gro.vth and physiological response of ralnbo.Y trout J. Fish Physlo/' Biochem.,3(40):173-
162. 

Gallagher, M.L,W.D.BraNn, D.E.Conklln and M.S~ri.(1978). Effects 01 varying calcium/phosphorous 
ratios In diets fed to Juvenile lobsters (Homarus Bmerlcanus). Comp. Blochem. Physlol.,6OA:467-
471. 

Gatlin, D.M.,III and RPWUson. (1984). Zinc supplementation 01 practical channel catflsh diets. 
Aquaculture, 41 :31-36. 

Greenaway. P.,l985. Calcium balance and moulting In the Crustacea. Biological RfNI~. 60:425-454. 
Icely. J.D. and JANott.(1980) . Accumulation of copper wtthln the hepatopancreatlc caeca 01 

Coroph/um va/urator (Crustacea:Amphlpoda). Mar. BI0I.,57: 193-199. 
JolI, I.M. and C.J. Crossland. (1983) . Calcium uptake by juvenUe western rock lobster, Panulirus 

cygnus George, trom dietary coralline algae. J. Exp. Mar. BIoi. EcoI.,66:69-80. 
Kanazawa, A,S.Teshima and Sasaki, M.(l984). Requirements of the juvenile prawn for calcium, 

phosphorous, magnesium, potassium, copper, manganese and Iron. Memoirs of the Faculty 01 
Fisheries, Kagoshirria Universtty. 33:63-71. 

Keati.ng. K.I. and B:C. Dagbusan. (1984) . Effect of selenium deficiency on cuticle integrHy In the 
Cladocera (Crustacea). Proceeding of the National Academy of Science USA 81:3433-3437. 

liang, D.,LFayl,S.Feng and LXin.(1989). Effects of dietary zinc on the prawn, Penaeus orientalis. 
Mar. Scl./Halyang Kexue. No.5.pp.49-52. 

lIu,F,D.Llang, FSun, H.lI and X.Lan.(l990). Oceanologla et lImnoiogia Sinica. 21(5):404-410. 
Lovell, l,(1989).Nutrition and feeding of fi sh. Van Nostrand Reinhold, New Yori<, N~ Yori<, USA 
National Research Council. (1980) . Mineral tolerance of domestic animals. National Academy Press, 

Washington, D.C.,USA . 
National Research CouncU. (1983) . Nutrient requirements of warmwater fishes and shellflShes_ 

National Academy Press, Washington, D.C.,USA. 
Oglno, C. and G.Y. Yang (1979) . Requirement of carp for dietary zinc. Bulletin 01 the Japanese 

Society of Scientific Fisheries. 45 :967-969. 
Renfro, WO.,S.WFowIer, M.Heyraud and LLa Rosa.(1975) . Relative importance of food and water 

In long-term zinc accumulation by marine biota. J. Fish.Res.Bd. Can.,32:1339-1345. 
Scott, ML,M.C.Nesheim and RJ .Young. (1982). Nutrttion of the Chicken. M.L Scott and Associates, 

Ithaca. New York. 
Shew bart, KL, M.RNeuberger and P.D.Ludwig. (1973).Nutritional requirements of the braNn shrimp 

Penaeus aztecus. U.S. Dep. Cammer. Rep. No. COM-73-11794. NOAM, Office of Sea Grant, 
Rockeville, MD, 52pp. 

Tacon, AG.,(1987). The nutrition and feeding of farmed fosh and shrlmp- A training manual. 1. The 
- essential nutrients. FAO Support to the Regional Aquaculture Activtties for Latin America and the 

Caribbean Project GCP /RLA/075/ITA. Field Document 2/E, Brasilia, Brazil, 117p. 
Watanabe, l,S.Satoh and lTakeuchi. (1988) . Availabiltty of minerals In fishmeal to fish. Asian 

Fisheries Society. 1 :175-195. 
Whtte, D.L and P.S. Aainbo.Y (1 982). Regulation and accumulation of copper, zinc and cadmium by 

the shrimp Pa/aeman e/egans. Marine Ecology Progress series. 8:95-101. 

9 



Table 1. Concentrations of elements In seawater and freshwater (Boyd, t 989) 

Bement Freshwater (mgfl) Saltwater (mgfl) 

Phophorus 0.005 0.02 

Iron 0.005 0.01 

Manganese 0.002 

Copper O.5-{).OO3 

Zinc 0.005 0.01 

Saicon 3.0 

PotasslLlm 2 380 

Calcium 42 400 

Magnesium 11 1340 

Chloride 6 19000 

Sodium 8 10500 
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Table 2. Genemllzed summary of minerai functions. 

Minerai Function and Essantlallty 

Calcium Structuml component of hard tissue, Osmorngulatlon, Co-factor 
for enzymatic processes, Muscle function, Proper nerve Impulse 
tmnsmlsslon. 

Phosphorous Component of some hard tissues and a variety of organic 
phosphates (e.g. adenosine triphosphate, phospholipids, coen-
zymes, deoxyribonucleic acids and ribonucleic acids), Buffer for 
the maintenance of normal pH of Intm-and extm-cellular fluids. 

Potassium Osmoregulation, Acid-base balance, Phosphorylation reactions, 
Cellular uptake of amino acids, Carbohydmte metabolism and 
Protein synthesis. 

Magnesium Cellular respiration, Inlra -and extra- cellular homeostasis, 
Osmoregulation, Necessary for phosphate transfer reactions, 
Activator thiamine pyrophosphate reactions and Is In\Q!ved In 
the metabolism of fats, carbohydrates and proteins. 

Copper Functions In hematopoiesis and In numerous copper-dependent 
enzymes (e.g. cytochrome c oxidase, ferroxldasa, tyrosinase 
and superoxide dismutase), component of hemocyanin. 

Cobalt Source for microbial synthesis of B 12 In Intestine 

Iron Heme containing enzymes (e.g. cytochromes, oxidases, peroxl-
dases and catalases) and as a cofactor for enzymes. 

Iodine Neuromuscular functions, Intemnediary metabolism 

Manganese Cofactor of various enzyme systems. 

Selenium Component of glutathione peroxidase 

Zinc Cofactor In s€M!ral enzyme systems and component of a large 
number of metalloenzymes 
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Table 3. Preferred mineral species for shrimp minerai premixes. 

MACRO MINERAL SYNONYMS FORMULA MOLWT WATER APPROXIMATE 
SOLUBLE COMPOSITION 

I 

Potassium phosphate, Potassium blphosphate KH,PO, 136.1 + K 28.73% 
monobasic Potassium dlhydrogen phosphate P 22.76% 

Potassium acid phosphate 
! Monobasic potassium phosphate 
, 

Monopotasslum phosphate 

I Potassium phosphate, Dipotassium phosphate K,HPO, 174.2 +++ K 44.89% 

~ 
dlbaslc Dipotassium hydrogen phosphate P 17.79% 

" Dlkallum phosphate 
Dlbaslc potassium phosphate 

Sodium phosphate, Sodium dihydrogen phosphate NaH,PO, 119.9 +++ P 25.81 % 
'monobasic Acid sodium phosphate Na 19.16% 

Sodium blphosphate 
Monobasic sodium phosphate 
Monosod ium orthophosphate 

Sodium phosphate, Dlsodlum hydrogen phosphate Na,HPO, 141 .9 P 21.82% 
! 

+ 
dlbaslc Dlsodlum orthophosphate Na 32.4% 

Dlbaslc sodium phosphate 
Dlsodlum phosphate 
DSP 
Phosphate of soda 
Secondary sodium phosphate 

-- - -



O. AJkon ~. K. KuTmtJy : Advanc" I" mlMraJ nutrtllor! fO( .qu.!1c 'PKIH 

I: 
i 

MACRO MINERAL SYNONYMS FORMULA MOLWT WATER APPROXIMATE 
SOLUBLE COMPOSITION 

Calcium phosphate, Acid calcium phosphate Ca(H,PO,), 234.0 + P 26.47% 
monobasic Calcium biphosphate Ca 17,12% 

Monocalclum orthophosphate 
Monocalclum phosphate 
Primary calcium phosphate 

Calcium phosphate, Calcium monohydrogen phosphate CaHPO, 136.06 Ca30% 
w dlbaslc Dicalclum orthophosphate 

Secondary calcium phosphate 

Calcium lactate 2-Hydroxypropanolc calcium salt C,H lOCaO, 218.2 + Ca 18.4% 

Magnesium sulphate MgSO, 120.4 ++ Mg 20,2% 

Magnesium Magnesia MgO 40.3 + Mg 60.3% 
a><id'e Magl~e 

Magcal 
Magnesia usta 
Calcined magnesia 
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TRACE MINERAL SYNONYMS FORMULA MOLWT WATER APPROXIMATE 
SOLUBLE COMPOSITION 

Copper sulphate, Cupric sulphate CuSO, 249.7 ++ Cu 25.44% 
perttahyd rate "(HP), 

Ccba~ sulphate Cobaltous sulphate CoSO, 155.0 + Co 38.0% 

Iron sulphate, monohy- Ferrous sulphate FeSO, 169.9 ++ Fe 32.8% 
drate " (H,O) I 

Manganese sulphate, MnSO, 169 ++ Mn 32.5% 
A monohydrate "(HP) 

Sodium selenite NaSeO, 172.9 ++ Se 45.7% 
Na 26.6% 

Potassium iodide KI 166 ++ K 23.6% 
176.4% 

Zinc sulphate ZnSO, 161.4 ++ Zn 40.5% 
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Table 4. Dietary minerai recommendations In shrimp feed. 

Element Ca P Na K Mg Cu Co Fe Mn Se Zn I 
% % % % % ppm ppm ppm ppm ppm ppm ppm 

Tacon (19B7) 2.0 1.2 0.7 O.OB 10 O.B 70 45 0.2 90 4 

Akiyama et 2.3 1.5 0.6 0.9 0.2 35 10 300 20 1 110 
al.,(1991) 

Present work 2.0 1.5 0.5 1.0 0.2 50 0.5 150 20 0.2 150 2 

Minimal supplement 0.25 0.25 0.015 10 0.05 20 2 0.1 50 1 

c.n 

Table 5. Proximate composition of riffl materials 
.- -

K% Na % Ca % Mg % P % Zn ppm Mn ppm Cu ppm Fe ppm Se ppm 

Fishmeal 68 CP 0.B4 0.72 2.35 0.19 2.4B 100 10 6 200 1.5 

Flshmeal 55% CP OAB 0.53 3.53 0.17 2.72 3900 

Wheat flour 0.1 6 0.01 0.03 0.06 0.2 4 1 6 0.17 

Squid meal 0.78 6.07 0.1 0.34 O.B 300 

Shrlmphead meal 0.25 2.90 13.7 1.05 1.32 300 

Soybean meal 1.79 0.03 0.26 0.25 0.69 54 31 22 157 0.1 
.. -
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Table 6. TyplcallENels of minerals obtained from r<roN materials In shrimp feed. 
~- -- ------ -- - -

K% Na % Ca % Mg% P % Zn % Mn % Cu % Fe% S9% 

Fishmeal 68CP 0:3 0.25 0.83 0.066 0.868 35 3.5 2.1 70 0.53 

Wheat flour 0.04 0.0035 0.0075 0.015 0.05 1 0.25 1.5 0.043 

Ground squid meal 0.04 0.31 0.005 0.017 0.04 15 

Shrimp head meal 0.0175 0.203 0.959 0.0735 0.0924 21 

Soybean meal 0.18 0.003 0.026 0.025 0.07 5.4 3.1 2.2 15.7 0.1 

Total minera i 0.5775 0.7695 1.827 0.1965 1.124 40.4 7.6 4.55 123.2 0.67 
- . --

OJ 
Table 7. Recommended mlneral lENels for shrimp minerai premix. 

- -- - - -- - - --- -- --- ---- ----- -

Element Ca P Na K Mg Cu Co Fe Mn Se Zn I I 

% % % % % ppm ppm ppm ppm ppm ppm ppm 

Recommended lewis In shrimp 2.0 1.5 0.5 1.0 0.2 50 0.5 150 20 0.2 150 2 
ieed present work 

Minerals supplied by r<roN mate- 1.83 1.12 0.77 0.58 0.2 4.55 123.2 7.6 0.67 40.4 
rials (Table 5) 

Levels required 0.17 0.38 0.42 45.45 0.5 26.8 12.4 . 109.6 2 
from premix 

Commercial minerai 0.26 0.64 0.05 0.42 0.02 45.45 0.25 17.8 12.4 0.05 109.6 0.2 
premix 


