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i ; apement and has the proper training. If appropriate
[thas been well established that using appropriate pond cyl 3 e ﬁﬁ“-“’;ils?ffﬁt developed simultageolfls!y with ing]prov[;f:)i fel:;ding
mn CO!le_lnatIOH with a quality commercial feed with a 1€ technjg ; .tec . benefit from the advances. In such cases, the farmer who
results in the best overall performance and ret s fee o one Wil e ai ingredi 5

: . Urn on the jpy, ] izing high-nitrogen locglly av;ule‘lble ingredients (o_n—farm grasses,
wm?e variety of examples can be found at the Soy in Aquacy] S os. etc.) would invest his money in the purchase of inorganic fertil-
which presents results of various feeding trials in Asia (wwyy tu“_‘" s 3 (;ase production and revenues. As his production is increased,
Another excelleqt example is the publication by Green ¢ a[-sa}'a_ 4 ;ncrmove to using simple mixes of ground cereal grains by-products
presents economic results from using various s ' -tbt::'an wheat bran, corn bran, etc.) in combination with inorganic
affect production, costs and returns, By A a;in as revenues increase, they can then graduate to locally

One advantage of carps, tilapia and, to a lesser extent, catfish p er;. feegd u;ing a simple mix of cereal grains and their by-products,
they are amenable to culture using sub-optimal feeds as ’the ar .C‘I:le and animal proteins that are then ground and mixed with a
f)f utilizing natural productivity. In terms of standing crop ym:;; i tﬂ remix. Boiling water can then be blended into the dry ingredients
u_lcreaf?ed as one moves from natural feeds enhanced with ‘fgrtiﬁ; I t:ill::;g a rn'OiSt dough which can be formed and dried. Unfortunately,
single ingredients like rice bran in combination with inorganje ferﬁ:}zi , -;J,-ies where commercially produced feeds are not available there is
then to farm-made feeds and finally commercially produced feed ghortage of high-protein ingredients and vitamin premixes. The next
does a complete enterprise budget, in which al| inputs, labor (in;l cement would be small-scale commercial production of feeds which
opportunity cost for sourcing and preparing materials), infrastructuii: ten pelleted and of poor quality due to a poor understanding of
land.and pond construction cost which are often neglected in budgets | ity control and appropriate milling standards.
sub31s.tence farming) are taken into account, sub-optimal feed produ ‘ 1 ,&-sythe industry develops, the final stage would be a commercial mill
negative net return. Furthermore, if performance and economic return prod cing a high-quality feed with suitable quality control standards. To
compared for farm-made feed (for which all costs are accounted) gg Scilitate feed management this should be an extruded floating feed. As
pared to a hlgh—qua}hty locally produced commercial feed, the high-—qu- ed before, if one does a complete enterprise budget for operations using
commercial feed W_‘“ out perform the on-farm feed in terms of retur \ ¢ lower levels of technology, these operations only make sense if infra-
m_‘v’CStmenl-.Importmg a production diet can be cost-effective in some cture costs are free and there are no other options. In all cases, farmers
ations but, in general, in-country feed production using a combinatic st be educated in terms of appropriate culture technologies (stocking
locally prpduced and imported ingredients is more cost-effective ang ities, water management, feeding protocols, etc.), financial manage-
best solutl(_)n.Thc exception to this rule is for hatchery diets which 'are 1, record keeping, analysis and quite often marketing,
cost-effective to import. '

An interest in sub-optimal feeds comes about for a variety of r
QUIH? often the land was obtained at no cost, there is a lack of quality 1529 Complete feeds
mGTCIHHY'pTC{dUCE‘:d feeds and/or inadequate financial resources (o pur commercial manufacturing of fish feeds has developed rapidly and rep-
feeds. T;us situation is often accompanied by a poor understan sents one of the fastest growing components of feed manufacturing. With
appropriate culture Fechno!ogies, financial management and credit so rds to grow-out diets for these species the production of a floating feed
which further complicate the issues. In cases where only poor-quality 1§ the technology of choice. Given current market constraints the most cost-
tive diets are often plant-based with limited quantities of animal
olein. Examples of plant-based juvenile and production diets are pre-
in Table 15.2, with feed specifications presented in Tables 15.3-15.6.
th feeds contain vitamin and mineral premixes to provide a complete diet.
ating feeds are most efficiently produced using a wet extruder designed
the production of expanded products. The ability to control the density
pellet to produce a floating feed is clearly a major advantage for man-
ent. Extrusion processing is more expensive than the pelleting process
p_mduces a feed that is more economical to use because of the benefits
g a floating feeds as a management tool. In cases where inventory
ol is very precise and feedino haced an aheervation of the fich at tha

15.2.8 Complete versus supplemental feeds

levels of nutrient inpy
- .H
€s s thy

nologie§ through the introduction of quality control standards, p
processing technologies and the production of floating feeds. This is
exemplified by the development of commercial aquaculture in Asia
a traditional fertilizer-based industry has shifted to high-quality com
cially produced feeds. One can find numerous examples of the compa
.Of traditional culture technologies to modern feed technologies at the
m aquaculture website (www.soyaqua.com).

In the case where a commercial industry has not developed or in ' :
where the farmer does not have the financial resources to purchase fee
can graduate from one technology to the next if he is capable of
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- i ini i i Is in diets for tilapia, carp,
Table 15.2  Examples of generic production diets for carp, tilapig and Recommended minimum amino acid levels 1 p

- ¥ . = catﬁSh
Ingredient (as is basis) 36/7 Fingerling ‘_} ; o) Tilapia Carp Channel catfish
Sovbean meal 46 % protein 34.00 E e 4.3 4.3
Wheat flour 13.2 % protein 19.80 g 21 L5
Fish meal 64 % protein 13.50 e 2.5 3
DDGS' 28.5 % protein 10.00 o 33 34
Rice bran 13 % protein 8.00 - 57 51
Corn gluten meal 60.7 % protein 7.00 2 31 2.3
Fish oil, anchovy 2.70 o & cystine' AiE) 6.5 5.0
Blood meal 90 % protein 2.00 ine' and tyrosine o 39 2.0
Ca Phosphate Mono 21 % P 1.30 A 3 0.8 05
Soy ol 0.50 ” =y 26 3.0
Vit PMX F-2 0.50 2.8 1
Min PMX F-1 0.25
Mold inhibitor 0.30 ethionine level is generally considered to be 60 % (wt/wt) of the total Met + Cys
Choline chloride 60% 0.10 -
Stay C 35 % active C 0.03 ¥ el
Ethoxyquin 0.02 ‘7

. Recommended vitamin fortification levels for warm water fish

' DDGS = distiller’s dried grains with solubles. from Roche supplementatiOD guidelines for optimum vitamin nutrition)

Amount
. . Units / kg of feed i )

Table 15.3  General nutrient specifications for formulation of practical die Minimum S
tilapia, carp, and catfish L S :

U 4000 8000
Nutrient Fry Juvenile U 1000 2000

v 100 300
Protein (%) 45-41 40-36 me 3-5 10
DE/DP! 9-8 9-8 (B) mg 10 20
Fat (%) 1531 1% 3 (é ) mg 15 20
n3 (%) 1 min 0.7 min o (BZ) mg 8 12
Fiber (%) 2 max 2.5 max e e mg 0.02 0.05
Ash (%) 9-7 6-8 -8 il mg 80 120
Moisture (%) 11-10 11-10 e mg 40 5(7)

iificne 4

mg
' DE. digestible energy in keal/100 g of feed (9 keal = 37.7 kJ); DP, digestible mg 0.5 30(1)
g/100 g of feed., mg 50

mg 0 600

tivity in the finished diet — amount depends on stability of the source. Only

surface is not critical,a properly pelleted feed is also quite adequate. I

trends in feed manufacturing include fine grinding and the produc
very small pellets (1-2 mm). Such pellets are technically more diffi
produce but have numerous advantages over crumbled feeds. Anot
in mill management is that more attention is being paid to the reduc
energy costs. Quite often energy costs can be reduced by improving air
systems, ensuring hammers on hammer mills are in good shape. a
making a compromise between very fine grinding and the most
efficient grind (which is typically larger). Additional savings can be m

the variability in drying to make more precige endpoints and opti-
re-conditioning to facilitate starch gelatinization and {educe energy
ed to extrude the product. One clear trend in both pqlletmg and extru-
processing is the replacement of pre-conditioners \.mth newer models
llow for longer retention times for better pre-cooking of the product.
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Table 15.6 Supplemental mineral levels

BOUJARD T and KAUSHIK 8 J (2003) Influence of oligosacharides on
recommended for practical diets

S b y of lupin meals when fed to rainbow trout, Oncorbynchus mykiss,

estibilit

T ) , 703-13. ) -
Element Units Anigis ? ( lrggr;’)zsltgarf:h digestion and absorption in nonruminants, Journal Nutrition,
Cobalt mg/kg " . o= RT-CODDINGTON D T and HANSON T R (1994) Summary of Freshwater
Copper mg/kg 18825 ._Wiffffi;eseamh Conducted from 1983 to 1992, International Center for
Iodine mg/kg 3'_5 ulf::xre and Aguatic Environments, Research and Development Series No.
Iron mg/kg 25.0) burn University. Auburn, Al. ! : ;
Manganese mg/kg 25.0 ‘ b E ALLEN O W and WILSON R P (1977) Sultur amino acid requirement of
Selenium mg/kg 0'3 . o s f’ -a’tﬁshi L-methionine and L-cystine. Journal of Nurrition, 107, 2031-5.
Zinc mg/kg 100:0 : : ; SILVERSTEIN 1 (eds) (2005) Aquaculture in the 21" Century, American

an
| iety, Bethesda, Md. ”
i SGTRCIX M J, ARANIBAR and MATEOS G G (2003) Effect of enzyme addition

g e;; barley- and rye-based diets on nutrient digestibility and performance
e wns, British Poultry Science, 44, 256-65. . prm

and ROBINSON E H (2006) Use of cottonseed meal in diets of aquatic animals:
. view, North American Journal of Aquaculture, 68, 1422, o

° American Feed Industry Association (2005) Feed Manufacturin, CE (1589) Practical feeding — tilapias, in Lovell T. (ed.), Nutrition and Feeding

nology V, American Feed Industry Association, Arlington. V. b sh. Van Nostrand Reinhold, New York, 163-83.
" s . | el ' d ster ¢ D (eds) (2001) Nutrition and Fish Health, Food Products
ertrampf J W and Piedad-Pascual F (2000) Handbook of Ing ¢ and WEB

: Iress k.
for Aquaculture Feeds, Kluwer Academic, Dordrecht Press, New Yor SIS i
. ’ ’ ; e g an rc D (eds) (2006a) Tilapia: Biology, Culture and Nutrition, Food
* Lim CE and Webster C D (eds) (2006) Tilapia: Biology, Cul U B S

iti oducts Press, New York. ‘ _ o
Nutrition, Food Products Press, New York. and WEBSTER € D (2006b) Nutrient requirements, in Lim C E and Webster
* Lim CE and Webster CD (2006b) Nutrient requirements, in il (eds), Tilapia: Biology, Culture and Nurition, Food Products Press, New
and Webster C D (eds), Tilapia: Biology, Culture and Nutrition ., 469-501. : . _
; : , g { ; 5 Total sulph d ement of the
Products Press, New York. . | 1 s and VARGHESE T 5 (1998) Total sulphur amino acid requirer

i : ‘ in major carp, Labeo rohita (Hamilton), Aquaculture Nutrition. 4. 61-5.
* NRC (National Research Council) (1993) Nutrient Requirements. ¢ /K, LIM p] K anc|r[1)30EY p L (2003) Dietary lipid and palm oil source affects growth,
Fish, National Academy Press, Washington, DC. T "

ity acid composition and muscle a-tocopherol concentration of African catfish,
as gariepinus, Aquaculture, 215,229-43. ) )

(NATIONAL RESEARCH COUNCIL) (1993) Nutrient Requirements of Fish, National

demy Press, Washington, DC.

vson E H and Li M B (2007) Catfish Protein Nutrition: revised, Bulletin No. 1159.

ississippi Agriculture and Forestry Experiment Station, Mississippi State Uni-
ty, MS.

sofq E H, LI M # and OBERLE D (1998) Catfish Vitamin Nutrition, Bulletin No.

8, Mississippi Agricultural and Forestry Experiment Station, Mississippi State

niversity, MS.

oN E i and 11 M 1 (2008) Replacement of soybean meal in channel catfish,

uries punctatus, diets with cottonseed meal and distillers dried grains with

lubles, Journal of the World Aquaculture Society, 39, 521-7.

ON E H, LI M H and MANNING B B (2001) A Practical Guide to Nutrition, Feeds,

eding (second revision), Bulletin No. 1113, Mississippi Agriculture and

stry Experiment Station, Mississippi State University, MS.

A J (2003) Dietary carbohydrate utilization by fish, Reviews in Fisheries

, 11, 337-69.

MAGO ¢ B and LoveLL R T (1988) Amino acid requirements for growth of Nile

apia, Journal of Nutrition, 118, 1540-46.
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15.3 Sources of further information and advice
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