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' TENDENCIES AND PECULIARITIES
OF SHRIMP FEED PRODUCTION
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Abstrakt
Aquaculture is food sector, which is growing rapidly in the last 25 years with annual growth rate 8,2 %. One of the most
perspective branches of aquaculture is shrimp farming. The cost of feeds is up to 80% of the cost of shrimp breeding, so providing
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the industry with high-quality feeds is the important goal of the feed industry in all over the world. The theoretical research was de-

voted to the task of compound shrimp feed production. In order to satisfy shrimp requirements, shrimp feeding systems were shown.
Existing shrimp breeding systems are shown as different from the type of reservoirs (static / running water, indoor or outdoor), feed-

ing methods, and the species of grown shrimp. Features of the nutritional standards for freshwater and saltwater shrimps were ana-
lyzed. Nutrient requirements of shrimp have been changed through shrimp life-cycle. The shrimp life-cycle was shown.

World leaders-producers of compound mixed feeds for shrimps were shown. The analysis of pellet size and nutritional val-
ue of compound mixed feeds of crude protein content in prestart, starter, grower and finish periods of cultivation and in accordance
with the system of cultivation and feeding shrimp (intensive, extensive, semi-intensive) is carried out. The requirements for the con-
tent of main minerals, vitamins and restrictions to the content of crude fiber are given. Traditional ingredients are described. Binders
and preservatives, which are used for shrimp feeds, are shown and subscribed. In raw material the main problem is the need to en-
sure high protein content in the shrimp feed recipes. Because of many factors, fish meal quantity should be reduced in recipes. Be-
cause of its attractive amino acid content, availability and relatively affordable price, soybean meal and soy concentrates have re-
ceived increasing attention as substitutes for marine animal meals.

The features of technological lines and processes of production of mixed feeds for shrimp are shown.

Ehe advantages and disadvantages of using the two most common processes of production of shrimp feeds (pelleting and
extrusion), despite the relatively high cost extrusion, undoubtedly, is the main process of shrimp feed production.

At the same time, there are challenges, which need to be overcome by the industry for effective further development: to
produce environmentally friendly feeds, to conduct further studies in order to clarify the required nutritional value of shrimp feed
and add amino acids, feed enzymes, chemo-attractants, probiotics, and immunostimulants, to provide the necessary water stability of
pellets, and to increase feed conversion rate, develop regional, national, or international guidelines and codes of practices for both
feed manufacturing practices and feed management practices, reduce fish meal in shrimp feed recipes.

Despite the existence of problems, shrimp production is growing and the production of feed for their feeding has a great
potential as an important source of animal protein in human nutrition.

Key words: compound feed for shrimp, feed manufacture technology for shrimp feed, requirements for shrimp feed.

Aquaculture has seen tremendous growth since
2011, increasing market share by as much as 17% per
year. The Food and Agriculture Organization of the
United Nations (FAO) has released data indicating that
trends in global consumption of farmed fish and shellfish
exceeds that of beef on a weight basis [1]. Shrimp (or
prawn) culture is widespread throughout the tropical
world. It is in an industry set for a period of strongly
growing demand, and is currently worth around US$10
billion.

This article is intended to provide some detailed
discussion, and information references where possible,
on the perspectives and features of shrimp feed produc-
tion.

Farming system and feeding strategies vary with
shrimp size (larval, nursery, juvenile, adult), species and
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countries. Framing and feeding strategies used by farm-
ers include [2]:

- extensive outdoor farming system with no ad-
ditional nutrient input through fertilization or feeding
(L. vannamei, P. monodon, P. chinensis, P. indicus.).

- extensive tidal/ running water outdoor farming
system with fertilizer and / or complete / supplementary
diet feeding (L.vannamei, P.monodon, P.chinensis,
P.indicus).

- semi-intensive static / running water outdoor
farming system with fertilizer and / or complete / sup-
plementary diet feeding. (P.monodon, P.chinensis,
L.vanname).

- intensive outdoor running / static water farm-
ing system with fertilizer and / or complete / supplemen-
tary diet feeding (P. monodon, L. vanname, F. dorarum,
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P.aztecus, F. merguensis).

- intensive indoor farming system with fertilizer
and / or complete / supplementary diet feeding
(P. monodon, L.vanname, P.indicus, P.esculentus).

Production cost depends on farming system and
vary from 1-2 US dollar per kilogram of live shrimp to 5
US dollar [2] with feed conversation range from
0,9 kg/kg to 3,0 kg/kg. While some 20 species are cul-
tured in various parts of the world, the majority of pro-
duction is based on six species (Figure 1) [3]. For the
eastern hemisphere, the fast growing giant tiger shrimp
Penaeus monodon is the most important, while in the
western hemisphere, the white shrimp Litopenaeus
vannamei is the leading production species. Feed most
often represents the greatest percentage of the total cost
of raising fish and shrimp. Therefore, correct require-
ments are necessary for feed production.

P. monodon

O P. indicus/ P. Mer guensis

B L. vannamei P. chinensis

P. stylirostris P. japonicus

Figure 1. Relative importance of shrimp species to
global aquaculture production. Source Rosenberry,
1999 [3].

Shrimp have a complicated life cycle (Figure 2,
[4]). Eggs from the female are broadcast into the envi-
ronment. Hatching from the egg, the larvae pass through
three distinct stages, nauplius, zoea and mysis, before
assuming the distinctive adult morphology as post-larval
or juvenile shrimp.

Formulated diets are available for post-larval
and juvenile stages, enabling the farmer to rear the
shrimp to maturity. Diets for broodstock shrimp typically
include fresh or frozen supplements to the formulated
diets. The bulk of feed used in the shrimp industry is the
formulated feed used in the growout of juveniles to mar-
ket size. These feeds for growout of shrimp typically
contain high levels of protein. Using sources such as high
quality fish, shrimp and squid meal, protein levels in the
feed range from 30% to 50%, depending on the shrimp
species and culture strategy (Table 1). Lower levels of
protein are used when shrimp are reared under extensive
conditions.

The factors which determine the quality of a
feed are its nutrient profile, anti-nutrient status, particle
size, texture, stability of nutrients, attractability, digesti-
bility, anabolic efficiency and shelf-life.

Nutrients essential to fish are the same as those
required by most other animals. These include water,
proteins (amino acids), lipids (fats, oils, fatty acids), car-
bohydrates (sugars, starch), vitamins and minerals.
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Proteins and Amino Acids. Fish meal, soybean
meal, grain by-products, skim milk powder, legumes, and
wheat gluten are excellent sources of protein. Additional-
ly, the building blocks of proteins (free amino acids)
such as lysine and methionine are commercially available
to supplement the diet. One of the most important issue
in shrimp feed production is alternatives of animal pro-
tein sources. Several factors have stimulated efforts to
find alternatives for marine protein sources in manufac-
tured shrimp feeds. Certainly, price is the key reason to
look for replacement. The supply and price of high quali-
ty fish meal, as well as shrimp and squid meals, fluctuate
dramatically from year to year. There is also a general
concern of the potential negative impact that fish meal
production might have on natural fisheries [5, 11]. Be-
cause of its attractive amino acid content, availability and
relatively affordable price, soybean meal and soy concen-
trates have received increasing attention as substitutes for

marine animal meals.
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Figure 2. Production cycle for the cultured organism in
industrial shrimp aquaculture. Adapted from Fast and
Lester (1992) [4].

Table 1 Protein level in practical shrimp feed

Cultural system Crude protein
. 23
Extensive 25
30
Semi-intensive 35
40
. 40
Intensive 45

Lipids. Oils from marine fish, such as menha-
den, and vegetable oils from canola, sunflower, and lin-
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seed, are common sources of lipids in shrimp feeds. Im-
portant topic is ensuring necessary w-3: w-6 relation.

Carbohydrates. Cooked carbohydrates, from
flours of corn, wheat and other cereals, are relatively
inexpensive sources of energy that may spare protein
(which is more expensive) from being used as an energy
source.

Vitamins and Minerals. The variety and
amount of vitamins and minerals are so complex that
they are usually prepared synthetically and are available
commercially as a balanced and pre-measured mixture
known as a vitamin or mineral premix. This premix is
added to the diet in amounts to ensure that adequate lev-
els of vitamins and minerals are supplied to meet dietary
requirements.

Binding Agents. Another important ingredient
in shrimp diets is a binding agent to provide stability to
the pellet and reduce leaching of nutrients into the water.
Carbohydrates (starch, cellulose, pectin) and various oth-
er polysaccharides, such as extracts or derivatives from
animals (gelatin), plants (locust bean), and seaweeds
(agar and other alginates) are also popular binding
agents.

Preservatives. Preservatives, such as antimicro-
bials and antioxidants, are often added to extend the
shelf-life of shrimp diets and reduce the rancidity of the
fats. Vitamin E is an effective, but expensive, antioxidant
that can be used in laboratory prepared formulations.
Commonly available commercial antioxidants are
butylated hydroxyanisole (BHA), or butylated
hydroxytoluene (BHT), and ethoxyquin. BHA and BHT
are added at 0.005% of dry weight of the diet or no more
than 0.02% of the fat content in the diet, while
ethoxyquin is added at 150 mg/kg of the diet. Sodium
and potassium salts of propionic, benzoic or sorbic acids,
are commonly available antimicrobials added at less than
0.1% in the manufacture of shrimp feeds.

Minerals are inorganic components of the feed,
which are components of hard and soft tissues, cofactors
and/or activators of enzymes, also they have function in
acid — base balance in production of membrane potentials
and osmoregulation [6]. Recommended mineral levels in
commercial shrimp feeds are shown in the table 2.

Table 2 Recommended mineral levels in commercial
shrimp feeds

Mineral Quantity per kg of feed
Calcium, maximum 2,3%
Phosphorus, available 0,8 %
Magnesium 0,2 %
Potassium 0,9 %
Iron maximum 200 mg
Copper 35 mg
Zinc 150 mg
Manganese 20 mg
Selenium 1 mg
Cobalt 0,05 mg

Physical properties of shrimp feed depend on
shrimp feeding habits. For slow-feeding species such as
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shrimp good pellet stability is required. Also shrimp pre-
fer sinking pellets (density greater than that of water,
1g/em?).

The feed production involves grinding of raw
materials (by hammer mill and micropulverizer, particle
size up to 300 micron), mixing, steam condition, pellet-
ing (extrusion), drying (to moisture below 10%) for good
shelf-life of feed.

Pelleting and extrusion are two most popular
processes which are used for shrimp feed production.
Both of them have pros and cons [7, 10]. The most im-
portant advantages of extrusion cooking of shrimp feed
are: reduced feed ingredient costs, improved feed water
stability, reduced nutrient leaching, improved nutrient
digestibility, increased oil and energy addition, higher
starch gelatinization, increased feed efficiency, increased
potential shrimp growth and profit per unit of feed intake.
Also extrusion causes potential savings in recipe costs
(extruded recipes reported to have $20-$100/ton potential
savings over pelleted recipes, extrusion process allows
reduction or elimination of special binders and extrusion
process can use less expensive starch sources. However,
extrusion has higher operating costs (operating costs for
extrusion typically reported to be $20-25/ton higher than
for pelleting).

The most current challenges of shrimp farming
are [8, 12]:

1. Production eco-friendly shrimp feed (mini-
mum faecal and metabolic wastes).

2. The dietary nutrient requirements of shrimp
under practical farming conditions, particularly in out-
door ponds, are not well understood. Aquafeeds and
feeding strategies suited to the farming system need to be
developed in order to reduce feed costs and avoid unnec-
essary nutrient input, feed wastage, and environmental
pollution.

3. The potential value of feed additives such as
free amino acids, feed enzymes, chemo-attractants and
feeding stimulants, probiotics, and immunostimulants for
farmed shrimp needs to be recognized, and practical ap-
plication technologies for their successful incorporation
in manufactured aquafeeds need to be developed.

4. Shrimp farmers may deficiency of under-
standing of the major nutritional role played by natural
food organisms (including microorganisms) in the over-
all diet of shrimp raised under practical farming condi-
tions.

5. There is an urgent need to maximize dietary
nutrient utilization efficiency and minimize nutrient loss
and feed wastage resulting from pellet disintegration,
nutrient leaching, and/or overformulation.

6. The industry needs to recognize the in-
creased dietary nutrient requirements of shrimp for the
maintenance of optimum health and disease resistance
under practical farming conditions.

7. The farmed shrimp industry needs to reduce
its dependence on wild-caught seed and broodstock by
developing improved processing and manufacturing
techniques for the production of larval, nursery, and
broodstock feeds.

8. Shrimp farmers need to maximize feed con-
version efficiency and minimize feed losses and related
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deleterious environmental impacts by developing im-
proved on-farm feed handling and management methods.

9. Aquaculture feed manufacturers and shrimp
farmers must develop regional, national, or international
guidelines and codes of practices for both feed manufac-
turing practices and feed management practices.

Table 3 Crude protein content of shrimp feed

The biggest shrimp feed producers are:
«Growel», Waterbase Ltd, Hoc Po Feeds Corporation,
«Hocpo», Rangen, «Anandy», «Nutrimoy», «Skrettingy,
«BioMar Group» etc. Crude protein content of shrimp
feed depends on feeding period and differs from 34 % to
42% (table 3), crude fat is 2...3% and crude fiber content
is not more than 3 %. Also there are different sizes of
feed pellets for shrimp. It is 0,1...0,3 mm for pre-start,

Period Crude protein content in shrimp feed,% 0,6...1,0 mm for start shrimp, 1,0... 2,0 mm for grower,

of Waterbase | Nutriva Hoc Po Ananda finisher feed ~2,3 mm and bigger.

feeding Ltd Feeds Group
Corporation CONCLUSION -

Even through there are many challenges, shrimp
Pre- 41 36 40 38 feed production has great potential as important source of
start animal protein. The article shows farming system and
Start 35 36 40 38 feeding strategies of shrimp production. Feeds are major
Grower 35 36 38 36 part of shrimp production cost. Ingredients which can be
Finisher 35 34 38 36 used for feed preparation were shown. Features of feed
processes were discusses, as well as chemical composi-

tion of most popular shrimp feeds.
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JI.B. ®IT'YPCBKA, kana. TexH. HayK, ¢T. BUKJL., kadeapa TexHoJiorii koMOikopmiB Ta GionaauBa
Ooecvka HAYIOHATLHA AKAOEMIs XAPHOBUX MEXHOA02Il

TEHJEHI]II TA OCOBJIHBOCTI BUPOBHHIITBA KOMBIKOPMIB
A KPEBETOK

Anomauin

Y cmammi 3a3naueno, wjo axeéaxynemypa - ye cekmop Xapio8oi npomMucio60cmi, AKUM iHMEHCUBHO 3DOCMAE NPOMALOM
ocmannix 25 poxie 3 wopiunum npupocmom y 8,2 %. O0uicio 3 HAlOINbIW NepCneKMUGHUX 2ay3ell akeaKyIbmypu € po3eedenis Kpe-
eemok. Bumpamu na kombikopmu cknaoaioms 0o 80 % 6i0 eapmocmi po3eedenns Kpegemox, momy 3abe3nevents 2any3i 6UCOKOYiH-
HUMU KOMOIKOPMAMU € 8AXHCIUBUM 3AB0AHHAM KOMOIKOpMO6oi eany3i. Teopemuune 0ocniodxcents 6yn0 npuceaueno npooiemi eupoo-
HUymea Komoikopmie ona kpesemok. Ilokasani icnyroui cucmemu po3ge0eHHs Kpesemox, sKi 8IOpI3HAIOMbCs 6i0 U0y 8000UM (3
NPOMOYHOIO YU Hi 800010, 3aKpUmi yu nio GIOKpUMuUM Hebom), cnocody 200ieii, ma eudy supowyeanux kpesemox. I[Ipoananizoeano
ocobueocmi cmandapmie 200167 015l NPICHOBOOHUX | MOPCbKUX Kpegemok. Tlodcusna yinnicms KoMOIKOpMI6 051 KPeGemokK 3aie-
JHCUMB IO emany JHCUMMEBO20 YUKy pakonodionux. Hasedeni caimosi aioepu-eupobnuxu KoMOIKopMie 01 Kpegemok, npogeoeHo
aHaniz po3mipie epanyi ma nOHCUSHOI YiIHHOCMI KOMOIKOPMIG 3a 6MICTIOM CUPO20 NPOMeiHy y npecmapmosuti, cmapmosuii, pocmo-
6Ull ma QiHiWHULL Nepioou BUPOWYEAHHs | BION0GIOHO 00 CUCMEMU SUPOUYBAHHS, | MUNy 200i6i KpedemKu (iHmeHCUGHUL, eKCmeH-
cueHull, Haniginmencusnuil). Hasedeno sumoeu 00 émicmy 0CHOGHUX MIHEPANLHUX PEUOBUH, 8IMAMIHIE A 0OMENHCeHHA 00 eMicmy
cupoi knimkoeuHu. 3a3Ha4eHo OCHOBHY CUPOBUHY, AKY MPAOUYILIHO BUKOPUCTIOBYIONb NPU GUPOOHUYME OaHUX KOMOIKOpMIE, Hase-
0€HO 36 ’A3VI04U PeYOBUHU Md KOHCEP8AHmMU, AKI GUKOPUCHOBYIOMb NPU CMBOPEHHI peyenmis Kopmie 0as kpegemok. 1 onoenoio cu-
POBUHHOIO NPOONEMOIO 3ANUMAEMbCA HeoOXIOHicmb 3a0e3neuumu aucokull emicm OIIKy y peyenmax. 13 3a 6a2amvox YuUHHUKIG Kilb-
Kicmb pubHOi MyKU NOBUHHA OYMU 3MEHWEHA 8 peyenmax KoMOIKopmie. 3ae0aKu ceoill npueadbaUBOCmi AMIHOKUCIOMHUM CKIAAOOM,
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NOWUPeHHAM | ROPIBHAHO OOCHYNHOIO YIHOIO, COEBIN MYYi MA COEBUM KOHYEHMPAMam npuoinsioms éce OinbuLy y8azy AK 3aMIHHUKAM
MOPCbKUX MBAPUHHUX HPOOYKMIB.

Tloxazano ocobausocmi ninill ma MexHONOSIUHUX NPOYECi68 BUPOOHUYMBA KOMOIKOPMIE 05 kpesemok. Hasedeno nepesazu
i HeOOoiKU GUKOPUCTNAHHS 080X HAUNOWUPEHIWUX NPOYECi6 GUPOOHUYMEA KOMOIKOPMIE 0N KPEeBemoK - cpaAnyII06aHHs Ma eKcmpy-
0y8aHHs, eKCmpyOy8anHs He368aiCaloyu Ha NOPIGHAHO ULy GAPMICMb AK KANIMANbHY, MAK i eKchayamayii, 6e3cyMHieHo, came exc-
MpYy3ist € OCHOBHUM NPOYECOM BUPOOHUYMEA KOMOIKOPMIG.

Pazom 3 mum 6io3naveno suxnuxu, ki nompibHo nodonramu 2any3i 0 eheKmugHo20 NOOAILULO20 PO3GUNIKY: SUPOOIANU
eKON02I4HO YUCmi KOpMU, 3MEHULYB8AMU KilbKICMb PUOHOT MYKU Y peyenmax, npooosicysamu noOAIbI OOCTIONCEHHS 3 YIMOYHEHHS]
HeoOXiOHOI nOJHCUBHOCMI KOMOIKOPMIG Ol Kpe8emoK ma GUKOPUCIAHHS PI3HUX AMIHOKUCTOM, KOPMOBUX (hepMeHmia, XxemMoammpa-
Kmanmie, npo6iomuxie ma iMyHOCMUMYIAMOPIs.

3abe3neyyeamu HeoOXIOHY 6000CMILIKICMb 2PAHY, NIOBUWYEAMU KOHEEPCIIO KOPMY, CINEOPIOBAMU Pe2ioHANbHI, HAYioHa-
JIbHI ab0 MIHCHAPOOHT peKoMeHOayii ma MemooOuyHi 6KA3I6KU BUPOOHUYMEA MA BUKOPUCHAHHS KOMOIKOPMI8 Ol Kpesemok.

Hesgaoicarouu na icnyeanns npobiem, 6upouyy8anHs Kpegemox i BUpoOHUYmMEo KoOMOIKopMie 0 ix 200i61i Maioms GenuKuil
nomenyian po3eumxy 0is 3a6e3neuens meapuHHo2o OiIKa y XapuyeauHi nooeil.

Kntouosi cnosa: xombikopmu 0113 Kpesemox, mexHono2is GUpoOHUYmMea Kopmie 051 Kopmy OJisl Kpeeemox, 6UMo2U 00 Kop-
My 0151 KDEGEemoK.
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PE3YJIbTATH JIYLEHHS-LU/TI®YBAHHS SYMEHIO B
ABPA3NBHO-/INCKOBIN MALUMHI A1-3LUH-3

Anomauis

Ha nionpuemcmeax no supobnuymey Kpynie wupoxo 3acmocosyiomucs aywunbHo-wnighyeansui mawunu muny A1-31IH-3
ma ix ananoau, wo 8iOpPisHAIOMbCA po3Mipamu poboyoi 30Hu ma 6i0noeiono npodykmuenicmio. OCHOBHUMU HEOONIKAMU YUX MAWUH
€ HU3bKA eheKMUBHICIG Y UeHHA-WAIQY8AHHA MA 8UCOKI nUmMomi eHepeosumpamu. 3abesneuents AKICHOT 0OpOOKU NOBEPXHI KPYNig
0ocsazaemvbcsi Oa2amoKpamuuMu ROCIIO08HUMU NPONYCKAMU KPi3b 0OHOmMUnHi mawuni. ITiosuwenna epekmuenocmi 6UKOpUCManHs
MAUUH MOICIUBO HA OCHOBI 3AKOHOMIPHOCEL, OMPUMAHUX NIO Yac 6UNPO6Y6alb HA BUPOOHUYME.

B cmammi nasedeni pezynomamu 6upobnuuux unpobysans nywunbho-uinigyyeanvhoi mawunu muny AI1-3LIH-3 npu ne-
pepobyi sumento pisnoi 6onozocmi. B nepwiii cepii docnidie suxopucmosysanu sumins gonocicmio W=13,8%, ¢ opyeiti W=10,1%, 6
mpemiii W=12,6%. I1io uac docniodicensb gusHauany HACMynti NOKA3HUKY: NPOOYKMUGHICIb MAWUHY (F,K2/200, NOMYICHICIb, WO
suUmMpauanacy enexmpoosucynom N, kBm, kinekicmo 6i0x00i6 nyujeHHA-WUNIPYBanHs y euensioi ayseu ma myuuyi 3, %, (susHauanu sx
Pi3HUYIO MidIic Macamu sUMeHio 00 00podKu i nicia, nodineny na macy 00 06pobKu), koepiyienm i08it08anHs ry3eu i Myuuyi 6 ma-
wuni K, % (8ionowenns 8ioxooi aywena-unighyeanus uoineHux cucmemoro acnipayii 6 MawuHi 00 NOGHOT KinbKOCMI YmeopeHux
8i0x00i6 nywenna-wnigpysanus). Konmponosanu xinvkicme Opioku [p,%, wo ymeopioemocsa y mawuni. Pospaxosyeanru numomy
EHEP2OEMHICMb YMBOPEHHS 8i0X00I8 YW eHHA-UNIDYBANHA AK 8IOHOUEHHS NOMYAHCHOCTI, WO BUMPAYAEMbCA eleKmpoosuzynom N,
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