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Abstract 

Résumé 

Nutrient requirements of catfishes (Siluroidei) 
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'I'he channel catfish (Icta1ur~l.s puiz(.rrrtrr.s) is the most widely cultured foodfish in the U.S., thus rrioît 
of the nutrient rcquireinerit data are available for tliis specics. Qualitatively, about 40 nutrierits have 
been identificd as neceswry 1Ur the normal inetabolic Punction of the channel catfish with quantitative 
reyuircmcnt values available for about 30 nutrients including aniino acids, fatty acids, minerals and 
vitamins. Additional information is available on protcin and energy requircmcnts, digestible protcin and 
encrgy coefficients as well as amino acid availability values. Thus adcquate nutritional information is 
available to formulate high quality practical channel catfish feeds. 

Only limited nutricnt requirement data arc available for the othcr Siluroidei species. Somc requirerrient 
data have been rcportcd for a few specics from Africa (C1ariu.s guriel~inu.~. C. i.sheriensi.s, Heterohmnchus 
1origifili.s and H. hidor.suli.s), Asia (C1uricr.s l)rclrrr(.hrl.s, C. nzucrocel~hulu.~, C Ju.c.c.us and Heteropneustc,~ 
fi.s.si1i.s) and Europe (Si1uru.s glunis). The available requircmciit data will be suniniarized and comparcd 
with thc rcquirement data for thc channel catfi\h. Somc variation does appcar to cxist i n  optirnum dictary 
protcin Icvels, essential fatty acid requirerrients, and lipid vs carbohydratc utilization. 

Keywards: Protein, cncrgy, fatty acid, carbohydrates, riiinerals, vitamins, wariiiwater fish, fish farrning. 

Les besoins nutritionnels des poissons-chut.s (Siluroidei). 

La barbue de rivière ou poisson chat américain (I~rulurus punctatus) est l'espèce dc poisson dont 
l'élevage, à des fins culinaires, est le plus répandu aux Etats-Unis, c'est pourquoi les besoins nutritionnels 
de cette espécc sont connus, pour la plupart. Qualitativement, près de 40 nutriments ont été reconnus 
nécessaires au bon fonctionnement métabolique de ce poisson. Quantitativement, Ics valeurs correspondant 
à ces besoins ont été déterminées pour presque 30 d'entre eux dont les acides aminés, les acides gras, les 
minéraux et les vitamines. Dcs informations compl6mentaires sont disponibles sur les besoins protéino- 
énergétiques, les coefficients de protéine et d'éncrgic digestible ainsi que sur la disponibilité digestive des 
acides aminés. Pratiqucment, ces informations permettent la formulation en routine d'aliments de qualité 
qui répondent aux cxigences de l'espèce. 

Pour les autres cspèces de Siluroidei, la connaissance de leurs besoins nutritionnels cst plus restreinte. 
Quelques données ont pu être obtenues sur des espkces originaires d'Afrique (Clarias gariepinu.~, 
C. isheriensis, Heterohrunchus 1ongiJili.s et H. hidor.sulis), d'Asie (C1uriu.s but ru chu.^, C. macrocephulu.s, 
C. ,fuscus et Heteropneu.st~s,fo,rsilis) et d'Europe (Silurus ~1uni.s). Les informations disponibles sur leurs 
besoins nutritionnels sont récapitulées et comparées aux données disponibles pour la barbue dc rivière. 
Quelques points de divcrgcnces apparaissent pour la concentration prot6iquc optimale de l'aliment, les 
besoins en acides gras essentiels et l'utilisation réciproque des lipidcs ct dcs glucides. 

Mots-clés : Protéines, énergie, acide5 gras, glucides, minéraux, vitamincs, poissons tropicaux, élevage 
piscicole. 
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INTRODUCTION 

The channel catfish (Icta1uru.v punctutus) is the 
most widely cultured foodfish in the U.S., thus 
most of the nutrient requirement data for finfish are 
available for this species. Qualitatively, about 40 
nutrients have been identified as necessary for the 
normal mctabolic function of the channel catfish with 
quantitative requirement values available for about 30 
nutrients including amino acids, fatty acids, minerals 
and vitamins. Additional information is available on 
protein and energy requirements, digestible protein and 
energy coefficients as well as amino acid availability 
values. Thus adequate nutritional information is 
available to formulate high quality practical channel 
cattish feeds. 

Only limited nutrient requirement data are available 
for the other Siluroidei species. Some requirement 
data have been reported for a few species from Africa 
(Clarias gariepinus, C. isherien.sis, Heterobranchu.~ 
1ongijili.s and H. bidor.vali,s), Asia (C1aria.s hatru- 
chus, C. macrocephalu.s, C. fuscus and Heteropneustes 
fo.r.si1i.s) and Europe   si lu ru.^ glanis). The available 
data are summarized herein and compared with 
the requirement data for the channel catfish. Some 
variation does appear to exist in optimum dictary 
protein levels, essential fatty acid requirements and 
lipid vs carbohydrate utilization. 

NUTRIENT REQUIREMENTS 

Protein and amino acids 

Estimations of the protein requirement of channel 
catfish have been based on total weight gains of fish 
fed practical and purified diets. These studies have 
indicated optimum dietary levels of crude protein 
ranging from 25 to 50%. These differences are 

Table 1. - Dictary crude protein and digestible energy (DE) recommi 

prohably due to differences in size of the fish, water 
temperature, natural food available in the ponds, fish 
stocking density, daily feed allowance, amount of 
nonprotein energy in the feed, and the quality of the 
dietary protein. 

Studies in controlled environments have indicated 
that the protein requirement of channel catfish ranges 
from 25 to 36%, depending on fish size. When 114 g 
or larger fish were fed to satiation, 25% dietary protein 
was adequate for maximum growth. However, when 
the feeding rate was restricted, higher protein levels 
were beneficial (Page and Andrews, 1973). Smaller 
fish required higher protein levels and grcw best at 
35% dietary protein. Maximum growth rates were 
observed in small (7 g) channel catfish fed purificd 
diets containing 36% protein and 1.4 MJ.100 g ' 
diet (Carling and Wilson, 1976). However, maximum 
protein deposition (g.kg '.day-l) was observed in fish 
fed 24% protein and 1.2 MJ.lOO g ' diet. Gatlin el al. 
(1986) have determined the protein requirement for 
maintenance and maximum growth of small channel 
catfish fed purified diets. The maintenance protein 
reyuirement was found to be 1 .O0 to 1.32 g protein.kg 
body weight.'.day-l and the value for maximum 
growth was 8.75 g protein.kg body weight-'.day-'. 
This latter value indicates that a 29% protein diet 
should be adequate for channel catfish when fed at 
a feeding rate of 3% of body weight.day-'. Most 
commercial channel catfish feeds contain 32% protein. 
However, some channel catfish farmers use 28, 30 and 
36% protein feeds. 

Recommended dietary protein levels for other 
Siluroidei species are generally higher than for channel 
catfish (table 1). The best growth responses have been 
obtained with feeds containing 35 to 50% crude protein 
(Henken et al., 1986; Hilge and Schwalb-Buchling, 
1980). When one considers the daily feeding rate 
associated with these diets, most of the daily protein 

:ndation\ reported for various catfi\h species. 

-- 

Species Protein mg protcin Reference 
% k~ DE.' 

Clarias anguilluris 40 Madu and Tsumba (19x9) 
Clurias batrachus 39.5 31 ' Mollah and Hussain (1990) 
Clarias batrachus 30 Chuapoehuk (1987) 
CIariux guriepinus 40 Degani et al. ( 1  989) 

50 24 Henken et al. (1986) 
Clarias i~heriensis 37 22 1.3  Fagbenro (1992) 
Heterobranchus hidorsulis 40 25 Kerdcheun (1992) 
Heterohrrinchus longifilis 42.5 26 Fagbenro et al. (1 092) 
Heteropneustes fossilis 28-35 A kand er al. (1 989) 
lctalurus punctutus 32 25 NRC (1993) 
My~tus  nemurus 42 27 Khan et al. (1 993) 
Pangasius sutchi 25 Chuapoehuk and Pothissong (1 985) 

' Energy value calculated on proximate analysis basis (1,uquet and Moreau, 1989). 
Fry. 

"ross energy basis. 
Digestible protein basis. 
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requirements range from 15 to 20 g crude protein.kg 
body weight-'.day-', but can be as low as 12 (Mollah 
and Hussain, 1990) or 10 g crude protein.kg body 
weight ".day-' (Henken et al., 1986). 

Channel catfish have been shown to require the 
same 10 essential amino acids as other fish (Dupree 
and Halver, 1970). The quantitative requirements for 
thesc essential amino acids are summarized in table 2. 
These rcquirement values were obtained by fecding 
craded levels of each resuective amino acid in a test 
v 

diet containing a mixture of casein, gelatin, and amino 
acids formulated so that the amino acid profile was 
identical to whole chicken egg protein except for 
the amino acid being tested. These amino acid test 
diets had to be neutralized to pH 7.0 for maximum 
utilization (Wilson et al., 1977). A highly significant 
correlation was found between the essential amino 
acid requirement pattern and the content of the same 
amino acids in whole body tissue of the channel 
catfish. In addition, no differences were detected in 
the whole body amino acid composition of channel 
catfish ranging from 30 to 863 g, which was interpreted 
to indicate that the amino acid requirements when 
expressed as a percent of dietary protein should not 
change with increasing size of the fish (Wilson and 
Poe, 1985). No gross deficiency signs wcre detected 
in the fish fed the various amino acid deficient diets 
other than a marked reduction in weight gain. 

Table 2. - Quantitative amino acid requircmcnts of channel catfish '. 

Amino acid Requirement Reference 

Arginine 
Histidine 
Isoleucine 
Leucine 
1,ysine 

Methionine 
Phenylalaninc 
Threonine 
Tryptophan 
Valine 

Robinson et al. (1981) 
Wilson et ul. (1980) 
Wilson et al. (1 980) 
Wilson et al. (1980) 
Wilson et al. (1977) 
Robinson et ul. (1980h) 
Harding et al. (1 977) 
Robinson et al. (1 980a) 
Wilson et al. (1978) 
Wilson r f  al. (1978) 
Wilson et al. (1980) 

' Requirements are expressed as percent of dietary protein. In 
parentheses, the numerators are requirements as percent of diet and 
the denominators are percent total protein in the diet. 

The requirement value for methionine in table 1 
actually represents the total sulfur amino acid 
requirement since it was determined in the absence 
of cystine. Cystine can be formed from dietary 
methionine, whereas methionine cannot be synthesized 
from cystine. Thus, the total sulfur amino acid 
requirement can be met by either methionine alone or 
a proper mixture of methionine and cystine. Cystine 
was found to be able to replace or spare 60% of 
the methionine requirement on a millimole sulfur 
basis (Harding et al., 1977). DL-methionine was 
found to be utilized as effectively as L-methionine; 

however, methionine hydroxy analogue was only 26% 
as effective in promoting growth as L-methionine 
(Robinson et al., 1978). Tyrosine was found to be 
able to replace about 50% of phenylalanine to meet 
the total aromatic amino acid requirement (Robinson 
et al., 1980~) .  

Early workers were unable to demonstrate the 
utilization of supplemental amino acids in practical 
diets for channel catfish (Andrews and Page, 1974; 
Andrews et al., 1977). Since these earlier studies were 
conducted before the essential amino acid requirement 
values were available, it was assumed that the basal 
diets used may not have been deficient in the amino 
acid under study. However, some success has been 
reported on the use of supplemental amino acids 
by channel catfish. For example, supplemental lysine 
has been shown to improvc weight gain in channel 
catfish fed peanut meal (Robinson et al., 1980b) 
and cottonseed meal (Robinson, 1991) based diets. 
Supplemental methionine has also been shown to 
improve the utilization of soybean meal based diets 
for channel catfish (Murai et al., 1982). 

Quantitative amino acid requirement data are not 
available for other catfish species. However, some 
minimum dietary amino acid levels have been 
proposed for Clarias gariepinu.~ based on published 
data (Coche and Edwards, 1989). A minimum of 
1.95% dietary arginine, corresponding to 3.36% of 
dietary protein, has been recommended for Silurus 
glanis (Toth, 1986). DL-methionine as wcll as L-lysine 
supplementation of a soybean meal based diet has been 
shown to improve growth of Clurias angui1lari.s (Eyo, 
1989,1990). 

Energy 

Actual energy requirements have not been estab- 
lished for the channel catfish. Current recommenda- 
tions on energy levels used in formulating channel 
catfish feeds are based on optimum energy to protein 
ratios. Providing the optimum energy levels in diets 
for fish is important because inadequate energy will 
result in the fish utilizing dietary protein for energy 
rather than for protein synthesis. Excess energy in the 
diet may result in decreased nutrient intake by the fish 
or excessive fat deposition. Since digestible energy 
(DE) values were not available when most of the 
energy studies were conducted, various workers have 
used estimated DE values based on physiological fuel 
values. 

To date, most studies have indicated a DE 
requirement of 26 to 30 mg pr0tein.H DE-' (8 
to 9 kca1.g protein-') to be adequate for fingerling 
and production size channel catfish (Lovell and 
Prather, 1973; Garling and Wilson, 1976; Winfree 
and Stickney, 1984; Mangalik, 1986; Masser, 1986). 
These values are based on studies in which fish 
were fed practical feeds in ponds (Lovell and Prather, 
1973), fingerling size fish fed purified diets in aquaria 
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(Garling and Wilson, 1976). fry to fingerling size 
fish fcd practical dicts (Winfree and Stickney, 1984), 
various s i ~ e  channel catfish ranging from 3 to 266 g 
fed to satiation (Mangalik, 1986), and fingerlings fcd 
puriticd diets at thrcc different water tcmpcratures 
(Maser, 1986). 

As indicated in table 1, the optimum protcin to 
energy ratios for othcr catfish species arc sirnilar to that 
discussed above for the channcl catlish, ranging from 
20 to 30 mg protcin.kJ DE-]. Energy dcpo5ition can be 
as high as 60% of gross encrgy in Si1uru.r meridiona1i.r 
fed a raw fish diet (Xie and Sun, 1993). Furthcrmorc, 
a protcin conversion efficiency of 60% appears to 
be maximal for Clarias gariepinus (Machiels, 1987). 
Even if a high protcinlenergy ration is uscd, thcsc 
observations indicate that an important part of the 
retained energy can bc attributed to non-protein encrgy 
deposition. In addition, a higher growth rate, induced 
by using different feeding stratcgies in Heter(~branchu.s 
longijïlis, led to an incrcase in body fat composition 
associated with a rather small improvcment in protein 
deposition (Kerdchuen and Legendre, 1991). Thus, 
special attention is often required in selccting a feeding 
stratcgy (feed composition and fccding frequency) to 
produce the quality of fish desired. 

Gatlin et al. (1986) have determincd the energy 
requircment of fingerling channcl catfish for main- 
tenance and maximum gain. The requirement values 
were based on wcight gain and body composition data 
from fish fed purified diets at varying daily rations. 
Energy requirements for maintenance and maximum 
growth were 62.8 and 72.4 kJ.kg body weight-'.day-', 
respectively. 

Carhohydrates 

Channel catfish have been shown to use higher 
levels of dietary carbohydrate than coldwater or 
marine fish. Levels of dietary carbohydrate up to 
25% have been shown to be utilized as effectively 
as lipids as an energy source for channel catfish 
(Garling and Wilson, 1977). Likimani and Wilson 
(1982) observed that channel catfish fed a high 
carbohydrate diet exhibited marked stimulation of 
several lipogenic enzyme activities in both livcr and 
mesenteric adipose tissue. A similar study using coho 
salmon, Oncorhynchus kisutch, failed to demonstrate 
any stimulatory effect of high dietary carbohydrate 
on lipogenic enzyme activities in either liver or 
mcsenteric adipose tissue of this fish (Lin et al., 1977). 
Therefore, it appears that species such as the channel 
catfish that can readily adapt to high carbohydrate 
diets and convert the excess energy into lipids are 
much more efficient in carbohydrate utili~ation than 
those fish lacking that ability. Channel catfish utilize 
high molecular weight carbohydrates, such as starch 
and dextrin, more readily than disaccharidcs or simple 
sugars (Wilson and Poe, 1987). 

Dietary carbohydrates have been shown to bc 
used as an energy source by Hoplosterrzum littorale 

(Moreau et al., 1992). However, the relative rate 
of carbohydratc digestion was found to be lower in 
C1aria.s gariepinus than in hybrid tilapia (Oreochromis 
ni1olicu.s x 0. aureu.~) (Degani and Revach, 1991). 
Nevertheless, pancreatic and foregut amylase activity 
ha\ hcen reported for Clarias gariepinus (Uys and 
Hecht, 1987). The pancreatic amylase specific activity 
dccrcascd following a meal whercas the protease 
activity in the foregut cithcr rernained constant or 
jncreased (Uys et al., 1987). This observation was 
explaincd as a temporary dilution of the amylase 
by the ingested food andlor a delayed recovcry of 
amylase production by the pancrcas. This pattern was 
not obscrved in proteasc activity, however an apparent 
decrease in protcin digestibility has bccn reported in 
C1uria.s hatru(.hus when fcd high protein diets (greater 
than 39.95% crude protein) (Singh and Singh, 1992). 

Although no specific carbohydrate requiremcnt 
has been establishcd for fish, growth rates of 
tingcrling channel catfish werc rcduced when the fish 
were fed isonitrogenous, isocaloric semipurificd dicts 
containing no dcxtrin, as compared with fish fed diets 
containing added dextrin (Garling and Wilson, 1977; 
Likimani and Wilson, 1982). Carbohydrates also serve 
as the least cxpcnsive source of dietary energy and 
aid in the pelleting quality of practical channel catfish 
feeds. Therefore, somc form of digestible carbohydrate 
should bc included in channel catfish dicts. A typical 
cornniercial channel catfish feed contains about 25 to 
30% carbohydrate. 

1,ipids and essential fatty acids 

Early workers were unsuccessful in establishing an 
essential fatty acid requirement of channel catfish; 
however, it has been rcported that channel catfish 
fed diets containing animal fat or fish oil showed 
bcttcr growth than fish fed dicts containing vegetable 
oils (Stickney and Andrews, 1971, 1972; Yingst and 
Stickney, 1979). These studies indicated that channel 
catfish could effectively utilizc beef tallow (high in 
oleic acid and low in n-3 and n-6 fatty acids) or 
menhadcn oil [moderate in n-3 highly unsaturated 
fatty acids (n-3 HUFA)], whereas safflower oil (high 
in linoleic acid) and linseed oil (high in linolenic acid) 
werc poorly utilized. These workers suggestcd that the 
poor response to vegctablc oils was due to a limited 
ability to mctabolize Iinoleic acid or to cornpetitive 
inhibition of fatty acid synthesis in  the presence of 
high levels of dietary linolenic acid. Stickney et ul. 
(1983) suggested that the poor performance of channel 
catfish fed vegetable oil was duc to dietary linolenic 
acid and not linoleic acid as first theorized. Satoh 
et al. (1989~)  reported that supplementation with a 
mixture of methyl esters of n-3 HUFA or cod liver oil 
(moderate in n-3 HUFA) to a purified diet enhanced 
growth of channel catfish. However, channel catfish 
fcd a diet containing beef tallow as the sole lipid 
source had a lower growth rate than fish fed a diet 
with n-3 HUFA. Fatty acid composition of the livcr 
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polar lipid fraction indicated that channel catfish could 
convert 18:3n-3 to docosahcxacnoic acid (22:6n-3). 
Subsequently, Satoh et al. (19896) dcmonstrated that 
n-3 fatty acids were esscntial for the channel catfish. 
Specifically, these workers found the essential fatty 
acid requirement to be met by 1.0 to 2.0% 18:3n-3 
or 0.5 to 0.75% n-3 HUFA. Therefore, marine fish 
oil or linseed oil, which are rich sources of either 
linolenic acid or n-3 HUFA, should bc suitable for 
supplementation in channcl catfish feeds. A minimum 
level of 0.5 to 1% dietary n-3 fatty acids has also 
been recommended for Hetero6runchu.s longijîlis fry 
(Kerdchuen, 1992). 

Channel catfish appear to perform well on a wide 
range of dietary lipid levels. Studies have been 
conducted in which channel catfish wcre fed diets 
containing 15% or more lipid without conclusive 
evidence as to which level is best for optimum 
growth. Dietary carnitine has been shown to improve 
lipid utilization in Clarias gariepinus (Torreele et 
al., 1993) and reduced lipid deposition in muscle 
and liver of channel catfish (Burtlc and Liu, 1994). 
From a practical viewpoint, lipids should bc added 
to catfish diets as a source of energy. Howevcr, 
there are constraints on the level of dietary lipid that 
can be used. If the dietary lipid level is too high, 
undesirable deposits of lipid in edible tissue may occur 
or deposits of adipose tissue in the visceral cavity 
may be excessive, which reduces dressout percentage. 
A second constraint involvcs the ability of the feed 
manufacturer to prepare good quality feed pellets. If 
the supplemented fat level exceeds approximately 5%, 
some difficulty in producing extruded pellets occurs 
unless the lipid is sprayed on after pelleting. Normally, 
fat is sprayed on channel catfish feeds after pelleting to 
increase dietary energy and to reduce fines. Generally, 
lipid levels in commercial channel catfish feeds are 
about 5 to 6%, approximately 3 to 4% contained in 
the feed ingredients with the remaining 1 to 2% being 
sprayed on the finished pellets. 

Vitamins 

The qualitative vitamin requirements of channel 
catfish have been determined by feeding purified diets 
deficient in the vitamin under study and comparing 
various growth parameters and pathology to fish 
fed nutritionally complete diets. Quantitative vitamin 
requirements were then determined by feeding graded 
levels of the vitamin under study in purified diets. The 
dietary level that resulted in normal weight gain with 
the absence of any deficiency signs was considered to 
be the minimum dietary requirement for that specific 
vitamin. These requirement studies were conducted 
with small fish in aquaria, thus the requirement values 
were determined under optimal conditions for the fish. 
Although these values are assumed to be adequate 
for larger fish, certain vitamin requirements may be 
affected by other factors, such as size, age, growth rate 
and stage of sexual maturity, as well as environmental 

stressors, such as disease, water tempcrature and water 
quality. Additional rcsearch is needed to examine 
this important area of vitamin nutrition of fish. 
Characteristic deficiency signs and dietary requirement 
values for each vitamin are summarized in tables 3 and 
4. The values recoinmended for channel catfish are 
often recommended for other catfish spccies. A level 
of 60 mg vitamin C.kg-l diet has been reported to 
be required for optimal growth of Clarias gariepinus 
(Mgbenka, 199 1 ). 

A major consideration when formulating feeds for 
fish is that ascorbic acid is very labile and thus 
readily destroyed during the manufacturing process, 
especially in cxtruded feeds, commonly used for 
channel catfish. An ethylcellulose-coated ascorbic 
acid, which improves stability of the vitamin, is 
therefore gcnerally used to increasc retention of the 

Table 3. - Vitamin deficiency \igns observed in channel catfish '. 

Vitamin Dcficiency sien\ Kcfcrcncc 

Vitamin A 

Vitamin D 
Vitamin E 

Vitamin K 

Thiamin 

Riboilavin 

Pyridoxine 

Panthotenic 
acid 

Niacin 

Biotin 

Folic acid 
Vitamin B-12 

Choline 
Inositol 

Vitamin C 

Bxophthalmia, edenia, 
ascites 
1,ow honc ash 
Skin depigmentation, 
cxudative diathesis, 
muscle dystrophy, 
crythrocyte hemolysis, 
splenic and pancrcatic 
hemosiderosis 
Skin hemorrhage, 
prolonged 
clotting time 
Dark skin color, 
neurological 
disorders 
Short-body dwarfism 

Greenish-blue 
coloration, tctany, 
nervous disorders 
Clubbed gills, 
anemia, and eroded 
skin, lower jaw, fins, 
and barbels 
Anemia, lesions 
of skin and fins, 
exophthalmia 
Anernia, skin depig- 
mentation, reduced 
liver pyruvate 
carboxylate activity 
Anemia 
Anemia - 

Fatty liver 
None 

Scoliosis, lordosis, 
reduced bone collagen, 
interna1 and external 
hemorrhage 

NRC (1993) 

Lovell and 1.i (1978) 
Murai and Andrews 
( 1974) 
Lovell et uI. ( 1984) 
Wilson et LI/. (1984) 

Murai and Andrcws 
(1977) 

Murai and Andrews 
( 1 9 7 8 ~ )  

Murai and Andrews 
(1978h) 
Andrews and Murai 
(1 979) 

Murai and Andrews 
(1979) 

Andrews and Murai 
(1978) 

Robinson and Lovell 
(1978) 

Duncan et al. (1993) 
Limsuwan and Lovell 
(1981) 
Wilson and Poe (1 989) 
Burtlc and Lovell 
( 1989) 
Lovcll (1973) 
Wilson and Poe (1973) 

' Anorexia, reduced weight gain, and increased mortality are common 
vitamin deficiency signs and are not included in the table. 
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Table 4. - Vitamin requirement values rcported for channel catfish l .  
Expresscd as either IU or mgkg-' diet. 

Vitamin Kequirement Reference 

Vitamin A 
Vitamin I> 

Vitamin E 

Vitamin K 
Thiamin 
Kihoîlavin 
Pyridoxine 
Panthotenic 

acid 
Niacin 
Biotin 
Folic acid 
Vitarnin B-12 
Cholinc 
Vitamin C 

1 000-2 000 IU 
500 l u  
1 000 1 u 
250 111 
25 rng 
50 mg 
NR 
1 mg 
9 mg 
3 mg 
10 ni& 
15 mg 
14 rrig 
R 
1.2 nig 
R 
400 mg 
60 mg 
I l  mg 

NRC (1993) 
Lovell and Li (1978) 
Andrews er a l  ( 1980) 
Brown ( 1988) 
Murai and Andrews (1974) 
Wilson et (il. (1984) 
Murai and Andrews (1977) 
Murai and Andrcws ( 19780) 
Murai and Andrews (1978b) 
Andrews and Murai (1979) 
Murai and Andrews (1979) 
Wiliori et ul. (1983) 
Andrcws and Murai (1978) 
Robinson and Lovcll (1978) 
Duncan rr al. ( 1993) 
Lirnsuwan and Lovcll (1981) 
Wilson and Poe (1988) 
Lim and Lovell (1978) 
El Naggar and Lovell ( 199 1) 

R - rcquired hut no value deterniined; NR - no rcquirement detected. 

vitamin in fish feeds. Nevertheless, approximatcly 50% 
of the supplemental ascorbic acid is destroyed during 
the manufacture of extruded channel catfish feeds 
(Lovell and Lim, 1978) and excess ascorbic acid is 
routinely added to commercial formulations to ensure 
that an adequate level of the vitamin is retained in 
the final product. 

Various derivatives of ascorbic acid, which are 
more stable than the parent compound, have been 
shown to have antiscorbutic activity in channel catfish. 
These include: L-ascorbate-2-sulfate (Murai et al., 
1978; Brandt et al., 1985; Wilson et al., 1989), 
L-ascorbyl-2-monophosphate (Brandt et al., 1985), 
and L-ascorbyl-2-polyphosphate (Wilson et al., 1989). 
However, L-ascorbate-2-sulfate does not appear ta be 
utilized as well as certain of the other more stable 
forms of ascorbic acid by channel catfish (El Naggar 
and Lovell, 199 1). At the current time i t  is still more 
economical to overfortify channel catfish feeds with 
the ethylcellulose-coated ascorbic acid than to use any 
of the other more stable forms of vitamin C. 

Minerais 

Fish utilize inorganic elements to maintain their 
osmotic balance between body fluids and the water. 
Some minerals in the water appear to be absorbed 
by the fish. For example, channel catfish can usually 
absorb suîficient calciuni froin the watcr to meet their 
rcquirement (Robinson et al., 1986). However, calcium 
deficiency has been induced when channel catfish were 
reared in calcium-free water (Robinson et al., 1986). 
The deficiency was characterizcd by a reduction in 
growth rate and in bone ash and a dietary calcium 
requirement of 0.45% was determined under these 
unusual conditions. Wilson and El Naggar (1992) were 
unable to obtain a dose-response relationship bctween 
dietary potassium level and whole body potassium 
concentration in channel catfish, indicating that these 
fish do not have a dietary requirement for potassium 

Table 5. - Mineral deîiciency signi and minimum levels of mincrals rcquired to prevent deficiency signs in channel catfi\h. 

Mineral 

Calcium 

Phosphorus 

Magnesiurn 

Sodiuni 
Potassium 
Chloride 
Zinc 

Selenium 

Manganese 
Iron 

Coppcr 

Kequirement 

BLD ' 
0.45% 
0.45% 

BLD 
0.26% 
BLD 
20.00 mgkg-' 

Dcficicncy signs ' Reference 

Rcduccd bone ash 
Reduced bone iiiineralization 

Musclc flaccidity, sluggishness, reduced bone, 
serum, and whole body magnesium 

None detected 

Kcduced serurn zinc and serum alkaline 
phosphatase activity, reduced bone zinc and calcium 
Kcduced liver and plasnia seleniuin-depcndent 
glutathione peroxidasc activity 
None dctccted 
Reduced hemoglobin, hematocrit, erythrocyte count, 
reduced scrum iron and transferrin saturation lcvcls 
Keduced hepatic copper-zinc superoxide dismutase. reduced 
Iieart cytochromc c oxida\e üctivity 

Robinson et al. ( 1986) 
Andrcw\ rt al. (1973) 
Lovell (1978) 
Wilson et al. (1982) 
Gallin ri al. (1982) 

Wilion and El Naggar (1992) 
Wilson and El Naggar (1992) 
Wil\on and El Naggar (1992) 
Gatlin and Wilwn (1983) 

Gatlin and Wilson (1984h) 

Gatlin and Wilson ( 1 9 8 4 ~ )  
Gatlin and Wilson ( 1 9 8 6 ~ )  

Ciatlin and Wilson (1986h) 

Anorexia, pour weight gain, and increa\ed mortality are common deficiency signs for inost inincral deficiencies. 
Below level of dctcction under normal rearing conditions. 

Dctcrmined in calcium-free rearing watcr. 

%xpre\\ed a availablc pho\phorus. 
150 rng zinc.kg-' dict is recommended for practical feeds containing phytic acid (Gatlin and Wilson, 1 9 8 4 ~ ) .  
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