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ABSTRACT

Two experiments were carried out to 1) de-
velop a purified diet, and 2) exanine the protein
requirement of fingerling rainbow trout. Four re-
plicate tanks (50 fish each) of trout were assig-
ned to a commercial salmon diet of a purified
diet containing 30, 35, or 45% protein s and th-
ree replicate tanks(40 fish each) to a diet contai-
ning 10, 15, 20, 25 or 35% protein(not counting
crystalline dispensable amino acids which repla-
ced casein protein to vary the protein level).
Trout were fed three times a day for six weeks,
and weight gain and feed./ gain ratio were moni-

tored.

No significant differences were found in weight
gain or feed gain ratio among 10. 5—g fish fed
diets containing 30, 35, 40 and 45% protein. Fish

fed these diets gained abjout 80% as much wei-
ght as fish fed a commercial salmon diet which

produced gain of 19.5 g/ fish,”6 weeks. Weight
gain increased with the increasing levels of casein

up to 25% and the breakpoint was found at 24%
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intact protein, indicating that the levels of indis-

pensable amino acids (IDAA) sﬁgplied by the 24
% intact protein was sufficient to meet the requi-

rements of trout for IDAA. Results suggested that
energy sources used for trout diets play an impo-
rtant role in the determination of the protein re-
quirements, and that the conventionally establi-
shed protein requirement (40%) includes protein
(24%) required to meet energy needs.

INTRODUCTION

Dietary protein is one of the major determina-
nts of fish growth. Many studies have been done
to determine protein requirements of various fish
species(wilson, 1989). Most of the studies were
carried out by varving the level of dietary protein
at the expense of carbohydrates such as dextrin
(Delong et al, 1958 ; Cowey et al, 1972 ; An-
derson et al, 1981), wheat middlings(Cho et al,
1976) and starch(Lee and Putnam, 1973). Such
studies indicafed that fish require a relatively
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high level of dietary protein(35 to 55% ) overloo-
king the poorly difined nature of carbohydrates as
energy substitutes for protein. Dietary proteins
generally have higher matabolizable energy(ME)
values than carbohydrates and thus, in many pro-
tein requirement studies, fish were probably offe-
red higher metabolizable energy with the higher
protein diets compared with the low protein diets.
The protein requirement of a given fish species
may be dictated by dietary protein —energy ratio,
protein quality(availability and balance of amino
acids), energy sources and environments(tempe-
rature and salinity) (Millikin, 1982). Therefore, it
is critical to the determination of protein require-
ments to standardize dietary ingredients, especia-
lly enery sources. Earlier studies at our labora-
tory(Sminth, 1986) showed that dietary protein
(casein) could be replaced with alanine or a dis-
pensable amino acid mixture. but could not be
replaced with dextrin, on an eqal ME basis.
The studies reported here are : 1) to develop
a purified(test) diet that promotes normal growth
and 2) to examine the protein requirement of
rainbow trout(Oncorhynchus mykiss) using a dis-
pensable amino acid mixture to replace casein

protein.

MATERIALS AND METHODS

Animals and feeding

Kamloop strain(experiment 1) and Shasta st-
rain(experiment 2) rainbow trout were used.
Prior to allotment of fish into experiments, fish
were held in 750—1 round fiberglass flow—th-
rough holding tanks at 11C~15%. Four replicate
groups, each containing 50 fish(experiment 1) or
three replicate groups of 40 fish(experiment 2) of
similar size were randomly selected from holding

tanks and assigned to experimental ranks.

The experimental tanks(round, fiberglass, sur-
faced internally with a non—reflective green pol-
yester gel coat) were arranged in an environ-
ment —controlled room. Tanks used for experi-
ments contained 92¢ of water(63.5cm height, 76.5
cm diameter, 20cm stand pipe). Municipal well
water supplied to the tanks was carbon— filtered
and water temperature was adjusted to 15+ 0.5C
by mixing cold and hot water with thermostatica-
lly controlled valves. Environmental conditions in
fish tanks were | pH 8.2, water flow 2 to 4 ¢,'mi-
nute, aeration rate 20 to 30 £ minute at 15 to 30
mm Hg pressure above atmosphere, disolved ox-
vgen near saturation(8 mg/¢), dissolved ammonia
nitrogen not greater than 0.2 mg €.

Tanks were covered with 1.3cm(bar measure)
knotless nylon netting to prevent fish from esca-
ping. Light was supplied from incandescent bulbs
and the light intensity was about 0.28Lux at water
surface. An electeronic timer and rheostat Sys-
tems provided a photoperiod(16~h light/8~h
dark) and 30— minute simulated sunrises and su-
nsets.

Fish were acclimated to experimental tanks for
at least one week while being fed Silver Cup sal-
mon diet. Sick of dead fish were replaced during
the acclimation period but not after experiments
were begun. fish were fed roughly to apparent
satiation at 08 1 00, 12 : 00 and 16 : 00 during the
acclimation and experimental periods.

Diets for experiment 1, which was done to eva-
luate purified diets, were formulated to contain
30, 35, 40 or 45% protein. The protein was supp-
lied by 2% gelatin and varying levels of casien
supplemented with arginine and methionine to
make the levels equal to those in whole egg pro-
tein(Table I1). In this experiment Silver Cup sa-
Imon diet containing 50% protein was used as a
reference diet. Diets for experiment 2, which was
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done to determine a dietary level of protein that
is sufficient to meet the requirements for indis-
pensable amino acids, contained 10, 15, 20, 25 or
35% protein. The protein was supplied by 2%
gelatin and varying levels of casein supplemented
with arginine and methionine, and the protein le-
vel was varied at the expense of dispensable
amino acid mixture(Table II1).

The air—dry ingredients were mixed, and fish
oil plus a—tocopherol was added. This mixture
was then made into a stiff dough by blending
with 50C water, which contained NaOH when ne-
cessary to give a final dietary pH of about 6.6(pH
of the casein—based diet). The dough was ext-
rued with a Hobart noodle maker(Hobart model
K45SS, Troy, Ohio, USA) and dried in a forced
—air feed dryer(23C). The dried noodles were
broken into pellets using a food processor. The
size of pellets was approximately 2mm in diame-
ter and 5~10mm in length. The final moisture
content of dry pellets was approximately 10%.
The diets were prepared weekly and stored at 4C
until used.

The fish in each tank were weighed as a group
at the start of experiments(mean initial body
weight+ SEM, 10.5+ 0.1 g/fish for 20 tanks in ex-
periment 1, and 9.7+ 0.1 g/fish for 15 tanks in
experiment 2) and at two— week intervals there
after for six weeks. Feed consumption was recor-
ded and feed/gain ratio calculated for each two
—week period and for the entire six—week pe-

riod.
Carcass analysis

At the start of experiment 2, ten fish were ran-
domly selected from a reserve tank kept under
the same conditions as the experimental tanks
and used to determine initial carcass composition.

Final carcass composition was also determined

-3

with ten fish randomly selected from each expe-
rimental tank at the end of the experiment. The
fish were weighed before and after evisceration.
The carsasses were blended, dried and ground.
Moisture content was determined by drving at 80
C for 24 hours. Total organic nitrogen content
was measured by using a semi—micro Kjeldah]
procedure for digestion(AOAC, 1984), and the
phenol — hypochlorite reaction for colorimeric de-
termination of ammonium(Weatherburn, 1967).
Total lipid content was measured using the me-
thod reported by Bligh and Dyer(1959) and ash
content was determined by using the AQAC(19
84) procedure. Nitrogen retention was calculated
as follows : 100(g N in carcass at the end of six
weeks—g N in carcass at the start)/g N intake.

Statistical analysis

Data were subjected to analysis of variance.
When differences were significant at less than 50
%, the Newman— Keuls test(Snedecor and Coch-
ran, 1980) was used to compare mean values of
individual treatments. In experiment 2, a broken
—line model(Robbins at al, 1977) was used to
establish the protein requirement, assuming that
the breakpoint represents the requirement, and
that weight gains for the dietary protein levels at
and greater than the requirement are estimates
of the same respones.

RESULTS

Weight gain, specific growth rate and feed/gain
ratio of fish fed a reference diet or purified diets
are presented in Table IlI. The fish fed the refe-
rence diet gained more weight (p<{0.05) than
those fed purlfied diets(19.5 vs 15.9¢). However,
feed/gain ratio was not significantly (p>0.05) dif-
ferent between the reference and purified diets.



No significant differences were detected in weight
gain or feed/gain ratio among trout fed the puri-
fied diets containing graded levels of protein {rom
30 to 45%, although feed/gain ratio appeared to
decrease with increasing protein levels. Results of
experiment 1 showed that the protein require-
ment of rainbow trout was not more than 30%
when the protein was supplied by casein supple-
mented with arginine and methionine.

Weight gain increased linearly(r*= 0.998) with
protein levels up to 25% and breakpoint was
found at 24 % (table IV, Fig. 1), indicating that the
dietary protein(24% ) from casein and gelatin su-
pplemented with arginine and methionine was
sufficient to meet all the indispensable amino
acids required for optimum growth. Mortality was
high in experiment 2 for unknown reasons, but it
was not related to diet quality.

Feed/gain ratio decreased with increasing le-
vels of protein, but the difference Letween fish
fed the 25 and 35% protein diets was not signifi-
cant(p>0.05). although fish fed the diet containing
25% protein tended to consume more than those
fed the diet containing either 20 or 35% protein
(Table N ). Nitrogen retention of trout fed the 10
% protein diet was significantly(p<0.05) lower
than that of the others(Table V).

Carcass composition was not markedly influen-
ced by the dietary protein level except for trout
fed the 10% protein diet, which had relatively lo-
wer dry matter and lipid contents, and higher
protein and ash contents(table V).

DISCUSSION

Growth and feed utilization of animals fed pu-
rified diets are normally inferior to those of ani-
mals fed practical diets(Satia, 1974 5 Kim et al,
1983). Nonetheless, the use of purified diets is
inevitable for the studies of nutrient requireme-

nts. Requirements for protein or amino acids by
fishes as well as other amimal species have been
estimated using purified diets ! e. g, rainbow
trout(Satia, 1974 : Pfeffer et al, 1980), chinook
salmon(Halver et al, 1957), channel catfish(Wil-
son et al, 1977), carp(Aoe et al., 1970), pigs{iud-
ley et al, 1962 5 Kim et al, 1983a), rats(Rogers
and Harper, 1965) and chicks(Baker, 1977). In
these studies, milk protein and crystalline amino
acids were most frequently used as protein sour-
ces. In our studies, casein was a major protein
source and the level of gelatin was minimized (2%
of diets) because its nutritional values for rain-
bow trout had been questioned when compared
with glucose, sucrose or gelatinized starch(Pieper
and Preffer, 1980).

Some fish nutritionists have been using specific
growth rates in an attempt to correct growth ra-
tes of fish for initial body weight because fish
tend to gain their weight exponentially with time
in their early stages of life. Results from different
laboratories show large variations in specific gro-
wth rates. The rates vary from 1.2 (Hughes et al,
19810 to 2.75(Satia, 1974), or 3.78(Ogino and Na-
nri, 1980). The specific growth rate obtained with
3.5—g rainbow trout by Satia(1974) seems ext-
raordinarily high, after the extreme variation in
the water temperature(16~27C) was considered.
A high specific growth rate observed by Ogino
and Nanri(1980) is also difficult to verify because
they fed the fish for only 19 days.

As shown in Table I, our purified diet appea-
red to promote relatively good specific growth
rate(2.07~2.23) and feed utiliztion(feed/gain ra-
tio, 1.43~1.27), although it is somewhat inferior
to the specific growth rate(2.48) and feed utiliz-
tion(feed/gain ratio, 1.32) of fish fed the Silver
Cup salmon diet. Therefore, use of the purified
diet for the determination of the protein or amino

acid requirements is considered an acceptable co-
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mpromise. The specific growth rate observed in
experiment 1 was inferior to that obtained in the
other experiments(Tables IlI, V) maily because
of the strain{Kamloop) used. This strain seemed
to be more aggressive and cannibalistic than
other strains, especially when fish were confined
in experimental tanks and dissatisfied with diet.

Results of experiment 2(Table ¥, Fig. 1) sug-
gest that the protein level(40%) recommended
by NRC(1981) includes dietary protein required
to meet the requirements for the indispensable
amino acids(24%) and that required for meeting
energy needs(16% ). This suggestion is well sup-
ported by the estimated indispensable amino acid
requirements of rainbow trout ! arginine, 14%
of the diet(Kim et al., 1983b) : lysine, 1.3% (Kim
and Kayes, 1982) ; sulfur—containing amino
acids, 0.8% (Kim et al, 1984) ; and tryptophan,
0.2% (Kim et al, 1987) as compared with the
amino acid levels in the 25% protein diet used
in the present experiment : 1.6, 1.9, 1.0, and 0.27
% of the diet, respectively.

Earlier studies at our laboratory(Smith, 1986)
showed that a diet containing 25% protein(from
25% casein and 2% gelatin) and 10% alanine or
10% dispensable amino acid mixture promoted
growth of rainbow trout as well as a diet contai-
ning 35% protein(from 36% casein and 2% gela-
tin). In that study, fish(initial body weight, 8.6g)
fed the control diet containing 35% protein, and
diets containing 25% protein and 10% dispensa-
ble amino acid mixture, 10% alanine or 10%
(above the basal level) dextrin gained 28.5, 284,
27.2 and 25.5g over a 6 — week feeding period, re-
spectively. This result again suggests that the 25
% protein from 25% casein and 2% gelatin in
the diet was enough to meet the requirements of
rainbow trout for the indispensable amino acids,
and further suggests that the protein requirement

of rainbow is not more than 25% when approp-

riate energy sources that have ME values equiva-
lent to protein are used to substitute for protein.

Most published data regarding the protein re-
quirement of rainbow trout(Zeitoun et al., 1973
Lee and Putnam, 1973 5 Satia, 1974  Austreng
and Refstie, 1979) have shown that rainbow trout
require more than 40% protein in their diets.
This value was obtained by using various carboh-
ydrates as substitues for protein. Considering the
confounding effect of energy sources on the pro-
tein requirement, one needs to be careful in inte-
rpretation of data on the protein requirements of
fish and other carnivores. Data on the protein re-
quirement of kittens are variable as reported to
be 25~30% by Miller and Allison(1958), 37~43
% by Dickinson and Scott(1956) and 31~36% by
Janson et al,(1975). These differences in the es-
timated protein requirements among the studies
may be due to the energy content of the diets
(MecDonald et al., 1984).

Collectively, results of our studies indicate that
energy sources in fish diets influence the protein
requirement of fish for optimum growth, and the
metabolic partition of the dietary protein between
use for protein synthesis and for energy supply.
Therefore, the energy value of a diet must be de-
fined in terms of its individual components before
any conclusions about the protein requirement of
a particular species can be drawn.

Since alanine or a dispensable amino acid mix-
ture were able to substitute for protein in trout
diets on an equal ME basis, these materials can
be used as a reference(standard) for other die-
tary energy sources. We propose that alanine
equivalents of fish feed ingedients as an alterna-
tive to ME values be established by comparing
the growth of fish fed an energy source of inte-
rest with the ‘growth of fish fed alanine. This ala-
nine — equivalent method would be more useful

than the conventional ME measurements because
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the ME value of a given dietary ingredient can
vary with many factors, such as species and size
of fish, environments and other dietary ingredie-

nts.
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TABLE I

Dietary Ingredients (% on a air—dry basis) ~ experiment 1

Diet ' 1 2 3 4
Casein *? 30.67 36.11 4154 46.98
Gelatin (89% CP) * 2.00 2.00 2.00 2.00
Dextrin, white * 31.40 25.78 20.18 14.56
Dextrose * 5.00 5.00 5.00 5.00
a— cellulose * 8.20 8.20 8.20 8.20
Fish oil ® 10.00 10.00 10.00 10.00
CM—cellulose *® 1.00 1.00 1.00 1.00
Mineral mixture ’ 5.06 5.06 5.06 5.06
CaHPO,* 2.94 294 294 294
Vitamine mixture ° 2.00 2.00 2.00 2.00
Choline chloride ? 0.70 0.70 0.70 0.70
DL— a.—tocopherol * ¥ 0.0455 0.0455 0.0455 0.0455
Arginine "' 0.69 0.82 0.94 1.08
Methionine " 0.29 0.34 0.39 0.43
Crude Protein(%) ? 30 35 40 45

1) Silver Cup salmon diet containing 50% CP(Murray Elcvators, Murray, Utah, USA) was used as a
reference diet.

2) United States Biochemical Corporation, Cleveland, Ohio (USA:.

3) Vitamin—free, 92% CP.

4) Sigma Chemical Company, ST. Louis, Missouri (USA).

5) Pacific Salmo, a gift from Dr. R. O. Sinhuber, Oregon State University, Corvallis, Oregon (USA).

6) Carboxy methyl.

7) As mg'kg of dry diet : Nacl 5842, Ki 1.91, CaC034010, KzHPO. 15466, K:S50.12984, Na:HPO. 2320,
MgO 4774, FeSO.«7H-0 1066, MnCO3 797, CuCOsCu(OH) 2 64.9, ZnCOs 154.7, NaF 3.82, CoCls 6H=0
95.4, citric acid 3020.

8) Fisher Scientific Company, Fair Lawn, New Jersey (USA).

9) As mg/kg of dry diet : vitamin A acetate(500 IU/mg) 50, vitamin D3 (1000 1U/mg) 4, menadione
16, thiamine HCl 64, riboflavin 144, D— Ca— pantothenate 288, d—biotin 1.6, folic acid 19.2, vitamin
B12(0.1%) 160, niacin 512, pyridoxine HCI 48, L. —ascorbic acid 1200, myo— inositol 2500, p—amino-
benzoic acid 400, diatomaceous earth 14139. Except for the latter, which came from Sigma Chemical
Co., all the above ingredients were from United States Biochemical Corporation.

10011 IU/mg in acetate form.

11)Added to level proportional to that in whole egg.

12)Calculated(Analvzed values were similar to the calculated values with differences less than =+ 1%)
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TABLE 1I

Dietary ingredients (% on a air—dry basis) —experiment 2

Diet ' 1 2 3 4 5
Casein '? 892 14.36 19.80 25.22 36.11
L—DAA ° 25.00 20.00 15.00 10.00 -
Dextrin, white ' 28.83 28.20 27.58 26.96 2571
Gelatin(89% CP) ' 2.00 2.00 2.00 2.00 2.00
Dextrose ' 5.00 5.00 5.00 5.00 5.00
a— cellulose * 8.20 8.20 8.20 8.20 8.20
Fish oil ° 10.00 10.00 10.00 10.00 10.00
CM~cellulose *° 1.00 1.00 1.00 1.00 1.00
Mineral mixture ’ 5.06 5.06 5.06 5.06 5.06
CaHPO.* 294 294 2.94 2.94 2.94
Vitamine mixture ° 2.00 2.00 2.00 2.00 2.00
Choline chloride * 0.70 0.70 0.70 0.70 2.00
DL—a— tocopherol * 0.0455 0.0455 0.0455 0.0455 0.0455
L—Arginine " 0.176 0.311 0.446 0.581 0.851
L—Methionine " 0.130 0.180 0.230 0.281 0.380
Crude Protein(%) ? 10 15 20 25 35

1) United States Biochemical Corporation, Cleveland, Ohio (USA).

2) Vitamin—free, 92% CP.

3) Dispensable amino acid mixture(%) & ala. 15.74, asp 28.77, gly 541, glu 27.56, pro 1.25, ser 21.27.
4) Sigma Chemical Company, ST. Louis, Missouri (USA).

5) Atlantic herring oil from Glenco Mills, Incorporated, Gelenco, Minnesota (USA).

6) Carboxy methyl.

7) See footnote 7 to Table I.

8) Fisher Scientific Company, Fair Lawn, New Jersey (USA).

9) See footnote 9 to Table I.

1001.1 IU/mg in acetate form.

11)Added to level proportional to that in whole egg.

12) Calculated excluding the nitrogen attributable to the added dispensable amino acid mixture.
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TABLE 1l

Effects of commercial or purified diets on growth and feed/gain ratio of rainbow trout' — experiment!

Diet Level (o‘;’ grotein W%ig%l;"xtshain Speciii:teggomh Fegg/{gain M%r%a)lity
Reference 50 195+ 063 248 + 0.05°¢ 132 + 0.04 0.0
Purified 1 30 146 + 06° 207 + 003" 143 + 0.4 0.5

2 35 149 + 05° 211+ 006° 1.39 £ 0.04 0.5
3 40 157+ 05° 223 + 0.06° 1.28 + 0.03 0.5
4 45 159 + 0.8° 220+ 0.07° 1.27 + 0.07 15

1) Mean initial body weight + SEM was 10,5 x 0.1 g/fish for 20 tanks and values are means + SEM
of 4 replicate tanks over the six—week period.

2) (In final weight — In initial weight) 100/42 days.

3) Values sharing the same superscript in the same column are not significantly different at the 5%

level when analyzed by the Newman—Keuls test.
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Fig. 1
Effect of dietary protein levels on weight gain in where ;

rainbow trout. . .
Y = weight gain

M = slope = SEM (1.17 + 0.11) of the
ascending line

Each point indicates mean + SEM of three
replicate tanks. A broken—Iline model was used

to find a breakpoint when the residual sum of
X = protein level

a= X at break point (24.01 + 1.05)
b =Y at break point (20.00 + 0.55)

square of the following regression is minimum.

Y=MX-a)+b: X< a
Y=b; X>a
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TABLE IV
Effects of dietary protein levels growth, feed/gain ratio and nitrogen retention' — experiment?
Level of protein  Weight gain Specific growth Feed.'gain Nitrogen Mortality

(%) (g/fish) rate * (g/'g) retention ° (%)
10 35+ 05*! 0.72 + 0.09° 4.24 + 0.78° 18.7 + 6.1° 1.7
15 9.8+ 07° 167 + 008" 183+ 011° 402 + 3.2° 0.8
20 152 + 10°¢ 225+ 0.07° 153 + 0.06° 382+ 22 9.2
25 195+ 03¢ 265+ 0.04°¢ 131+ 0.02° 426 + 0.7° 10.0
35 206 x 12¢ 268 + 0.10¢ 115+ 0.03¢ 36.7 + 0.9° 10.8

1) Mean initial body weight + SEM was 9.7 + 0.1 g/fish for 15 tanks and values are means + SEM
of three replicate tanks over the six—week period.

2} See footnote 2 to Table Il

3) 100(g N in carcass at the end of six weeks — g N in carcass ot the start)/g N intake over 6 weeks.

4) Values sharing the same superscript in the same column are not significantly different at the 5%
level when analyzed by the Newman— Keuls test.

TABLE V

Effects of dietary protein levelson carcass composition' — experiment®

Level of protein Carcass composition( %) *
(%) Dry matter Protein ° Lipid * Ash’
10 237+ 03** 60.3 + 0.4 250+ 13 108 + 0.2°
15 257+ 05° 578 + 0.7 289+ 0.2 94 + 0.0°
20 265+ 04° 573 £ 05 296+ 0.8 9.0+ 0.I°
25 277+ 04° 582+ 1.0 203+ 0.5 89+ 0.1°
35 277+ 03¢ 587 + 0.5 298 + 0.5 88+ 0.I°

1) Mean + SEM of three replicate tanks.

2) Eviscerated carcass + initial carcass composition was 23.4% dry matter, 71.4% protein, 19.3% fat and
10.6% ash.

3) On the dry matter basis.

4) Values sharing the same superscript in the same column are not significantly different at the 5%

level when analyzed by the Newman—XKeuls test.
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