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Post Prandial Plasma Free Arginine Concentrations Increase in Rainbow Trout
Fed Arginine-deficient Diets

Gunjun Park, Sungchul C. Bai*, Iin-ho OL, Kyungmin Han, Silas S, O. Hungl
Quinton R. Rogers” and Taesun Min®
Department of Aquaculture, Pukyong National University, Busan 608-737, Korea

ABSTRACT : Threc experiments were conducted to determine the effects of dietary arginine concentrations on plasma free amino
acid (PAA) concentrations in rainbow trout, Oncorhpnchus myk:ss (Walbaum). The first experiment was conducted 1o determine
appropriate post-prandial and food deprivation sampling times in dcrsal aorta cannulated rainbow trout averaging 51919.5 g (meantSD)
a1 16°C. Blood samples were taken at 0, 2, 3, 4, 5, 6 and 24 b afier freding (0 and 24 h blood samples were taken from the same group of

fish). PAA concentrations increased by 2 h post-feeding and the cor
and returned to O time values by 24 h, In the second experiment dor
were divided into 6 groups of 4 fish to study the effect of dietary ary
was fed one of six L-amino acid diets containing graded levels of ¢

centration of all essential amino acids except histidine peaked at S h
sal aorta cannulated rainbow trout averaging 528+11.3 g (mean+SD)
rinine levels on PAA. ARer 24 h food deprivation, each group of fish
rginine (0.48, 1.08, 1.38, 1.68, 1.98 or 2.58%) by inmbation. Blood

samples were taken at 0, 5 and 24 h after feeding. Post-prandial (5 h after feeding) plasma-free arginine concentrations (PParg) showed a
breakpoint at 1.03% arginine in the diet and post-absorptive (24 h afler feeding) plasma free-arginine concentrations (PAarg) showed a
breakpoint at 1.38% arginine. PAarg increased linearly from fish fed diets containing arginine between 0.48% and 1.38%, and the
concentrations remained constant from fish fed diets containing arginine at or above 1.38%, but were all below PParg at all time points.
Results of the third experiment confirm the results that PParp concentrations from fish fed arginine deficient diets were higher than
PAarg (0 or 24 b values). Thus, in contrast to mammals and birds, the PParg when arginine is present in the dict as the most limiting
amino acid such that it severely limits growth, increases in plasma rather than decreeses. (Asian-Aust, J. Anim. Sci 2005, Vol I8, No.

3:396-402)

Key Words : Arginine, Rainbow Trout, Dorsal Acrta Cannulation, Plasma Free Amino Acids

INTRODUCTION

Evaluation of plasma free amino acids concentrations in
mammals and birds has led to discoveries involving the
genetic defects of amino acid metabolism, the secondary
perturbations of amino acid metabolism as a result of
primary renal or liver disease and the effects of amino acid
deficiencies, imbalances and toxicities on amino acid
metabolism (Zicker and Rogers, 1990). Factors influencing
plasma free amino acids (PAA) concentrations in growing
animals have been studied extensively. Although assay
procedures used in PAA studies have varied considerably,
the results obtained have been quite consistent in
demonstrating that dielary amino acid deficiencies result in
reduced plasma concentration of that amino acid, post-
prandially (Hill and Olsen, 1963), whereas dietary amino
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acid excesses have resulted in increase of that amino acid in
the plasma (Richardson et al., 1953). '

Studies in the chick (Richardson et al., 1953; Hill and
Olsen, 1963), rat (Swendseid et al, 1963, Young and
Zamora, 1968), pig (Puchal et al, 1962), human
(Longenecker and Hause, 1961: Snyderman et al., 1964)
and fish (Thebault, 1985) have clearly established that a
reduced concentration of an essential amino acid (EAA) in
plasma reflects a deficient level of that amino acid in the
diet. Others (Munro, 1970; Young and Scrimshaw, 1970;
Young et al., 1971) showed that the pattern of amino acids
and the level of a specitic EAA in plasma cormrelate with the
ability of the dietary protein to support growth. The
relationships between the concentration of PAA and dietary
amino acid intake have been the subject of reviews
{Leathem, 1968, McLaughlan and Morrison, 1968; Munro,
1970, Young and Scrimshaw, 1970; Zicker and Rogers,
1990).

Although the effects of dietary prolein sources and
amino acid mixtures on plasma free essential amino acid
concentrations in sea bass (Thebault, 1985) and in rainbow
trout (Schuhmacher et al., 1997, Vermeirssen et al, 1997)
have been reported, the complete dose-response
relationships for arginine have not been investigated
Therefore, the objectives of the present study were to
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Table 1. Composition of the basal diet (% of dry matter)’
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Table 2. Amino acid composition of the basal diet (%eof dry

Ingredients % matter)

EAAT 17.27 F . From

NEAA® 12.36 Amino acids rom SaSeW rystalline Total!

Casein* 5.00 *gelatin amino acids

Gelatin* 2.00 EAA

Dextrin* 27.97 Arginine 0.353 1.924° 2277

Dextrose* 5.00 Histidine 0.194 0.725 09519

a-cellulose* 8.20 Isoleucine 0.252 1.674 1.926

Fish oil® 10.00 Leucine 0.493 2.702 3.195

Carboxymethyl cellulose* 1.00 Lysine 0.502 1.904 2.406

Ca(H,PO, 1,0 3.00 Methionine 0.152 1.030 1.182

Choline bitartrate? 1.20 Cysline 0.019 0.172 0.191

Vitamin mixture® 3.00 Phenylalanine 0.271 1.742 2.013

Mineral mixture’ 4.00 Tyrosine 0.270 1.335 1.605

' Diets were neutralized with NaOH to give a final pH 6.6, Threonine 0.221 1.601 1.822

? EAA: Essential amino acids, Ajinomato, Tokyo, Japan. " Tryptophan 0.065 0.462 0.527

*NEAA: Non-Essential amino acids, Ajinomoto, Tokyo, Japan. Valine 0.350 1.959 2.349

:United States Biochemical (USB), Cleveland, Ohio. NEAA
Ewha Oil Com, , Korea, .

4 Vitamin mixturialglgl:/:;a?wd unlcas indicated otherwise): vit, A, 3,000  ‘anine 0.345 1.741 2.086
IU; vit. Dy, 2400 IU; vil. E, 120 IU; menadione sodium bisulfate, 6; vit, ~ ASPartic acid 0.483 3.280 3.763
Bi-HCI, 15; vit. B;, 30; vit, BeHCL 15; vit, By, 0.06; vit. C, 300;  Glycine 0.538 0758 1.296
calcium pantothenate, 150; nicotinamide, 150; inosiiol, 150; d-biotin,  Glulamic acid 1.298 36160 4.914
L.5; choline chioride, 3,000; pancreatin, 12.5. Vitamin mixture prepare Proline 0.790 0.568 1358
by our laboratory and the individual vitamins purchased from USE, Serine 0.374 2.398 2772

Cleveland, Chio, TJSA.

" Minera) mixture (mg/kg teed): MnSO,, 320: ZnS0y,, 270; FeSO,, 750;
CuS0,, 60, CoSO,, 7, MgS0,, 17.3; K,S0,, 212, NaCL 519; K,HPQ,,
136; NaSe(s, 0.01; KI, (.15, Mineral mixiure was prepared by owr
laboratory and the individual minerals purchased from hnsei Chemical,
Tokyo, Japan.

determine the effects of the different dietary arginine levels
on PAA concentrations and to estimate the dietary arginine
Tequirement by using surgically modified young growing
rainbow trout (Oncorfnmchus mykiss).

MATERIALS AND METHODS

Animals and husbandry

Rainbow trout averaging 51949.5 g (Experiment I,
528+11.3 g (Experiment II) and 521+13.1 g (Experiment
11T} were obtained from Ewhajung Trout Farm in Sang Joo,
Korea. For all experiments, net cages (1.3 mx1.3 mx1.3 m)
were placed in a flow-through raceway with a water flow of
60 L/min. Supplemental acration was also provided to
maintain the dissolved oxygen near 7.240.4 mg/L. Water
temperature was maintained at 161+0.2°C.

Dorsal aorta cannulation and intubation

The trout were anesthetized with 200 mgl 3-
aminobenzoic acid ethyl ester methansulfonate (MS 222,
Sigma Chemical Company, St. Louis, MO) for 3 to 5
minutes, placed on a Vshape table and gills were
continuously imrigated with 16°C water containing 100
mg/l. of MS 222 during the operation. A 50 cm-long

"'The amino acid profile simulated that of 35% whole chicken cgg protein
(Robinson et al., 1981).

! Six cxperimental dicts were formulatod to have graded levels of arginine
(0.48, 1.08, 1.38, 1.68, 1.98 or 2.58%); equal amounis of aspartic acid
and giutamic acid by weight were substituted by argining in the basal
dict

cannula (Clay Adams PE 50 tubing, Parsippany, NJ) with a

bubble about 56 cm from one end was washed with

heparinized Cortland saline solution {Houston, 1990) and a

13-gauge needle was used to pierce a hole on the right

nostrum (ventral side up) for the cannula to exit A 19-

gauge needle was used (o bore a small hole in the roof of

the mouth at the mid-line behind the third gill arc at a 30°
angle and a pianc wire was inserted into the PE 50 tubing as

a guide. The proper insertion was verified by the

observation of a slow blood flow afler the wire was

withdrawn from the cannula. A 3 ml syringe with a 23-

gauge needle was used o remove air and blood clot and the

cannula was flushed with the heparin solution. The cannula
was sutured behind the bubble on the roof of the mouth, led
out from the right nostrum, plugged with a color head pin,
and sutured at the dorsal fin (I-H Ok et al., 2001; Bai et al.,
2003).

Experimental design and diets

Experiment 1 was conducted to determine the
appropriate post-prandial and post-absorptive time for
blood sampling in dorsal acria cannulated rainbow trout (1-
H Ok et al, 2001; Bai et al, 2003). Afier dorsal aorta
cannulation, the trout were divided into 6 groups (4 fish per
group) in each net cage and were fed a commercial rainbow
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trout diet (Woosung Feed Co. Ltd., Tagjon-Si, Korea) for 3
days until the fish recovered from the operation of dorsal
aorta cannulation. After 24 h food deprivation, these fish
were intubated with the L-amino acid based diet at 1% body
weight (dry-matter), anesthetized with MS222 and blood
was sampled at 0, 2, 3,4, 5, 6 and 24 h thereafier (0 and 24
h bleod samples were taken from the same group of fish).
The basal diet was formulated by the modification of Kim
(1997) and contained a 29.6% crystalline amine acid
mixture, 5% casein and 2% gelatin. Ingredients and amino
acid composition of the basal diet are shown in Table 1 and
2, respectively. The ingredient mixtures withow oil were
stored at -80°C until used and basal diet was prepared by
adding fish oil (10% of diet) and water (0.4 part of distilled
water:diet, w/w) before intubation.

Experiment IT was conducted to determine the effects of
different dietary arginine levels on post-prandial (5 h after
feeding, PParg) and post absorptive (24 h afler feeding,
PAarg) plasma free arginine concentrations in rainbow trout.
Rainbow trout were divided into 6 groups of 4 fish each in
net cage and fed a commercial diet (Woosung Feed Co. Ltd.,
Taejon-8i, Korea) for 3 days until the fish recovered from
the operation of dorsal aorta cannulation. After 24 h food
deprivation, these fish were mtubated with 1% body weight
(dry-matter) of the experimental diets. Six diets were
formulated to contain (148, 1.08, 1.38, 1.68, 1.98 or 2.58%
of arginine. Equal amounts of aspartic acid and glutamic

PARK ETAL.

acid by weight were substituted for the proper amounts of
arginine in the diets. Each group of fish was anesthetized
and blood was sampled from each fish within a group at 0,
5 and 24 h after intubating the experimental diets (0.4 parts
of distilled water:diet, w/w) by using a 3 ml syringe.

Experiment III was conducted to confirm the results
from Experiment II in which PParg were higher than PAarg
from fish fed the arginine deficient diet (0.48%). Four
rainbow trout were fed a basal diet for 3 days until the fish
recovered from the operation of dorsal aorta cannulation.
Afler 24 h food deprivation, these fish were intubated at 1%
body weight {dry-matter) of the 0.48 or 2.58% arginine diet,
Two consecutive dietary periods were used: the first period,
3 days of the 2.58% arginine diet; the second period, 3 days
of the 0.48% arginine diet In the first peried, 0 h post
feeding blood samples were taken at the beginning of day 1
and 24 h later (24 h after feeding). During the second period,
0 h and postprandial (5 h after feeding) blood samples were
taken for 3 days (day 1, 2 and 3). The post-absorptive (0 h)
blood samples were taken on day 4 (24 h afier feeding fish
on day 3).

Sample collection and analysis

Fish were anesthetized with 200 mg/l MS222 and 300
pl blood were sampled from each fish. Plasma samples
were prepared by centrifugation at 3,000xg for 10 min. For
deproteinization, the plasma samples were mixed with 10%

Table 3. Plasma free amino acid concentrations (nmol/ml} after feeding the basal diet (Experiment [)!

. . Time (h) after feeding Pooled
Amino acids o 2 3 3 3 3 74 SEM
EAA

Arginine 79° 131" ne® 128° 228° 78" 131° 9
Histidine 114¢ 244* 186° 143° 185° 964 1134 10
Isoleucine 84¢ 200 260°¢ 346" 438 ® 367" 110°® 2
Leucine 146¢ 307° 3924 516° 784° 581° 166°¢ 41
Lysine 108° 270¢ 354°¢ 422° 515" 237¢ 2481 24
Methionine 494 149°¢ 155°¢ 222° k¥R 235° 624 17
Phenylalanine 93¢ 178¢ 225¢ 426" 714 239°¢ 98¢ 40
‘Threonine 123¢ 432°¢ 532° 450° 793° 518° 1654 41
Tryptophan ¢ 23® 26" 25° 20% 18° 109 1
Valine 222°¢ 530° 594" 560° 783" 5790 238° 37
Total 1.028¢ 2,464 ¢ 2,843¢ 3,238° 4831° 2,948°¢ 1,341° 181
NEAA
Alanine 603% 1086"° 1248° 715 845¢ 671 465° 52
Aspartic acid 474° 627° 694° 795° 976 892™ 512° 36
Asparagine 103°¢ 165° 185° 153° 156° 9§ ¢ 15°¢ g
Citrulline g 45°® 40° 49* 37¢ 3149 18° 2
Glycine 329° 446" 241°¢ 14314 1404 242°¢ 396 23
Glutamic acid 272¢ 463°¢ 614" 454°¢ 1,092¢ 614° 26149 52
Ornithine 11® 105° 126*° 131* 118 70°¢ 484 3
Serine 12z* 253 255° 282° 377" 4i5" 134°¢ 21
Tyrosine 39 8g¢ 136°¢ 195® 300" 175° 57° 16
1-Methythistidine 33° 76°¢ 88° 11t 127° 87° 534 6
3-Methylhistidine 31¢ 54°¢ 72°€ 19* 1157 101° 39¢ 5

* Values are means of four fish where the means in each row with dillerent suerscripts are significantly different (p<0.05).
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Figure 1. Plasma free arginine concentrations (nmol/ml) at 5 h
(post-prandial arginine) afler feeding in fish fed praded levels of
dietary arginine (Experiment II). Y=175.1-33.2 (R-X), R=1.03%
0.299 (SE).

Table 4. Post-prandial and post-absorptive plasma free arginine
concentrations (mmol/ml) of rainbow trout fed graded levels of

dietary arginine (Experiment II)
Level of arginine (%) Pooled
0.48 1.08 138 1.68 198 258 SEM?
Post-prandial values
157° 168 21* 238 245 2920 1.98
Post-absorptive values
662 93¢ 17 nuzx* o121® 3 0.82

! Values are means (n=5) and means with different superscripls are
significantly ditferent (p<0,05).
? Pooled standard error of mean: SDAn .

5-sulfosalicylic acid in the ratio of four 1o one, cooled on
ice for 30 min and centrifuged. The protein-free superatant
was diluted in pH 2.2 lithium citrate sample dilution buffer
m the ratio of one to one and the samples were stored at
-80°C until amalysis. The plasma iree amino acids were
separated and quantified using a $433 amino acid analyzer
(Sykam, Germany) using the ninhydrin method.

Statistical analysis

Data were subjected to analysis ot variance test by using
Statistix 3.1 (Analytical Software, St. Paul, MN, UsA).
When a significant treatment effect was observed, a Least
Significant Diflerence test was used to compare means.
Treatment effects were considered significant at p<0.05.
The breakpoints for both PParg and PAarg were estimated
by using the broken line model of Robbins et al. (1979).
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Figure 2. Plasma free arginine concentrations (nmol/ml) ai 24 h
(post-absorptive arginine) afier feeding in fish fed graded levels of
dietary arginine (Experiment ). Y=175.1-33.2 (R-X) R=1.03+
0.299 (SE).

0.48 078 1.08

RESULTS

Experiment [

Plasma fre¢ amino acid concentrations from fish force-
fed the basal diet are shown in Table 3. Plasma free
essential amino acid concentrations, with exception of
histidine, lysine and tryptophan, began to increase at 2 h,
peaked at 5 h and returned to near basal level at 24 h.
Plasma free histidine concentration peaked at 2 h and
reumed to the basal level at 6 h. Plasma free lysine
concentration peaked at 5 h and did not return to the basal
level by 24 h. Plasma free tryptophan concentrations peaked
al 2 h, remained constant between 2 h and 4 h and retumed
1o the basal level at 24 h. Total plasma free essential amino
acid concentrations peaked at 5 h and returned to near basal
level at 24 h. Plasma dispensable amino acid concentrations
peaked between 2 h and 6 h and returned 10 near hasal
levelsat24 h.

Experiment II

Post-prandial plasma free arginine concentrations
(PParg) and post-absorptive plasma free arginine
concentrations (PAarg) of fish fed graded levels of arginine
are shown in Figure 1 and 2. PParg concentrations declined
with decreasing dielary arginine. PParg from fish fed 0.48
and 1.08% arginine diets were not significantly different
(p>0.05), however, PParg increased with dietary arginine
levels among fish fed diets containing from 1.08 to 2,58%.
PAarg significantly increased with dietary arginine levels
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Table 5. Plasma free arginine concentrations (nmol/ml) from fish
fed diets containing 0.48 and 2.58% dietary erginine (Experiment
nn!

PARK ET AL.

‘Table 6. 0 h and 24 h post feeding plasma free arginine
concentrations (nmol/ml} from fish fed the various levels of
dietary arginine (Experiment I, IT and [I) !

Dietary Time (h) after feeding 0 h posi feeding value 24 h post feeding value
arginine (%) O0h® Sh(dl) Sh(d2) 5h(d3) 24h(d4) Exp. | 7911 (1.12%) 131+13 (2.28%)

0.48 153425 158+21% 168434* 87418  Exp. Il 6615 (0.48%)

2.58 14327% 135433" 132415 (2.58%)

' Values arc meanszSD from four fish and means with different Exp. 11 143127 (2.28%)" 87118 (0.48%)

superscripts are significantly different (p<0.05).

*5 h postprandial blood samples were taken daily for 3 days (d1, 2 and 3)
and 24 h post-absorptive blood samples were taken on day 4 (at 24 h
afier foading fish on d 3). 0 h post-prandial blood samples were taken at
the beginning of day 1 and feeding fish once a day, 24 h post-absorplive
feeding blood samples were taken on day 4 (at 24 h after feeding fish on
day 3).

from (.48% to 1.38%, while it increased at a lower rate
beyond 1.38%. The breakpoints, using the broken-line
model, were 1.03 and 1.38% for PParg and FAarg,

respectively.

Experiment 111

There were no significant differences between PParg
from fish fed 0.48% arginine diet and PAarg from fish fed
2.58% arginine diet. However, the fourth day PAarg from
fish fed 0.48% arginine diet was significantly lower Lhan
PParg from fish fed the same diet and the PAarg from fish
fed 2.58% arginine diet (p<0.05),

DISCUSSION

Experiment I demonstrated that most amino acid
concentrations peaked at 5 h and returned to near basal level
at 24 h after feeding. From the 6 h plasma amino acid
concentrations it would appear that post-absorptive
concentrations might have been reached long before 24 h.
In mammals, including rats (Swendseid et al., 1963; Young
and Zamora, 1968), pigs (Puchal et al, 1962), dogs
(Longenecker and Hause, 1959) and humans {Young and
Scrimshaw, 1970) severe essential amino acid deficiency
causes a decrease in the limiting amino acid during the
absorptive phase, with a return toward normal 12-24 h afier
meal. Murai et al. (1987) and Schuhmacher et al. (1997)
reported similar results that the plasma concentrations of
arginine, leucine, isoleucine, valine, phenylalanine and
threonine from fish force-fed crystalline amino acids at 1%
body weight (dry-matter) peaked at 6-9 h and returned to
baseline by 24-32 h post feeding in rainbow troul.

Post-absorptive (24 h after feeding) plasma free arginine
concentrations {PAarg) of the trout increased as dietary
protein increased, with somewhat of a plateau occurring at
about 1.38% of dietary arginine. Perhaps this is the
concentration of dietary arginine that results in "regulation”
(either reutilization for protein synthesis or oxidation of
excess of that mobilized) of body arginine during the post-

135433 (2.58%)

' Values arc means+SD from four fish where the means in each row with
different superscripts are significantly different (p<0.05).

*0 b post feeding value is 24 h post feeding value from fish fod
commercial diet contaming 1.21% arginine.

*24 h post fecding value from fish fed experimental diet (dictary arginine
levels).

10 h posi feeding value is 24 h post feeding value from fish fed basal dist
containing 2.28% arginine.

absorptive phase.

In Experiment II the effects of alterations of dietary
arginine intake on post-prandial (5 h after feeding) plasma
free arginine concentrations (PParg) were dependent upon
the relative adequacy of the dietary arginine supply. PParg
from fish fed 0.48 and 1.08% arginine diets were not
significanly different; however, PParg increased with
increasing dietary arginine from 1.08 to 2.58%. In the
chicks, Zimmerman and Scett (1967) found that the dose-
response curves for lysine, valine and arginine in the plasma
remained almost flat initially and then increased at the point
when the intake of each amino acid just exceeded the level
required for maximum growth. In rats, McLaughlan and
[llman (1967) found that the dietary level of each essential
amino acid that supported the concentration of the amino
acids after overnight food deprivation, was the same as that
published for the requirements for each amino acid.

If the breakpoint was taken as the requirement of
arginine for the trout in the present experiment, the
requirement would be 1.03% of diet on the basis of PParg,
considerably lower than that shown for the dose-response
curve vsing maximum growth (Ogino, 1980; Walton et al.,
1986). PAarg increased with dietary arginine from 0.48% to
1.38%, then showed a breakpoint with a slight continued
slope. If this breakpoint were used as the arginine
requirement the arginine requirement of trout would be
1.38% dietary arginine. The latter breakpeint is close 1o the
requirement as determined by Ogino (1980) who reported
that the arginine requirement of rainbow trout was 1.4% of
diet. Kim et al. (1992) estimated the arginine requirement of
rainbow trout as 1.41% of diet based on the growth data
when L-amino acid mixture, casein and gelatin were used as
protein source. Other reporied estimates of the arginine
requirement of trout ranged between 1.2-1.8% of the diet
(Kaushik, 1979, Walton et al., 1986). Since the breakpoint
of post-prandial plasma essential amine acids has not been
consistently found at the requirement for all essential amino
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acids in other species, more work needs to be done before
the breakpoint of post-prandial plasma essentisl amino
acids should be taken as the requirement in trout or other
fish.

Experiment Il showed that PParg (157422 nmol/ml)
was higher than PAarg (66122 nmol/m}) for tish ted 0.48%
arginine diet (less than half of the estimated requirement).
This response indicates a basic difference between rainbow
trout and mammals and birds in the metabolic response to a
dietary deficiency of arginine. Perhaps arginine is
catabolized more slowly and thus is available for protein
synthesis and gluconeogenesis over a longer period of time
afier a given meal in rainbow trout, This is not true for all
aminoe acids in fish since for methionine in sea bass
(Thebault, 1985) and lysine in rainbow trout {Schuhmacher
et al., 1997) dietary deficiencies of these amino acids cause
a decrease in their concentrations in post-prandial plasma.

Experiment III confirmed the results from Experiment 11
that PParg from fish fed the arginine deficient diet were
higher than PAarg from fish fed either the arginine deficient
diet (0.48%) or the arginine adequate diels (1.68-2.58%).
This experiment shows that the response of PAarg pattern in
trout is not similar to those of mammals and birds. PAarg
from fish ted the arginine deficient diet was lower than that
from fish fed the arginine adequate dict (Table 5). This
might indicate that PAarg concentrations are dependent
upon the previous arginine intake.

In conclusion, these results show that post-prandial
plasma arginine concentrations are responsive to dietary
arginine level. Feeding a diet severely deficient in arginine
to trout results in a postprandial rise, not fall in plasma
arginine concentration, in contrast to decreases found in
birds and mammals. Breakpoint analysis using PParg
resulted in a breakpoint at 1.03% dietary arginine, whereas
using PAarg it resulted in a breakpoint at 1.38% dietary
arginine. However, validity of using these breakpoins to
estimate arginine requirement needs further study.
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Summary

Dicts incorporating three different sources of extracted cottonseed meal (CM), soybean
meal and an animal protein mixture were evaluated for juvenile rainbow trout. Fish
averaging 0.96 g were divided into groups of 30; 3 groups per treatment, and each group
was fed one of four diets for a 16-week period. Fish meal {FM) was replaced on a 25%
protein basis by each of three different sources of CM from California (CA), Tennessee
(TN), and Arkansas (AR), US.A. In the threc CM-containing diets another 25% soybean
meal protein and 50% animal protein mixture were also incorporated to completely replace
FM protein. The results of growth rate and feed utilization showed that FM could be
entirely replaced by a mixture of plant proteins (CM and soybean meal) and animal
by-product proteins. Hematocrit levels were significantly lower in the group fed
CM-containing diets than in the control. The findings suggest that CM can be used as a
good protein source by the incorporation of at least 15% in diets (25% of fish meal protein
replacement), and that the nutritive values of M in juvenile trout can be different due to
their different origin. Significantly higher concentrations of total gossypol were found in
faeces of CM-TN (5.8 £ 0.4 pmol/g) and CM-AR (5.6 + 0.6) groups than in that of CM-
CA (3.7 + 0.4) group. It was documented that gossypol enantiomers, present in an equal
proportion in diets, selectively accumulated in liver and bile, whereas equal proportions of
(+)- and (-)-enantiomers were found in whole-body and faeces. Depending on CM source,
fish can absorb approximately 35-50% of dietary gossypol, and the majority of the
absorbed gossypol seemed 1o be excreted.

Introduction

Feedstuffs of animal origin are generally considered 1o be of higher quality than those of
plant origin, primarily because of their higher protein content and superior complement of
indispensable amino acids (RoBinson and L11998). In recent years there have been efforts
to increase the amount of ingredients of plant arigin and studies have reported some success
in replacement of fish meal (FM) in diets for large rainbow tout, Oncorbynchus mykiss,
using soybean meals and protein concentrates (Kaushix et al. 1995; Movano et al. 1992),
soybean and corn gluten meal mixtures (Gomss et al. 1995), and a combination of sevéral
alternative protein sources (YAMAMOTO et al. 1995). Soybean meal was the most frequently
studied dictary ingredient as a FM replacement in diets for many fish. Animal by-products,
such as pouitry by-product meal, meat and bone meal, feather meal, and blood meal, have
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also been incorporated in practical fish feeds (Muray 1992), and have individually been used
as an animal protein source for FM replacement (Davies et al., 1990; Fowrer 1991; Hicas
etal., 1979; Luzisr et al,, 1995). However, when compared to FM-based control diets, diets
free of fish meal resulted in general inferior growth in salmonids, (Mamsrin: et al., 1999).
By-products of cottonseed are used in dicts for both terrestrial animals (CoLiN-NEGRETE
et al. 1996) and fish {HENDRICKS et al., 1980) because of its high protein content. Cottonseed
meal (CM) has been examined in diets of fish such as channel cathsh, faalurus puncratus
(Dorsa et al., 1982; Rosinson and Br:anT 1989 Rosinson and Li 1994; RoBinsoN and
TierscH 1995), rainbow trout {(HENDRICKS et al., 1980; HErmaN 1970; RoERM et al., 1967),
and tilapia, Oreachromis niloticus (EL-SavED 1990; ROBINSON et al., 1984). Despite its high
nutritional value, cottonseed contains gossypol, a polyphenolic compound, which is toxic to
fish (HERMAN 1970; RINCHARD et al., 2000) and terrestrial animals {CoLIN-NEGRETE et al.,
1996; MAKINDE et al,, 1997). In most studies, gossypol concentrations in fish rissue were
either not analysed or were analysed by « colorimetric method with anisidine {CHAMEKASEM
1988; FisHER et al., 1987), which can overestimate gossypol. Data on utilization of CM in
fish diets in combination with animal by-product and the resulting gossypol accumulation
and/or excretion are not available. There are wide variations in the ratio of gossypol
enantiomers present in different species of cotton plants (Gossypium species) and even
within different tissues in the same plant (Cass et al., 1991; JArOszEWSKI et al,, 1992).
However, only few authors reported the selective accumulation of enantiomers in tissues of
animals ingesting gossypol (Kim et al, 1996), and only one report exists on catfish
(Rosnson and Tiersch 1995). We, therefore, evaluated three different sources of solvent
extracted CM containing an equal proportion of gossypol isomers, as a FM substitute,
incorporated in combination with soybean meal and an animal protein mixture in diets for
juvenile rainbow trout. Diets were evaluuted by fish growth rate, fecd vulization, gossypol
‘absorption’ and concentrations in tissues, and the digestibility and concentrations of protein
and minerals (phosphorus and iron) in fish body and faeces. For the first time concentrations
of separate gossypol isomers in tssues and faeces of fish were analysed using specific high
performance liquid chromatography (HPLC) methods employing simultanecusly both UV
and electrochemical detectors.

Materials and methods

Diets

Four experimental diets were formulated to be isonitrogenous and isocaloric in terms of
crude protein (47%) and gross energy (17.5 M]/kg) (Table 1). The energy value of each
diet was estimated on the basis of mammalian physiological fuel values, i.c. 16.7 Kl/g
protein or carbohydrate and 37.7 K /g lisid (Lge and Putnam 1973). Dietary FM protein
was substituted with 50 or 100% animal protein mixture (APM) and the diets marked as
APM50 and APMI100, respectively. The APM consisted of equal 2mounts of meat and
bone meal (50% protein, 8.5% lipid), blood meal (92% protein, 0.3% lipid), pouliry
by-product meal (58% protein, 14% lipid) and feather meal (85% protein, 2.5% lipid). For
CM-containing diets, FM was replaced o 2 25% protein basis by one of three different
sources of CM from California (CA), Tennessee (TN), and Arkansas (AR), USA. These
diets are referred to as CM-CA, CM-TN, and CM-AR, respectively. In the CM-containing
dicts the remaining protein consisted of 25% soybean meal (SM) and 50% APM. The chree
different sources of CM were solvent extracted meals and the total gossypol concentrations
were 1.07, 1.65, and 1.53%, for the CM from California, Tennessee, and Arkansas,
respectively. The proportions of (+)- and (-)-isomers of the CM were 53 : 47, 54 : 46, and
53 : 47, respectively. The analysed concentrations of dictary total gossypol were 0.11, 0.16,
and 0.16% for the CM-CA, CM-TN, and CM-AR, respectively. Experimental diets were
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Tuble 1. Composition of the experimental diets (% of dry matter)

"' The ingredicnts were purchased from: fish meal
ginia, USA; fish meal (menhaden),

Mesa, California, USA; fish oil (menhaden),

crude protein and lipid levels were 68.25% and 6.5%, respectively
3CA, California source; TN, Tennessee source; AR, Arkansas source
*Roche Performance Premix composition per g
vitamin D3, 221 IU; vitamin E, 66.1 IU; vitamin B
d-pantothenic acid, 22.1 mg; menadione, 1.32 mg;
min, 7.95 mg; d-biotin, 0.31 mg. Hoffman-La Roche,
*Five mg Se in the form of sodium selenite per ki
maceuticals Inc,, Costa Mesa, CA)
2 Phospitan C (Mg-L-ascorbyl-2-Phosphate), Showa Denko K. K. Tokyo,
Calculated based on compositions of the ingredicats used (NRC 1993)

inc.,, Nudey, Nj

Experimensal diets Conrol ~ APM50  APMIO0 CM-CA CM-TN CM-AR

Ingrediens?
Fish meal, menhaden 20.00 10.00 - - - -
Fish meal, herring 20.00 10.00 - - - -
Animal Protein Mixwure? C.00 19.84 39.67 19.84 19.84 19.84
Couonsecd meal-CA? - - - 15.66 - -
Cottonseed meal-TN? - - - - 14.71 -
Cottonsced meal-AR? - - - - - 15.97
Soybean meal - - - 14.72 14.72 14.72
Krill meal (hydrolysate) 5.00 5.00 5.00 5.00 5.00 500
Wheat midd“ng 28.00 27.00 26.00C 11.80 13.00 11.40
Corn gluten meal 11.60 11.80 12,00 15.30 15.00 15,40
Yeast (brewer) 6.00 6.00 6.00 6.00 6.00 6.00
Vitamin mixture? 0.50 Q.50 0.50 0.50 0.50 0.50
Mineral mixture® 0.50 0.50 0.50 0.50 0.50 0.50
Vitamin C* 0.05 0.05 .05 0.05 0.05 .05
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10
Menhaden fish oil 8.00 8.90 9.80 10,50 10.50 10.50
Cellulose 0.25 0.31 0.38 0.03 0.08 0.02

Proximate analyses
Crude protein 46.8 47.2 483 48.2 483 47.4
Crude Lipid7 14.4 14.4 14.3 14.0 14.0 14.0
Gross energy (M]/kg)’ 17.5 17.5 17.5 17.5 17.5 17.5

(herring), Ampro Fisheries Co, Recdwille, Vir-
Baker Co., Stamford, Connecticut, USA; soybean meal, Archer
Damets Midland Co., Fostoria, Ohio, USA; Krill aeal, Specialty Marine Products Lud, Vancouver,
Canada; wheat middling, ADM Co., Loudonville, Ohio, USA; corngluien meal, Baker Trading
Co., Dayton, Ohio, USA; Yeast (brewer), Alltech, Chicago, Llinois, USA; mincral mixture
(Bernhart Tomarelli satt mixwre), choline chloride, and cellulose, ICN Pharmaceuricals Inc., Costa
Cerez] By-products Co., Chicago, lllinois, USA

* Animal protein mixture was composed of equal :mounts of blood meal (American Protcin Co,,
Ames, 1A), meat & bone meal (Inland Products Cc., Clyde, OH), feather meal (American Protein
Co., Ames, 1A), and poultry by-product meal (Holmes By-producis Co,,

Millorsburg, OH). lts

of the vitamin mixture: vitamin A, 2646 115
12, 13 pg; riboflavin, 13.2 mg; niacin, 61.7 mg;
folic acid, 1.76 mg; pyridoxine, 4.42 mg; thia-

Bernhart Tomarelli salt mixture (!CN Phar-

Japan

cold-pelleted into 2.0 mm diameter size, freeze-dried to approximately 5% moisture,

crushed into desirable particle size (0.4~2.0 mm),

Fish, facility and feeding triai

and stored at —20 °C until use.

The feeding trial was performed at the Piketon Research and Extension Center aquaculrure

Olio,

facility with juvenile rainbow trout (London,

registered strain) averaging 0.96 + 0.07

g initial weight. Prior to the feeding trial fish were fed a commercial diet (Bioproducts, Inc.,

Warrington, OR) for two weeks to aliow for adju
Fish were randomly distributed into groups of 30; 3 groups

stment to the experimental conditions.

per treatment. Each
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experimental diet was fed to triplicate groups of fish with the feeding rates ranging from
4% of fish weight at the beginning to 2% at the end of the feeding trial (NRC 1993). Al
procedures and handling of animals were conducted in compliance with the guidelines of
the Institutional Laboratory Animal Care and Use Committee, The Ohio State University.
The fish were fed three times per day, 7 days a week, for 16 weeks. The feeding trial was
conducted in 50 ! flow-through circular fibreglass tanks, supplied with well water at a flow
rate of 1.8-2.0 I/min. Supplemental acration was also provided to maintain dissolved
oxygen levels near saturation. Warer temperature increased gradually from 8 o 15 °C
during the experiment and a diurnal lightudark cycle was regulated at 12 h:12 h. Total fish
weight in each tank was determined every 4 wecks to check their growth and to adjust the
feeding rate. Fecding was stopped 24 h prior to weighing,

Sample collection and analysis

Analyses of crude protein, moisture and ash were performed by standard procedures
(AOAC 1995). At the end of the feeding tral all fish were weighed and counted to
calculate percent body weight gain (PWG; body wt gain x 100/initial body wr), feed
conversion (FC; body wr gain/dry feed consumed), protein efficiency ratio (PER; body wt
gain/protein intake), specific growth rate (SGR; [In final body wt — In initial body
wt] x 100/days), and survival, Hematocrit was determined by the microhematocrit method
(BrowN 1980) on three fish randomly selected per group (total 9 fish per treatment). For
histological examination, livers from three randomly selected fish in each dictary replicate
were used. Tissues were preserved in 10% neutral buffered formalin, dehydrated through a
graded series of alcohol, and embedded in paraffin. Sections were cut at 34 um, mounted
on glass sltides and stained routinely with hematoxylin and eosin followed by clearing
through xylene and cover slipped over Permount medjum.

For gossypal analysis, two fish were randomly selected from each dietary group (total 6
fish per treatment) and killed to collect the liver and bile samples. Three fish per each
dietary group (total 9 fish per treatment) were killed for the whole-body analysis of
gossypol. For gossypol analysis, facces were collected after 16 weeks of feeding. Mineral
campositions of diets and whole-body was determined by the inductively coupled plasma
(ICP) emission spectrophotometric method with the use of ARI-3560 Spectrometer
(Applied Rescarch Laboratories, Valencie, CA) according to WaTsoN and Isaac (1990).

Faeces collection and apparent digestibility test

The indirect method described by Cho and KausHix (1990) was used to calculate the
apparent ‘digestibility’ coefficient (ADC), with chromic oxide (0.5 g per 100 g feed on dry
matter basis) as the inert indicator. The apparent ‘digestibility’ coefficient of protein and
gossypol “absorption’ was calculated using the following formula:

ADCuutricm=[1 i (PIF/ND X CI’D/CI’F)' x 100

where: NF = % nutrient in faeces, ND =: % nutrient in diet, CrI} = % chromic oxide in
diet, and CrF = % chromic oxide in facces. Faeces were collected with a modified faecal
collection system (YAMAMOTO et al,, 1998). From the 12th week of feeding tnal, fish were
fed with the 0.5% chromic oxide-containing diets 1o facilitate cthe apparent ‘digestibility” test
until the end of the feeding trial. After 16 weeks of feeding, all fish of each treatment {three
groups) were transferred to three 50 L collection tanks having a steep conical bottom
connected to a facces collecting chamber. 'Water flowed to the top and out at the bottom of
the conical tanks at a rate of less than 0.4 I/min. Fish were prevented from stirring the faeces
by a circular net placed at the base of the tank. To collect facces, all the fish were fed their
respective diets conraining 0.5% chromic exide to satiation each morning at 08:00, and again
at 11:00. The faeces were collected every 43 min for 7 h, and immediately frozen at —20 °C,
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The fish were fed again their respective diets at 20:00 on the same day, collection tanks
cleaned, and the faeces were collected the next day at 08:00. The collected faeces were
immediately frozen at —20 °C and then stored at —80 °C uniil analysis.

Analysis of gossypol

Gossypol in diets, liver, bile, whole-body, and faeces were determined by HPLC according
to the method described by Kim and Carnoun (1993), with some modifications, Wer liver
tissue was used for analysis of (+)- and (-)-enantiomers of gossypol because preliminary
assays revealed cthat the gossypol concentration in freeze-dried liver samples were lower
than that from wet samples. The preliminary assay was conducted in triplicate to compare
the two processing methods. The wet liver and freeze dried diets, whole-body, and faeces
were weighed, and 5-10 volumes of complexing reagent added to obtain the 2-amino-1-
propanol derivatives of (+)- and (~)-enantiomers of gossypol. The complexing reagent was
composed of 2 mli 2-amine-1-propanol (Signia Chemical, St. Louis, MO}, 10 m! glacial
acetic acid (Sigma Chemical) and 88 ml N, N-dimethylformamide (Sigma Chemical). The
samples were homogenized in complexing reagent on ice for 10-40 s, heated at 95 °C for
30 min, cooled on ice, and then cemrifuged at 1500 X g for 5 min. For determination of
gossypol from bile, the homogenization step was omitted. Afcer centrifugation, an aliquot
of the supernatant was diluted with mobile phase to obtain a desirable concentration,
centrifuged again at 1500 x g for 5 min, and filtered through a synnge filter (0.45 um,
Whatman Inc., Clifton, NJ) before injection t» HPLC.

The HPLC system consisted of a Beckman 506 A solvent delivery system equipped with
a 20 ul injection loop connected to 2 4.6-mm X 150 mm Shodex C-18 column {Showa-
Denko, Shoko Co. Ltd, Tokyo, Japan) packed with an octadecyl-bonded porous silica gel
(5 pm), and both a UV detector (Programmablc detector module 166, Beckman Instryments
Inc., San Ramon, CA) set at 254 nm and an electrochemical detector (Model LC-4C; BAS,
West Lafayette, IN) set applied potential at 0.75 V. The mobile phase was made of 80 ml
acetonitrile and 2 mm KH,PO, (final concenzration) dissolved in 100 ml distilled water
(HPLC grade) adjusted to pH 3.0 with H;PO,. Standards of (+)- and (-)-enantiomers of
gossypol were provided by Dr Quezia B. Cass, Departamento de Quimica, Universidade
Federal de Sdo Carlos, Sio Carlos, Brazil (Cass et al., 1999). The retention time for (+)- and
(-)-enantiomers of gossypol were 2.1 and 3.4 min, respectively, with 2 flow rate of
1.8 ml/min. Recovery rates were higher than 92% for both gossypol enantiomers and the
detection level was 1 ng/20 ul of injection volume with a signal-to-noise ratio of 3.

Statistical analysis

Each experimental diet was fed to three groups of fish by a completely randomized design.
Differences among dictary treatments were tested by one-way aNOva, and means were
compared using Tukey’s multiple comparison test by the SPSS statistical package (Version
9.0, SPSS Inc., Chicago, IL). The percentage data of weight gain, specific growth rate, and
hematocrit were arcsine transformed before the amova analysis. Differences were
considered significant at p <0.05.

Results

No significant differences in fish body weight were found among all groups until week 8,
but fish began to show differences in growth rates from the 12th week, followed by
significant differences at the 16th week (Fig. 1). Final body weight gains and feed
conversion by fish during the 16-week feeding trial are shown in Table 2. Body weight
gain, feed conversion and specific growth rate of fish fed CM-TN and CM-AR dicts were
not significantly different compared to those of fish fed the FM-based control diet. The
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Fig. 1. Changes in mean body weight of rainbov trout fed the experimental diets for 16 wecks. Values
arc means & SD of triplicate groups. Differert leuers (a, b) indicate significamdly different values
(p < 0.05)

Table 2. Percentage body weight gain (BWG), feed conversion (FC), protein cfficiency ratio
(PER), specific growth rate (SGR) and hematocrit of iureni]c rainbow trout fed experimental diets
for 16 weeks

Dicis BWG (%) EC PER SGR (%) Hematocrit (%)
Control 1370 £ 17.06" 1.03+£001" 228+002* 240:001° 44+ 1.10°
APMS5D 1129+ 1421° D87 £0.00° 1.86+000° 224:001° 40+073°
APM10D 12352723 % 0922 002™ 1942004 231x002" 364 152°
CM-CA 1235£39.01 ™ 091+003™ 192:006™ 231:003" 392104°
CM-TN 1330+ 1617 % 096001 203+0.02" 237:001% 394+094"
CM-AR 135021093 % 1.00£001* 218+001° 239+001° 394109
'Means of Lr?)lica;c groups; Values + SD in the same column with different supeescript are sig-
nificandly different (p < 0.05)

protein efficiency ratio of fish fed the CM-AR diet was also not significantly different
compared to that of fish fed the control diet. However, fish fed APMS50, APM100, and
CM-CA diets exhibited significandy lower growth performances than the fish fed the
control diet. A significant decrease in hematocrit was found in fish fed diets containing CM
and/or APM compared to fish fed the control diet. No differences were observed in whole-
body protein and ash concentrations among all the groups (resuits not presented). No
mortality was observed and differences in the palatability of the diets were not noticed
during the 16 weeks of the feeding trial.

The ratio of (+)- and (-)-enantiomers was equal in the three CM-containing diets.
Gossypol concentrations in liver, bile, whole-body, and faeces are presented in Fig. 2. No
differences in gossypol concentrations were found among treatments in liver, bile and
whole-body of the fish. Significantly higher concentrations of total gossypol were found in
facces of CM-TN (5.8 + 0.4 umol/g) and CM-AR (5.6 0.6} groups than in that of
CM-CA (3.7 + 0.4) group. This trend in total gosssypol was also observed in both (+)- and
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Fig. 2. Concentrations of gossypol enantiomer in liver, bile, whole-body, and excreted facces of

juvenile rainbow trout fed the control (fish meal-based) and test dicts containing three different

sources of cottonseed meal during 16 weeks, Values are means + SD of triplicate groups. Different
letters indicate significantly different values (p < 0.05)

{-)-gossypol enantiomers. A significant correlation (2 = 0.85, p < 0.001) was found between
gossypol concentrations in diet and faeces. Gossypol was not detected in tissues or faeces of
the fish fed the control diet. Interestingly, the ratio of (-)-enantiomers to total gossypol
differed, depending on tissues or faeces. In liver and bile, the percentage ratios of (-)-
enantiomers to total gossypol were less than 33% which means that over 70% of (+)-
cnantiomer was sclectively retained in tissue. However, an approximately equal proportion
of each (+)- and (-)-cnantiomer were found in the whole-body and faeces of fish. No
significant histopathological changes were found in liver tissues of fish examined. The colour
of livers were not different between fish fed CM-containing and control diets, however,
yellowish liver due to the gossypol deposition was found in tilapia, Oreochromis spp. fed the
same amount of CM for 16 weeks in our previovs study (MBaHINZIREKT et al., 2001).
Phosphorus and iron concentrations in diets, whole body and facces are shown in Fig. 3.
Phosphorus in faeces of the control group was significantly higher than those of other
groups, and iron concentration in facces was significantly higher only in CM-TN group
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compared to the control, APM50 and CM-CA groups. No significant differences were
observed in whole body concentrations of phosphorus and iron among treatments. The
apparent ‘digestibility” of dietary protein and ‘absorption” of phosphorus and gossypol after
16 weeks of feeding were different among treatments (Fig. 4). Protein ‘digestibility’ of diet
CM-AR (89.6 + 1.29%) was significantly higher than those of the control (85.0 + 1.88%),
APM50 (83.4 + 0.41%), APM100 (80.6 + 2.10%) and CM-CA (83.5 + 1.34%) diecs. The
phosphorus ‘absorption’ was higher in diets containing CM and/or APM than in the
control. The ‘absorption’ rate of gossypol ranged from 35 to 50% depending on the CM
source, and was significantly higher in CM-TN and CM-AR groups than in CM-CA group.

Discussion

The results of the present study are significant because, to our knowledge, it is the first fish
meal free and high dietary protein (45%) formulation for juvenile rainbow trout that
resulted in comparable growth rate to the FM-based control diet. Furthermore, the fish fed
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the FM-based control diet (herring and menhaden FM, 1 : 1) in the present study grew at a
rate comparable or higher specific growth ratzs {2.40 £ 0.01% per day) than indicated
carlier in other studies. For instance, SKkONBERG et al., (1997) used a similar size of rainbow
trout and SGR of fish fed a control diet (heming FM) amounted to 1.42 and 2.56% on
restricted or ad libitum feeding, respectively, in an 8-week-long study. Rainbow trout
weighing 3 g fed a menhaden FM-based diet {itd libitum) showed a SGR of 2.77% after
13 weeks of feeding (WATANABE et al,, 1993). The feeding period in our study was longer
compared to other FM replacement studies that were conducted with juvenile rainbow
trout (STICkNEY et al., 1996; YamMamoTo et al,, 1995).

HermAN (1970) reported that in rainbow trout, growth depression did not occur unuil
dietary free gossypol concentrations were highe: than 290 mg/kg. Ropinson and TiERsCH
(1995) found no effect of 200 mg free gossypol per kg diet in channel catfish on growth,
feed consumption, feed conversion ratio, and survival. Free gossypol is defined as “acerone
soluble gossypol’, whereas bound gossypol can be estimated by subtracting the portion of
free form from total gossypol. In the present study the free gossypol concentrations of the
diets CM-CA, CM-TN, and CM-AR were 60, 150, and 225 mg/kg, respectively, based on
individual CM analysis. The reason for the lower growih rate in CM-CA diet group can be
auributed to the inferior nutritive value of CM rather than its gossypol concentration. The
nutritive values of CM can differ among differenc species of cottonseeds processed (Cass
et al., 1991; Jaroszewski et al., 1992) and diffzrent processing methods (CHERRY et al,
1978; ForsTER and CALHOUN 1995).

Lower hematocrits were found in the group fed CM-containing diets than in the control
in the present study. This result is in agreement with the results in rainbow trout
broodstock (Dasrowskr et al., 2000), Nile tilapia (MBaHINZIREKI et al., 2001), swine and
rats (SkuTCHES et al., 1973, 1974). The reason for the observed lower hematocrit in groups
fed CM-containing diets in the present study could be the cumulative effect of gossypol
and/or decreased availability of iron in CM causing increased erythrocyte fragility
{CoLIN-NEGRETE et al.,, 1996; MAKINDE et al., 1997).

Roenm et al,, (1967) reported that in rainbow trout, the liver was the main organ
responsible for accumulation of gossypol and that the gossypol elimination took place
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with a considerable delay in the liver. In the present study we found the percent ratio of
the (-}-enantiomer to total lower in liver (26-29%) and bile (27-39%) than in the whole-
body (47-52%) and faeces (49-51%). This result supported the notion that liver is the
main organ for the elimination of absorbed gossypol (Rommm et al, 1967), and was
consistent with the result of tissue gossypol concentrations found in rainbow trout
broodstock in our laboratory. In our pravious study we observed the highest gossypol
concentrations in liver compared to plasma, bile, kidney, muscle, stomach and gametes
(results not published). The findings reported here may suggest that liver eliminates (-)-
enantiomer more actively than the (+)-enantiomer. Several studies have shown that the (-)-
enantomer has the higher biclogical aztivities, such as antifertility, antitumour and
toxicity than (+)-enantiomer (Benz et al., 1990; JoserH et al., 1986; SHELLEY et al., 1999;
TanpHAICHITR et al, 1988). Smiru and Crawson (1965) indicated that the primary
pathway of gossypol excretion was via the biliary system. Our results of bile gossypol
concentrations supported the hypothesis that the primary pathway of gossypol excretion is
via biliary system. We found high concentrations of total gossypol in the faeces of rainbow
trout (3.7-5.8 pmol/g dry matter). Heifers exposed to 1300 and 2000 mg of gossypol/kg
excreted 0.58 and 2.3 pmol of total gossvpol per g faeces, respectively (CoLiN-NEGRETE
et al,, 1996). CoLin-NEGRETE et al., (1996) calculated that berween 5 and 15% of gossypol
was absorbed by the heifers. Asou-Donia and Lyman (1970) reported that in pigs and
hens, which are sensitive to gossypol toxicity, the maximum amount of radicactivity
absorbed in tissues was 32.9 and 16.8% of the orally administered dose, respectively. The
approach we used to determine the ‘absorption’ rate of gossypol in trout was to compare
the gossypol concentration in diets and excreted faeces by using chromic oxide as a
indirect method {Cro and Kausumk 1990) and to consider the total consumption and
accumulation of gossypol in the whole-body throughout the feeding trial. In the present
study, we found a large proportion of dietary gossypol (35—49%) absorbed by the fish in
comparison to terrestrial animals (Fig. 4). We also calculated that fish consumed on
average 13.1 + 0.26 g of dier during the 16-week period, leading to a total intake of 13.7—
21.4 mg of total gossypol per fish depending on the three different sources of CM-
containing diets. This would then result in gossypol intake ranging from 1.07 + 0.05 10
1.54 + 0.02 mg per g of fish body weight. However, fish retained only 0.8-1.6 ug gossypol
per g of fish body wt indicating thar the arount of gossypol that was not excreted through
faeces is less than 0.2% of dietary gossypol. Therefore, it may be assumed that the majority
of the absorbed gossypol is metabolized to other compounds such as gossypolone,
gossypolonic acid and demethylated gossic acid as proposed by Asou-Dowia and
DieckerT (1975). However, we observed very low amounts of gossypolone in liver tissues
(identified by internal standard) showing less than 1% of the total gossypol detected by
HPLC (dara not shown}.

The result of the higher protein ‘digesubility’ (Fig. 4) in the fish fed CM-AR and
CM-TN diets may indicate that in rainbow trout the availability of CM is comparable or a
licle higher than that of fish meal. Other protein sources, such as soybean, corn gluten, and
poultry by-product meal had similar protein availabilities to both herring and menhaden
fish meal {RicHE and Brown 1999; Suciura et al, 1998). The significantdy lower
phosphorus ‘absorption’ (Fig. 4) in the control in comparison to the other groups can be
explained by the significantly improved utilization of fish meal phosphorus by plant
ingredients (Ricre and BrRowN 1999). This result is also in agreement with the observation
by Suaiura et al, (1998) in coho salmon and rainbow trout, where phosphorus
‘absorption’ was inversely correlated with dietary levels of calcium and with phosphorus
itself. The authors reported higher phosphorus availabilities in soybean and corn gluten
meal, as well as poultry by-product and feather meal, than in both herring and menhaden
fish meal. In the present study the concentrations of calcium and phosphorus in the control
diet (1.67 and 1.63 g/100 g, respectively) was 1.5 and 2.3 times higher than those in CM-
CA, CM-TN, and CM-AR diets (results not presented). The reason for the higher trend in
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the faeces iron concentrations in CM-TN (significant) and CM-AR (not significant)
compared to that of the control (Fig. 3) might be attributed o the characteristic of
gossypol chelation by iron. Owing to the fact char gossypol readily reacts with iron, it was
found that the reaction in the intestine resulted in the formation of an insoluble complex
which is egested in the faeces (MUZAFFARUDDIN and SAXENA 1966; SKUTCHES et al., 1974).

In conclusion, this study demonstrates that CM can be used as a valuable protein source
by at least 15% incorporation in diets for juvenile rainbow trout. Fish meal, a traditional
protein source in fish feed, can also be completely replaced by a mixture of plant protein
(CM and soybean meal) and some other animal by-product proteins. Nutritive values of
CM in fish can be different depending on their origin and processing. We documented that
fish excrete the (-)-enantiomer faster than the (+)-enantiomer of gossypol, and that
approximately 35-50% of dietary gossypol is absorbed by fish, whereas the remaining
absorbed gossypol seemed to be excreted with urine and/or through gills. This needs
further study.
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Abstract

Two experiments were conducted to compare the
patterns of plasma free amino acid concenirations
after force-feeding in rainbow trout Oncorhynchus
mykiss (Walbaum) with and without dorsal aorta
cannulation. In the first experiment, 35 rainbow
trout averaging 304 * 7.8 g (mean :t SD} were
divided into seven groups ol five lish each. Afier 48 h
starvation, a group of lish was anaesthelized and
blood samples were taken at one of the [ollowing time
periods: (), 4, 8, 12, 24, 36 and 48 h after feeding. In
the second experiment, live dorsal aorta cannulated
rainbow trout averaging 311 * 6.2 g (mean * SD)
were kepi in a cage. After 48 h starvation, the lish
were anaesthetized and bloed samples were taken
from the same lish at (), 4, 8, 12, 24, 36 and 48 h
after leeding. In the lirst experiment, the concentra-
tion of all plasma free amino acids except histidine
and glycine peaked at 4 h and returned to the basal
level 24 h afier feeding. In the second experiment,
the concentration of all plasma free amino acids
excepl isoleucine, leucine, phenylalanine and tryp-
tophan also peaked at 4 h and returned (o the basal
level 24 I afler feeding. These results showed that
the pattern of plasma free amino acid concentrations
from lish with and without dersal aorta cannulation
were similar,

Keywords: plasma free amino acids, force feeding,
rainbow trout, dorsal aorta cannulation

70

Introduction

Plasma [ree amino acid levels were measured 1o
study amino acids metabolism and to evaluate the
quality of dietary protein in trout (Nose 1972:
Schlisio & Nicolal 1978; Yamada, Simpson, Tanaka
& Katayama 1981; Ogata & Arai 1985; Walion &
Wilson 1986; Murai, Ogata, Hirasawa, Akiyama &
Nose 1987; Cowey & Walton 1988; Ash, McLean &
Westcott 1989; Schuhmacher, Goldberg, Schén,
Wax & Gropp 1993; Tantikitti & March 1995:
Schuhmacher, Wax & Gropp 1997). In these
experiments, blood samples were taken from Lhe
caudal vein and artery by needles and syringes in
the anaesthetized lish randomly captured from the
lreatment population. The procedures of these
experimenis have several major limitations. First,
the handling associated with the method is stressful.
Second, the method does not allow repeated
sampling of the same individual {ish, thus requiring
targe numbers of lish and tanks. These limitations
resulted in a large individual variation within
ireatment in the time course of amino acid
appearance in the peripheral blood and peak level.

Procedures for dorsal aorta cannulation and
repeated sampling of biood in the same resting lish
are well established {Soivio, Wesiman & Nyholm
1972). The dorsai aorta cannulation allows repeated
sampling of the same individual lish when studying
changes in the levels of nutrients in the blood
circulation. Therefore, the purpose of the present
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study was to compare the patterns of plasma free
amino acid concentrations in force-fed rainbow trout
with and without dorsal aorta cannulation.

Materials and methods
Animals and husbandry

Growing rainbow (rout averaging 504 + 7.8 2
(experiment [) and 311 £ 6.2 g (experiment II)
mean body weight were obtained from Ewhajung
trout farm in Sangju, Korea. For both experiments
eight net cages (1.3 X 1.3 X 1.3 m) were placed in
a flow-through concrele raceway with a water llow
of 60 L min™. Aeration was provided to maintain
dissolved oxygen at 7.4 * 0.7 mg L™, and water
lemperature was maintained at 17 % (0.2 °C.

Dorsal aerta cannulation

Fish were anaesthetized with 200 p.p.m MS-222 (3-
aminobenzoic acid ethyl ester methansulphonaie;
Sigma, St Louis, MO, USA) for 3-5 min, and placed
on a V-shape lable, and gills were irrigated
continuously with 16 °C  walter containing
100 ppm MS-222 during the operation. A
50-cm-long cannula {Clay Adams PE 50 tubing,
Parsippany, NJ, IISA) with a bubble about 5-6 cm
from one end was washed with the heparinized
Cortland saline solution (Housion 1990}, and a
13-G needle was used to pierce a hole on the right
nostrum (ventral side up) for the cannula to come
out. A 19-G needle was used to bore a small hole in
the roof of the mouth at the mid-line behind the
third gill arc at a 30° angle, and a guitar wire (G)
was inserted into the PE 50 as a guide. The proper
insertion was indicated by a slow blood llow after
the wire was withdrawn from the cannula. A 3-cm?
syringe with a 23-G needle was used to remove air
and blood clot, and the cannula was llushed with
the heparin solution. The cannula was sutured
behind the bubble on the roof of the mouth, led out

Irom the right nostrum, plugged with a eolour head .

pin. and sutured at the dorsal fin.

Experimental design, diet and force-feeding

In the lrst experiment, 35 rainbow troui were
divided into seven groups of live lish each. After
48 h starvation a group of live lish was anaesthel-
ized with 200 p.p.m MS-222 and blood samples
were taken at one of the following time periods; 0, 4,

Table 1 Composition of the basal dict (% dry matter)t

Ingradient Proportion (%}
Essential amino acids 17.27
Nonessential amino acids 12.36
Casein® 5.00
Gelatine? 2.00
Dextrin® 27.97
Dextrose® 5.00
Cellulose? 8.2¢
Fish oif* 10.00
Carboxymethyl celldose? 1.00
Ca(HFP0O,).2H,0 3.00
Choline bitartrate? 1.20
Vitarnin mixture® 3.00
Mineral mixture® 4.00

'Diets were neutralized with NaOH to give a final pH of
6.6.

*Uinited States Biochemical (Cleveland, OH, [ISA).

*Ewhia 01 Company (Pusan, Korea).

*Vitamin mixture (mg kg™ feed unless indicated other-
wise): vitamin A, 3000 IU; vitamin D3, 2400) I7; vitamin
E, 120 I; menadione sodium bisulphate, #; vitamin B1-
HCL 15 vitamin B2, 30; vitamin B&-HCL, 1 5: vitamin Bl2,
0.436; vitamin C, 304); calcium pantothenate, 150): nicotine
amide, 150; inositol, 150; d-biotin, 1.5; choline chioride,
3OOU; pancreatin, 12.5.

"Mineral mixture (mg kg™ iced): MnSO,. 320: Zns),,
270 FeSly, 750: CuS),, 60; CoS();, 7: MgSUy, 17.25;
K280, 212.24: NaCl, 51.88:; K:HP(y, 136.0Y: NaSc0),,
0.013; KI, 0.15.

8, 12, 24, 36 and 48 h afier force-feeding a basal
diet by the stomach intubation method
{Schuhmacher etal. 1997) at a rate of 1% body
weight on a dry matter basis,

In the second experiment live dorsal aorta-
cannulated rainbow trout were stocked in one
cage. Alter 48 h starvation, the lish were anaes
thetized with 200 p.p.m MS-222 and blood samples
were taken from the same live lish repeatedly at 0,
4, 8, 12, 24, 36 and 48 h afier force-feeding the
basai diet by the stomach intubation method at a
rale of 1% body weight on a dry matter basis.

The basal diel was formulated by modifying the
procedure of Kim (1997), and the diet containing
29.6% crystalline amino acid mixture plus 5%
casein and 2% gelatine. Ingredients and amino acid
composition of the basal diet are shown in Tables 1
and 2, respectively. The basal diet mixture without
oil was stored at ~80 °C until used. Ingredients were
mixed with 10% of lish oil and waler before
intabation. Fish with and without dorsal aorta
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Table 2 Amino acld compositlon of the basal dict (% dry
matier)

From

From crystaliina

cagein and amino

galatine acids Totat'

Essential aming acids
Arginine 0,353 1.89242 2277
Histidine 0.194 0.725 0919
Isoleucine 0.252 1.674 1.926
Leucine 0.493 2702 3.195
Lysing? 0502 1.904 2406
Methionine C.152 1.830 1.182
Phenylalanine 0.271 1.742 2013
Threonine 0221 1.601 1.822
Tryptophan 0.065 0.482 0527
Valine 0.350 1.999 2.349
Non-gssantial amino acids

Alanine 0.345 1.741 2.088
Aspartic acid 0.483 3.280 3.763
Cysteine 0.019 D72 0.191
Giycine 0.538 C.758 1.296
Glutamic acid 1.298 3616 4914
Proline 0.790 0.568 1.358
Serine 0.374 2.395 2772
Tyrasine Q.27C 1.335 1.605

“The amtno acid profile was simulated with that of 35%
whole chicken cgg protcin {(Robinson, Wilson & Poc
1981).

“Lysine-HC] was used in crystalline amine actds mixture.

cannulated were anaesthetized with 200 p.p.m MS-
222 and fed the basai diet by the stomach
intubation method (diet plus 0.4 parts of distilled
waler per diet) using a 3-em’ syringe.

Sample collection and analysis

Fish were anaesthetized with 200 p.p.m MS222, and
300 pi. blood was oblained from lish. In the first
experiment biood samples were laken from the
caudal vein using a heparinized syringe, and in the
second experiment blood samples were Laken from
dorsal aorta using the cannuta. Plasma samples were
prepared by centrilugation at 3000 g for 10 min. For
deproteinizalion, the plasma samples were mixed
with 5-sulphosalicylic acid (458 mmol L'} in the
ratio of 4:1, cooled on e for 30 min and
recentrifuged. The prolein-free supernatant was
dissolved in pH 2.2 lithium citrate sample dilution
buffer in the ratio of 1: 1, and the samples were
siored at —80 °C unlil analysis. The plasma free

~]
1~

amino acids were separated and quantilied using a
5433 amino acid analyser (Sykam. Gilching,
Germany} using the ninhydrin method.

Statistical analysis

Data were subjected Lo ANOVA lest using Stalistix 3.1
{Analytical Soltware, S1 Paul, MN, 1ISA). When a
signilicant treatment efflect was observed, a Least
Signilicant Difference Lest was used Lo compare
means. Treatment eflects were considered signifi-
cant at P < (0.05.

Plasma [ree amino acid concentrations from hish
without dorsal acrta cannulalion are summarized
in Table 3. Plasma free arginine, isoleucine, leucine,
methionine, phenylalanine, threonine, trypiophan,
valine, alanine and glutamic acid concen(rations
peaked al 4 h, returned to the basal level between
12 and 24 h, and remained constant belween 24
and 48 h alter feeding. Plasma free histidine
concentration decreased at 8 h and peaked at
36 h afier feeding. Plasma free glycine concentra-
tion decreased between 4 and 8 h, peaked at 12 h
and returned to the basal level at 24 h afier feeding.

Plasma free amino acid concentrations from fish
with dorsal aorta cannulation are summarized in
Table 4. Plasma free arginine, histidine, lysine,
methionine, threonine, valine and glutamic acid
concentrations peaked al 4 h, returned (o near
basal line level between 8 and 24 h, and remained
constant betweena 24 and 48 h alter leeding. Plasma
free isoleucine, leucine, phenylalanine and tryplo-
phan concentrations peaked at 4 h, decreased
between 8 and 24 h, and remained constant
therealter. Plasma Iree glycine concentration
decreased between 4 and 8 h, peaked al 12 h and
relurned to the basal level at 24 h aller feeding.
Plasma free alanine and aspartic acid concentra-
tions peaked at 4 h and returned Lo the basal leve]
48 h aller leeding.

In force-fed rainbow trout with or without dorsal
aorta cannulation afler 48 h starvation, most ol
plasma [ree amino acids peaked approximately 4 h
alter feeding, and returned (o Lhe basal level at 24 h.
Murai etal. (1987) reporied that the plasma free
amino acid concentrations from lish force-leeding
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Table 3 Plasma free amino acid concentrations (nmol nL™") from fish without dorsal aorta cannulation after force-
[ceding the basal dict (cxperiment [)*

Time (h) after force-feeding

Poaled
o 4 8 12 24 36 4a SEM
Essential amino acids
Arginine 127°0 317 2re 214° acH 1184 1084 17
Hislidine 1730<9@ 19942 115¢ 1374 142044 250° 18322 8
Isoleucine 103¢ Ba2® argd 264° 1469 1577 14054 29
Leucing 1649 6842 492° 345° 18% 132¢ 1989 37
Lysine 51a3b [T 486°¢ 4770< 1919 4067 33054 27
Methionine 432° 781? 6042+ 5055¢ 393° 383° 378°2 25
Phenylalanine 126% 849° 527° 326° 1357 212°¢ 1479 41
Threonine 27g°¢ 533 364° 289° 181° 2ogede a75cde 21
Tryptophan 7€ 2g* 16° 10° 128 a° 7° 3
Vaiine 189°< 324° 208° 160 1267 P gre 16
Non-essential aminc acids
Alanire 5841 a928° 7520 &27°¢ 52g° 454° 527° a1
Aspartic acid 5420 874° 7920 647° 754° 658° 73" 20
Glycine 674° 52g¢ 43¢ 724% 637°< 503° 427° 21
Glutamic acid 324° 986 B42® 852 ki rad 3g3te 4019 52
Serine 275° 754* 693° 456% 435° 294° 324° 35
Tyrosine 73° a54% 265° 162° a6 8a“ g1 19

'"Values arc mean of live fish where the mean values in cach row with a dillerent superscript are stgnificantly different
(P < (LOS).

Table 4 Plasma free amino acid concentrations (nmol mL™) from bish with dorsal aorta cannulation alter force-feeding
the basal dict {(experiment m)!

Time (h) after force-teeding

Poolad
0 4 8 12 24 36 a3 SEM
Essential amino acigs
Arginine 102° 668° 354° 245° 195" 145° 2120 36
Histidine 141° 3z7e 150° o3° a4° a1 135° 15
Iscleucine nae 854° 4650 327 2739 2169 1759 33
Leucine 152¢ 7382 6a8° 612° 2759 2649 Jee «“
Lysine 6370 12572 1o 767205 ja7t0e 417° 7530< 51
Methionine 3730 9452 545° 5820 3770 288° 372° 42
Phenylalanine 132¢ 7928 g72° 534° 2322 1942 2127 48
Threonine 255° 841° 437 3920 274¢ 252° 206° 27
Tryptophan a° 312 27° 18° 12¢ 11¢ 124 2
Vatine 175° 432° 318° 237 195°4 154° 176° 19
Non-essential amino acids
Alanine 567° 1105 984° 842¢ 72719 6ap? 5a3¢ 38
Aspartic acid 563° 10878 g720 784° B130< 7219 504¢ 3z
Glycing 653° 5259 4720 Bag® 724° 63z2° 474° 28
Glutamic acid 351° 11712 9g3° 725° 513° 4794 452° 54
Serine 251° 9142 783° 561° 541° 411° 395° 47
Tyrosine g1 4018 1958 212° 105° g3~ g7° 23

'alues arc mean of fve fish where the mean values in cach row with a different superscript are significantly dtffereni
(P < {)05),
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crystalline amino acids peaked al 6 h, and returned
o the basal level al 24 h. A similar result was
reported by Schuhmacher eral. (1997). Walton and
Wilson (1986) hand-fed & complete diet based on
casein, and measured peak levels at 12 h. Yamada
etal. (1981) observed that plasma [ree amino acid
concentrations peaked between 24 and 36 h aller
force-leeding casein. and 12 h afier force-leeding a
crystalline amine acid mixture. Wallon and Wilson
{1986) and Cowey and Walton (1988) suggesied
that this lag phase was caused by an exiended
Slarvalion period (7 days) and by siress owing to
force-feeding. The lag phase could probably be traced
back to other factors influencing amino acid uptake,
Le. dietary (nonprotein) energy source and energy
content (Ogino & Takeuchi 1976; Plefer 1982).

Force-feeding crystalline amino acid diet leads 1o
a peak of plasma free amino acids eardier than with
force-leeding intact protein. Crystalline amine acids
favour rapid inteslinal amino acid uptake, which in
turn leads to a fast supply of the plasma, and also an
intensilied amino acid catabolism (Schuhmacher
etal. 1997; Rodehutscord, Borchert, Cregus,
Michael. & Pleffer 2000). [n the case of amino
acids entering plasma from intact protein, absorp-
tion of amino acids continues over a longer period of
time and thereby extends the period over which the
amino acids are available for protein synthesis
(Tanukiti & March 1995). Plakas, Lee, Wolke &
Meade (1985) examined plasma free amino acid
levels as an index of protein quality in the diet. The
bioavailability of Jysine in early maillard browned
prolein was delermined by plasma [ree lysine
response in rainbow trout.

Determination of plasma essential amino acid
levels could allow accurate prediction of dietary
essential amino acid needs in humans {Young,
Hussein, Murray & Scrimshaw 1971), chicks
(Zimmerman & Scoll 1965), rats {McLaughlan &
llman 1967), pigs (Mitchell. Becker, Jensen,
Harmon & Norlon 1968) and rainbow Lrout
(Kaushik 1979). Diflerent feeding and blood sam.
pling procedures, such as dosage, [ish size, tube size,
and/or texture of the malerial, may alfect Lhe
paltern of plasma free amino acid concentrations
and peak occurrence. Yamada et al. (1981) and Ng,
Hung and Herold {1996) observed that plasma [ree
amino acid concentrations fell 2 h afier [force-
leeding. This may have heen caused by the effect of
force-fleeding. Stress leads 10 a net catabolism of
peripheral proteins, elevadon of plasma free amino
acid levels and increased amino acid metabolism in

several lish species (van der Boon, van den Thillart
& Addink 1991; Vijayan, Ballantyne & leatherland
1991).

The present experiment resulis show thal the
patterns of mos{ plasma free amino acid concentra-
tions from force-led rainbow trout with and without
dorsal aorta cannulation were similar, and the
dorsal aorta cannulation did not affect the pattern of
plasma free amino acid concentrations in rainbow
trout. These result indicale that force-fed rainbow
irout might recover from the stress of dorsal aorta
cannulalion within 48 & of the operation, and the
dorsal aorta cannulation would allow repeated
sampling on the same individual lish 1o study
nulrient metabolism in the blood circulation. This is
in line with lindings in rainbow trout (Brown, Eales
& Hara 1986) and channel catiish Ictalurus
punctatus (Ratinesque) (Mazik, Plakas & Stehly
1994) subjected to dorsal aorta cannulation. The
patiern of plasma free amino acid concentrations
from force-fed rainbow trout with dorsal aoria
cannulation may be useful in determining the
optimum blood sampling time and evaluating
protein quality and essential amino acid require-
ments. However, concentrations of most plasma free
essential amino acids in rainbow trout with dorsal
aorta cannulaton were higher than those without
dorsal aorta cannulation. This may have been
caused by the stress effects of repeated blood
samplings. Thus. [urther studies should be done to
reline the optimum blood sampling lime and to
conlimm the stress effects of anaesthelization in
rainbow trout with dorsal aorta cannulaton.
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Replacement of Fish Meal by a Mixture of Animal By-Products
in Juvenile Rainbow Trout Diets
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Alsrraet. -A mizture of animal by-product: (IMABY was tested o replace sk menad (FM) jo dicos
fewr juvenile rainbow trout Gueorivnciug wivkivy. Fish averaging { 5D 0.96 + 6.07 & were gdivided
e 18 groups, and 3 groups were fed ope of fyve isonitrogenous diets replacing 0. 20, 400 60, or
e of FM protein with simifar percentapes of MAR (coairel, MAB2G, MAR4D, MABGO, ar
MARNY respectively). The MAB consived of 257 mest and bone meal, 24.5% leather nical,

A¥e squid Bver powder, 15% feather mea), 7.5% blodd n
praduct meal, and 4.25% each mathionine and !

wal {spray-dried], 7.5% pouliry by.

ysine. After 10 weeks o feading, fish fod diews

MABJO. MABOD, and MABIOO exhibaed sigmticantly lower. growth performance than the fisk
fod the controi and MABZ0 diets, Appurent digesiihiliy estimutes of protein with diffesent col-
lection times (every 40 min and- ufier 12 and 4% by did pot show, i a fieces collecting sysiem,
protein leaching into the. water for up io 48 h. Tha MAB substitution of up 16 60% of FM pritein
in dicts did not show differences i apparent protcin digestibility (85.8 = 1.05% for MAB20. 83,1
TS for MABS), and 82,7 ® 2679 dor MABGH) compared with the contes] (85,0 ~ PLM8 5
wheseas in the MABI0OD group digesitbility (77,7 = 4,436 was Significandy Jower than in the
other groups. The apparent phosplorss abascrption of test dict groups was aignificamly higher
3.9 2 4102% fur MABY0, 24.0 . 6.20% for MABS0O, §7.) =+ 5.124, for MATBO, und 57,4
5.23% for MAB 100} than that of the comrol (8.3 = 0. 15%). Coacenreations of prowein and ash in
the whale body incressed gs MAS subsittion in dicts jncreased. The findings sugpest thiy MAB
could replace up o 28% of FM prowin in Jicts for juvenite rainbow (rout for 16 weeks withuns

adverse prowth effects,

Fish meaf (FM] has been a major ingredient m
lish dicts because of its high protein quality und
paluiability. Substituting less expensive protein
Sources for high-price FM in.salmonid feeds is one
way o Jower productinn costs {(Hardy 1998). For
this reason, many studies have been conducted 10
fepluce or reduce its inclusion in fsh diets by var-
s Jess expensive alternative animal and vagen
table protein sources; however, sach candidute has
characteristics that make it inferior in some respect
e high-quality FM (Hardy 1996; Mambriu et al.
19940y,

Feather meal, meat and bone meal, pouliry by.
Product meal, and binnd meal, the supplementary
Protein sources commonly incorporated at Jow lev-

* Corresponding author: dabrowski. | Gosn.edn

P Present atddress: Piketon Reseasch and Extention
Center, Ohio Siate University. Piketon, Ghio 45661,
UsSa.

Receivad Apsil 7, 2006; accepted Gotober 5, 20600

cls {5-15%} in practical fish feeds (Murai POgry
have individually been studied as an animal pro-
tein replacements for FM. These terrestrial animal
by-product meals have a high protein level mnd
favorable essemtial amino acids profifes, but thoy
are deficient in oace or more of the essential amino
acids (NRC 1993). If the proper combinatinns of
these by-products are used in fish diets, the quality
al ihe diet is likely to be improved (Duvies et al.
1989). Few studies that used combinations of feed
ingredients as an FM replacement have been re-
ported. Yamamoto e al. (1995) reported that com.
binations of meat meal and malt protein four ef-
{ectively improved the growth of and proiein ui.
lization by fingerling rainbow trout Oncorhynchus
mykiss compared -with the replacement of FM by
each ingredient zlone. El-Sayed (1998) reported
that in Nile tilapia Oregchromis niloticus a biood
meal and meat and bone meal roixture resulied in
tower growth performances covapared with a FM-
based diet.
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Tanis: Le--Proximate composition (%) of fish meal, mixture of animal by -products (IMAB), and feed ingredients use

Yo MAH Gley-mater busis),

Brzdiont Prdein Fipuf Azh Maoisture
Fisds vt {loscing) 157 L [T A
Lty miczd Gscphaden) 6A.0 12 i6 6.2
MAR 73 13.4 123 296
Leather naral 685 16.7 173 41
Meat and bane niest b1 18.0 AR 4.39
Vavither snoud BB 7 8.20 345 9.7
Sysid fiver powder St 0.6 LN 10.3
Puuliry by-product meal 6540 16.7 5.1 363
Blaod meal GG 074 2.30 3.23

Becaase of dheir high protein levels and eco-
ROIBIC impacts, leather mical and squid liver pow-
der can also be good candidates for replacing FM
in fish feeds. Leather meal is produced from the
tasning process, which generates much greater
yuantities of by-products and wastes than leather
product (Shineonova and Dalev 1996). One ton of
wet salted hides yields onty 200 kg of leather bat
over G kg of solid by-produect, and the chemical
composition of the by-products varies according
W the processing method (Cabeza et al. 1998).
Squisd liver imeal is one of the traditional profein
sources in dicts Tor penacid shrimp becausc of irs
high level oF lipid and n-3 highly unsaturated fatly
acwd fraction (n denoies the position of the first
double bond from the methyl end). Merican and
Shim (1995) reported that squid liver meal is char-
actenized by high digestibility of dry matter and
total fipid in diets for adelt Penaeus moenodon,

Therefore, it is important to study the netritions|
values of combinations of animal by-products in
order 1o replace FM in commercial fish dicts with-
out compromising growth and feed efficiency. The
purpose of this study was 1o evaluate juvenile rain-
bow trout jed diets containing graded substitations
of a mixture of animal by-products {MAB) for FM|
protein, specificafly by examining their growth ancl
feed utilization, the whole body composition of
minerals, and apparent protein and phosphorus di-
gestibility. As part of the digestibility estimarion
we tested whether leaching of nitrogen occurred
from sedimentary feces by comparing digestibility
estimates based on feces collected “at differcnt
times,

Methods

Diets.~Five experimental dicts were formulat-
ed to be isonitrogenous and isucaloric in terms of
crude prolein (45%) and gross energy (4,180 keal/
kg). The energy value of each diet was estimated
o0 the basis of mammalian physiological fuel val-

ues, i.c., 4 kealig protein or carbohydrate and 9
kcallg lipid (Lee and Putnam 1973; Garling and
Wilson 1977). A mixture of animal by-producis
{MAD) used in this experiment was abtained from
Pukyong Naiional University, Pusan, Korea, ang
consisted of 25% meat and bone meal, 24.5%
leather meal, 20% squid liver powder, 15% feather

ineal, 7.5% blood powder, 7.5% poultry by-prod-

uct meal, and 0.25% each methionine and lysine
{(Tuble 1). The ratio of each ingredient for MAR
was based on protein contents and amino acid com-
positions and cost analysis for economic benefits,
For the experimental diets (Table 2), FM was re-
placed by MAB on the basis of crude protein as
follows: controf diet = 100% FM; MAB20 dict =
BO0% FM: 20% MAB; MAB40 diet = 60% EM:
40% MAR: MABG6Q diet = 40% FM: 60% MAB:
and MABI00D dict = 100% MAB. To balance for
phosphorus, calcium phosphate (monobasic) was
added. The calculated esscntial amino acid con-
cenlrations in the experimental diets met or ex-
ceeded those recommended by NRC {(19493), The
experimental diets were pelleted, freeze dried, and -
stored at ~20°C until used. For digestibility tests, .
0.5% chromic oxide was included in the diets.

Fish, facility, and feeding trial —The feeding tri-
al was performed at the Piketon Research and Ex- :
tension Center aquaculture facility with juvenile !
rainbow trout averaging (8D) 0.96 = 0.07 g ini- |
tial weight. Prior (o the feeding trial, fish were fed f
a commercial diet for 2 weeks to allow for ad- |
Justment to the experimental conditions. Fish were ;
randomly distributed into groups of 30 in each of *
3 tanks per treatment. Each experiinental diet was §
fed to wriplicate groups of fish; feeding rates ranged
from 4% of fish weight at the beginning to 2% at
the end of the feeding trial (NRC 1993). The fish:
were fed three times per day, 7 d per week. Thes
feeding trial was conducted for 16 weeks in SO-L
flow-through circular fiberglass tanks supplied
with well water at a flow rate of 1.8-2.0 L/min.
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FISH MEAL REPLACEMENT FOR RAINBOW TROUT

BN

Tam ¥ 2-Composition (%) of control und cxperimsntal dicts; MAB ~ mixture of animal by -prodduets,

Ingredicnt or

characteristic Conund MAB20 MAB4U MARHD MAB W
Fish vwal, menbaden RS 4 HG0 1200 B GO0
Fisk meal. hewring Ly 6.4 124%) 31 (LR
MAps Loy 7.73 15,46 349 38.65
Kl meal® 500 5.00 5.8} 5406 .00
Whuat middiings R4 28450 2850 284K .00
Com glutee mea] {160 &0 il R 11,68
Brewer's yeoast 6.6%) 6.00 6.00 ik} 6.0
Calcium phospluse LY Q.56 LK Bl 230
Vitamin mixtaret 11,50 Q.50 0.5 050 G.50
Minaral mitared 1 30 LR ] 050 0,50 0.5¢
Yitamin ¢ 005 0.0% 003 345 C.05
Cholina .10 .10 1.10 010 .10
Fish o], suenhaden 8.0G 780 1.60 T.40G .06
Ceifulose 1125 022 019 0.6 a4
Proximate compasitinn

Crude protein 45.3 45.] 4.8 4.9 433
Phosphorus 1.63 1.60 1.64 1:58 1.52
Lipid 169 187 1.9 6.8 7.8
Energy (Kealkg)' 2,180 4,178 4,177 417 4,130

*Composed of 25%: meat wd bone meal. 24.5% leather meul, 200%% syuid liver powder, 15%
feather mead, 7.5% tlood naal, 7.5%: poulisy by-product menl, and 41.25% each medhionsne and

Iysine,

b Kril hydrolysates: Specialty Mirine Products, Lid., West Vincouver, Hritish Calumbia, Canada.
& Roche Porfarnuiye Premix conposition (pyr gren of vilemin mixiore), vitamin A = 2 644 iU
vitn [ = 221 1U: vitamin £ = 66,0 JU; vitamin By = 13 pg: viboflevin = 13.2 my diucin
= G1.7 mg; o-pamiolbesic wid = 221 ng menadone = 132 my: olic acid = 1.76 mgs
pyridoxine = 4,42 mg: thiwmin =« 7.95 pig; d-bigtin = 0.3} mg (Hofiman-Lis Roche, inc.,

Nutley, New Jersey).

¢ Pive mg Sc in the form of sodium selenite por kilogram Bernhirt Tomarelli sal¢ mixture (ICN

Prarmaceuticals, ing., rvine, Califumiaj.

“ Phospitan C {Mg- L -ascarhyl-2. phosphaie); Shows Deako K. K. Tokyo. Jupun.
T Caleulawed based an the compositiony of the ingredicnts wsed {NRC 1993),

Supplemental aeration was also provided to main-
tain dissolved oxygen at levels near saturation.
Water temperatore increased gradually from 8°C
to 15°C during the experiment and a diumnal light:
durk cycle was regulated at 12 h: 12 h. Towal fish
weight in cach tank was monitored every 4 weeks
to check growth and adjust feeding rate. Feeding
was stopped 24 h prior t0 weighing.

Feces collection and protein and phosphorus ab-
sorption.—The indirect method was used to cal-
culate the apparent digestibility coefficieat (ADC)
with 0.5% chromic oxide as an igert indicator (Che
and Kaushik 1990). The apparent dipestibility co-
efficients for protein and phosphorus were caleu-
lated using the following formula:

ADC pien = [T~ (NFND X CrD/Cri)) X 100,

where: NF = percent nutrient in feces, ND = per-
cent nutrient in diet, Ce) = percest chromic oxide
in diet, and CrF = percent chromic oxide in feces,
Feces were collected with a modified fecal collec-
tion system after 16 weeks of the feeding trial
(Yamamoto et al. 1998). From week 12 of the feed-

ing trial, fish were fed the 0.5% chromic oxide
diets to facilitate the digestibility test. After 16
weeks of feeding trial, three groups of 20 fish per
diet treatment were transferred to three 50-L col-
lection tanks having a steep conical botton con-
nected to a feces collection chamber, Water Rowed
1o the top and out ar the bottom of the conical
tanks at a rate of less than Q.4 L/min. Fish were
prevented from stirring the feces by a circular net
placed at the base of the tank. To test the apparent
cutrient digestibilities of the five experimental di-
ets, the fish were fed their last respective meal at
2000 hours, ang the feces were collected the next
day at 0800 hours. To cumpare apparent protein
 digestibility with different times of fecal collection
{every 40 min, afier 12 b, and 48 h), the leces of
the control fish fed the FM-based diet were col-
lected every 40 min for 7 h and again at 48 h after
feeding. The collected feces were immediately fro-
zen at —20°C and then stored at —80°C until an-
alyzed.
Sample collection and analysis.— Analyses of
crude protein, moisture, and ash in diets and wholi
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© Fiaure $o-~Changes in.mean boedy weighs of juvenile
rainbow trout fed five different dicts (sec Tables | and
2 for desceiplions) for 16 weeks. Values are means £
SD of tripitzate groups, Dies having different leiters (7.
wiare siguificantly did¥erens {7 < Q435); the boxed inse
hddicuies staiistical comparisons between groups 2t 8 and
12 weeks,

badies were purformed by stundard procedures
{AOAC 1995). Digtary Lipid was determined ac-
cording to Folch et al. (1957). At the cnd of the
feeding trial, all ish were weighed and counted 10
calculate percent weight gain (body weight gain
X [00finitial bady weight), feed efficiency {(body
weight gain = [00/dry feed consumed). protein
efficiency ratio (hody weight gain/protein intake),
specific growth rate ([log,. final body weight - log,
initial body weight] < 100/days), and suervival,
Diets and fish whole body were dry-ashed 1o de-
termine mineral compositions by the inductively
coupled plagma (ICP) emission spectrometry
method {(ARI-3560 Specirometer; Appiied Re-

e g

LG AL

search Laboratories. Valencie, California) aceary.
ing o Watson and Isaac (199037, For chromiug
analysin, sampics were digesied with perchiore
acid. then wesited with the sanie method as olher
irineruls,

Suristicdl unalvsis—Dain were sabjected 1o
Gire-way amlysiy af variance (ANOV A} using the
SPSS stntistical package {(Version 9.0, $PSS lne.j,
Percentape data were arcsine-translormed befoee
analysis. A Fisher least significant difference
[L.8D) test was used to compare reatment meuny
wilh # = 0.035. The possible replacement leve] of
FM protein by MAB was determined by broken.
line regression analysis (Robbins et al. 1979).

Results
Grenvelt Performance and Whole Bocdy Minerals

Average body weights of fish fed cxperimental
diets during the 16-week period are shown ia Fig.
urc 1. Fish growth rates began to differ in week &
and became distinetly different between weeks (2
andd 16, Aller the final week, fish fed diets con-
tuining 40, 60, and 100% MAB protein (diets
MAB40. MABG6U. and MABI0D) cxhibited sig-
nificantly lower weight gain, feed efficiency. pro-
tein efficiency ratio, and specific growth rate com.-
pared with fish fed the control and MAB20O dies
{Table 3}, The regression equation for the broken-
iine analysis fechnique was ¥ = 1558 - 8.527X
(r = 0.96) and ¥ = 1316. The breakpoint at 28.3%
MAB substituiion leve] produced the least mean
square error, and this value was determined as the
acceptable substitution level of MAB. Interesting-
Iy, the whole body protein fevels of fish increased
a5 the MAB substitution in diets inc¢reased. No
mortalily was abserved during the 16 weeks of the
feeding trial. Lower diet acceptance was poticed
in the fish fed MAB100 afier the week 12,

TABLE J-~Weight gain (WG}, ferd efiiciency (FE), specific growth rate (SGR), protein efficiency ratic (PER). and
whoie body protein {WBP) of juvenile rainbow trou fed mxperimental and comrol diets for 16 weeks. Values are means
= SE ol triplicate groups by dict; valoes in the same row followed by different letters are significantly different (P <
0.03). The acronym MAB = mixiure of enimal by-products.

Uharacteristic Camrat MABX MAB4 MABSD MAE 100

WO R 131 = 1702 1358 = 269« 175 £ 215y 95¢ = 3.89x T34 £ 559w
FE ()b H3 = 192 104w 179 949 = 170y 803w Li5x 688 * 067w
SGR (%) 240 * 00y 2400% 000 M0y 211 2 0.00x 189 F O w
PERS 128 2 0.02« 23 % DMy 200 £ 004y L8 £ 003 % 3.57 = G0t w
WBP {2 56,4 = QT x 560 = 0.50 x 565 £ 043x 555 x 0SBy B804 * D262

* Weipht gain (%} = {(finsl weight = initial weight) X H00Mnnind weight.
" Fead efficiency (%} = Jbody weight zain (g} » 100Vdvy loced imake (g}
< Specific growih sate (%) = [(log, final weight ~ log, initial weight} X 100)d.

¢ Prowein efficicncy ratio = body weight gain (g)protein intake (g

€ Whole body prowin (%) = (protein comcentration X {00¥dry whole body weight (g).
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1A

Fagt e 4 —Total ash aod miveral composition of the whole body of fish fed experitnental and controd divis for 16

weehist MAR = mixtore of agimad by -producis. Values ave

muans 2 SE of aiplicate gronps by die: vatues in du same

row wilhout o letter in common are sigaiticantly differcn (P < 0L05).

Aineral inital Conpol MAB MABSD MARO MALKIBD
AhiEs GRT 23 GAY £ A« U AR TN BN 164 + 0.3y LY 2 0%,
Vit 147 1.539 = D04« 153 » paks 1.0 2 1012 yx L3200 e tEd = 0K S
Kt 1.Y7 L0 2 001y 120 » 02y 123 & Agsy 123 = .03 oy 130G~ D4R
Cais) 1.52 176 8 o vy 161 =+ (007 x HRCR SR EXE %Y LRE = 006 ey LA,
Na 0 b (.38 $2.30 % a4 & (L3 s il s 033 = 02 vy (R3S = (R [0 13 e t X AR
Mo 15 (LW LT 2 000y (L3007 = iy (L1137 % 300 2y QI3 = i¥hoey B2 = 300 .
Fo il a7 1T * XMihor 636 = 334y Qg v Mgy M3 =968 oy G741 = 13y
AMn (uaig) (IR .6 % Ha8 2 T = 0531 yx 145 = o6y L2 w1y 07 2 123y
Cu {ppiiy 123 112 2020 PR s fLiGx ALO6E E DA% yx 34w 026G 2y 387 £ D53y
Zn (piy 4L.8 G614 = 0.8l yx 589 = 235 652 * 335 yx G683 - 026y 76.5 = A0y

Whole body ash levels increased as MAB sub-
stitution in diets increased and were significantly
higher in MAB 100 groups compared with the con-
trol {Table 4). All the individual mireral levels,
except for Fe and Mn, followed the same trend as
whole body ash. However, the levels of ash and
individual minerals in feces collected 12 h after
last feeding decreased as dietary ash and individ-
ual mineral levels decreased (Table 5). as related
to increased MARB sobstitation in diets {Table 6).

Apparent Protein and Phosphoruy Availability
Alter 16 weeks of feeding, apparent protein and
phosphorus availabilities were determined in the
leces collected 12 h after « meal (Fizure 2). The
apparent protein digestibility of diets containing
MAB20 (85.8 = 1.05%), MAB40 (83.1 ¥ 0.45%),

Land MABGO (82,7 * 2.67%) were not significantly

different from that of the control diet (85.0 =
1.88%), even though they produced lower growth
rites than the control. However, apparent protein
digestibility of the MARIQO diet {77.7 & 4.41%)
was significantly Jower (P < (.05) than that of the
control diet. Contrary 1o the observed trend of ap-
parent protein digestibility, test diets containing

- MAB cxhibited significantly higher apparent phos-
phorus digestibility than the controf diet. Apparent
protein digestibility determined at fecal collection
tmes of 12 h (85.0 = 1.88%) and 48 h (874 =
1.16%) did not differ significanily from that of
feces coliecied every 40 min (R6.0 * 2 57264,

Discussion
Growth Performance and Whale Body Minervals

Bised on the broken-line analysis, we found that
approximaicly 0% of FM protein coudd be re-
placed by MAB, which would lead 10 growth rates
in juvenile rainbow trout comparable to FM-based
diets, This is significant because it is the first time,
to our knowledge, that two new animal protein
sources, leather meal and squid tiver powder, have
been shown w be effective MAB components in
repiacing FM in fish diets. Fish fed the FM-based
control diet (1 herring: 1 menhaden) grew very
well, showing comparable or higher specific
growth rates (SGR, percent growth rate 47 d, 2.40
% 0.01) than those reported in the fiterature. For
instance. in an other rainhow trout study, Skonberg
et al. (1997) found that similarly sized fish (initial

TasLe 5.~-Ash and mineral compositon of feces of e fish f=i the experitnental and consrol diets for 16 weeks:
MAB = mixture of snimul by-products. Values are means = SE of triplicate groups: values in the same row without,

4 letter in connmon are stgnificantly differcat (P < 0.05).

Mineral Control MABM) MAR4D MABGD MAS X
Ash {3 ) 2717 e 33, T £ 0%y. 230 * LGy 170 = 000 x 133 = 033w
P (%) 395 = D082 3.39 & L19y 34 = CiBy 2 = 802x 150 2 004w
K (5% 0.04 = 0.0407 2y 005 + 0.009 2 0.04 = 0.0D1 2y 003 = 0000 v 0.03 = 0.007 2y
Ca (%) 6,45 012 608 * §.34z 396 037« 4.53 = 012y 343 2020z
Ka (%) 030 © 0.02yx 0.39. + G.0] zy 042 003z 033 = 0.02yx 026 2 004x
Mp (%} .74 £ 403 = 0.51 =003 x 0.66 + 002y 025 = 02 w 420 = G003 w
Fe (ug/e) 2996 = 4717 815+ W2 1926 = 187 v 1.02% =92 5x 125 % BE6yx
Ma (ug/e) 3694 £ 6l4z 435 2 241y 861 * 166y 429 ~ 343y 25+ 220y
Cu {(uplgy M0 % 0322y 7.4 > 0.80x MY+ iT6z 235 = 0.63zy 219 U3y
Zo (pg/g) 233 2 4732 225 > 115 zy 2T = 138 2y 201 5 330y 55 & 6.70x
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TanLk ge~Mincral conposhion of the experimentud and
cuantral dicts: MAR = mixie of animal by-produets.

Minerad
compernast Uomicol  MAB2S MABGO MAKGD MABNNG
P ey §.63 1.5 1.64 } AR {82
K %) (LU0 042 192 1.3 .81
Cu (%53 1.07 155 .56 148 119
Na (%3 (1431 .41 0.4 (.38 {24
My (%) (.32 1.3t 0.30 .29 .26
Fe (pefz) 338 59 297 336 404
M {ugded 103 1334 HO a3 e
Cu (ry/) 16,5 14.9 14.7 1.3 17.7
B #43 866 814 i

2o (pgie)

weight, 1.8 g) fed a coatrol dict (herring FM-
based) for 8 weaks had an SGR of 1.42% SGR tor
restricted feeding (3-4%/ d) and 2.56% for ad Ti-
bitum feeding at temperatures of 15-21°C. Ruin-
bow trout, weighing 3 2, fed a meahaden FM-
based diet ad libitum had an SGR of 2.77% aficr
13 weeks of feeding (Watanabe et al, 1993). Fur-
thermore. the feeding period in our study was rel-
atively long, vompared with many other FM re-
placement swdies of juvenile rainbow trout, be-
cause of rapid growth ratex in the joveniles (Wa-
tanabe of al. 1993; Yamamotoe et al. 1995; Suickney
et al. [996).

Most individual znimal protein sources, such as
meat and bone meal, feather meal, blood meal, and
poultry by-product meal, have been able to replace
iess than 50% of FM in diets of salmonids. Fowler
(1991) found that poultry by-product meal could
compose 20% of a practical diet for chinook satm-
an OQnogriyanchus ishawyischa, with concurrent re-
duction of the FM by S50%, without impairing
growth and feed efficiency. Feather meal was re-
ported as & minor replacer for FM in diets for coho
salmon O, &isurch (Miggs et al. 1979), chisook
salmon (Fowler 1982), and Nile tilapia (Bishop el
al. 1995). High levels of meat and bone meal in
fish diets showed different results in different fish
species. Blood meal was also studied ir rzinbow
trout {Luzier et al. 1993}, eel {i.ce and Bai 1997),
and tilapia (Lee and Bai 1998). When FM is re-
placed with combined ingredients, the interpreta-
tion of results is difficult because many interac-
tions between sutrients may be involved in nutri-
ent metabolism. In our study, approximately 30%
of MAB protein was able 10 replace FM protein
in juvenile rainbow trout diets, showing that in the:
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Figuke 2.—Apparent digestibility coefficients for
proiein and phosphorus in juvenile rainbow trout fed
experimental diets for 16 weeks. Feces were collecied
12 hvalier the last fecding in the digestibility test, Values
ure means £ 8D of wiplicate groups. Bary having dif-
ferent fetiers {a-b for protcin, z-w for phosghorus) are
signiticantly differen (£ < 0.05).

meat and sguid liver powder seem to have potential
as anhmal protein sources in rainbow troul feed.
Sugiura ¢i al. (1998) reported that the levels ol
Ca und ash in salmonid diets formulated with an-
imal by-product sources were inversely correlated

- to the percentage of net ubsorption of Ca, Fe, and

Mpu, indicating possible antagonisiic interactions
of Ca with these minerals. Our results were simifar
to that of Sugiura et al. (1998). In our swdy, ash
and some mineral whole body concentrations (Ta-
ble 4) were inversely correiated with those of the
experimental diets (Table 6). The whole body con-
centrations of Ca, K, Na, and Mg were inversely
correlated with dietary levels of Ca (r = ~0.89),
K {r= ~0098), Na {r = —0.98), and Mg (r =
=0.91; P < 0.05 for all). However, the levels of
ash and Ca in feces showed a positive correlation
with the dietary ash (r = 0.94; P < 0.05) and Ca
(r=09% P < 0.01). A similar erend was observed
in other mincral levels between dier and feces,
even though the positive correlations were not sig-
nificant (P > 0.03). This result-confinned data of
Sugiura ct al. (1998}, who reported that fecal nu-
trient losses were positively correlated (P < 0.05)
to nutrient intake, except for proiein, Na, K, and
Zn.

group with 40% MAR the growth rate decreass | Apparent Protein and Phosphorus Availability

was less than 7% of the control. The lower growth
performance is probably related to the inferior

Apparent protcin digestibility was not signifi-
cantly different for up to 60% replacement of FM

quality of the animal protein sources, but leather  protein compared with that of the control diet, even

Eranien e ST L
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though weight gain was lower in the 40% and 60%
replacement gronps than in the control. This result
muy indicate thal apparent protein digestibility of
MAB is slightly lower than that of fsh meal in
prvenide rout. Although FM and MAB were not
the only prodein sources in the diets, the other pro-
tein sources (e.g., wheat middlings, corn gluien
meal, yeust, and krifll meal) were incorporated in
all the dieis at the sume levels. Watanabe and
Poagmaneerat (1991} reporied dhat rainbow trout
had tower protein digestibility of meat and bone
meud (78%) than of whire (92%) and brown (90%)
FM. Robaina et al. (1997) mentioned that pocr
digestibility of meat and bone meaf in diets of
gilthead seabream Sparus aurata was due to iis
high ash content. The reason for the lower apparent
protein digestibility of MAB in our study mighi
be attributed to the poor amine acid profile rather
than the high ash content of meat and bone meal
{the major ingredient in MAB} because the gsh
content of MAB was fower than that of FM (Tabl
13 '

Higher apparent phosphorus availabilities wen:
found in the test dier groups than the control group
{Figure 2). The reason for this scems to be due 1o
supplementation of highly abserbable monobasic
calcium phospliate in the test diets (NRC 1993),
The availability of phosphorus from FM. which is
primarily of bone origin, is generally lower than
that of ceriain other high-protein feed ingredients,
such as casein and yeast. Therefore, our findings
suggest that using & mixture of animal by-product;
migh! itnprove phosphorus availability in juvenile
trout diets. Furthermaore, an MAB could have an
advaniage in reducing phosphorus release into the
water, as indicated ia feces phosphorus concentra-
tions {Table 5). This is an Linpontant consideration
because of the effect of aquacultural phosphorus.
discharge on stream eutrophication {Hardy 1999},

Feces collection frequently results in nutrients
leaching into the water and leads o vverestimation
of digestibility: approximately 5-8% higher values
than those determined by using fecal stripping or
dissection methods (Brown 1993; Hajen et al.
1993; Watanabe et al. 1996; Allan et al. 1999).
However, Allan et al. (1999} reported that strip-
ping was not a suitable method for collecting di-
gesta from juvenile silver perch Bidyanus bidyanus
smaller than 10 g, and dissection methods exhib-
ited considerably tower values than collection
methods with rapid settlement. In our study, we
used a collection method employing rapid settie-
ment (Yamamoto et al. 1998) and determined ap-
parent protein digestibility from feces collected at
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three different schedules (every 40 min, 12 h, wnd
48 h). Feces collected every 40 min retained their
original bound form. However, we found some
toosened of fecal forme ar 12 h and more o 72 &
collections. but the refuted uverage vilues of pro-
tein digestibility were not statistically signiticaat.
This is supported by Allan et al. (1999, who re-
parted similar digestibility from feces collected at
different times (2, 6, 12, and 18 h), and by Satoh
et al. {1992), who reported minimal differences in
protein and lipid digestibility derived {rom feces
collected at 3, 6, 9, 12, and 15 h afier rapid set-
tiement in a fecal collection chamber. Thorefore,
our findings suggests that, with rapid feces sertle-
ment systems, fecal collection times of 40 min to
48 h.do not result in different protein digestibility
vaiues.

Based on the wholesale market price of 199§,
fish meal (menhaden:herring, 1:1) used in the pre-
sent study was USS 2.51/kg and the estimuted cost
for MAB was 0.56/kg (Jack Bardali, OARDC,
Wooster, Ohio, personal communication). There-
fore, we expect thai at least $ 0.22/kg of juvenile
rainbow trout feed could be saved if 30% of FM
protein is replaced by MAB. Use of MAB in fish
diets as a FM replacement could be more cosi-
effective in the future if the price of FM continues
1o rise,

In conclusion, our findings suggest that MAB
could replace approximmately 30% of FM protcin
in dicts for juvenile rainbow trout without adverse
growth effects for up 10 16 weeks. Also, fecal col-
lections within 48 h of {ast feedings should not
significantly overestimate apparent protein digest-
ibility values. Further research will be required (o
determine the feasibility of using MAB composed
of different combinations of ingredients and ex-
amine affects on larger sizes of fish.
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Short Course:
in
Physiology of Fish Nutrition

July 17 to 21, 2006.

Escuela de Ciencias del Mar, Pontificia Universidad Catélica de Valparaiso,
Av. Altamirano 1480, Valparaiso.

Professor: Dr. Charles Bai, Ph.D., Nutrition/Physiological Chemistry. (See attached CV)
Scope of the course.

This course deals with fish oriented Fish Nutritional Physiclogy. Nutritional and physiological
implications will be locked at, to integrate structure and functions of nutrients in Fish Physio

logy.
Units and Topics of the course.

Unit L.-

Introduction: 1. Define Nutritional Sciences, Biochemistry and Animal Physiology
2. Classification of Nutritionists and Nutrients

1-1. Definition of Fish Nutrition and Biochemistry:

1-2. Definition of Physiology:

1-3. Important subjects of physiology:

2-1. Nutritionists:
2-2. Nutrients:
2-2-1. Major nutrients groups: Protein, Lipids, Carbohydrates, Vitamins, Minerals and Water
Unit I1.-
Energy metabolism: 1. Define the basic units
2. Energy partitioning and nomenclatures
3. Advantages of E metabolism in Fish
1-1. Calorie
1-2. Joule
2-1, Energy partitioning
2-2. Nomenclatures
3. Advantages of Energy metabolism in Fish

Unit III.-
Nutrients metabolism: 1. Protein & amino acids
2. Ammonia toxicity
1-1.  Protein’s structures, function and roles
1-2.  Evaluation of protein quality
1-3.  Nitrogen excretion (urea, uric acids, ammonia)
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4 Aminc acids’ structure function

5 Definition of Essential Amino Acids (EAA) and NEAA

-6.  Definition of Biochemical Amino Acids and the Definition of Life Status
1 Ammonia Toxicity via TCA

2 via Neuro-transmitter

3 via unbalance of Cation in and out side of Cell (Na-K ATPase)

Unit IV.-
Nutrients metabolism: 1. Lipids and fatty acids

2. Carbohydrates

3. Vitamins

4. Minerals
Utilization, Classification and Function of Lipids
Classification, Properties and Structures of Fatty acids
Definition and Synthesis pathway of Essential Fztty Acids
Classification and Function of Carbohydrates
Properties and Structures of Carbohydrates
Essentiality of Carbohydrates and New Concept of Carbohydrates in Nutrition
Classification and Function of Vitamins
Properties and Structures of Fat Scluble Vitamins
Properties and Structures of Water Scluble Vitarnins
Definition and Function of Minerals
Major Minerals
Semi-essential Minerals
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Unit V.-
Feeds, Feed stuffs and Feed formulation: 1, Feeds and Feed stuffs
2. Feed formulations and practice

1-1 Classification of Feeds (FAQ)

1-2 International Feed Number(My Book and FAQO}

1-3.  Quality Control requirements for Fish meal and Fish oil (My Book and FAQ)
2-1.  Basic concepts of computer feed formulation

2-2 Feed formulation practice I with 2-4 feeds stuffs for flounder(tables)

2-3 Feed formulation practice 11
2-4 Feed Formulation practice 111

Uint VI.-
Aquaculture and New area of research: 1, Direction of future aquaculture
2. Fish nutrition research review
(1) Develop new species diets
{2) Develop low pollution diet
(3) New techniques for research
1-1 Current status and future prospects of World Aquaculture
2-1 Develop new species diets {Korean rockfish)
2-2 Develop low pollution diets (Flounder)
2-3 New techniques for research {Qperation Techniques in trout)
2-3



| Unit I Introduction:

1. Define Nutritional Sciences, Biochemistry and Animal Physiology
2. Classification of Nutritionists and Nutrients

1-1. Definition of Fish Nutrition and Biochemistry:

1-2. Definition of Physiology:

1-3. Important subjects of physiology:

2-1. Nutritionists:

2-2. Nutrients:

2-2-1. Major nutrients groups: Protein, Lipids, Carbohydrates, Vitamins and Minerals

1-1.  Definition of Fish Nutrition and Biochemistry

Nutrition is the study of nutrients metabolism in living organisms. This covers the
ingestion of food, digestion, absorption and utilization of the ingested food and excretion
of waste materials.

Fish Nutrition: Fish Nutrition is the study of nutrient metabolism in fish, which includes
the ingestion of food by the fish, digestion, absorption and utilization of the ingested food
and excretion of waste materials.

Two different approaches to study fish nutrition

(1) As a fish biologist, physiologist, or ecologist studying the nutritional aspects of
fishes. This approach was used very often in field smdies, i.e. food chain,
stomach content analysis, prey selection, optimum foraging, feeding behavior, etc.
to monitor and describe the feeding and nutrition of fishes.

(2) As a nutritionist just happen to use fish as an experimental model. This approach
tends to rely heavily on growth trials to determine the essential nutrient
requirements, utilization of nutrients, and dict formulations, etc. for fishes. They
usually conducted under well controlled conditions.

Biochemistry: Biochemistry is the study of chemical reactions occurring in living
organisms,

1-2. Definition of Physiology

The study of how living organisms function including such processes as nutrition,
movement and reproduction. The branch of biclogy dealing with the functions and
activities of living organisms and their parts, including all physical and chemical
processes is known as physiology.

1-3. Important subjects of physiology:
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1-3-1. Digestive physiology of animal:

Although there are numerous anatomical differences among different species, the
principles of digestion and absorption are quite similar on a physiological basis. The
process of digestion is a coordinated combination of physical, chemical and enzymatic
activities. Digestion starts from the mouth (as soon as food is taken into the mouth) and
ends at anus (when feces are excreted from the anus). In stomach, hydrolysis and break
down of compounds occur at low pH (in presence of HC] and other acids). Here
proteolytic enzyme (mostly pepsin) splits protein molecule. In non-ruminent animals, the
small intestine is the primary site of both digestion and absorption. Here in an alkaline
environment, proteolytic enzymes (from pancreas and intestine), amylases (from
pancreas and intestine) and lipases (from pancreas and liver) split protein, carbohydrate
and lipid, respectively. Then absorption can be taken place by the following three ways:

- Diffusion nto mucosal cells

- Phagocytosis/pinocytosis by mucosal cells

- Active transport via carrier molecules
After absorption, the undigested fecal materials are excreted through anus.

1-3-2. Circulatory system

The circulatory system (sometimes cardiovascular system) is made up of the vessels and
the muscles that help and control the flow of the blood around the body. This process is
called circulation. The main parts of the system are the heart, arteries, capillaries and
veins. As blood begins to circulate, it leaves the heart from the left ventricle and goes into
the aorta. The aorta is the largest artery in the body. The blood leaving the aorta is full of
oxygen. This is important for the cells in the brain and the body to do their work. The
oxygen rich blood travels throughout the body in its system of arteries into the smallest
arterioles. On its way back to the heart, the blood travels through a system of veins. As it
reaches the lungs, the carbon dioxide (a waste product) is removed from the blood and
replaced with fresh oxygen that we have inhaled through the lungs.

This is the general feature of blood circulation in almost all animals although there are
some differences from species (o species. There are three types of circulatory systems:

I} No circulatory system:
Flatworm, for example, has no blood circulation system. Their cell uptakes nutrients,
water and oxygen without the need of a transport system,

[1) Open circulatory system:

Some invertebrates (like mollusks and arthropods) belong to this type of system where
there are some cavities, hemocoel, filled with hemolymph in their body. Hemolymph is
not only blood rather it is a mixture of blood and intestinal fluid. This cavity bathes the
organ directly and the organ gets oxygen and nutrients thereby.



I1I) Closed circulatory system:
In this system blood never leaves the system of blood vessels consisting of arteries,
capillaries and veins; hence this name. All vertebrates belong to this system.

1-3-3. Respirations

1-3-4, Neurophysiology

1-3-5. Reproductive physiology

1-3-6. Systemic physiology

a. Form and movement b. Thermal regulation ¢. Osmoregulation d. lonic regulation e.
Freezing resistance f. Acid base balance
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1-3-7. Pathophysiclogy

2-1. Nutritionists



The scientists who are working with almost all aspects of nutritional sciences are called
nutritionists.

1. Nutritionist
A. Human nutritionist
B. Animal nutritionist

- (1) Ruminent aminal nutritionists

- (2) Monogastric animal nutritionist

o a. Poultry/bird nutritionists

b. Companion animal nutrionist
c. Fish nutrionist (finfish, shellfish, mollusc etc)
d. Laboratory animal nutritionist
. Other specific type of animal nutritionist

O 0 0O

2-2. Nutrients

2-2-1. Major nutrients groups
The nutrients in fish nutrition can be classified into six nutrient groups as follows:

Proteins: The need for proteins by fish is actually the need for the essential amino acids
(Arginine, Histidine, Isoleucine, Leucine, Lysine, Methionine, Phenylalanine, Threonine,
Tryptophan and Valine) and the non-essential amino acids (Alanine, Asparagine,
Aspartate, Cysteine, Glutamate, Glutamine, Glycine, Proline, Serine and Tyrosine).
Proteins serve as one of the three energy sources among other roles and are required in
large quantities.

Lipids: lipids are a chemically diverse group of corapounds, the common and defining
feature of which is their insolubility in water, The hiological functions of the lipids in fish
are diverse. The fats and oils used as stored forms of energy in fish are highly reduced
compounds, derivatives of fatty acids. The essential fatty acids (EFA) for fish include
linoleic acid {18:2n-6) and/or alpha linolenic acid (18:3n-3) for freshwater fish as well as
Docosahexaenoic acid (DHA) and Eicosapentaenoic acid (EPA) for marine species.

Carbohydrates: The availability of carbohydrates as energy source for fish varies from
species to species but is generally low. Carbohydrates include monosaccharide,
disaccharides, oligosaccharides and polysaccharides.

Vitamins: Vitamins are organic molecules that act as cofactors or substrates in some

metabolic reactions. They are generally required in relatively small amounts in the diet
and, if present in inadequate amounts, may result in nutrition-related diseases, poor
growth or increased susceptibility to infections. They include the water-soluble vitamins



(Thiamin, Riboflavin, Pyridoxine, Pantothenic acid, Niacin, Biotin, Folic acid,
Cyanocobalamin, Ascorbic acid, Inositol and Choline) as well as the fat-soluble vitamins
(Vitamins A, D, E and K).

Minerals: These are involved in formation of skeletal structure, maintenance of colloidal
systems {osmotic pressure, viscosity, diffusion), and regutation of acid-base equilibrium.
They are important components of hormones, enzymes, and activators of enzymes. They
include the macroelements (Potassium, Sodium, Calcium, Magnesium, Phosphorus,
Chloide and Sulfur) and the microelements (Iron, Copper, Zine, Manganese,
Molybdenum and Seclenium).

Warer: Water is the most abundant substance in living systems. Water pervades all
portion of every cell of fish and is the medium in which the transport of nutrients, the
enzyme-catalyzed reactions of metabolism, and the transfer of chemical energy occur.
Water is obtained from the natural habitat of fish.

Unit I1
Energy metabolism:

1.Define the basic units
2. Energy partiticning and nomenclatures
3. Advantages of E metabolism in Fish

1-1.  Calorie

1-2.  Joule

2-1.  Energy partitioning

2-2.  Nomenclatures

3. Advantages of energy metabolism in fish

1-1. Calorie
One calorie is defined as the amount of heat energy required to increase the temperature
of one gram of water 1°C from 14.5 to 15.5°C.

1 calorie (cal) = 4.18 joules (J)
1-2. Joule



The standard international unit for expressing mechanical, chemical or electrical energy,
as well as the concept of heat. One joule is defined as the amount of energy exerted when
a force of one newton (standard intemnational unit of force, force required to accelerate
1m per second with 1 kg of material) is applied over & displacement of one meter. One
joule is the equivalent of one watt of power radiated or dissipated for one second.

4.18 joules =1 calorie

2-1. Energy partitioning

Energy is required for maintaining the physiochemical environment of the intact animal
and for sustaining the electromechanical activities that define the organism. The major
body store of energy is adenosine triphosphate (ATP) and other high-energy phosphate
bonds. Animals consume food for energy. This food goes through an intricate metabolic
pathway and eventually produces energy as ATP. In raitochondria (power house of cell),
ATP burns into energy as required by the different organelles /organs of the body and
distributed accordingly. This energy distribution or partition can be, for casy
understanding, shown in the below adapted from the previous publication (NRC, 1981).

Intake of Energy (IE)

Faecal Energy (FE)

Digestible“Bnergy (DE)

Urinary Energy (UE)
Gill Excretion Energy (ZE) ¢
Surface Fnerev (SE)

Metabolizab‘lg Energy {(ME}

HiEi; Heat Increment
HwE: Waste formation & Excretion
¢ Hrli: Product formation

HdE: Digestion and absorption

h

Net Energy (NE)

/

HjE: Voluntary Activity HEm: Maintenance
HcE: Thermal regulation FeE: Basal Metabolism

hJ

Recovered Energy (RE)
Growth, Fat, Reproduction etc



2-2. Nomenclatures
Intake energy (IE) is the gross energy (GE) consumed by an animal in its food. The
majority of intake energy is present in the form of carbohydrate, protein and/or lipid.

Fecal energy (FE) is the gross energy of the faeces. Facces consist of undigested food and
metabolic products, which may include sloughed gut cpithelial cells, digestive enzymes
and excretory products.

The digested energy within a food is called the apparent digestible energy (DE) and is
determined as the energy in food minus the energy in faeces:

DE =1E - FE
Urinary energy (UE) is the gross total energy in urinary products. It includes energy of
compounds absorbed from the food but not utilized and the energy of products of
metabolic processes such as ammonia.

Gill excretion energy (ZE) is the gross energy of the compound excreted through the gills
of aquatic animals. Its equivalent in mammalian energetics is the energy of the
compounds excreted through the lungs. However, in mammals this energy is extremely
low and generally not considered. In fish ZE can be quite high and may constitute a
major component of the energy balance of an aquatic organism.

Surface energy (SE) is the energy lost from the surface of an organism. In aquatic
organisms, this may take the form of mucus or scales sloughed from the skin.

Metabolizable energy (ME) is the energy in the food less the energy lost in faeces, urine
and through excretion from the gills, It is the energy available for the conduct of the
metabolic processes of an animal. It may be described by the equation:

ME = DE — (UE + ZE+ SE)

ME = (IE - FE} — (UE + ZE+ SE)
The difference between ME and energy recovered as growth and/or reproductive
products (RE) is energy lost as heat (HE). Heat loss occurs primarily by two processes:
the heat increment of feeding (HiE) and maintenance heat loss (HEm).
The HiE is the increase in heat production subsequent to ingestion of feed. The factors
contributing to HiE are the digestion and absotption processes (HdE), the transformation
and interconversion of the substrates and their retention in tissues (HrE), and the
formation and excretion of metabolic wastes (HwE).
Net energy is the energy that is useful to the animal for maintenance and growth. It is the
Metabolizable energy (ME) less the heat increment of feeding (HiE).

Maintenance energy (FHem) is that required to maintain those functions of the body
immediately essential to life. A major portion of this maintenance energy is spent for
basal metabolism (HeE), such as respiration, transport of ions and metabolites, body
constituent turnover, and circulation, A smaller portion is spent for voluntary or resting
activity (HjE) and, in the case of homeothermic animals, thermoregulation of body
temperature. Since fish do not regulate body temperature and they expend less energy in



maintaining position in the water than do terrestrial animals in maintaining their posture,
the Hem requirement of fish is lower than for homeotherms.

Retained energy (RE) is that portion of the energy contained in the food that is retained as
part of the body or voided as a useful product such as gametes. The aim of nutrition in
aquaculture is to maximize RE and minimize all other energy losses in a cost-effective
manner, whilst maintaining an acceptable body composition of the end product.

The energy balance of an organism therefore can be described by the equation:

IE (or GE)=FE + DE

IE = FE + (UE, ZE, SE) + ME

IE = FE + (UE, ZE, SE) + (HiE, HwE, HrE, HdE) + NE

IE = FE + (UE, ZE, SE) + (HiE, HwWE, HrE, HdE) + (HEm, HeE, HjE, HcE) + RE

3-1. Advantages of energy metabolism in fish
Advantages of aguaculture from the nutritional point of view. It requires less energy to
produce fishes because:

1) The specific gravity of fishes is close to | and they have a neutral buoyancy in
water, thus require less energy to maintan their body weight. Due to the
buoyancy of water, fish spend less energy in maintaining position in the water
than do terrestrial animals in maintaining their posture.

2) Because most fish, as cold-blooded vertebrates or ectotherms, within the zone of
thermal neutrality do not regulate their body temperature; hence, the heat of
thermal regulation is insignificant. However, warm-blooded vertebrates have to
keep their body temperature within a certain 1ange (i.e. 36.5°C for human).

3) Fish are ammonotelic animals require less encrgy to excrete their nitrogen waste
than uricotelic or ureotelic animals converting ammonia to uric acid or urea.
Protein is not clearn fuel. Left over nitrogen should be excreted outside of the
animal body. Most mammal produce urea through urea cycle, and birds and
reptile produce uric acid (pentose pathway)

4) Fish have better feed efficiency (fish 1.2 to 2, Rainbow trout 1.5; Catfish 1.8;
poultry 2.0; pig 4.0; Cow 8§ to 20).

5) Fish have a high fecundity and reproductive performance such as more spawning
frequency and more eggs than do terrestrial animals.
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Nutrients metabolism:

1. Protein & amino acids
2. Ammonia toxicity
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1-1. Protein’s structures, function and roles

Protein 5 structures: Proteins are not linear molecules as suggested when we write out a

"string" of amino acid sequence, -Lys-Ala-Pro-Met-Gly- etc., for exampie. Rather, this
"string” folds into an intricate three-dimensional structure that is unique to each protein.
It is this three-dimensional structure that allows proteins to function. Thus in order to
understand the details of protein function, one must uaderstand protein structure.

Protein structure is broken down into four levels:

» Primary structure: The linear sequence of amino acids in a protein chain
determined by the genetic information of the gene for each protein, It results
from the covalent bonding between the amino acids in the chain (peptide
bonds). Each protein has a different primary structure with different amino
acids in different places along the chain.

» Secondary structure: Folding of the primary structure of a protein into an
a-helix or a B-pleated sheet. Folding is maintained by hydrogen bonds
between the amide hydrogen and the carbony! oxygen of the peptide bond.
Different regions of a protein chain may have different types of secondary
structure.

¥ Tertiary structure: The globular, three-dimensional structure of a protein
that results from folding the regions of secondary structure. This folding
occurs spontaneously as a result of interactions of the side chains or R
groups of the amino acids. The forces that help maintain the tertiary structure
of a protein are hydrogen bond, ionic bond, disulfide bond, and hydrephobic
attraction.



> Quaternary structure: Involves the association of two or more polypeptide
chains into a multi-subunit structure. Quaternary structure is the stable
association of multiple polypeptide chains resulting in an active unit. Here
also works the four forces to hold the quaternary structure stable eg.
hydrogen bond (between polar amino acids), ionic bond {(between oppositely
charged amino acids), disulfide bond (also called disulfide bridge, a strong
covalent bond between two sulthydryl (-H) groups}, and hydrophobic
attraction (between non-polar amino acids). For example- the protein
hemoglobin has quaternary structure.

Primary protein structure
& grguenre uf g chain Sloguning i

Ploated sheel > Alpha halix
{
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ara Inkad by nydrogen boncs
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Tertiary protein siructure

CICUrs whan Carisin aitracucns ars prossnt
pelwaen alzha helcaes and plaatag shoels

Quaternary protein structiure
IS & Erotein Consising of Moha han one
amno aod chan

Roles of dietary protein:
» supply essential amino acids
» supply nitrogen to synthesize non-essential amino acids
> supply sulfur
*** Only protein can supply nitrogen and sulfur. These two elements are
unavailable from fats and carbohydrates, the other major classes of food
molecules.



In addition to their dietary importance, the proteins carry out most of the work in a cell.
The biological functions performed by protein are as {ollows:

Function Description Examples
Antibody Antibodies bind to specific foreign particles, such  Immunoglobulin
as viruses and bacteria, to help protect the body. G (1gG)
Enzyme Enzymes carry out almost all of the: thousands of Phenylalanine
chemical reactions that take place in cells. They hydroxylase

also assist with the formation of new molecules by
reading the genetic information stored in DNA.

Messenger Messenger proteins, such as some types of Growth
hormones, transmit signals to coordinate biological  hormone
processes between different cells, tissues, and

organs.

Structure Provide mechanical support to largs animals and Keratin
provide them with their outer coverings.

Transport/storage These proteins bind and carry atoms and small Ferritin

molecule molecules within cells and throughout the body.

1-2. Evaluation of protein quality
There are different methods for protein quality evaluation which are listed below:

1. Protein efficiency ratio (PER) = gain in body weight (g)

protein consumed (g)

Values are normally in the 1-4 range. Value near 2 indicates poor quality protein
whereas 4 indicates good quality protein.

2. Net protein utilization (NPU%) = protein (N) gain in fish {(g) X 100

protein (N)intake in food (g)

3. Relative nutnitive value (RNV)

4. Biological value (BV)= Nretained X 100 (% absorbed N retained)

N absorbed



{N intake - (fecal N — metabolic fecal N) — (urinary N — endogenous urinary N)}

BV = N intake- (fecal N — metabolic fecal N)

Metabolic fecal N and endogenous urinary N are the quantity of N excreted while
animal 1s fed a protein free diet.

% limiting amino acid in expt. protein X 100

5. Chemical score (CS) = % same amino acid in reference protein

1-3. Nitrogen cxcretion (ammonia, urea and uric acids)

Ammonia, the product of oxidative deamination reactions, is toxic to the nervous system
even small amounts and its accumulation rapidly causes death. Therefore it must be
detoxified to a form which can be readily removed from the body. NH; represents 70 to
9% of the total nitrogenous waste in fish (Mommsen and Walsh, 1992} with 5 to 15%
excreted as urea depending on the species of fish (Doadat er al., 1996). Maximum fish
excrete NH; as nitrogenous waste rather than urea and uric acid. Synthesis of urea and
uric acid from NH; consumes energy, thus mammals and birds derive less metabolic
energy from amino acid catabolism than do fish. This is a beneficial aspect for fish and
this may be a cause why fish use protein as well as amino acids for their major energy
source. The marine bony fish, although living in water which is more concentrated than
their body fluids, are able to osmoragulate by excreting salt through their gills. The
elasmobranches (Sharks, Skates, and Rays} do not maintain the salinity of their body
fluid in this way. Rather they produce urea from NHj and use high concentration of urea
in their body (luids 1o prevent dehydration and salt accumulation. However, even fish do
not have large concentrations of ammonia in the blood because it is excreted as the amide
in glutamine, Glutamine is carried to a membrane in the gills near the surrounding water
where a hydrolysis of the glutamine to glutamic acid releases the ammonia.

Birds, insects, lizards and snakes convert the waste products of protein metabolism as
well as nucleic acid metabolism into uric acid (whitish portion of their excreta). Because
of its low solubility in water, these animals are able to eliminate waste nitrogen with little
loss of water. Urea is the major end product of nitrogen metabolism in humans and
mammals. Humans excrete urea and secondly uric acid as nitrogenous waste. But, uric
acid is the product of nucleie acid, not protein, metabolism. Uric acid is only slightly
soluble in water and casily precipitates out of solution forming needlelike crystals of
sodium urate. These contribute to the formation of kidney stones; produce the
excruciating pain of gout when deposited in the joints. Most mammals have an enzyme
— uricase — for breaking uric acid down into a soluble product.

The urea cycle or the ornithine cycle describes the conversion reactions of ammonia into
urea. Since these reactions occur in the liver, the urea is then transported to the kidneys

where it is excreted. The overall urea formation reaction is:

2 Ammonia + carbon dioxide + 3ATP ---> urea + water + 3 ADP
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1-4.  Amino acid’s structure & function
Amino acid’s structure; Amino acids are the building blocks of proteins. An g-amino
acid consists of a central carbon atom, called the a carbon, linked to an amino group, a
carboxylic aid group, a hydrogen atom, and a distinctive R group. All amino acids have
the same general formula.

carboxyl

end
amino ?OO'
end HB+|\J_?_l_| o carbon
R \_/
side
chain

| Amino Acid | Symbol | Structure’




Amino Acids with Aliphatic R-Groups

. H-CH-COOH
Glycine Gly-G N}Hg

| CH;—CH-COOH
Alanine Ala-A [\I]H2
Valine Val - V HBC\,CH— CH-COOH

HC™ N,
HAC.
Leucine Leu-L ,CH— CHQ"‘ (;-:H"COOH
HsC-cH
Isoleucine Ile - | ;;,CH— CI:H* COOH
3 NH,

Non-Aromatic Amino Acids with Hydroxyl R-Groups

HO-CH,—CH-COOH

Serine Ser-8§ NH ,
HsC.
Threonine Thr-T ' ,CH_ QH—COOH
HO NH
2

Amino Acids with Sulfur-Containing R-Groups

Cysteine

Cys-C

H:3-CH,—CH-COOH

NH,
__ H,C—S—(CH,),—CH-COCH
Methionine Met-M [\!l H .
Acidic Amino Acids and their Amides -
__ HOOC-CH,—CH-COOH
Aspartic Acid Asp-D rl\ng
N . H,N-C-CH,—CH-COOH
sparagine Sh - o NHQ
o HOOC-CH,—CH,—CH-COOH
Glutamic Acid Glu-E I\IIHq
e N H,N—C~CH,—CH,—CH-COOH
utamine n-Q O NHQ

Basic Amino Acids




HN-CH,—CH,—CH,—CH-COOCH
Arginine Arg-R C=NH NH-
NH,
Lysine Lys-K HyN—-(CH3),—CH-COOH
NH,
——CH,—CH-COOH

Histidine His - l— ’ NH-

HN-_N: 2

Amino Acids with Aro_matic Rings
Phenylalanine Phe-F C}CHQWQHWCOOH
== NHQ
a
Tyrosine Tyr-Y HO‘<‘>*CH2~W (FH’”’“COOH
— NH;
F
TCHQWCI)HW COOH
Tryptophan Trp-W N NH-
H
Imine Acids
| Wt
Proline Pro - P N COOH
H H

"Backbone of the amino acids is red, R-groups are black

Function of amino acids. Amino acids fulfill multiple metabolic functions in the human

body.

» Amino acids act as building blocks for proteins and as precursors for
hormones, neurotransmitters, antioxidants, nucleic acids and other complex
body constituents.

> They also are used for energy once the body has metabolized all
carbohydrate sources {glycogen).

Other than for protein synthesis, amine acids play the following roles:




Amino acids Selective functions
Arginine vasodilatation, radical scavenging
Arginine, BCAA, Glutamic Acid | NH3 detoxification and transport
Arginine, Glutamine Growth hormone secretion
Cysteine, Arginine, Glutamine Stimulation and stabilization of immune system
Cysteine, Glutamine Body cell mass maintenance
Cysteine Antioxidant; radical scavenging
Glutamine Improved mental and physical performance
Methionine Urine acidification, wound healing
Phenylalanine, Tyrosin Precursor for hormones and neurotransmitters

{dopamine)

*%*BCAA = branched chain amino acid

1-5. Definition of EAA and NEAA

Essential amine acid: Amino acids that can not be synthesized by humans and other
vertebrates, and must be obtained from the diet. The essential amino acids (EAA) are
synthesized in micro-organisms (bacteria and yeasts having N, fixation ability from
attnosphere which lacks in higher organisms) and passed through the food chain until
they reach us in our diet.

The essential amino acids are: Isoleucine, Leucine, Lysine, Methionine, Phenylaianine,
Threonine, Tryptophan and Valine.
Nonessential amino acids: Amino acids that can be synthesized by humans and other

vertebrates from simpler precursors, and are thus not required in the diet.

The non-essential amino acids are: Alanine, Arginine, Asparagine, Aspartic acid,
Cysteine, Clutamic acid, Clutamine, Glycine, Histidine*, Proline, Serine and Tyrosine.

* Histidine is essential for babies but not for adults.

1-6. Definition of Biochemical amino acids and life status

Biochemical amino acids: It is believed to have 104 —- 110 amino acids available but
among them only 20/22 plays important role in protein synthesis. These 20/22 amino
acids are called Biochemical amino acids. Therefore, EAA + NEAA + Selenocysteine
(21st) -+ Hydroxylysine (22nd) = Bicheminal amino acids.

Life status: The status of life is nothing but protein synthesis according te the genetic
information.



2-1. Ammonia toxicity via TCA

Ammonia is extremely toxic to animal. Therefore, animal system is so designed that they
readily convert ammeonia into either urea or uric acid. Maximum fish excrete ammonia as
it is rather than convert into urea or uric acid. If it is not, then what would be?

When NHj increases it reacts with a-ketoglutarate (a-KG), an intermediate product of
TCA cycle in the presence of GDH {Glutamate dehydrogenase}. GDH facilitates the
following reaction and depletes a-KG from the running TCA cycle. Thus, TCA can not
maintain the way of its normal running. It slows down and finally collapses.

a-ketoglutarate + NH; -+ NADH | Glutamate + NAD
2-2. via neuro-transmitter

Glutamate increases at the same time NHs increases in the blood. Glutamate 1s the
precursor for GABA (Gamma-aminobutyric acid), an inhibitory neurotransmitter found
in the nervous systems of widely divergent species. Therefore, GABA increases
substantially and affects the central nervous system (CNS). As a result, CNS loses all of
its normal control.

2-3. via unbalance of cation in & out of the cell (NA-K ATPase)

For its normal function, cells need to have a balance of cation (Na’ and K) in and out of
it. K" is mainly necded inside the cells whereas outside Na'. Na” K" ATPase help
maintain this balance, When NHj increases in the blood it can move freely in and out of
the cells. In this case, Na" K" ATPase get confusion and continue to pump. The balance
state of cation of the cell becomes unbalance thereby.
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1. Lipids and fatty acids (2 hrs)
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Classification, Properties and Structures of Fatty acids
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Definition, Classification, Function, Deficiency Symptoms and Sources of Vitamins
Properties and Structures of Fat Soluble Vitamins

Properties and Structures of Water Soluble Vitamins

Classification and Function of Minerals

Major Minerals

Semi-essential Minerals

-h-hWWWI\'JNMO—*HH

[}
W LN WD N e

B
1

1-1.Utilization, classification and function of lipids

Digested by enzymes and emulsified (micelle formation), absorbed as fatty acids
and resynthesized to triglycerides and transported in lymph as chylomicrons

Classification of lipid.

A. Simple lipids :
1. Fats-esters of FA with glycerol oil-a fat in the liquid state.
2. Waxes-FA w/higer MW monohydri-alcohols

B. Complex Lipeds
1. Phospholipids (Sphingophospholipids)
2. Glycolipids (Glycosphingolipids), FA + Sphingosine + CHO
3. Other complex lipids (Lipo protein)

C. Precursor and Derived lipids : FAs, Steroids, KBs



Lipids

r

Fatty acids Glycerides
Saturated Unsaturated Neutral slycerides Phosphoglycerides
Nonglyceride Complex lipid
lipids

!

Sphingolipids

Functions of lipid:

:

Steroids

-

A

Lipoprote{|

Fh'x-,a ‘

Lipids serve many important functions in the animal body. Here is a brief summery of

that.

2 Lipids are an excellent source of energy for the body. When oxidized, 1g of fat
gives 9 kilocalories of energy.

3 Provide essential fatty acids

2 Most of the energy stored in the body is in the form of lipids (triglycerides).
c? Phospholipids are important constituent of cell membrane.

}

Glycolipid




2 The steroid hormones are critical chemical messengers that allow the tissues of
the body to communicate with one another. The prostaglandins exert strong
biological effects on both the cells that produce them and other cells of the body.

2 Fat soluble vitamins (A, D, E & K) play very important roles in biological
processes.

@ Dietary fat serves as a carrier of the lipid-soluble vitamins.

¢ Lipids protect many vital organs from outer shocks.

2 Subcutaneous fat serves to insulate the body from extremes of cold temperatures.

1-2.Classification, properties and structures of fatty acids

Fatty ucid classification properties:.
Based on number of double bond

@ Saturated fatty acid
B No double bonds
B Solid at room temperature
B [mplicated in coronary heart disease (CHD)

Sources: Meats, dairy, tropical

¢ Unsaturated fatty acid
- Polyunsaturated fatty acid (PUFA): 2-5 double bonds

- Highly unsaturated fatty acid (HUFA): >5 double bonds
® Has double bonds
® Liquid at room temperature
® Less stable, prone to rancidity

Sources: Vegetables, legumes, fish

Structures of fatty acids:
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1-3.Definition and synthesis pathway of essential fatty acid

Definition essential fanty acid.

A fatty acid that can not be synthesized in the body or that can not be made in sufficient
quantities for the body’s needs is called essential fatty acid (EFA). For instance, linolenic
acid and linoleic acid are called EFA because they must be supplied in the diet.

Synthesis pathway of essential fatty acid.
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2-1. Classification and function of carbohydrates
Classification of carbohydrates:

Monosaccharides eg. Glucose, fructose, galactose
Disaccharides eg. Sucrose, lactose, maltose
Oligosaccharides eg. Maltodextrins
Polysaccharides

L Starch eg. Amylose

1L Nen-starch eg. Cellulose, pectins



Function of carbohydrates:
Carbohydrates have 6 major functions within the body:

L Carbohydrates are a good and cheap source of energy which can spear
expensive protein for growth

1L Regulate blood glucose

HR Carbohydrates provide dietary fiber that increases the enzyme action on
nutrients resulting in good digestion.

IV, Increase taste and palatability of diet

2-2. Properties and structures of carbohydrates (CHO)
Properties of carbohydrates:

+  Carbohydrates are called carbohydrates because they are essentially hydrates of
carbon (i.e. they are composed of carbon and water and have a composition of
(CH2O)n

+ The major nutritional role of carbohydrates is to provide energy and digestible
carbohydrates provide 4 kilocalories per gram. No single carbohydrate is
essential, but carbohydrates do participate in many required functions in the body.

+ Central to all metabolic processes.

Structures of carbohydrates.
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-1, 6-linkage

-1, 4-linkage

Starch

2-3. Essentiality of CHO and new concept of HO in nutrition

Carbohydrates are found in a wide variety of naturallv occurring substances and serve as
principal energy sources for the body. It is a cheap source of energy. Maximum fish can
not digest carbohydrates because of lacking of cellulose. Warm water fish can utilize
carbohydrates to some extent. Therefore, carbohydrates are not essential nutrients for
fish. Only a few animals like termites, cows, goats etc are able to digest cellulose.
Therefore, carbohydrates are essential nutrients for those animals.



3-1. Definition, Classification and functions, deficiency symptoms and
dietary sources of vitamins

Definition of vitamin: Vilamins are groups of organic substances that are required in
relatively small amount in the diet of animals for normal growth, maintenance of life and
normal reproduction.

Classification of vitamin: Vitamin can be categorized into two grups.
» Fat-soluble vitamin (stored in the tissue)
[.  Vitamin A
II. Vitamin D

TIL.
v,

»

VYitamin E
Vitamin K

Water-soluble vitamin (not stored in the tissue )

I. Vitamin B complex (Thiamine, Riboflavin, Panththenic Acid, Nicotinic
acid, Pyridoxine, Biotin, Folic acid, Cyanocobalamine)

IL
I11.
IV,

Vitamin C (ascorbic acid)
Choline
Insitol

Functions, deficiency symptoms and dietary sources of vitamins:

Vitamin | Function | Deficiency symptom | Dietary sources
FAT-SOLUBLE VITAMINS
A (Carotene) | Synthesis of visual Night blindness and Egg volk, liver,
pigments blindness in children green and yellow
vegetables, fruits
D Regulation of calcium | Rickets (malformation Milk, action of
(Calciferol) | metabolism of the bones) sunlight on the
skin
E Antioxidant, protection | Fragile RBC, Vegetable oil
{Tocopherol) | of cell membranes, reproductive failure
reproduction
K Essential for Blood-clotting disorders | Leafy vegetables,
prothrombin formation intestinal bacteria
and blood clotting.
WATER-SOLUBLE VITAMINS
B As a coenzyme in Bernberi, neuritis, Brain, liver, heart,
(Thiamine) | energy metabolism, mental disturbance whotle grains
promotes appetite and
growth.
B2 Promotes growth, Photophobia, dermatitis | Milk, eggs, liver
(Riboflavin) [ important in
carbohydrate and amino
acid metabolism
Niacin Constituent of Pellagra, dermatitis, Whole grains, liver




coenzymes, hydrogen
transport.

digestive problems

Pantothenic | Component of Neuromotor and Most foods
acid coenzyme A, required | cardiovascular disorders
for energy metabolism.
Bs As coenzyme in protein | Dermatitis, nervous Whole grains,
(Pyridoxine) | and nitrogen disorders liver, fish, kidney
metabolism, RBC
formation.
Biotin Component of several Scaly dermatitis, muscle | Egg yolk,
€nzyme systems. pains, weakness intestinal bacteria
Folic acid Related to Bz Anemia Liver, leafy
metabolism. vegetables,
intestinal bacteria
Bz Coenzyme in several Pernicious anemia Liver, kidney,
(Cobalamin) | enzyme system. brain
C (Ascorbic | Collagen formation, Scurvy, failure to form | Citrus fruits, green
acid) formation of collagen leafy vegetables,
intercellular substances tomatoes
of the teeth, bones, and
sofl tissues.
Choline Involved in nerve Fatty livers, kidney Choline chloride
impulses. hemorrhaging
Inositol Not known. Spectacled-eye Synthetic inositol,

appearance in rats

all feeds.

3-2. Properties and structures of fat soluble vitamins
General properties of fat seluble vitamin:

» As the name implies, this group of vitamin is fat soluble

» Fat soluble vitamins are primarily stored in the liver and adipose tissue in
appreciable quantities and may cause hypervitaminosis thereby

¥ The fat soluble vitamin do not serve as coenzymes but rather act directly or
bind to specific receptors in the cell nucleus to influence gene expression

» Vitamin E acts as antioxidant
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3-3. Properties and structures of water soluble vitamins
General properties of water soluble vitamin:




Soluble in water

Water soluble vitamin can not be stored in the body and readily flashed out
through urine; hence deficiency takes place very often

Vitamin B can be synthesized by microbial fermentation in the digestive
tract, especially of ruminants herbivorous nonruminents (horse and rabbit)
Water soluble vitamins being components of many coenzymes play an
important role in a variety of biochemical reactions
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4-1. Definition and Function of Minerals

Definition of Minerals

All forms of aquatic animals require inorganic elements or minerals for their
normal life processes. Unlike most terrestrial animals, fish have the ability to absorb
some inorganic elements not only from their diets but also from their external
environment in both freshwater and seawater. Calcium {Ca), magnesium (Mg), sodium
(Na), potassium (K), iron (Fe), zinc (Zn), copper (Cu), and selenium (Se) are generally
derived from the water to satisfy part of the nutritional requirements of fish, while
phosphates and sulfates are more effectively obtained from feed sources. The exchange
of ions from the surrounding water across the gills and skin of fish complicates the
measurement of mineral requirements. Moreover, maay essential elements are required in
such small quantities that it is difficult to formulate diets and maintain an environment
that is low in minerals to demonstrate a mineral deficiency. An Essential element is that
element whose deficient intake produces an impairment of function, and the restoration
of physiological levels of the element prevents or relizves the deficiency.

Funtion of Minerals

The main functions of inorganic elements in fish include the formation of skeletal
structure, electron transfer, maintenance of colloidal systems (osmotic pressure, viscosity,
diffusion} and regulation of acid-base equilibrium. Minerals are also important
components of hormones and enzymes, and they activate enzymes. Calcium and
phosphorus (P) are required for the formation of the skeletal structures of the body.
Sodium, potassium, magnesium, calcium, chloride, phosphates and bicarbonates maintain
homeostasis and the acid-base balance. Trace metals such as Fe, Mn, Cu, Co, Zn, Mo,
and Se are firmly associated with specific proteins in metalloenzymes, which produce
unique catalytic functions. Some minerals, such as calcium, magnesium, and manganese,
function as enzyme activators. lodine, a nonmetal, is necessary for the biosynthesis of
thyroid hormones, which in tun affect development and metabolism in all vertebrates.

Currently, 29 of the 90 naturally occurring elements are known to be essential for
animal life and they are categorized into macro- and micro elements depending on the
guantities required in by fish.

4-2. Major Minerals

Macro clements: These elements are required by the fish in relatively large quantities
(grams per kilogram diet). They include Na, K, Ca, P, Mg, Cl and S.

Micro elements: Unlike the macro elements, the micro elements, also called the trace
elements, are needed in small quantities (milligrams or micrograms per kilogram diet).
Although these elements are needed in small amounts, they are still important in the
normal life processes of fish and inadequate intake of the minerals leads to the
development of deficiency symptoms. They include e, Mn, Cu, Co, Zn, Mo, I, and Se.



Calcium and Phosphorus: Calcium and phosphorus are involved in the development
and maintenance of the skeletal system and participate in several physiological processes.
Fish scales are an important site of calcium metabolism and deposition. Besides its
structural functions, calcium plays an important role in muscle contraction, bloed clot
formation, nerve impulse transmission, the maintenance of cell integrity and acid-base
equilibrium, and activation of several important enzymes.

Phosphorus is an important constituent of nucleic: acids and cell membranes, and is
directly involved in all energy-producing cellular reactions. Phosphorus also functions in
carbohydrate, lipid, and amino acid metabolism, as well as in various metabolic processes
involving buffers in body fluids,

Dietary requirements: The calcium requirement of fich is met largely by absorption
through gills and skin in freshwater and by drinking seawater. The calcium requirement is
affected by the water chemistry, the phosphorus level in the diet, and species differences.
Channel catfish and salmonids require 0.45 and 0.34% calcium, respectively in their
diets.

Feed is the main source of phosphate for fish because the concentration of phosphate
is low in natural waters. The dietary supply of phosphate is more critical than that of
calcium because fish must effectively absorb, store, mobilize, and conserve phosphate in
both freshwater and seawater environments. Dietary phosphorus requirements of 0.45 and
0.60 % have been reported for channel catfish and salmonids.

Deficiency sympioms. Calcium deficiency has not been detected in carp and catfish in
freshwater. The feed ingredient of natural ingredient diets supplies sufficient calcium to
meet the requirements of most finfish. Deficiency sigas reported in certain finfish include
reduced growth, poor feed conversion, anorexia, and reduced bone mineralization.

The main phosphorus deficiency signs in most fish include poor growth, anorexia,
poor feed conversion, reduced bone mineralization, skeletal deformity, cranial deformity,
curved and enlarged spongy vertebrae and increased visceral fat.

Magnesium: Magnesium is a major intracellular cation that is a necessary cofactor for
enzymatic reactions vital to every major metabolic pathway. Magnesium is a cofactor of
many enzymes in the body including those involved in cellular respiration and transfer of
phosphate between adenosine triphosphate (ATP), adznosine diphosphate (ADP), and
adenosine monophosphate (AMP). These enzymes are phosphokinases, thiokinases,
phosphatases, pyrophosphatases, and amino acyl synthatases. Extracellular magnesium is
vital to normal nerve conduction, muscle function, and bone mineral formation.
Magnesium plays an important role in the respiratory adaptation of freshwater fish.
Dietary requirements: The magnesium requirement of fish can be met either from the
diet or water. In the marine environment, magnesium supplementation of diet may not be
necessary. The magnesium requirements of channel catfish and salmonids are 0.04 and
0.05%, respectively.

Deficiency symptoms. Magnesium deficiency causes reduced growth, anorexia,
sluggishness, nephrocalcinosis, convulsions, cataracts, degeneration of muscle fibers and
epithelial cells of pyloric cecum and gill filaments, skeletal deformity, reduced bone
mineralization, reduced bone, body and serum Mg coacentration, and mortality.




Sodium, Potassium and Chlorine: Sodium, potassium and chlorine are the most
abundant electrolytes in the body. Sodium and chlorine are the principal cation and anion,
respectively, in the extracellular fluid of the body; whereas, potassium is the major
monovalent intracellular cation. Chloride ion is the major anion of gastric juice and
blood.

Dietary requirements: The abundance of these elements in common feedstuffs used in
fish diets means they need not be supplemented in most natural ingredient diets.
However, supplementation of these elements has been found necessary in chemically
defined diets for certain species.

Deficiency symptoms: Deficiency signs of these elements are difficult to produce because
fish readily absorb these elements from the surrounding aquatic medium. Signs of
potassium deficiency include anorexia, convulsion, tetany and mortatity.

Iron: Iron is an essential element in the cellular respiratory process through its oxidation-
reduction activity and electron transfer, It is found in the body mainly as heme
compounds (hemoglobin and myoglobin}, heme enzymes (cytochromes, catalase,
peroxidase, etc), and nonheme compounds {transferring, and iron-containing
flavoproteins [ferredoxins, dehydrogenases]).

Dietary Requirements. Feed is the major source of iron for fish because natural waters
usually contain low amounts of soluble iron. The iron requirements have been reported
for channel catfish and salmonids as 30 and 60 mg/kg:, respectively.

Deficiency and toxicity symptoms. Deficiency of iron causes reduced growth and poor
feed conversion, hypochromic microcytic anemia, low hematocrit and hemoglobin levels,
and reduced plasma Fe and Fe transferrin saturation. The major effects of iron toxicity
include reduced growth, increased mortality, diarrhea, and histopathological damage to
liver cells.

Copper.: Copper is a constituent of many enzymes and is essential for their activities. It is
associated with cytochrome ¢ oxidase of the electron transport chain in the cell. Other
cuproenzymes found in fish tissues include superoxide dismutase, tyrosinase, lysyl
oxidase, ceruloplasmin, and dopamine B-hydroxylase.

Dietary requirements.: The dietary requirements for copper in selected fish have been
reported. Channel catfish requires Smg/kg and salmonids require 4mg/kg.

Deficiency and toxicity symptoms: Deficiency signs ia certain finfish include reduced
growth, cataracts, reduced liver Cu/Zn-superoxide dismutase and heart cytochrome ¢
oxidase activity. Fish appear to be more tolerant of copper in the diet than of dissolved
copper in the water. Concentrations of 0.8 to 1.0 mg/ikg copper per liter as copper sulfate
in water are toxic to many species of fish. Toxicity signs include reduced growth and feed
efficiency and elevated liver copper levels.

Zinc: Zinc is an integral part of a number of metallocnzymes, including dehydrogenases,
aldolases, peptidases, and phosphatases.

Dietary Requirements: Fish accumulate zinc from both water and dietary sources;
however, dietary zinc is more efficiently absorbed than water borne zinc. The zinc
requirements of channel catfish and salmonids are 20 or 150 mg/kg and 15-30 mg/kg,
respectively.




Deficiency and foxicity symptoms: Deficiency of zinc leads to reduced growth, anorexia,
short-body dwarfism, cataracts, fin erosion, skin erosion, reduced body zinc, bone zinc,
and bone calcium concentrations, low serum zinc levzl, and mortality. A zinc
concentration of 1,000 mg/kg diet resulted in reduced hemoglobin, hematocrit, and
hepatic copper concentrations in rainbow trout.

Manganese: Manganese functions either as a cofactor that activates metal-enzyme
complexes or as an integral part of certain metalloenzymes in carbohydrate, lipid, and
protein metabolism. Many kinases, transferases, hydrolases, and decarboxylases can be
activated by either manganese or other divalent cations, such as magnesium, and their
activity is not specific for manganese. However, enzymes such as glycosyl transferase are
highly specific for manganese activation. Two important manganese metalloenzymes are
pyruvate carboxylase and superoxide dismutase.

Dietary requirements: Although the uptake of manganese from water has been
demonstrated, it is more efficiently absorbed from feed. The manganese requirements of
channel catfish and salmonids are 2.40 and 16 mg/kg, respectively.

Deficiency Symptoms: Reduced growth, loss of equilibrium, short-body dwarfism,
cataracts, high mortality, reduced bone and body manganese concentration, poor
hatchability of eggs, and abnormal tail growth.

Selenium: Selenium is an integral part of the enzyme glutathione peroxidase. Glutathione
peroxidase destroys hydrogen peroxide and fatty acyl hydroperoxides in water and fatty
acyl alcohols, respectively, by using reducing equivalents from glutathione, thereby
protecting cells and membranes against oxidative damage. The exact physiological role
of this enzyme is not clear because catalase and non-Se-dependent glutathione peroxidase
also remove hydroperoxides. Selenium (and selenium compounds} also protects cells
against the toxicity of heavy metals such as cadmium and mercury.

Dietary requirements: The selenium requirement of fish varies with the form of selenium
ingested, polyunsaturated fatty acid and vitamin E content of the diet, and concentration
of waterbomne selenium. The setenium requirement determined on the basis of optimum
growth and maximum plasma glutathione peroxidase activity was estimated to be 0.25
mg/kg for channel catfish and 0.15-0.38 mg/kg for salmonids.

Deficiency symptoms: Reduced growth, anemia, cataracts, muscular dystrophy, exudative
diathesis, and reduced glutathione peroxidase activity.

Iodine: lodine is essential for the biosynthesis of the thyroid hormones, thyroxine and
tritodothyronine.

Dietary requirements: Fish obtain iodine from water and from feed sources. The
minimum iodine requirement of most fish species has not been established.

Deficiency symptoms: lodine deficiency causes thyroid hyperplasia.




Mineral requirements in channel catfish and salmonids

Dietary requirement
Mineral Channel catfish Salmonids
Calcium 045 % 034 %
Phosphorus 0.45 % 0.60 %
Magnesium 0.04 % 0.05%
Zinc 20 or 150 mg/kg 15-30 mg/kg
Selenium 0.25 mg/kg 0.15-0.38 mg/kg
Manganese 240 mg/kg 16 mg/kg
Copper 5 mg/kg 4 mg/kg
Iron 30 mg/kg 60 mg'kg

4-3, Semi-essential Minerals
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FEEDS AND FEED STUFFS

Semi-intensive and intensive aquaculture practices differ from extensive practices in that
an external feed input is required for the well-being of the stock. The feed input
constitutes one of the major recurring costs of the operation, its share often increasing in
proportion to the increasing intensity of the culture operation. Consequently, it is
essential that the principles underlying diet preparaticn are well understood.

Adequate nutrition is one of the most important factors influencing the ability of
cultured organisms to attain the genetic potential for yrowth, reproduction and longevity.
The nutrient requirements vary between species and within species between the different
stages of its life-cycle. The main objective and/or aim of diet formulation and preparation
is to utilize the knowledge of nutrient requirements, locally available feed ingredients and
digestive capacity of the organism for the development of a nutritionally balanced
mixture of feedstuffs which will be eaten in adequate amounts to provide optimum
production of the cultured organism at an acceptable zost. In practice however, besides
nutritional value, cost and availability of ingredients, other considerations have to be
taken into account in diet preparation. Such considerations include pelletability of the
resulting diet, anti-nutritional factors in the ingredients, and diet acceptability or
palatability.

Diet formulation involves the selection and blending of appropriate feed ingredients
to produce a diet with the required quantities of essential nutrients. No single ingredient
can be expected to meet all the nutrient requirements of a cultured organism. By selecting
various ingredients in the correct amounts, a compounded ration which is nutritionally
balanced, pelletable, palatable and easy to store and use may be formulated.

Basic information required for feed formulation includes:

» The nutrient requirements of the cultured species

> The feeding habitats of the species

> Local availability, cost and nutrient composition of ingredients

> Ability of the cultured species to utilize nutrients from various ingredients as well

as the prepared diet



» The anticipated feed consumption
> Feed additives needed
> Type of feed processing to be employed



DEFINITION!
Additive: An ingredient or combination ol ingredients, other than a premix,
added to the basic feed mix or parts thereof to fulfill a specific need. Usually used in
micro-quantities and requires careful handling and mixing.

Complete Feed: A nutritionally adequate feed for animals other than man: by
specific formula is compounded to be fed as the sole ration and is capable of
maintaining life and/or promoting production without any additional substances being
consumed except water.

Compound Feed: A mixture of products of vegetable or animal origin in their
natural state, fresh or preserved, or products derived from the industrial processing
thereof, or organic or inorganic substances, whether or not containing additives, for
oral feeding in the form of a complete feed.

Concentrate: A feed used with another to improve the nutritive balance of the
total and intended to be further diluted and mixed to produce a supplement or a
complete feed.

Feed (Feedstuff): Any substance, whether processed, semi-processed or raw,
which is intended for animal consumption.

Food: Any substance, whether processed, semi-processed or raw which is
intended for human consumption, including drinks, chewing gum and any substance
which has been used in the manufacture, preparation or treatment of ‘food’ but
excluding cosmetics, tobacco and substances used only as drugs.

Formula Feed: Two or more ingredients proportioned, mixed and processed
according to specifications.

Hazard: A biological, chemical or physical agent in, or a property of, feed which
may have an adverse effect.

HACCP:; Harzard analysis critical control point.

Ingredient;: A component part or constituent of any combination or mixture
making up a (commercial} feed.

Medicated feed: Any feed which contains drug ingredients intended for the
treatment or prevention of disease of animals other than man. [N.B. Antibiotics used
as growth promofters are considered to be *feed additives’.

Premix: A uniform mix of one or more micro-ingredients with a diluent and/or
carrier, Premixes are used to facilitate uniform dispersion of micro-ingredients in a
larger mix or a mixture of additives, or a mixture of one or more additives with
substances used as carriers, intended for the manufacture of feed.



> Straight Feedstuff or Straights: A vegetable or animal product in its natural stat
¢, fresh or preserved, and any product derived from the industrial processing thereof,
and single organic or inorganic substance, whether or not it contains any additive, inte
nded as such for feeding.

> Supplement: A feed used with another to improve the nutritive balance or perfor
mance of the total and intended to be: (i) fed undiluted as a supplement to other feeds;
(ii) offered free choice with other parts of the ration separaltely available; or (i) furth
er diluted and mixed to produce a complete feed.

FEED INGREDIENTS

Fish feed ingredients are mainly by-products of food processing obtained when high-
value food for humans is extracted from a raw material. After extraction of the main
products, the by-products are further processed, usuaily by drying. Some feed
ingredients, however, are produced directly from raw materials. A wide variety of
ingredients are available for use in fish feeds. These include protein supplements, energy
sources, vitamin premixes, mineral premixes, and non-nutritive feed additives,

Fced Nomenclature: The international Feed Vocabulary (IFV) is a system of naming
feed ingredients so as to avoid confusion. Through this system, a comprehensive name
and number has been assigned to each ingredient using descriptions from one or more of
six categories. The categories are
> Origin, including the scientific and common names for specific plants and
animals, poultry, fish, cereals, grass, minerals, chemical products, and drugs or other
names for nonspecific materials.

Part fed to animal as affected by processing

Process(es) and treatment(s) to which the feed ingredient was subjected

Stages of maturity and development

Cutting (for forage crops)

Grade
Using this system, herring meal is described as fish, herring, Clupea harengus, meal,
mechanically extracted, International Feed Number 5-02-000.

YVVVY

Protein Supplements: Protein supplements are feed ingredients having protein content
above 20%. These include:

Animal by-products: These are derived from the meat-packing, poultry processing, and
rendering industries. The protein content of these products ranges from 50 to 85%. These
meals are good sources of lysine but poor sources of methicnine and cystine, which are
usually found to be limiting in diet formulations. Animal by-products include meat meal
and meat and bone meal, blood meal, feather meal, poultry by-product meal, milk by-
products and gelatin.

Fish products and by-products. Fishmeal is the most suitable animal product for
incorporation into fish diets. The major fish meals include anchovy, capelin, menhaden,
sand eel, herring, whitefish, and salmon. They may be made of whole fish, as is the case
with anchovy, capelin, or menhaden, or from processing residue, as is the case with




whiting, pollock, herring, and salmon. Fish meal contains high levels of essential amino
acids. The fat content ranges from 4 to 20%, and the ash content is highly variable,
ranging from about 11 — 12% in anchovy meal to over 23% in whitefish meals made from
filleting wastes. Other by-products include shrimp and crab by-products, fish silage and
fish hydrolyzate.

Plant protein sources: Oilseed meals are the most important protein supplements of plant
origin. They are produced from the cake remaining after oil has been extracted from
oilseeds such as soybeans, cottonseed, canola, peanuts, sunflower seeds and coconuts.
Qils may be mechanically expelled or extracted by solvents. They may be decorticated
{when the coating is removed before extraction}, dehulled (without hull) or
undecorticated (hull and coat intact). Some intermediary products between decorticated
and undecorticated exist. The composition of oilseed meals varies not only between
species of plant but also according to the processing methods employed. Dehulled
soybean meal contains 48% while defatted soybean meal contains 44% protein;
cottonseed meal has a protein content of 48%; corn and wheat gluten meals contain more
than 60% protein while brewer’s dried yeast contains 27% protein.

Other protein sources: Another category of protein supplements is sometimes referred to
as unconventional feedstuffs. They include single-cell proteins derived from yeast or
bacteria grown on waste materials such as paper mill sludge, sewage, crop processing
wastes, and methane. The dried products could contain up to 60 — 70% protein. Other
unconventional feedstuffs inchude krill and dried insect meal.

Energy Sources: Basal feeds, or energy feeds, are low-protein, high-energy feed
ingredients. The upper limit for protein content of basal feeds is 20%, although most are
in the 10 — 17% range. They include fats and oils as well as carbohydrates, although the
availability of carbohydrates to fish varies from species to species.

Vitamin Premixes: These are concentrates in which stable forms of essential vitamins
are mixed with a carrier, usually a basal feed such as a wheat by-product,

Mineral Premixes: Mineral premixes are concentrates of essential elements that are
fortified in practical fish diets to make up for low levels in the formulation or to
overcome antagonistic interactions among feed ingredlients.

Nonnutritive Feed Additives: These include pellet binders, carotenoid supplements,
therapeutants and nonspecific immune stimulants, prebiotics, enzyme supplements,
hormones, antimicrobial agents, antioxidants, fiber, water, flavorings and palatability
enhancers.

FORMS OF FEEDS
Aquafeeds can exist in different forms. However, they are generally classified into three
groups based on their moisture contents. These include:

Wet Feeds: Generally, wet feeds are those made from wet ingredients such as trash fish,
slaughterhouse waste, undried forage, elc., and contain 50-75% moisture.



Semi-moist Feeds: Semi-moist feeds are made from mixtures of wet and dry raw
materials, or from dry ingredients to which water is added. The moisture content of these
feeds ranges from about 20 to 30%.

Dry Feeds: Dry feeds are generally made from dry ingredients or from mixtures of dry
and moist ingredients. However, even though it may be implied by the name, these feeds
are not entirely devoid of moisture, generally containing 7--13% water, depending on the
environmental conditions,

TYPES OF FEEDS

Feeds could be formulated based upon the life stage of an animal. Feed formulations can
be categorized by the intended function or phase of production in which the feed will be
used. Specific feeds can be formulated to increase survival, growth, fish health
(nonspecific immunostimulation), fish quality, and body composition or to minimize the
amount of nutrients in hatchery or farm effluents (pollution reduction). The main types of
feeds according to the intended use are:

First Feed for Fry and Larvae: These include starter feeds (larger than 400um in
diameter) and larval feeds (less than 400um in diameter).

Fry Feeds: Fry feeds are fed to fry or larvae that are actively feeding and have reached a
weight of 0.50-0.75 g.

Conversion and Transition Feeds: Conversion feeds are offered when fish are
converting from live food to formulated feed while transition feeds are fed when fish
have been fed highly palatable starter feed, but are ready to move to a lower palatability
fingerling or grower feed.

Fingerling Feeds: These are feeds for fish weighing [0-100 g. Semimoist pellet sizes of
1.2-2.4 mm cover this range. Dry, compressed feeds are fed as crumbles to fish at the
lower end of their weight range and as 2.4-3.00 mm pellets to larger fish.

Grower Feeds: Grower feeds are formulated to promote efficient and economic growth
of fish from the fingerling stage up to market size. Formulations for these fish contain
less protein and more energy than fingerling formulations. The energy content and
protein to energy (P/E) ratio is carefully formulated to ensure that protein retention is
high. The majority of feed fed during a production cycle, often more than 90%, is fed
during the grower stage and any savings in cost of fecd at this phase is of a great
significance in minimizing total costs of production.

Broodstock Feeds: Broodstock requires higher nutrients than growers for gonadal
development. Protein, essential fatty acids, vitamins and minerals are required in
relatively higher quantities at this stage for good fecundity, egg quality and larval
performance.




Low-Pollution Feeds: These are produced with the aim of minimizing pollution caused
by effluents. Feeds are formulated to contain optimum energy with ingredients of high
digestibility for nuirients such as phosphorus.

Product Quality Feeds: Product quality feeds are those that are fed to fish to increase
the quality of the product in the market. Formulation adjustments are made to enhance
quality attributes such as color, lipid content, fatty acid composition, percentage dress-
out, shelf-life, flavor and texture of fish.

FEED FORMULATION TECHNIQUES

Best-Buy Ingredients: Besides other considerations, feed ingredients should be selected
in a formulation on the basis of value. If several fish ineals are available and suitable for
use in a formulation, and the fish meals are equal in protein content and protein
availability, then the least expensive one is chosen. However, if the meals differ in
protein content or protein availability and price, calculations are required to determine
which has the best value.

Simultancous Equations for Solving Least-Cost Analysis: Once the ingredients are
chosen, simultaneous equations can be used to solve simple feed formulations. The
process of formulating a fish feed is divided into several steps. The first step is 1o define
the nutrient levels desired in the feed, The second step is to choose ingredients and to list
the protein and digestible energy content of each. The third step is to list the ingredients
which will be in the feed formulation at fixed levels and to calculate the contribution of
each ingredient to the total desired levels of protein and digestible energy in the feed.
These values are then added, and the totals subtracted from the desired levels in the
finished feed.

Linear Programming: Least-cost formulations can be calculated using computers. The
process by which this is done is called linear programming. This involves the
simultaneous solution of a series of linear equations. Linear programming is used to
calculate the combination and levels of ingredients that provide the desired nutrient
content of the diet at the least cost, To do this, the following information must be
provided to the computer:

Nutrient content and digestible or metabolizable energy of ingredients.
Nutrient requirement of the species for which the feed is intended.

Unit price of feedstuffs including vitamin and mineral mixtures.

Any other additives to be used in the feed.

Minimum and maximum restrictions on the amounts of each ingredient in the
feed.

VVVVY

FEED MANUFACTURING

The basic steps in diet manufacture are grinding, mixing, conditioning, pelleting, cooling
(or freezing), top-dressing, sacking, storing, and shipping. Ingredients arrive at feed mills
either in sacks or in bulk, and in both dry and liquid forms. Ingredients should be
examined for condition on arrival, and samples taken for analysis and dated. Drugs and
medications must be segregated. Ingredients must be stored to protect against



contamination, moisture, and pest damage. Each ingredient should be used in the order of
batch delivery to prevent deterioration associated with long storage.

Grinding: Many ingredients arrive at the feed mills in a coarse form and need to be
ground before being used. When ingredient particle size is not uniform and sufficiently
small, mixing inefficiencies and blockage of dies may occur during pelleting. Grinding
increases the surface area of ingredient particles, thus facilitating mixing and pelleting.
Various kinds of grinders reduce particle size by impact (hammer mills, pulverizers, and
attrition mills), cutting (rotary cutters, roller mills, and attrition mills), and crushing
(roller mills). Different types of particle size reduction: equipment vary considerably in
initial cost and in operating cost, but the primary facter affecting the choice of equipment
should be the range of ingredients that the equipment ‘will be required to grind.

Mixing: Mixing of ingredients is a critical operation in diet manufacture. Inadequate or
excessive mixing leads to particle segregation, resulting in a nonhomogeneous blend.
Microingredients (vitamins, minerals, drugs and carotznoid pigments) are premixed
separately with a diluent, such as wheat flour, before being mixed with other dietary
ingredients. The mixing procedure should result in a blend from which all of the pellets
contain the same proportion of ingredients as the formulation. Ingredients are generally
added to the mixer in a predetermined sequence to ensure adequate mixing. Dry
ingredients are first combined, with dry premixes added in the middle of the sequence.
After sufficient mixing of dry ingredients, liquid ingredients are added and mixing
continues. It is important to know the proper amount of time for mixing with each type of
mixer and type of feed blend. Mixing can be done with a batch or continuous mixer.
Types of mixers include horizontal ribbon mixers, vertical mixers, Nanta mixers, and
turbine mixers. For laboratory use, dough mixers are appropriate.

Conditioning and Expansion; Conditioning is the process of preparing a feed mixture
for pelleting and includes thermal and physical processing. Thermal processing is
generally accomplished by the addition of steam in a conditioning chamber. The chamber
may be pressurized or it may be open to the atmosphere. Conditioning chambers contain
agitators that mix and work the feed mixture as steam is added. Besides ensuring that
added moisture is thoroughly mixed with the feed mixture, agitators activate some
ingredients, such as wheat gluten.

Expansion is a conditioning step that occurs after mixing but before compression
pelleting. The process involves steam injection and mixing in a preconditioning chamber,
followed by pressure (shear) being applied along a bairel. The mixture is then forced
through a narrow gap created by the presence of a cone in a tapered outlet of a chamber.
Heat from steam, pressure (shear), and frictional energy generated as the feed mixture
squeezes through the gap causes starch gelatinization. As the pressure is lost when the
mixture exits the gap, moisture is lost. The mixture is then conveyed through a steam
(compression) pelleting system, and the resulting pellets are identical to steam pellets,
except for the degree of gelatinization, which also affects the pellet density and the
amount of ¢il that can be top-dressed. Pellets made by this process can be top-dressed to
achieve up to 22% total fat.




Pelleting: Pellcting is aimed at converting the homoeneous blend of ingredients into
durable particles having physical characteristics that make them suitable for feeding.
There are many ways to produce feed pellets. Each fied manufacturer has developed
particular methods to increase the quality or decreasc the cost of their feed. These include
the following:

Compressed pelleting: Compressed pelleting, also known as steam pelleting, is a process
which forces a feed mixture, which has been exposed to dry steam for about 5-25 seconds
to increase the temperature to about 85 °C and the moisture to about 16%, through holes
in a metal die by the action of a roller located inside the die. The combination of heat,
moisture, and pressure forms the mixture into a compressed pellet (bulk density, 0.5-0.6
g/em?) in which gelatinization of the starch occurs. As the pellets emerge from the
outside surface of the die, they are cut off by a stationary, adjustable knife to the desired
length.

Pellet quality is influenced by several factors, including fat level, moisture, and
humidity. The fat level of the mixture should be no lower than 2-3% to lubricate the holes
in the die and to reduce dustiness and no higher than 8-10% to avoid excessive die
lubrication causing insufficient compression of the feed mixture. The moisture level also
affects the quality of the pellets, as insufficient motsture resulls in production of dry and
crumbly pellets while excessive moisture leads to the production of soft pellets due to
insufficient compression.

Extruded Dry Pelleting: Extruded pellets are made in the same general way as
compressed pellets, but the use of different dies and physical conditions results in a very
different product. This process is more versatile than compression pelleting, thereby
allowing for the control of pellet density, which affects buoyancy in water, and for the
addition of very high lipid levels. However, this process is more expensive than steam
pelleting. In this process the temperature of the feed nixture is increased to 125-150 °C in
a pressurized conditioning chamber and the moisture content is increased to 20-24%. The
density of the pellets is typically 0.25-0.3 g/em”.

UPC pelleting: The universal pellet cooker combines some aspects of compressed
pelleting and cooking extrusion. The pelleting equipment resembles cooking-extrusion
equipment. Less steam and water are added during preconditioning than in cooking
extrusion, resulting in a feed mixture with 16-18% maoisture. Pellets of bulk density
ranging from 400 to 600 g/liter can be produced usiny this system.

Cold pellet extrusion: This process is employed in manufacture of semimoist pellets. By
varying the moisture content and by carefully selecting ingredients with binding activity,
a stable, durable moist pellet can be produced. In conirast to other methods of pellet
formation, no thermal activity is involved in cold extiusion.

Cooling and drying: Immediately afier manufacturing, the pellets are cooled and dried
by passing them through a cooler-dryer. Cool air is blown through the pellets, which are
spread thinly on a moving belt in a horizontal cooler. Vertical coolers drop hot pellets
through a cooling tower. The pellets are hot when leaving the pellet mill and this heat
facilitates drying. For laboratory-scale pelleting, cooling and drying can be accomplished
by spreading the pellets and blowing air over them with a fan.



The dry pellets have moisture content of about 10%. Extruded pellets contain more
moisture than compressed pellets and therefore, need to be heated to reduce moisture to
10% or less.

Crumbling and screening: Dry pellets are crumbled by passing the cooled, dried pellets
through the corrugated rollers of a crumbler. The objective in crumbling is to maintain a
high rate of production of smaller particles without producing excessive amounts of fines.
This is controlled by adjusting the speed of the rollers and the distance between them.
The crumbles are screened to appropriate feed sizes using a shaking, vibrating screen.

Coating (Top-Dressing): The total amount of lipid required in feed formulations cannot

be included in the mixture being pelleted, due to processing limitations, except in the case

of twin-screw extrusion. High-lipid mixtures simply do not pellet; the lipid lubricates the

mixture, limiting compression. Hence, lipid is added after pelleting, either by conveying

the pellets through a continuous oil spraying chamber or in batch system. Very high

pellet lipid levels require that the oil is added to pellets in a vacuum chamber. The

benefits of top-dressing include:

» High lipid levels can be achieved.

> Heat-sensitive substances, such as enzymes, pigments, and vitamins, can be added
after pelleting,

> Feed palatability can be increased by coating with palatability-enhancing
substances.

Shipping and Storage: Afier pellets have been cooled, dried, screened, and top-dressed,
they can be transferred to bins for storage and bagging. Feed can be delivered to farms in
bulk by truck, transferred by auger to storage bins at the farm, and fed. Bagged or sacked
feed is generally placed on pallets, wrapped in plastic, and shipped. This prevents
excessive feed handling, which can break pellets and tear bags. The maximum storage
time for pelleted feeds after manufacture depends on many factors, including the type of
manufacturing, formulation, use of antimicrobial compounds, storage conditions, and
source and quality of dietary fat. Generally, dry feeds should be used within 90 days,
while moist feeds should be used within 60 days.

INGREDIENT AND DIET EVALUATION

Ingredients and finished diets can be evaluated by a variety of chemical and biological
tests. These tests are used to check on the accuracy of the manufacturing process arriving
at a finished feed of the desired composition (quality control), to measure nutrient loss
during manufacture and storage, to predict the nutritional value of a particular
formulation, to detect oxidative rancidity, and to measure the nutritional or {eeding value
of a formulation, The best method to evaluate a diet formulation is to feed it to a group of
fish and compare their growth to that of fish fed a standardized diet for which the
nutritional value is known. However, this is rarely practicable; hence, chemical analysis
is usnally employed in place of this method. The foliowing methods are employed in
evaluation of ingredients and diets.



Proximate Analysis: Water, crude protein, cther extract, crude fiber, nitrogen-free
extract and ash.

Nutrient Analysis: This involves direct measurement of the individual essential nutrients
in feeds by chemical analysis. The nutrients include amino acids, fatty acids, minerals,
and vitamins.

Chemical Tests: This includes protein and lipid quality evaluations.

Protein quality evaluation: Pepsin digestibility, available lysine, total volatile nitrogen
(TVN) and ammonia-nitrogen, and biogenic amines.

Lipid quality evaluation: hydrolytic and oxidative rancidity (peroxide value,
thiobarbituric acid-reactive substances {TBARS) test, anisidine value, Kries test, Schall
oven test)

Chemical Score and Indispensable Amino Acid Index (JAAI):
Chemical score = g limiting amino acid in test proteinn x 100

g amino acid in whole-egg protein

TIAAI = ARG (TP) + HIS(TPY + ...+ VAL(TP]L %100
ARG (WEP) HIS (WEP) VAL (WEP)

Biological Evaluation:
General methods: Weight gain, specific growth rate, feed conversion ratio, apparent
digestibility coefficient, and carcass deposition or nutrient retention.
Protein and amino acid quality evaluation methods: Biological value, protein efficiency
ratio (PER), net protein utilization (NPU), and protein retention,
PER = weight gain (gl
Protein fed (g; dry weight basis)




Unit VI
Aquaculture and New area of research :

1. Direction of future aquaculture

2. Fish nutrition research review
(1) Develop new species diets
(2) Develop low pollution diet
(3) New techniques for research

1-2 Current status and future prospects of World Aquaculture
2-1 Develop new species diets (Korean rockfish)

2-2 Develop low pollution diets (Flounder)

2-3 New techniques for research {Operation Techniques in trout)
2-3



