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INFLUENCE OF FEEDING ON PROTEIN METABOLISH IN ATLANTIC 
SALMON (Salmo salar). 

B. FAUCONNEAU & C. BIELLE 

Fish Nutrition Laboratory, I.N.R.A., 
Station, ct.• Hydrobiologie, 
64310 Saint Pie-sur-Nivelle, France. 

Two experiments were conducted to study the post­
prandial changes in protein synthesis rate of different 
tissues in juvenile Atlantic salmon· using an i.v. injection 
of a large dose (1.5 ~moles/g) of L-(2,3-311]-leucine. 

In the first experiment the: salmon were regularly fed a 
commercial diet in two meal rer day (mean body weight: 
36.8g). Immediate feeding (2 h after the morning meal 
compared to overnight fast) did no.t significantly affect the 
protein synthesis rate of the liVer, gill, ~nd muscle. 

changes in protein 
were followed over a 

(mean body weight 
rate of protein 

In the second experiment, the 
synthesis rate of the muscle and scales 
period of 18 h after a meal, in salmon 
43.4 g) starved since one week. The 
synthesis in muscle increased until 18 h 
significant changes were observed in the 
rate of the scales. 

after feeding. Nq 
protein synthesis 



NUTRITIONAL EFFECTS ON MUSCLE PROTEIN SYNTHESIS IN COD 

(GADUS MORHUA) 

Einar Lied 

Institute of Nutrition, Directorate of Fisheries 
P.O. Box 4285 
N-5028 Bergen 

NORWAY 
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Cod {Gadus morhua) was starved for 8 days and refed ad lib. 

In the first experiment amino acid incorporating activity 

was determined by ribosomes isolated from white trunk muscle 

sampled 4, 8 and 12 hr of refeeding. The rati.-os in area 

between poly- and monoribosomes were determined. Amino acid 

incorporating activity was reduced to 12-18% that of normal 

fed fish after 8 days of starvation. Activity was restored 

close to the level of normal fed fish after 12 hr of refeed­

ing. Polyribosomal aggregates increased again within 4 hr 

of refeeding. The content of ribosom<:~_l RNA but not that of 

DNA per g wet weight decreased during the 8 days of starva­

tion and regained the normal fed fish level within 8 hrs of 

refeeding. 

In the second experiment 14c-phenylalanine was included in 

the diet. Samples of white trunk muscle were collected 4, 8, 

12, 24, 48, 72 and 96 hr of refeeding and radioactivity 

measured in homogenates of whole muscle, in the TCA preci­

pitate and in the TCA supernatant. The incorporation of 

isotope in the TCA precipitate increased linearly with time 

during 4 to 72 hr of refeeding. 
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S8JRT-TERM RESPONSES OF PROI'EIN SYNIHESIS '10 RE-FEED:IM; IN RAIN!Di TRCXJT. 

D.N. McMillan and D.P. Houlihan. 

Department of zoology, 
University of Aberdeen, 
Aberdeen, Scotland. 
AB9 2TN. 

The fractional rate of protein synthesis (ks, %/day) was measured 
in various tissues of rainbow trout using the flooding dose technique 
(Garlick et al., 1980). This was shown to be a reliable method for use 
in fish (Houlihan et a!., 1986; McMillan, 1987). Fish were either fasted 
for 6 days, or fasted for 6 days and then re-fed in one meal. In the 
re-fed fish, protein synthesis was measured 3 hours, 6 hours and 12 
hours later. A continually fed group was included as a control. The 
tissue RNA:protein ratio was deter~ned so that protein synthesis could 
be expressed per unit of RNA (giving an indication of the ribosomal 
activity- Millward et al., 1975}. This 6 day period of fasting had 
little effect upon the tissue RNA:protein ratio as only the stomach and 
gill had significantly lower levels than the continually fed fish. The 
liver was the only tissue which did> not show a fall in the fractional 
rate of protein synthesis with fasting. The fractional rate of protein 
synthesis in the tissues of the fasted fish showed a strong linear 
correlation with the RNA:protein ratio. The nature and rapidity of the 
response of protein synthesis to re-feeding was tissue-specific. Within 3 
hours of feeding there was a marked stimulation of protein synthesis in 
the gill, stomach, intestine and liver. This increase in the liver was 
transient as protein synthesis returned to the levels in the fasted and 
fed f~sh. Thus, the liver exhibited a 'spike' in protein synthesis in 
resporise to re-feeding. (The nature and subcellular localisation of the 
proteins being synthesised during this 'spike' is currently under 
investigation) • The, .. white nuscle did not exhibit increased protein 
synthesis until 6 hours after the meal. Re-feeding had little effect on 
tissue RNA:protein ratio so that these increases in tissue p~otein 
synthesis were brought about through changes in the rate of synthesis per 
unit RNA. That is, the re-feeding stimulus was affecting tissue protein 
synthesis at the level of translation and not by altering the tissue RNA 
content. 

References: Garlick, P.J., M.A. McNurlan & V.R. Preedy (1960). 
Biochem. J. 192: 719-723. 

Houlihan, D.F., O.N. McMillan & P. Laurent (1986). 
Physiol. Zool. 59(41: 482-493. 

McMillan, D.N. (1967). PhD Thesis, University of 
Aberdeen. 

Millward, o.J, P.J. Garlick, R.J.c. Stewart, o.o. 
Nnanyelugo & J.c. Waterlow (1975). 

Biochem. J. 150: 235-243. 



MYOSIN SYNTHESIS IN WHITE TRUNK MUSCLE OF RATION FED COO (GADUS MORHUA) 

von der Decken, Alexandra 

The Wenner-Gren Institute for Experimental Biology, 
University of Stockholm, S-106 91 Stockho-lm, Sweden. 
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It has been shown (lied et al. 1985, In Nutrition and Feeding in Fish, 
Ed. Cowey et al., Academic Press) that in rati'on fed cod (Gadus morhua) 
protein synthesis decreases in epax i a-1 muse 1 e at ration sizes of 50% 
and 5% that of ad 1 i bi tum feeding wh i 1 e it r·ema ins unchanged at a 
ration size of 75%~uestion arises whether the contractile or the 
sarcoplasmic proteins are preferentially affected by the diminished 
food energy intake. Myosin heavy chain was chosen as being 
representative of contractile proteins. The protein was isolated 
previously and antibodies were raised in rabbits (Lied and von der 
Decken, Biochem. J. 232, 467-470, 1985). 

Ribosomes were_ isolated from epaxial m,uscle. The ribosome fraction 
consisted in addition to the ribosomes of other proteins espe~ially of 
actomyosin complexes. These additional proteins were removed by 
resuspension and precipitation of the ribosomes in 4% NaCl-70% ethanol. 
This procedure increased the RNA/protein ratio from 0.058 + 0.005 to 
0.323 :': 0.032. 

The myosin content was determined by the ELISA- assay technique. In the 
whole ribosome fraction (not NaCl~ethanol precipitated) the content 
decreased between ad libitum and 75% ration size, increased 
significantly at 50% and decreased again at 25% ration size. The 
precip.itated ribosomes containing myosin under synthesis was unchanged 
between ad libitum and 75% ration size feeding and decreased at 50%.and 
25% ratiOil size. The results show that myosin synthesis decreased·-'at 
Tow ration sizes and that myosin relative to other proteins present in 
the whole ribosome fraction increased at 50% but decreased at 25% 
ration size. The results on myosin under synthesis are in agre~ment 
with the observations by Lied et al. 1985 on a decrease in overall 
protein synthesis at 50% and lower ration sizes. Hybridization between 
messenger RNA and cloned myosin heavy chain DNA indicated a similar 
trend in results showing a higher content of myosin messenger RNA at ad 
libitum food intake than at 25% ration sizes. --

Support: The Swedish Council for Forestry and Agriculture· Research, 
Project No. 520/85 DV38 and The Swedish Natural Science Research 
Council, Project No. 8-Bu 2520-111. 



UTILIZATION OF DIETARY PROTEIN BY THE EEL (Anguilla anguilla). OPTIMUM 

DIETARY PROTEIN LEVELS. 

M. de la Higuera, M. Garcia Gallego, A. Sanz, M.C. Hidalgo and 

M.D. Suarez 

Departamento de Biologia Animal, Ecologia y Genetica 

Facul tad de Ciencias. Uni versidad de Granada. 

18071 Granada 

Spain 

The aim of this work was to establish approximate optimum 
levels of protein in the diet of the eel (Anguilla anguilla), through 
growth and protein utilization studies. With that purpose, wild eels 
from Spanish south-west coast marshes, were size-weight selected and 
randomly distributed in fiber-glass tanks with a continuous aeration 
and fresh water supply, at a flow of 1 !/min and at a temperature of 
25+12C. After 1 month of adaptation to experimental conditions and feed 
replicate groups of 50 fish (40 g mean body weight/fish) were fed the 
-experimental diets for 2 months, twice a day (at 10 and 17 h time). 
Diets were formulated to get protein levels of 35, 40, 45, SO and 55%, 
12% fat and varying levels of carbohydrates in order to make them theo­
retically isoenergetics (14.6 MJ Metabolizable Ene:r;-gy/Kg diet). Two 
protein sOurces Were indeJ)ehdently tested, herring and white fish meal, 
at the forementioned levels of protein and in duplicate groups for each 
source. Essential amino acid contents of both ·protein sources would 
cover requirements of japanese eel, as the requirements of the ,european 
eel have not jet been established. 

Weight increase, food conversion index-, protein efficiency 
ratio {PER) and protein productive value (PPV) were similar for diets 
with 45, 50 and 55%- protein, for both protein soUrces. Nevertheless, 
these; same parameters improved for white fish meal diets at protein 
levels of 35 and 40%. Absolute intake of protein for optimal growth, 
food conversion and nitrogen retention (PPV) corresponds to the intake 
of a diet with a 40% protein. Apparent digestibility of protein, using 
chromic ~xide as indicator (1% of the diet), was higher for diets fqrmu 

l
lated with the white fish meal. Results of individual body weight" in:-

lcrease were not homogeneous, giving extreme values of 10 and more than 
120% increase in most of the experimental groups, as it has also been 
shown, for the japanese and european eel. in the literature. In conse­

l quence, the mean values obtained for food conversion and nitrogen reten 
tion are low. Anyhow, a certain good correlation between dietary pro: 
tein levels and feed conversion rates, PER and PPV was observed, 

Best results were obtained with the 40% wh~~~~~~~~l pro­
tein diet which would indicate that protein- requlrements of eel-, at 
this growth stage, would be around this value. These preliminary re­
sults would need of a further research in order to establish protein 
requirements according to a possible more addequate protein/energy ra­
tio in the diet of the european eel, at different growth stages. 

This work was supported by a C.A.I.C.Y.T. grant. 
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EFFECTS OF FEEDING RAINBOW TROUT DIETS CONTAINING 
PROTEIN ENZYMATIC HYDROLYSATE OR AN AMINO ACID 
METABOLISM OF LIVER AND GASTRO-INTESTINAL TRACT 

M.J.WALTON. R.K.BUDDINGTON & C.B.COWEY 

WHOLE 
MIXTURE 

NERC, INSTITUTE OF MARINE BIOCHEMISTRY,. ST FITTICK'S ROAD 
ABERDEEN, ABl 3EH, SCOTLAND, ·U.K. 

PROTEIN, 
ON THE 

Diets containing substantial quantities of free amino acids are 
frequently used in nutritional experiments with fish. The addition of 
free amino acids or protein hydrolysates ( and silages) to improve 
poor 'quality' proteins has also been utilized. However in most 
investigations much better growth was obtained when whole (good 
quality) protein was fed compared to when free amino acids were 
present. The current studies were performed to investigate the effect 
of different dietary forms of amino acids on their metabolism in 
rainbow trout. Duplicate tanks (42 fish/tank) of trout (mean wt. 2Sg) 
were fed one of 3 isonitrogenous and isocaloric diets of identical 
amino acid composition containing either casein (C), casein enzymatic 
hydrolysate which is a mix of short -pep tides . (H) or an amino. acid 
mixture (A), At the end of the feedi.rlg period (7 "!eeks) fish fad diets 
H (2.28%) and A (2.32%) had significantly (Dunnet's test} higher 
hepatosomatic indices (HSI) than those fed C (1.68%). This was 
primarily due to an accumulation of glycogen (C 122; H 268.; A 260 
mg/liver of 100g fish) although protein and lipid levels were also 
slightly higher in fish fed A or H. Possible reasons for these 
differences in metabolism were investigated. Activities of digestive 
enzymes and uptake capabilities of everted gastro-intestinal 
preparati9ns were measured (see accompanying abstract by Buddington et 
al.). Few significant differences were found in the activities of· 
enzymes of intermediary metabolism in liver i.e. no differences for 
GOT, GPT, GlDH, Histidase, Arginase, Ser-Pyr transaminase or PK; LDH, 
FDPase, PFK. and Cit synthase were higher in fish fed A or H comp~red 
to C (all activities were expressed as U/liver of 100g fish to correct 
for the differences in HSI). 

No differences were seen in the extra/intra cellular distribution 
ratios of the non-metabolizable amino acid analogue AIB in liver, 
kidney, white muscle, red muscle or gills at both 6 and 24 hr after 
feeding. Also blood samples (9 fish/diet at each period) were 
collected-at 0,3,6,12,24 and 48 hr after feeding each of the diets. 
Amino acid analyses revealed greater EAA/NEAA ratios in the blood of 
fish fed diets H (1.04) and A (1.13) compare'd to C (0.6S).during the 
absorptive phase. This was 'due to high (imbalanced) levels of the EAA 
especially the branched chain amino acids. 

The results indicate that a greater proportion of amino acids from 
diets H and A than amino acids from diet C is directed towards 
non-protein synthesising path~ays such as glycogen formation. 
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EFFECT OF DIGESTIBLE CARBOHYDRATES ON PROTEIN/ENERGY 
UTILIZATION AND ON CARBOHYDRATE METABOLISM IN RAINBOW TROUT 

S.J. KAUSHIK, F. MEDALE, B. FAUCONNEAU, & D. BLANC 

Fish Nutrition Laboratory, I.N.~.A., 

Station d'Hydrobiologie, 
64310 Saint Pee-sur-Nivelle, Fiance. 

Groups of 150 rainbow trout {Mean body weight : 28 g) 
were pair-fed five different diets containing 36 % of a high 
quality protein source (Norseamink) and various carbohydrate 
sources. All diets were formulated and pair-fed in such a 
way as to provide identical amounts (in g/Kg Body weight) of 
digestible protein, digestible energy and of carbohydrates. 
Diet 1 containing 38 % of crude corn starch (Crude protein I 
fat : 36/18) served as the control. Experimental diets 2 to 
5 contained different extruded carbohydrate sources : whole 
wheat, whole corn, wheat starch and corn starch respective­
ly. Growth studies were perfqrmed at a water temperature of 
17.5°C over 15 weeks. Postprandial "nitrogen excretion 
rates, glycemia and respiratory quotients (R.Q) were meas­
ured in order to evaluate utilization of specific energy­
yielding substrates. After an intravenous injection of 
labelled {3-H- ) 2-deoxyglucose, plasma clearance of glucose 
and the effect of insulin on such g+ucose utilization were 
measured in three of the five experimental groups. 

Incorporation of extruded carbohydrates increased the 
digestibility of dry matter of the diets. The source of 
carbohydrates had little effect on protein utilization while 
energy and fat utilization were affected. Extruded wheat 
starch appeared to be a better energy source than other raw 
materials tested. Nitrogen and energy balance studies_ did 
not show great difference between groups. Good tally was 
found between nitrogen and energy balance studies made- after 
measurement of the fecal, metabolic or respiratory loSses 
and retention values after carcass analyses. Non-protein 
substrate utilization was different with the control diet 
(18 fat I 36 crude starch) than with the other diets contai­
ning extruded carbohydrate sources. The hypoglycemic effect 
of insulin was greater in crude-starch fed trout than in 
fish of other groups. Fish adapted to long-term ingestion of 
digestible carbohydrates showed a slightly but not signi­
ficantly poorer utilization of glucose. Glucose utilization 
in rainbow trout appears to show little or no metabolic 
adaptation even after long-term ingestion of digestible 
carbohydrates. 



AN EVALUATION OF THE ISOLATE~. IN VITqQ, NON-MYOTOMAL MUSCLE 
PREPARATION FOR THE STUDY OF FACIDRS AfFECTING PROTEIN SYNTHESIS 
IN FISH 

WRIGLEY, J.O.L. I ASH, R. 

School of Biomedical Sciences, 
Universitv of Bf'adford, 
Ri chroond Road, 
Bradford 807 1 DP, 
West Yorkshire. U.K. 
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Muscle tissue is, on a dry wei9ht basis, largely protein and constitutes 
the single largest component of fish body mass·and hence saleable/edible 
pr:-oduct. For this reason it· is apparent that the efficiency with which 
in~ested nutrients are converted into protein (muscle mass) must be of 
considerable significance to the fish culturist~ Net changes in body 
protein content may arise as a result of metabolic adaptions which may 
affect either, or both, of the proesses of protein synthesis or deqrad­
ation. Factors affecting these processes are many and althouah in vivo 
methods can provide a means for assessment of their overall, inte<;Jrated. 
action such methods cannot <:Jenerally provide the opportunity to system--· 
atically 'dissect out' and assess the response to independent factors 
such as the availability of specific,nutrient{s) (e.9. individual amino 
acids or profiles thereof), or hormones etc. In contrast, in vitro 
systems do provide the opportunity to directly manipulate cond~·tlOns 
under which an isolated preparation is maintained. Such flexibility and 
the ability to 1nonitor metabolic chan<:JeS occasioned by selected, 
controlled alterationS to the incubation/perfusion medium can, however, 
only be obtained by forfeiture of various int~rated physiol09ical 
associations inherent in the normal functionin~ of the whole animal4 The 
d~ree of such forfeiture will necessarily have implications with respect 
to tHe interpretation of results obtained from in vitro systems and their 
subsequent extrapolation to the in vivo situation. Nevertheless, by 
careful.design of experimental systems and due regard to interpretive 
limitations, appropriate in vitro preparations can provide valuable . 
predictive information relatina to the sianificance of various factors ta 
the metabolism of specific tisSues. · 
'Ibis corrmunication will describe the use of isolated, intact supra-, and 
infra-carinalis muscles of the carp for the study of factors affecti~ 
protein synthesis in the fish. The basic methodolO<:Jy employed was that 
described by Frayn & Maycock {1979) for the study of mouse muscle 
metabolism adapted, where approriate, for application to the fish 
Protein synthetic rates were monitored by specific reference to {3KJ­
tyrosine incoq:oration as described by Frayn & Maycock (1979) ~ The 
communication will provide a critical evaluation of this technique as 
r~ards its applicability to fish muscle preparations and ·include both 
presentation and discussion of ori<:Jinal data obtained from preparatioi"!S 
in which perturbations were made with respect to the standard incubation 
medium {control system) in terms of the availability of amino acids and 
specific hormonesc 
prayn K N & Maypock. P.F (1979). Biochem.J., 184, 323-330c 



NUTRITIONAL CONTROL OF PROTEIN SYNTHESIS IN COD . 

• D F HOULIHAN and S J HALL 

ZOOLOGY DEPARTMENT, ABERDEEN UNIVERSITY, ABERDEEN, SCOTLAND, UK . 

• MARINE LABORATORY, VICTORIA ROAD, ABERDEEN, SCOTLAND, UK. 

Cod were maintained on variable rations and the relationships 
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between protein input and protein deposition determined. Measurement 

of the RNA to protein ratios in tissues and the whole animal 

revealed that there was a linear relationship between protein input 

and tissue RNA. RNA to protein rati'os were in turn linearly related 

to rates of protein synthesis in the whole body and individual 

tissues. Protein deposition (growth) occured at approximate~y one 

third of the rate of protein synthesis in the whole animal and this 

proportion increased as the ration increased. The ·relationships 

between protein deposition and post prandial oxygen consumption will 

.be discussed. 
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LONG TERM EFFECT Of A HIGH PROTEIN DIET ON THE PRIMARY LIVER AND KIDNEY 
METABOLISM IN RAINBOW TROUT Salmo gairdneri 

J.A.Lupi§fiez•, M.J. sanchez-Lozano, L. Garcia-Rej6n and M. de la Higuera. 

·~epartamento de Bioquimica y Biologia Molecular y Departamento -de Biolo­
gla Animal, Ecologia y Geno§tica. Universidad de Granada. 18001 Granada. 
Spain. 

The effects of a high protein diet on the kinetic of some 
of the more relevant enzymes of carbohydrates and ni trag en metabolism 
in the liver and kidney of Rainbow trout, were studied. Unlike fats, pro­
tein can not be stored as such, when they are ingested in certain large 
proportion; instead, they are metabolized in some fashion. For that, the 
amino acids exceeding the quantities required for protein synthesis, af­
ter being transformed into oxoacids can be either oxidized through the 
tricarboxylic acids cycle or utilized in the synthesis of carbohydrates 
and lipids. Thus, the aim of this work was to study the metabolic changes 
that occur when trouts are fed with a high protein diet, 
Rainbow trout, obtained from a local fish farm, an with an individual 
mean baby weight of 150g, were maintained in 3501 fiber-glass tanks, with 
a continuous aeration and fresh waw·r supply ·at a flow of 1.51/min and 
at a temperature of 15 + 0.5°C. Photoperiod was maintained at 12h. light/ 
12 h./dark; after 2 weeks of adaptation to the laboratory conditions, 
trouts were fed with the experimental diets, ad libitum, twice a day {10 
and 17h. time), during 4 weeks before measuring enzyme actiVities and 
kinetics. The general composition of the diets was 60% protein (70% he­
rring meal/30% cksein), 8% fat and 0% carbohydrates for the high protein 
diet and 45% protein (70% herring meal/30% casein) 1 -8% fat and- 20% carbo-­
hydrates (cooked starch) for the control diet. Diet influence on fructose 
1,6-b-isphosphatase (FBPase) 1 phosphofructokinase (PFK), pyruvatekinase 
(PK), glucose 6-phosphate dehydrogenase (G6PDH) • gtutamate d_ehydrogenase 
(GDH) and alanine aminotransferase (AAT) activities were measured in a 
wide range of substrate concentrations. 
Results pointed out interesting adaptati ve responses of trout li v~r and 
kidney metabolism after being fed on a high protein diet. Under these 
nutritional conditions the activities of FBPase, PFK and PK in both liver 
and kidney were higher than controls with different behaviour in the in­
teractions of these enzymes with their substrates. On the other hand, 
the specific activity of liver G6PDH was also higher, while no change in 
the kidney activity was detected. With rega:r;-d to the kinetic behaviour 
of the enzymes involved in the nitrogen metabolism, maximum velocities 
of liver GDH and AAT and kidney GDH were higher after feeding the high 
protein diet, without appa~ent changes in their Km values. The metabolic 
and molecular changes involved in this nutritional situation will be dis­
cussed. 

This work has been supported by a grant n~ 1/2-85 (Junta de Andalucfa) 
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CAN 'IHE 'mOJT ADAPT 1D 'I1iE FEEDIN; OF FREE I\'IIINJ ACIDS AN:> PRJI'EIN HYDroLyzATE'S? 
DIGESI'IVE RESPCNSES. 

Randal K. Elrljinqton, Michael J~ walton, and Colin 8. O:;J.,./ey 

Adkess all cocresp:llld:mce to RKB: Depa.rtnent of Physiology, UCLA Medical Center, 
Los Angeles, CA 90024 USA. 

OJr observations and those from other studies of the pl.a.stra a:q::osition of 
trout suggest that the J.a..ler utilizaticn of free amiro acids ard pcotein 
hydrolyzates relative to protein rray te related to the tetq;X:>ral p3ttems of amino 
acid availability, not the absolute quantities of am:i.oo acids available. Since th:.! 
ap£:earance of amino acids into the plasra is ~nt oo digesticn, we investi­
gated the {X)tential adaptaticn of tl'e intestinal hydrolytic arrl absorpti~ 
~sses and resulting pla.sna constituents of raint:x:7..r trout in resp:li1SE! to 
!eng-term feedin:J {10 weeks) of diets fornulated with casein (diet C), a casein 
hydrolyzate (diet H), and an amino acid mixture .'3im:ilar in rorrp:l8ition to casein 
(diet M). Growth r.-ates were similar am::ng tl"e three dietary treatrrents. After 
the prolonged feeding periOO the peak levels for the sun of all ami.oo acids in the 
plasma \Were similar am:::ng: the treatnents6 Hc:r..ever, the ratio of the essential 
amino acids (ESS} relative to the ron-essential amino acids (NESS) were higher in 
tre Hard AA groups (0.951 1.05 and 0.59, foe H, M aOO c, reS{:ectively). 'l't'e 
elevated ratio was c:lu! !;'['incipally to the t::canched dlain am:iro acids (in sarre 
order: OCM/NESS=. 73, .81, .38: n:::n-OCM/NESS= .23, 21, .22}. 'I1"e rates of 
digestion of tie three diets ..ere similar ~ crt tte appearance of xylose in the 
pla.sna. Higher intestinal hydrolytic capacities, indicated by increased tryptic, 
nalta_~ and dipepetidaBe activities, resulted from the feeding of the H diet 
relative to the c diet. The M diet also elicited an increase in tte concen­
traticns of these enzynes, thm;Jh oot as rruch as the H feed. Since the caeca 
contribute over 70%. of the total intestinal uptake capacity of the trout 
(B..d:lington et al.p 1987), we examined the I:)Otential adaptation of the abs:xptive 
processes by ~Y~MSUring the in vitro caa!al absorptioo of 7 ami.oo acids {ALA, ASP, 
LEIJ, LYS, MEl', PHE, Pro) and glu::oae. We also d!!termi.ned the ll'take of LEIJ, MET 
and PRJ througl"cut the I:)Ost:.-gastric gut. Relative to the C gro\.l), the H and M 
diets enhanced the caecal l.l)take per rrg tism:e for. glUCDSe by 186 and 45n, but 
resulted in I.a,.oer MEl' absorpticn (32% decrease for l::oth). Uptake rates foe the 
other amioo acids were rot affected by nitrogen source. De.spite lower caecal 
~take per ng for MEr in tte caeca, there were oo interdiet differences in 
intestinal ~ capacities (1'11/min-gm tody ~.~eight) for MF:I' as well as for LEU and 
PRJ.. 'lhu:~, the digestive data in::iicate the trout OOes p:>SSeSS s::JI'll! capacity to 
adapt its dig@sti ve ~sses in resp::l'lse to the feeding of amino acid mixtures anq 
protein hydcolyzates. ~ver, these resr;:onaes are not sufficient to <Dapensate 
for the intalances in the ratios of ESS to NESS in the plasm, especially for &e 
OCAA, when hydrolyzates or free amioo acids are fed. These findings provid!! SOlie 

of the basic inforrra.tion explaining tiE limited .success of {XOtein hydrolyzates as 
feed act!itives and the generally inefficient utilizatioo of amioo acids as sq::ple­
nents for l~r quality proteins in the diets of trout, and p:lBSibly ott-er fish. 



CONTENT OF - AND TURN OVER OF - TRYPSIN AND TRYPSINOGEN 
IN LARVAL HERRING DIGESTING COPEPODS 

Benedikte Hedegaard Pedersen 

Danish Institute for Fisheries and Marine Research 
Charlottenlund Castle 
DK-2920 Charlotten-lund 
Denmark 
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The content of the protease trypsin and its pancreatic 
preform trypsinogen was quantified by RIA in several stocks 
of herring larvae during the first weeks of life. Irrespec­
tive of copepod density, the content of trypsinogen fluc­
tuated in a three-phased pattern. Digestive capability, 
expressed as pancreatic preform content, was low l week 
after yolk resorption relative to eariier and later life 
periods. Enzyme-substrate ratios in the "intestine of first 
feeding herring larvae were extremely high - approximately 
1:4. Therefore, larval ability to retain trypsin already 
secreted into the intestine was investigated. Retention 
experiments with two dif.ferent herring stocks showed, that 
larvae apparently were capable of retaining secreted en­
zyme for 1 to 2 days following digestion of a single meal. 
Stimuli of pancreatic secretion and possible retention 
mechahisms for trypsin are discussed. 



PLASMA INSULIN LEVELS RELATED TO GROWTH IN RAINBOW 

TROUT (SALMO GA!RDNERI) 

Anne Sundby, Anne Blorn & Knut Eliassen 

Norwegian College of Veterinary Medicine 
Department of Physiology 
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P.O.Box 8146 Dep. 

0033 Oslo 1, Norway 

The relationship between growth and plasma insulin levels 

in 2i year old rainbow trout was studied using a homologous 

radioimmunoassay. The insulin levels in fish from fast 

growing families were significantly higher (p<0.01) than in 

fish from slow growing familie;:>o" 

When fish were selected only With respect" to size (>5:8 kg 

and <1.9 kg), the difference in plasma insulin levels was 

even larger (p<0.001). The correlation coefficient between 

plasma insulin level and weight in 248 rainbow trout tvas 

found to be 0.54 (p<0.001). 



PROTEIN 

Gad Degani 

AND ENERGY SOURCES FOR EUROPEAN EEL (ANGUILLA 
ANGUILLA L.) DIET 

MIGAL - Galilee Technological Center, Kiryat Shmona, 
10-200 Israel 

The influence of the different protein, ·ail and 
carbohydrate sources and levels in a purified diet on the 
growth of the European eel (Anguilla anguilla) were examined. 
European eels utilize fish meal and poultry meal as a protein 
source and their effect on growth is significantly more than 
that of soya bean meal. The optimum level of protein in the 
eel diet is affected by the size of the fish and varied 
between 40-50%. 

Eels fed on animal lipids (fish or poultry) grew faster 
than those fed on plant lipids (soya bean). 

Eels can utilize various carbohydrate sources. Mono 
sugar was utilized better than double sugar or poly sugar. 

The optimum protein/energy ratio is a very important 
parameter in eel diet~ 
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AVAILABLE PROTEIN SOURCES FOR MICROPARTICULATE DIETS 
OF FISH LARVAE 

Akio Kanazawa, Shin-ichi Teshima and Shunsuke Koshio 

Faculty of Fisheries, Kagoshima University 
4-50-20 Shimoarata, Kagoshima, Japan 

16 

The present study deals with the available protein 

sources for larval fish fed artificial rnicroparticulate 

diets. Amino acid compositions of body protein of larval 

fish and feed stuffs were determined by using a high perfor­

mance liquid chromatography, and then various diets were 

formulated to have the essenq.a·l amino_ acid patterns 

approxDmating to that of fish body protein with several 

protein sources. Dietary values of microparticulate diets 

were compared with a control diet (live food) in terms of 

growth and survival rates. The fish larvae used were Ayu 

fish, flounder and red sea bream. The larval fish fed some 

microparticulate diets showed good growth and high survival 

rates a~ost equal to those receiving the live food when 

the amino acid patterns of diets were simulated to that of 

the body protein of larval fish. Also, it was suggested 

that some plant proteins are utilized by larval fish when 

they are formulated .to make up dietS with the amino acid 

profile simulating that of fish body proteins. 
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PARTIAL INCLUSION OF SOYBEAN MEAL AS PROTEIN SOURCE IN 
TILAPIA FEED AT TWO DIFFERENT PROTEIN LEVELS 

Shi-Yen Shiau, Jan-Lung Chuang and Chan-Lan Sun 

Dept. of Marine Food Science 
National Taiwan College of Marine. Science & Technology 
Keelung, Taiwan 20224 
Republic of China 
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An experimental feeding trial was conducted with tilapia 
(Sarotherodon niloticus x ~- ~) to determine whether 
commercial hexane extracted soybean meal could be used as a 
partial replacement for fish meal at two different dietary 
protein levels, 24% and 32%. In each protein level, 30% of 
fish meal protein was replaced by soybean meal with and 
without methionine supplementa,.tion. Fish meal group was used 
as control. There were total of 6 di&tary groups in tne 
study. The experiment was carried out in a closed circulated 
filtered rearing system for 2 months. The following results 
were obtained: Without methionine supplementation, when 
soybean meal was substituted in diets containing 32% protein, 
growth and feed conversion ratio of tilapia was reduced 
significantly (P<O.OS) as compared to the fish receiving the 
control diet. However, the difference between the test and 
con~rol group was not different (P>O.OS) when the diets 
contained 24% protein. With methionine supplementation, fhe 
differences between the test and control groups were not 
different (P>O.OS) despite the protein level in the diet .. The 
protein digestibility, dry matter digestibility and protease 
activity in the stomach, intestine and liver of tilapia 
ingesting the fish meal control diet were identical to those 
noted in fish receiving the test diet regradless of "dietiry 
protein content. 

These data suggest that without the supplementation of 
methionine, fish meal can be replaced partially by commercial 
hexane extracted soybean meal when the dietary protein level 
is suboptimal for tilapia growth. However, at the optimal 
dietary protein level (32%), partial replacement of herring 
meal protein with protein from soybean meal depresses both 
growth and feed conversion in tilapia. 



PROTEIN REDISTRIBUTION DURING SEXUAL MATURATION IN ATLANTIC SALMJN 

D.F. HOULIHAN*, N. MARTIN*, C. TALBOT+ & C. NEWTON* 

• 
DEPAR'IMENT OF ZOOLCGY, UNIVE.."qSI'I'Y OF ABERDEEN, TILLYDFJJNE AVENUE, 
ABERDEEN AB9 2TN, SCOTLAND, U.K. 
+ 
FRESHWATER FISHERIES LABORATORY, FASKALLY, PITLCCHRY, SCOTLAND, U.K. 
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Rates of protein loss were rreasured in various tissues during sexual 
maturation in atlantic sa.l.rron. TOOse were compared with rreasured rates 
of protein synthesis in the tissues to construct a balance sheet of pr-o­
tein synthesis and degradation. The relative body ccmposition and rates 
of protein synthesis of the adult anima.ls have also been compared with 
the body carp:Jsition and protein synthesis rates of g:;:'OWing juvenile 
salrron. IXlring gonad developrent tffi gills, liver and red muscle have 
high rates of protein synthesis and the rate- of protein loss frcm the 
tissues keepS them in a constant proportion to" the total body weight. 
In contrast the white muscle and stanach have low rates of protein synthe­
sis and show negative allorretry. Protein and amino acid transfer fran 
the white muscle to the gonad and other tissues will be discussed. 
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PROTEASE-DIRECTED ANTIBODIES AND IMMUNOMETRIC ASSAYS AS TOOLS IN 

STUDIES OF PROTEIN NUTRITION AND METABOLISM IN FISHES 

Knut H1elmeland, Ingrid Ugelstad and Jan Arne Arnesen 

The Foundation of Applied Research at the University of Tromsm -

FORUT 
P~O~Box 3063, Qlleng, 9001 ~'-NORWAY 

Protein is the major nutrient in the food of most teleost fishes. 

Hence, we may assume that the nutritional process of 

extracellular protein digestion is of fundamental importance. In 

fish larvae and in stomachless fishes the primary digestion is 

undertaken in the intestine by proteolytic enzymes of pancreatic 
origin. Among these, trypsin is probably a key enzyme in the 

of extracellular digestive processes. regulation and onset 

Mechanistic studies of the prod~ction, ac_tivation, and rf::lease of 

trypsin into the gut of fish have been hampered, however, by lack 

of reliable methods to quantify enzynu:!. activity in situ. In 

particular, with very small subjects as larvae, it is almost 

inevitable that extracts of the gut will be contaminated with 
serum or 

Horeover, 
sarcoplasma that contain inhibitors of tr~tpsin~ 

the direct enzyme assay does not detect the pancreatic 

form of the enzyme, and it does not discriminate absolutely 

between trypsin and other proteases that may be present in a 
crude extract. 

!>!any of these metodological problems can 

immunological techniques in which we use 
be circumvented by 

spesific antibodies 
directed against the target enzyme. Ant;ibodies agair£st purified 
fish trypsin 

digestive 

trypsin in 

organs 

cod 

were used in immunohistochemical studies of 
in fish larvae as well as in quantitation of 

and herring larvae. Results hereof will be 
presented and 

future research 
methods discussed in relation to strategies for 

on protein nutrition and metabolism in fishes. 
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IN VIVO TEST FOR ASSESSING PANCREATIC FUNCTION DURING TREAT­

MENT WITH ENZYME INHIBITORS IN RAINBOW TROUT 

Dabrowski, K. and Poczyczynski, P. 

Department of Basic Fishery Sciences, University of Agricul­

ture and Technology, 10-957 Olsztyn-Kortowo, Poland 

A simple method for the measurement of p-aminobenzoic acid 

{PABA) in surrounding water following oral administration 

of N-benzoyl-L-tyrosyl-p-aminobenzoic acid (Bt-PABA), a 

synthetic peptide used for the assessment of chymotrypsin 

activity, was investigated. 

Fish were fed four experimental diets in which fish meal 

protein was substituted in 0, 25, 50 and 100% during three 

months long trial. Significant differences in growth rate 

of fish were found. Dynamics of the excretion and the total 

amounts of PABA recovered differed between fish-q~oups. 



An In Vitro Method for Measnrjng prqtejn pigesbbility 

A.E.EID & A.J.MATTY 

Department of Molecular Sciences, University of Aston, 
Birmingham B4 7ET, U.K. 
Institute of AquacuLture, University of Stirling, 
Stirling FK9 4LA, SCotland, U.K. 

A simple and rapid in vitro digestion method was 
developed which simulates the digestive tract of carp. 
Protein sources were incubated in vitro with carp 
intestinal extracts and the apparent digestibility of 
proteins were determined. 

Fishmeal diets containing 14 and' 27% protein had 
apparent digestibilities of 90.2 and 93.~ ; casein ( 18 
and 26% protein ) digestibilities of 91.5 and 93.2 ; 
soybean ( 10 and 20% protein ) 84.2 and 85.3 ; sunflower 
( 8 and 16% protein ) 64.2 and 66.1 ; fishmeal +soybean 
( 18% protein ) 86.5. 
There was a strong correlation between these jn vitro 
digestibilities obtained and in vivo results (r- +0.99). 
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ESTIMATION OF PROTEIN SYNTHESIS IN FISH LARVAE USING 

AN IN VITRO RIBOSOME ASSAY 

P. E. Hansen, E. Li"ed and T. B¢rresen 

Technological Laboratory, Danish Ministry of Fisheries 

Building 221, Technical University 

DK-2800 Lyngby, Denmark. 

It has previosly been shown that there is a correlation 

between protein synthesis Measured in Vitro in muscle 

from fish and growth. 

The purpose of this study was to make the in vitro me­

thod more sensitive for use in studies of protein syn­

thesis in fish larvae. 
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Cod and herring larvae was studied. It will be shown that 

measurements of amino acid incorporating activity are 

possible with ribosomes from 50-100 larvae. 

As a result of the use of whole larvae and high growth 

rate, the capacity of incorporating amino acids into pro­

tein in cod larvae is about 20 times higher as compared 

with polyribosomes isolated from cod muscle. 



TOTAL VOLATILE NITROGEN 

SILAGE ? 

A QUALITY CRITERION FOR FISH 

Herberg Haaland and Leif R. Njaa 

Institute of Nutrition, Directorate of Fisheries 

p.o.box 4285, Nygaardstangen 

N-5028 Bergen, NORWAY 
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Fish silage is a sUitable ingredient in fish farming when it 

can be produced from cheap raw material and used in wet 

pellets by a feed-kitchen situated near the consumer farms. 

The quality of fish silage depends on the quality of the raw 

material used, and on proper silaging conditions. The most 

important of the latter seems to be good control of the pH. 

In Norway formic acid is almost exclusively the acid used for 

making fish silage. As total v,oTatile nitrogen (TVN) is us_ed 

as a quality criterion for consumer fish, for fish meal raw 

material and for fish meal, it has been suggested also for 
fish silage. 

Fish silage of various raw materials were analysed at 

diff:erent times during storage at room temperature. The 

NH3-part of TVN increased, and an almost parallel decrease 

was found in amide-N. Amide-N was taken to be the difference 

between NR3-N before and after weak hydrolysis. 

We contend that TVN or eventually NHa-N is not a suitable 

quality criterion if the pH of the silage is kept below 4.0. 

In that case NHa will mainly be formed from the 

acid-amide-N of glutamine and probably also asparagine and 

will thus not affect the amino acid composition of the silage 

as determined after acid hydrolysis of the sample with SM 
HCl. 



STUD!ES DN THE ESSENT!Al FATTY AC!D REQU[REMENT OF CHANNEL CATF!SH 

R. P. Wilson, 5. Satoh and W. E. Poe 

Mississippi State University, Department of Biochemistry, Drawer 68, 
Mississippi State, MS 39762 (U.S.A.) 
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Previous workers have been unsuccessful in inducing an 
essential fatty acid deficiency in channel catfish, thus no 
essential fatty acid requirement has been established for 
this species. We have been able to induce an essential 
fatty acid deficiency by feeding a lipid-free purified diet 
prepared with ingredients that had previously been extracted 
with boiling ethanol. In our initial study, catfish were 
fed the lipid-free diet for a six-week conditioning period. 
Growth rates of fish fed the lipid-free diet, a 10% 
tristearin diet and a 10% corn-cod liver oil diet for 15 
weeks were 76, 407 and 745% !~crease in initial body weight, 
respectively. Fish fed the lipid-free and tristeari~ diets 
had higher levels of 20:3n-9 in liver, muscle and whole body 
lipid. The ratio of 20:3n-9 to 22:6n-3 in the polar lipids 
of liver, muscle and whole body tissue was less than 0.4 for 
the corn-cod liver oil diet fed fish but greater than 0.4 
for fish fed the ather two diets. 

Supplementation of 1% 18:3n-3, 1% 18:2n-6 or 1% 18:3n-3 
pluS 1% 18:2n-6 to tristearin or ethyl oleate based diets 
(5% total lipid) did not improve the growth rate of catfi~h­
to the level obtained by feeding a 5% corn-cod liver oil 
diet during a 12 week study. These data indicate that the 
18:3n-3 and/or 18:2n-6 fatty acids may not be essential for 
the catfish and that the n-3 highly unsaturated fatty acids 
contained in cod liver oil may be responsible for the 
enhanced growth of the fish fed the corn-cod liver oil diet. 
Therefore, the effect of supplementing diets with n-3 
highly unsaturated fatty acids on growth rate is being 
studied •• 
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ESSENTIAL FATTY ACID REQUIREMENT OF JUVENILE STRIPED JACK, 
1Q~Q!EQSTR!§ Q~b!Q~Il~~!~~§ 

I~ ~~~~n~Q~, T. Arakawa, T. Takeuchi and C. Kitajima 

Professor, Laboratory of Fish Nutrition, 
Aquaculture, Tokyo University of Fisheries 
Kanan 4, Minato-ku, Tokyo 10'8, J.apan 

Department 
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Requirement of juvenile striped jack for w3 highly 
unsaturated fatty acids (w3 HUFA), the essential fatty acids 
(EFA) for marine fishes, was determined by feeding them fish 
meal diets containing different levels of w3 HUFA ranging 
from 0.7 to 3.5% in diet. Juvenile fish weighing 0.26g in 
average were fed the experimental diets for 60 days at water 
temperature of 19.9-24.6°C. After 9 days feeding, a high 
mortality and poor appetite were observed ·in fish receiving 
the diet lowest in w3 HUFA content (0.7%). Fish fed a diet 
containing 1. 2% w3 HUFA also b.egan to show a high mortality 
at around 55th day of feedihg, thus the feeding experiment 
was terminated at 60th day. No mortalitY was observed in the 
fish receiving the 3.5% w3 HUFA diet. Growth of fish and 
feed efficiency were proportional to w3 HUFA levels in diet 
and reached plateau at a level of 1.8% in diet. 

Feeding the lowest w3 HUFA level diet resulted in 
increase of 18:1w9, but not of 20:3w9 in whole body polar 
lipids like other marine species. The 18:1w9 level was 
red_uced by elevation of dietary w3 HUFA levels. The 
percentage of 22:6w3 was also proportional to dietary w3 
HUFA levels, but 20:5w3 was kept nearly constant regardless 
of the fact that all the diets contained both 20:5w3 and 
22:6w3 at almost the same ratio, suggesting bioconverSion 
of 20:5w3 to 22:6w3 or selective utilization of 20:5w3 in 
striped jack. The requirement of juvenile striped jack· for.; 
w3 HUFA is estimated to be around 1.8% in diet from "these 
results in both feeding and analyses. 
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Phospholipid fatty acid retention in cod (Gadus morhua} fed 

reduced dietary n-3 fatty acid levels. 

0. Lie and G. Lambertsen 

Institute of Nutrition, Directorate of Fisheries 

P.O. Box 4285, N-5028 Bergen, Norway. 

Cod (Gadus morhua) fry, mean weight of 0,7 g were fed three 

diets based of squid mantle mixed with varying levels of 

total lipid extracted squid mantle and peanut oil compared 

with a diet based on squid mantle and capelin oil. Thus four 

levels of n-3 fatty acids were tested. 

Increased mortality was observed after 7 weeks in the group 

fed a diet without n-3 fatty acids. All groups were sampled 

after a feeding period of 9 weeks. The mortality was then 

50% in the group fed no n-3 fatty acids. Addition of cod 

liver oil to this diet prevented further mortality. 

A combined HPLC/ capillary GLC method was used for the 

dete'rmination of the fatty acid composition in the main 

phospho- lipids (PC, PE, PS and PI) in the cod muscle tissue 

using 19:0 as an internal standard. Linoleic acid, 18:2 

(n-6) was retained mainly in PC and PE in all groups fed 

peanut oil with a corresponding reduction of 20:5 (n-3) and 

22'6 (n-3). 

The reduced content of the dietary n-3 fatty acid levels 

reduced the content of the polar lipids, mainly due to a 

reduction in the PC content, whereas a relative increase in 

the PI content was observed. Arachidonic acid, 20:4 (n-6) 

was retained particularly in the PI fraction. 



DIFFERENT FATS IN FEED FOR SALMON, EFFECTS ON FATTY ACID 

COMPOSITION IN MUSCLE, LIVER AND HEART. 

M.S. Thomassen and c. R0sj0. 

Agricultural Research Council of Norway, Institute of 
Aquaculture Research, Aas, Norway. 

It has been observed that differences in dietary fats 

may be reflected in the fatty acid composition of rain­

bow trout and salmon. More detailed information about the 

processes regulating the metabolism and incorporation of 

fatty acids derived from feed is, however, needed. In con­

junction with an experiment where growth rate and product 

quality was studied in salmon ,g·tven different vegetable 

oil (C. R0sj0 and M.S. Thomassen, this me"eting), we 

therfore also included analysis of fatty acid composition 
in several organs. 

The diets used in this experiment contained equal amounts 

of e'ither soyabean oi 1, low erucic rapeseed oi 1 or high 

erucic rapeseed oil, and of capelin oil. The salmon were 

kept in marine net pens and fed the experimental diets for 
4 months (September to January). 

In heart phospholipids, all vegetable oil diets gave an 

increased percentage of w-6 and a reduction in w-3 fatty 

acids. This was mainly due to changes in the proportion of 

C20:4 w-6 and C20:5 w-3, while the percentage of C22:6 w-~ 
was little influenced. 

Preliminary results also show effects on fatty acid 

composition in liver and muscle, wich will be dicussed in 

relation to the compostition of the dietary fat. 
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The effect of dietary lipid composition on growth and 
reproduction of broodstock chinook salmon (0. tschawytcha) 
l.n p.,_n_ cuLture. 

-. :; 
Robert J. J. Roy and David A. Higgs 

Department of Fisheries and Oceans, Government of Canada, 
West Vancouver Laboratory, West Vancouver, British Columbia. 
CANADA. V7V 1N6. 

This experiment investigated the role of n-3 and n-6 fatty 
acid enriched lipid sources, both alone and in mixtures, on 
broodstock chinook salmon and their progeny. Herring oil and 
corn oil was used as the source of n-3 and n-6 fatty acids, 
respectively, in four experimental diets. Each isocaloric 
casein-gelatin diet contained 167. lipid and had different 
ratios of herring oil to corn oil. The experimental diets 
nominally contained 0%, 1%, 2%, and 4% of the diet as n-3 
fatty acid. Four duplicate groups of three-year old chinook 
salmon were kept in sea pens. Each grOUp was fed a different 
experimental diet from June until late September."Weight and 
length did not differ significantly among groups at monthly 
samplings from June to September. At mid-October, 10 salmon 
from each group were transferred to freshwater tanks and the 
rest remained in the sea-pens. After 15 days. no mortality 
was detected in the sea-pens; the mortality of salmon held 
in freshwater rose linearly from 50% in the Oi. n-3 diet to 
accid~ntal death in the 4% n-3 diet. Salmon in the sea-pens 
were 'spawned and the fertilized eggs were incubated in Heath 
trays. Egg mortality at eye-up and hatching did not differ 
among diet groups. Egg weight and volume. and swim-up fry 
weight and length were greatest in the 2% n-3 fatty acid 
diet group. and least in the 4% n-3 fatty acid diet group. 
The result.s on the chinook of our experiment suggest that 
(1) n-3 fatty acids may be required for broodstock survival 
in freshwater; (2) lipid makeup of the diet can influence 
reproductive parameters that are passed on to the progeny; 
(3) a combination of n-3 and n-6 fatty acids may influence 
egg quality. 
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LIPID REQUIREMENTS OF' f.ISHES: THE ENIGMA OF WARMWATER SPECIES 

Robert R. Stickney and Ronald W. Hardy 

School of Fisheries WH-10, University of Washington, Seattle, 
Washington USA 98195 and Northwest and Alaska Fisheries Center, 
National Marine Fisheries Service, 2725 Montlake Boulevard E., 
Seattle, Washington USA 98112 

Studies over the past two decades have convlnclngly remonstrated that salmonids 
and ma:ny marine fishes have a dietary reQUirement for n-3 fatty acids. ln at least some 
instances, for example in rainbow trout, the requirement can be met I:Jy providing 
dietary 18:3n-3. Chain elongation and OOsaturation to higher molecu Jar weight n- 3 
fatty a:;ids seems to proceed rapidly. ln some of the marine species ex001ined to date, 
!Such high moleculor weight n-3 ftrtty a::ich m 20:5,n-·3, 22:5n-3, ond 22:6n-3 !Should 
be provi<i!d in the diet as their synthesis from 18:3n-3 proc:eeds slowly, if at an. 

The situation with wermwater fishes is presently more mnfUSOO. Some species 
seem to require both n-3 600 n-6 fatty ..:ids, ti"Mlugh excessive levels of either seem to 
inhibit proper ina:rporation of the other 600 coo-tly, retard growth. The 
requirement for n-6 fatty acids in other "SpeCies has not been clearly demonstrated, but 
canpetitive inhibition of n-3 fatty ..:id utilizatioo by elevatal n-6 fatty ..:id levels 
appears .to operate. 

ln this peper, we review the literature on the lipid reQUirements of fish, but 
concentrate on the reseerch that will be required to determine the dietary f'81Uirements 
or n-3 and n-6 fatty acids in warmweter species. 
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Effects of Various Feed Energy levels on Total Fat Content and Fatty 
Acid Composition in White and Red Muscle from Cultivated Rainbow Trout 
(Salmo Gairdneri ). 

Kiessling, A., Johansson, L. and Storebakken, T*. 

Department of Animal Nutrition and Management, Swedish University of 
Agricultural Sciences, P.O. Box 7046, S-750 07 Uppsala, Sweden 

* Institute of Aquaculture Research, N~6600 SunndalsOra, Norway 

From a nutritional point of view it is of great importance that the 
consumption of fish increases. The unique fatty acid composition of 
the fat from fish and the antitrombogenetic effects of long chained 
polyunsaturated fatty acids on man makes the Salmonoides with their 
high muscle fat content ecpecially appreciated. 

To study the effects of different feed levels on total fat and fatty 
acid composition in white and red muscle from Rainbow Trout an experime.·nt 
was initiated at Aqvaforsk Research Station in SunndalsOra, Norway. 
Three groups of fishes were given 100, 50 and 25%, respectively, of 
the energy level regarded as ad~quate for. the species (Storebakken, 
1986 PhD-Thesis}. To be able to study the capacity of the muse 1 e to 
adjust to different energy levels of the feed the fish groups were split 
and the energy level changed. Fish on the 100% feed level were given 
50 and 25%, and fish on the 50% and 25% feed level were given 100% of 
the adequate feed level. Samples were taken from red and white muscle 
as well as from depots one and eight months after the change of energy 
feed levels. Fishes for sampling were selected on weight basis. The 
experiment is now continued in the see. 

In earlier studies we found that the total fat content and fatty acid 
composition in white muscle did not change significantly during a starva­
tion period of two months (Johansson, l. • Kiess 1 i ng, A. and Kiessling. 
K.-H.: NJF. rapportserie, 1987, in press). 

In the present study preliminary results show that only fishes chartging 
from the 100% feed level to 25% of the adequate feed level, had a decrease 
in total fat content of white muscle. The results from the other groups 
are in agreement with previous results. Thus the tota 1 fat content in 
white muscle does not change despite the difference in feed level and 
weight of the fishes. 



DIFFERENT FATS IN FEED FOR SALMON. INFLUENCE ON GROWTH 
RATE AND SENSORY PARAMETERS. 

C. R0sj0 and M. Thomassen. 

Agricultural Research Council of Norway. 

Institute of Aquaculture Research. As-NLH, Norway. 

We wanted to investigate the possibility of using 
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vegetab 1 e oi 1 s in feed for sa 1 man. Rapeseed oi 1 or soy abean 

oil were exhanged with some of the capeline oil in the feed. 

Growth rate, mortality, sensory parameters and fatty acid 

composition in heart and muscle were investigated. The 

results on growth rate and sensory parameters will be 
presented. 

The experiment was conducted from September 1986 to 
January 1987. 1800 Salmo salar L. with average weight 

246 grams were distributed between 18 marine net-pens. We 

did not observe any significant differences in growth rate 

or mortality among the groups. Sensory analysis revealed 

signinficant differences on scent, colour shade and colour 
intensity. 

Exhanging 50% of the capeline oil with rapeseed oil or 
' soyabean oil in a salmonid feed, composed of about 22% fat, 

seems to have no effect on growth rate or mortality in Salmo 

salar L. The results indicates, however, that some vegetable 

oils may have an effect on pigmemtation of salmon. 



REQUIREMENTS OF YAMAME Qn£.Q£h~~£h~~ ~~~QY AND COREGONUS 
g.Q!:~gQ!:!.!:!.!! 1~.!:~!:1~1~~ M. FOR ESSENTIAL FATTY ACIDS 

I~I~~~~2hi• T.Watanabe, S.Thongrod, S.Satoh, and C.Y.Cho 
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Laboratory of Fish Nutrition,_ Tokyo University of· Fisheries, 
Konan, Minato, Tokyo 108, Japan._ 

F'eeding trials were conducted to ·dete·rmine the requirements 
of Yamame Qn£2£h~n2~~ ~~~Q~ and Coregonus gQ!:~iQTI~.!! 
lavartetus marena for essential fatty acids (EFA) by feeding 
the;-di~t; ~~nt;ining respectively 18:2w6, 18:3w3, a mixture 
of 18:2w6 and 18:3w3, and w3 highly unsaturated fatty acids 
(~3HUFA) at various levels. Fingerlings of Yamame weighing 
0.94-0.96g and Coregonus weighing 1.39-1.47g were kept on an 
EFA-free diet for 3 weeks before the initiation of feeding 
experiments. They were then randomly divided into 8 lots of 
40 fish each in Yamame and 35 fish each in Coregonus and fed 
the experimental diets for 14 ~eeks in ·vamame and 9 weeks in 
Coregonus at water temperature of 14-l7C," Low grow-th and 
feed efficiency together with high mortalities were observed 
in both fish species fed the EPA-deficient (5X 18:lw9) and 
1% 18:2w6 diets and were effectively improved by feeding w3 
fatty acids, such as 18:3w3 and w3HUFA. The highest weight 
gain and feed efficiency were obtained in Yamame fed 1% 
18:3w3 and in Coreganus fed 0.5% w3HUFA , although the 
supplementation of both 18:2w6 and 18:3w3 (0.5% or 1% each) 
was also effective for improvement of growth. The 
hepatosomatic index and lipid content in liver were highest 
in Yamame fed the EPA-deficient diet. The ratio of 
20:3w9/22:6w3 in liver polar lipid fractions was bel~w 0.5 
in both species fed diets containing 0.5-1% w3HUFA or 1% 
l8:3w3. Whereas, the ratio was 0.8-2.7 in those receiving 
18:2w6 alone or 0.5% 18:3w3 and as high as 16.7 and 2.7 in 
Yamame and Coregonusm fed the EPA-deficient -diet 1 

respectively. Thus, w3 fatty acids, such as 18:3w3 and 
w3HUFA, were nutritionally more important than 18:2w6 for 
both species. However, the EFA efficiency of 18:3w3 and 
w3HUFA was slightly different between Yamame and Coregonus. 
The requirements of Yamame and Coregonua for EFA was 
estimated to be about lX 18:3w3 and 0.5-1% w3HUFA in diet, 
r~spect i vely. 

.i 



FATTY ACID- COMPOSITJ.ON OF Coregonus muksun, P€1.!l<'~s. CHANGES DURING 
fNCUAATION, HATCHINr., FEEDING ANO STARVATION. 

Antti Soivio, Ml:'lrjut NiemistO rlnd Monic::~ RHct.:stri:im 

OepArtfllP.nt of Zootogy, Oivision of Physiolooy, llniVf~rs.ity_of Helsinki 
Unwn1nla'lhl '• 00.\00 Hels.inl.:i, Finland 

Whit_efish roP., prior t_n F~nd after incuhatinn· (,iust hP.fore h;:~t_chinn) 
rmd larvBe Uust h;:~tched, stArved and ferl plankton or drv fnorl) WP.re 
gaschromaqraohically analyzer! for fatty acids. 
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nur inq incuhRtion only minor changeA in the r<~hos of fatty Acids were 
nhserverl. The only marked chanqe w8s the increAse in the total ratio of 
M!IFA (mono unsaturated fRtty acids) by Rbout. 9 %-units while the ratio 
of SRt.urated f;:~Uy acids decreased bv tJ. ~-units. The fRtty acid 
comoosition wag identical in roe ju~t prior to hatchino and in newly 
hatchP.d l<~rvae. 

f1oth in 9tarving and dry diet fed larw~e (9 dRys after hat.chin(J) the 
rat.io of MtJF"As rlecree~!'led to the early "roelevel" of about 2A ~;. In 
starved .l.<~t·v:::~e the ratio of saturated FAs increased hy 7 ~~-units to 
27.5 ~;. The increase in MUF"AF; of fed lArvAe WAS only 3-.S ~~-units, but 
the r:::~tio of PUFAs (poly unsaturated FA) also increased by 4 ?;-units. 
The main changes in individual fatty acids took place in decreasing 
l.fi:l :::~nd lA:l.and increasina 1.6:0, lA:n and 22:.t;. F"As 15:0, 20:0, 
22:1 and :72:2 disAppeared totally from the starving le~rvae. 

Ouring the first ~onth of feeding dry diet the ratios of fatty acids 
22:1 and 1A:~ incresed and 20:5 and 22:5 decreAsed when compared to one 
week old larvae. The ratios of saturated F"As, MUF"As And PUFAs remained­
unchanged. 

When the larvfle were fed {for one month) pl<'~nkton the ratio of MUFA'f> 
decreased to 19 ~~ while the- ratio of PUF"As increased by 5 ~•-units to 
46.~ ~. The most distinct changes in the FA rAtios were seen in 
15:0 (+50~}, 18:0 (+100 %), lA:l (-5n ~), 20:1 (-f:IO.~}, 18:3 (+~00 ~~), 
1A:4 (+200 ~), 20:4 (.+400 %), 22:6 (. ... 70 ~~)and unidentified ( .... 200 ~~). 
In addition the FA 22:1 disAppeared and new acids 17:0 and 24:2 
apoeared during this period. 

The FA composition of the whitefish larvae highly resembled that of 
their food. However, the p.lAnkton fed larvAe seem· to synthetiz~ fatty 
acidB 1.7:0, lB:n, 20:2 and 20:4, of which the first and the last ones 
could not be identified in the plankton. 

V••••-··-·-·· .. ~--------•-•,.•- -·----•·•••·•- •-------
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Erythrocyte phospholipid fatty acid composition and haemato­

logical values in cod (Gadus morhua) held at different water 

temperatures. 

0. Lie, E. Lied and G. Lambertsen. 

Institute of Nutrition, Directorate of Fisheries 

P.O. Box 4285, N-5028 Bergen, Norway. 

Cod (Gadus morhua) with mean initial weight of 180 g were 

fed a diet based on squid and capelin oil at 8, 12 and 16 

oc for 9 weeks. 

The fatty acid composition in the main phospholipids (PC, 

PE, PI and PS) from the erythrocytes was determined by a 

combined HPLC/ capillary GLC method. 

Reduced levels of saturated fatty acids and increased levels 

of the polyunsaturated fatty acids (PUFA) in PC, PE and PI 

were observed with reduced water temperature. Minor diffe­

rences in the fatty acid composition of PS were found. The 

increQsed PUFA in PC and PE was mainly due to an elevated 

level of 22:6 (n-3), whereas 20:5 (n-3) and 20:4 (n-6) were 

raiSed in PI, espesially at 8 oc, 

Increased number of erythrocytes (RBC) and increased haemog­

lobin (Hb) contents were found with increasing water tempe­

ratures, whereas a reduced middle cell haemoglobin (MCH) and 

middle cell volume (MCV) were shown at 16 °C compared to 8 

oc, The middle cell haemoglobin concentration (MCHC) did 

not vary at the different temperatures. 
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INVESTIGATING THE LIPID AND (n-3) HIGHLY 
ACID REQUIREMENT IN SPARUS AURATA LARVAE 
FRACTIONS DURING STARVATION AND FEEDING. 

W.M. Koven, G.Wm. Ktssil and A.Tandler 

National Centre for Marlnculture 

UNSATURATED FATTY 
g·y· COMPARING THESE 

Isreal Oceanographic & Limnological Research 
P.o.sox 1212, Elat 
88112, Isreal 

The gilthead seabream (Sparus aurata) is a species with com­
mercial potential that is presently being deve]oped for cul­
tivation in Israel. The aim of this study was to eva'1uate 
the larva 1 lipid class and fatty acid reQuirement of Sparus 
aurata. This was done by comparing patterns of accumulat1on 
and loss of lipid levels and their fatty aCids in feeding 
(Jsochrysis enriched rotifers) and starving (for 6 days) 
larvae. 
Neutral lipid expressed as (micg./,mg of wt larvae) decrea­
sed rapidly in both starved (31 .0%) and fed 070.7%) fish. In 
contrast polar lipids (micg./mg of dry wt larvae) of starved 
and fed fish decreased gradually (16.0% and 13.2% respect­
ively). These lipids play an important structural role in 
the cellular membrane and are usually preferentially conser­
ved. 

The order of utilization in starved fish in the total neut­
ral and ·'polar fractions was (n-6) > (n-9) > (n-3) > (n-3)HU­
FA. This conservation of the ( n-3 )HUFA' s was strongest 1 n 
the polar fraction particularly with docosahexaenoic acid, 
22:6(n-3). However in feeding larvae polar lipid exhibited 
a reverse trend in fatty acid utilization where the essen­
tial (n-3JHUFA's were the group most drawn upon 
[cn-3)HUFA > (n-3) > (n-6) > (n-9)]. ' 

Docosahexaenoic acld alone decreased 46.8% from day 6 to day 
20. This may be interpreted as a direct result of feeding a 
rotifer low in 22:6(n-3). More interestingly, if there is a 
biochemical strategy to conserve the essential 22:(6n-3) 
during starvation then a substantial decrease in its level 
during feeding suggests that IsochrYsis enriched rotifers 
may not provide sufficient levels of this fatty acid for 
growing Sparus aurata larvae. 

36 
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ESSENTIAL FATTY ACID REQUIREMENT OF LARVAL RED SEA BREAM, 
~~QR!l§ tl.&~QR 

I~~~!~n~Q~, M.S.Izquierdo and C.Y. Cho 

Professor, Laboratory of Fish Nutrition, Department of 
Aquaculture, Tokyo UniversitY of Fisheries 
Kanan 4, Minato-ku, Tokyo 108, iapan 

Several experiments on the essential fatty acids (EFA) 
requirements of larval red sea bream were conducted using 
rotifers enriched by the direct method. Preliminary 
experiments to verify the amount of w3 highly unsaturated 
fatty acids (w3 HUFA) incorporated by rotifers permitted the 
preparation of varieties of rotifers containing different 
amount of w3 HUFA. 18:1w9, pollock or cuttlefish liver oil 
and a methyl ester mixture containing 85% of w3 HUFA were­
used as lipid sources. Three feedin§ experiments were 
conducted using 100 L tanks at 18.5-24.2 c. In Expts. I and 
II larvae were fed the enriched rotifers for 16 and 10 days 
respectively, from the 3rd day after hatching.In Expt.III,l2 
day-old juveniles of 3.88mm T.L. were fed for 14 days. Each 
experimental group of larvae was fed with one of the 
varieties of the enriched rotifers containing w3 HUFA from 
0.14 to 0.70%. 

The larvae fed on rotifers containing a low percentage 
of w3 HUFA showed a poor growth and a heavy mortality. 
Howe~er,larval growth, survival and results of activity -test 
were improved by elevation of w3 HUFA levels in rotifers and 
reached a plateau at a level of 0.4X. On the other hand,fish 
receiving the rotifers fed on the w3 HUFA methyl ester 
mixture as a sole lipid source showed a poor growth, a low 
survival rate and a poor response to the activity test, at 
any levels of w3 HUFA concentration.The levels of w3 HUFA in 
fish increased gradually as increase of the percentage· of w3 
HUFA rotifers and reached a maximum at 3%,except in the fish 
fed the w3 HUFA methyl ester mixture that showed lower 
percentages of cr~de lipids and w3 HUFA in fish. These 
results suggest that a minimum BFA requirement of larval red 
sea bream for w3 HUFA is about 0.4% w3 HUFA in rot·ifer. 



"THE EFFECT OF ENRICH.HENT DIET ON THE FATTY ACID COMPO~ 

SITION OF THE ROTIFER B.Flicatilis" 

RODRIGUEZ RAINUZZO ,JOSE 

SINTEF 21 HAVBRUKSENTER 
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A culture of the rotifer Brachionus plicatilis (200ind/ml 

O.S_pg dry weight/ind) fed it with w .. yeast(capelin oil+ 

yeast,10/1 weight) was trnasferred after 24 h of hunger 

to 10 different vessels ,each 20 1, and the different 
diets were added. 

The effect of the different diets after 24h feeding is 

shown on the fatty acid composition. 



<:2·~. 39 

PARTIAL PURIFICATION AND CHARACTERIZATION OF PANCREATIC 
TRIGLYCERIDE LIPASE FROM COD (Gadus Morrhua) 

Gjeltesvlk, ~ !S Walther, B. T. & Raae, A.J, 

Dept. of Biochemistry, University of Bergen, Norway. 
Arstadvelen 19~ N-5009 Bergen, Norway. 
EARN-addr.: MBIDG AT NOBERGEN 

Cod pancreatic lfpase has been purified and studied with respect to 
substrate specificity and dependence of cofactors such as coilpase and 
bile salts. 

Some authors have suggested that fish pancreatic triglyceride lipases are 
different from Upases from other sources. These suggestions, however, are 
made on the basis of studies of crude pancreatic {Intestinal) juices, and 
thus may result from the actions of several enzymes. One aim of this 
work has been to isolate cod pancreatic lipase for comparison with 
pancreatic lipase from other sources. 

The ltpolytlc activity in cod pyloric caeca was determined by hydrolysis 
of purified olive oJI in gum arabic emulsion. The purification procedure 
Involved batch chromatography on DEAE-cellulose, ammonium sulphate 
precipitation, chromatography on DEAE-sepharose fast flow column. and 
finally gelflltratfon on Superose 12. By these combined methods pancreatic 
triglyceride lfpase was purified over 200-fold from defatted powder of cod 
pyloric caeca.. Further purification Is still In progress. 

Preltminary results Indicate that lipolysis In this system has an absolute 
requirement for bile salts, at least at high concentrations of Insoluble 
trlglycerldes. This Is in contrast to the properties of pancreatic !ipases 
from other sources. On the other hand, tributyrin was hydrolysed by 
partly purified cod lipase in the absence of bile salts, although we cannot 
exclude that this was caused by other est erases that are capable.· of 
hydrolysing soluble substrates. 

The above results make It difficult to detect collpase in the preparations 
studleiL However, no preparations of cod lipase were stimulated by 
porcine colipase In the presence of bile salts. In addition, all preparations 
of collpase from cod pyloric caeca have been inactive when assayed on 
porcine colipase-free lipase. 
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:;"~SEASE RESISTANCE AND HUMORAL ANTIBODY PRODUCTION IN 
RAINBOW TROUT FED HIGH LEVELS OF VITAMIN C 

J. E. HALVER and 0. NAVARRE 

SCHOOL OF FISHERIES, UNIVERSITY OF WASHINGTON, 
SEATTLE, WA 98195 USA 

Young rainbow trout(l-lOg) fed test diets containing 1 ,5,10. 
and 20X maximum growth requirements for L-ascorbic acid and 

then challenged by injection or dip with Vibrio anguillarum 

cultures survived at varying rates dependent upon the C 

intake. Significant differences appeared between dietary 

treatments in weight, growth r~-te, mortality and body c 
content. Resistance to bacterial infecti~n and the humoral 

antibody production were assessed for the trout on various 

dtetary treatments. Reststance to 5acterfal infectton was 
directly related to C intake, and was reflected in improved 
survival of fish challenged and fed on SX,lOX or 20X normal 

growth requtrement C i-ntake, ffumoral a;ntt_body production 

was tmproved after 3-4 weeks: on test. and pers:tsted up to 

10 ... 12 weeks. Rat-nbow trout may survive Elactertal challenge 

and tmprove ftumoral anttbody productton when fed SX or lOX 

growth requirement levels of vttamtn C, 



THE ROLE OF VITAMIN E IN ATLANTIC SALMON (SALMO ~J NUTRITION 
AND ~MMU-NCRESPONS1 

S. P. La11.( G. 01 i~~·~_:s) J. A. Hines and H. W. Ferguson* 
~~~ 

Biological Sciences Branch, Department of Fisheries and Oceans, 
P. 0. Box 550, Halifax, Nova Scotia, C~nada B3J 257 
*Ontario Veterinary Col lege, University of Guelph, Guelph, 
Ontario, Canada NIG ZWI 
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A study was conducted to determine the requirement and effects of 
u- tocopherol on immunity and disease resistance in Atlantic 
salmon (Salmo salarJ. Low vitamin E basal diet (5.5 mg/kgJ containing 
herring OiiCS,;) and tocopherol stripped corn oi I (5%), were 
supplemented with 0, 10, 30, 60, 120 and 240 mg of vitamin E (as 
DL- a- tocopherol acetate) per kg of diet and fed to trip I icate groups 
of Atlantic salmon finger I ings for 22 weeks. Growth rate was improved 
by supplementation with vitamin E; inCreasing vitamin E above the 
lowest level did not affect the growth rate. There was no difference 
in food conversion nor mortality rate'between alI the dietary treatments 
Fish fed no vitamin E supplement showed significant low tissue 
vitamin E levels in muscle, I iver and heart and increased erythrocyte 
fragility. There were no gross symptoms of vitamin E deficiency. 
Histological examination of groups fed low vitamin E diet showed 
skeletal muscle and myocardial degeneration. 

The following immune responses were also investigated: antibody 
production, bactericidal activity of serum {complement system) and 
non-specific resistance to the disease furunculosis caused by 
Aeromonas salmonicida. For at I diets, no effect on the non-specific 
resistance of Atlantic salmon to furunculosis was observed. Groups 
of fish fed 0, 30,_ 60 and 240 mg of vitamin E per kg of diet were 
also vaccinated with formal in-ki I led A. salmonicida cells. One 
month after vaccination, both the humoral response and the complement 
system were not affected by these dietary levels of vitamin E. 
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RELATIONSHIP BETWEEN BRAIN SEROTONIN LEVEL AND INCIDENCE OF 

SCOLIOSIS CAUSED BY TRYPTOPHAN DEFICIENCY IN CHUM SALMON FRY 

Toshio Akiyama and Takeshi Murai 

National Research Institute of Aquaculture 

Nansei, Watarai, l\1ie 516-01 
JAPAN 

In order to test the hypothesis that the scoliosis which is known to 

occurr in salmonids fed a tryptophan (Trp) deficient diet may be induced 

by abnormal and involuntary contraction of the muscle due to depletion of 

a neurotransmitter, serotonin( 5- HT) in the central nervous system, several 

feeding studies were conducted using chum salmon fry. Diets used were 

semipurified diets containing various -~ombination of Trp, 5-hydroxy-L-

tryptof!hAn( 5- HTP, precursor of 5- HT), MK486(irihibitor of 5- HT synthesis 

in periphery) and DL-_e-chlorophenylalanine(PCPA, inhibitor of 5-HT 

synthesis). Supplementation of 5-HTP(130mg/100g diet) instead of Trp 

completely prevented incidence of the scoliosis. Combination of 5- HTP ( 10-

50mg) and l\1K486(1-5mg) increased 5-HT content in the brain and lowered 

incidence of the scoliosis further than supplementation of 5-HTP alone. On 

the other hand, supplementation of PCPA(290mg) to Trp sufficient diet 

decreased the brain 5-HT level and induced the scoliosis. These findings 

clearly indicate that occurrence of the physical deformity is related to 

depletion of 5-HT in the central nervous system. In addition, relationship 

between incidence of the scoliosis and rearing temperature will be discusse< 



RAT I CN LEVEL FCR SALVeN I OS -

INFWEN:E CN HEAJ..lH ;IN) SEXU'IL MA.lUlATICN 

T. Asgard*, T. Storebakken*, R. Salte** and G. Andorsdottir**. 

Agricultural Research COuncil of Norway 
lnst·i tute of Pquacul ture Research 

* N-6600 Sunndals0ra 

** Box 10, N-lij32 As-NLH 
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The effect of different ration levels on health parameters and age of 

sexual maturity were investigated in a series of experiments in Atlantic 

salmon and rainbow trout. The ration levels varied from min. 25% to 

rmx 325% of a standard ration level which was calculated according to 

expected growth based on fish size and water temperature. The experi­

ments were initiated at start feeding and proceeded unti I the fish wen'!! 

sexua fly mature. 

Excess feeding did not influence size distribution, gross pathology or 

mortality directlybut~y be deleterious to the envirorroont. Jldequate 

feeding resUlted in a normal size distribution, few fish with stunted 

growth and no cannibal ism. In salmon parr underfeeding resulted in a 

greater size variation, aggression, a larger proportion of stunted fish 

and cannibalism. !Vortality is greatly increased if there is severe 

underfeeding. The aggression was reflected in fin erosion, particul­

arly of the dorsal and pectoral fins. These findings were also obServed 

in fish which had been underfed for only a few weeks. Underfeeding also 

increases mortality among large salmon in sea cages. The effect of 

underfeeding on health of rainbow trout was less pronounced than in 

salm::m. 

The level of feeding during the first 6 months of the life of salmon 

did not result in differences in sexual maturation 6 and 18 rronths 

after transfer to seawater. However~ moderate or strong underfeeding 

throughout the experimentel period affected the age at maturation and _,, 

I reduced early maturation. The severe health consequenses of underfeedirt9 
'are similar to those described for high population densities. 
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HISTOLOGY OF THE LIVER AFTER CHRONIC ASTAXANTHIN FEEDING 
IN SAROTH~RODON NILOTICUS AND COLISA LABIOSA 

Helmut Segner, Peter Arend, Klaus von Poeppinghausen 
Hartrnut Schmidt 

T e t r a W e .r k e 
Dr. rer. nat. Ulrich Baensch GmbH 
Herrenteich 78 
D-4520 Melle 1 

The influence of chronic feeding {for 23 weeks) of various 
concentrations of astaxanthin on the liver of Sarotherodon 
niloticus and Colisa labiosa was investigated histologi­
cally. With increasinq astaxa~thin concentration of the 
diet (0- 132 rnq/kg food) an irnprovement"of the liver: Eer­
formance was obServed. Therefo-re it has been coD.clllded -··~­
that xantDophylls, aside from their function as vitamin-A 
precursors and as pigmenters, have a positive nutritional 
function in the intermediary metabolism of fish. 
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INFLUENCE OF DIET AND PEROXIDATIVE RANCIDITY ON FRY OF ATLANTIC AND 
COHO SALMON 

Ketola, H. George, C. E. Smith, and G. Kindschi 

U.S. Fish and Wildlife Service 
Tunison Laboratory of Fish Nutrition 
3075 Gracie Road 
Cortland, NY 13045, USA 

46 

Two experiments were conducted to determine the influence of six 
commercial diets on growth rate and mortality in swimrup fry of Atlantic 
{Salmo salar) and coho salmon (Oncorhynchus kisutch). Furthermore, the 
relationship between peroxidative rancidity of diets and performance of 
fry was examined. Each diet was fed to triplicate lots of Atlantic 
salmon (476 fry each) and coho salmon (500 fry each) reared at 9 and 
10°C, respectively. In each experiment, all diets were fed at equal 
levels of dry matter. 

Results (Table 1) show that diet significantly influenced weight gains 
(g/fish) in both species and also signi,ficantly influenced mortality in 
Atlantic salmon but not coho s.almon.- The reaso'n that these commercial 
diets caused di.J;ferential performance may b.e related to a- p.reviously 
unrecognized high susceptibility of swim-up fry to relatively low levels 
of peroxidative rancidity in diets. For both species, there were highly 
significant regression correlations (r = 0.8) between weight gains and 
results of analyses of diets for thiobarbituric aci.d (.TBA) and peroxide 
value (PV}. For Atlantic salmon the relations-hip between mortality and 
dietary rancidity was less certain because regression correlation was 
significant (P<.D25} for PV (r = 0.6) but not for TBA (r = 0.4) 
analyses·. This lack of significance may be related to the high 
variability of the mortalitY data and analyses of TBA. 

TABLE 1: EFFECT OF DIET AND RANCID! ON SALMON FRY 
Diet (Atlantic salmon) 8 weeks: Diet (Coho salmon) 8 weeks: 

II PV TBA GAIN MORT u PV TBA GAIN ~MORT 

(Ple/kg) (mg/kg) (g) a (%1 (me/kg} <m.iJkg) (g)w (%) 
1 1.9 1.4 .22b llb 2 8.4 11.0 1.3 .s 
2 8.4 11.0 .14b 24 3 5.8 12.0 L6x .8 
3 5.8 12.0 .16 16" 5 4.9 3.4 1.6x .5 
4 2.3 8.3 .228 2c 7 1.1 3.3 2.2Y . 7 
5 4.9 3.4 .248 u• 8 3.0 1.4 2.1Y . 7 
6 3.4 8.1 .lac 24b 9 13.3 6.7 L2z .9 

% Coef. of Variabilit 6 21 % coef. of Variabilit 5 65 

a,b ... zValues not followed by a common superscript differ (P<O.OS). 



IRON AND COPPER REQUIREMENTS OF ATLANTIC SALMON CSALMO SALAR) 

S. P. Lal I and J. A. Hines 

Biological Sciences Branch, Depar tment of Fisher ies 
~nd Oceans, P. 0 . Box 550, Halifax , Nova Scoti~. Canada 
B3J 2S7 
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Two experiments were conducted at 150C to determine the iron and copper 
requirements of Atlantic salmon CSalmo salar) finger I ings. Purified 
diet s upp I emented with graded I eve Is of iron ( 0, 1·5 , 30, 60, 120 and 
240 mg/kg) o r copper (0, 2.5,5, 10, 20 and 40) were fed to trip I icate 
groups of Atlantic salmon tor 20 weeks. There was no significant dif ­
fe r ence i n weight gain, feed effeciency and total mortal it iy attributabl~ 
to the level of dietary i ron . Moreover , no disorders and gross 
def ic iency signs were noted . Fish fed basal diet (12.9 mg Fe/kg) with 
no i ron supplement showed a reduction in hematocrit, hemoglobin and 
serum iron levels and erythrocyte count values as compared with iron 
supplemente d diet. Approximately 3G ·Mg o t iron supp lement was r equ ired 
to maintain optimum hemoglobin level and other bfood parameters . Mean 
total body, I iver , kidney and spleen i ron showed a gradual increase in 
fish fed diets containing up to 60 mg iron per kg. The results indicate 
t hat the iron requirement of At lantic salmon i s approx imately 60 mg/kg 
diet . 

In the second experiment, gr owth, feed etfeciency and blood parameters 
(hemog lobin, hematocrit and erythrocyte count) were not significantly 
influenced by dietary copper supplementation . The serum copper 
concentration and I iver cytochrome c oxidase activities were 
significant ly lower in the group fed a basal diet (I .2 mg Cu/kg ) or 
the 2.5 mg copper supplement . The copper content of the body and 
the I i ver showed an increase with the gradua I increase in dietary 
copper levels. On the basis of these results, the copper requirement 
of Atlantic salmon was determined to be 5 mg/kg diet. The effects 
of dIetary treatments on iron and copper contents of At I antic sa l·mon are a I so 
discussed in relation to the retention of these elements from the 
dietary sources in Individual tissues . 
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STABILITY OF ASCORBATE-2-SULFATE IN TROUT FEED 
MEASURED BY HPLC 

Willy Schiiep. Jiirg Mannet and Werner Studer 

Department for Vitamin and Nutrition Research. 
F. Hoffmann-La Roche & Co. Ltd. 
CH-4002 Basle 
Switzer land 

The stability of ascorbate-2-sulfat e (AAS) in pelleted 
fi sh feed was determined. An HPLC method was used for 
the measurement of AAS. The compound of interest was 
extracted with water under the addition of ammonia. 
After appropriate dilution with an acetate buffer ( pH 4) 
containing 15 % of methanol, an aliquot was injected on 
a reversed phase column (SHANDON ODS HYPERSIL, 5 pm; 250 
mm length , 4.0 mm I.D. ). Th.e-· mobile phase consisted of 
an acetate buffer (pH 4) containing 15 . % .of methanol 
together with 0.6 g/l of 1,5-d imethyl hexylami n as 
ion-pairing agent. The detector was set at 254 nm. In 
case that interfering compounds were present in the 
samp le extract , the retention time of AAS was monitored 
by changing the concentration of the ion-pairing agent. 
Quantitative determinations were made by comparing the 
areas of the samples with those given by known 
coQcent rations of standards (4.0 pg/ml). The precision 
of the method was checked by multiple analysis on a 
single' sample containing AAS in a concentration of 500 
mg/kg. The relative standard deviation for ten 
measurements was calculated to be better than 3 .5 %. The 
method has also been applied successfully for the 
analysis of AAS in biologica l material. 
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The one year stability data reveal 
retention rate of the AAS in mash as well 
trout feed stored at room temperature and 

an excell!!nt ~ f as in pelleted 
at 37 •c. 

Schp 6.5.1987 
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ASCORBATE-2 - SULFATE AS VITAMIN C SOURCE FOR 

ATLANTIC SALMON (Salmo salar) 

Kjart a n Sandnes, Tom Hansen 1 l and Rune Waagb~ 
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Directorate of Fisheries, Ins titute of Nutrition 

P . 0. Box 4285, N-5028 Bergen 

ll Aquaculture Station Matre, N- 5198 Matredal 

Norway 

A feeding experiment was carried out to test the effective­

ness of ascorbate-2-sulfate (AS) as vitamin C source for 

Atlantic salmon (Sa lmo salar} . Fish which had previously 

been fed an ascorbic a cid (AA} defic i ent dry practical diet 

for four months were used in an experimental set up in dup-

licate groups with the following additions: Group 1: without 

supplementation of any form c:tf ' the vitamin ; group 2: 500 mg 

AA/kg; . group 3: AS equimolar to group 2; group 4 : 5000 mg 

AA/kg; group 5: AS equimol ar to group 4 . At t he start of 

this experiment fish weight was 19 . 9 g and the water tempe-

rature was 7.2!3 . 1 ·c during the experiment which 

lasted 12 weeks. 

Growth was recorded and analyses of liver AA and AS were 

carried out at the start of the experiment, after 6 weeks 

and after 12 weeks. At the end of the study haematological 

t ests and analyses of~_tebral OH-proli~were performed . 

The liver contents (~g/g} of AA (AS} after 12 weeks 

were: 

Group 1: 6 ( 0); group 2: 166 ( 75}; group 3: 27 ( 10} ; group 

4: 309 (130} ; group 5: 85 (42). Partly supported by the nae­

matological findings, these values show that AS on a n equi­

molar basis does not have the same vitamin C effect as AA in 

Atlantic salmon. This was also confirmed through a r e covery 

experiment from which data will be presented . 

AI+ AS ~~ AA Lj<; 

\ 6 0 
0 v .. 

S"'c-t ..-{ 6{; "":h-

~-o'fl '2..7- ..Ao 

S'O'VTJ 3D~ --1 ~ 0 

S"cnro ~-
1(2.. 
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Uo CARP LARVAE REQUIRE VITAMIN C ' 

Dabrowski, K., Hinterleitner, S., Sturmbauer, C., Wieser, W. 

Institute of Zoology, University of Innsbruck, 6020 
Innsbruck, Austria 

Common carp (Cyprinus carpio L.) larvae were fed with 

experimental flaked diets during an initial period of 11 days 

at a water temperature of 26°C. Different diets based on 

yeast and liver resulted in insignificant differences in 

individual body weight of fish (6.5-8.8 mg) which also were 

significantly smaller than fish fed live Arternia nauplii 

(33.2 mg). Fish fed dry diets displayed significantly higher 

mortality (7.8-56.2%) than fish"fed live food (0.6%), the 

former groups showing signs of vitamin deficiency manifested 

by caudal fin erosion and spinal deformity. Total ascorbate 

and dehydroascorbate were analysed in both fish and diets. 

Total ascorbate concentrations in whole fish were 

significantly lower in the dry diets fed groups (16.5-36.9 vg 

g-
1 w~t, weight) than in the Artemia fed group (101.1 vg g- 1 ). 

Dehydroascorbate constituted, on average, 74% and 55.2% of 

total ascorbate in dry diets and live Artemia fed fish, 

respectively. Low levels of ascorbic acid in the fish body 

correspond to low levels of this vitamin in the diet. It 

seems that common carp larvae require vitamin C which is the 

opposite to what has been reported for juveniles and adults 

of this species. It is speculated that larval fish do not 

have the ability to convert the dehydroscorbate present in 

the diet to the active form of ascorbate. 



OETERHlNATlON OF BIOTIN STATUS IN SALHONlDS BY RADlOASSAY AND PYRUVATE 

CARBOXVI A SF: ACTIVITY IN PI ASMA ANQ I IVJ::R TISS!IE 

Rona l d W. Hardy, Robert T. Cotter , and Edmunds Casil l as 

No r thwest and Alaska Fisheries Center , ' Uti l ization Research Division, 
2725 Hontlake Boulevard East, Seattle, Washington 98112 

Large rainbow trout (Salmo gairdneri) fingerlings (106 g) were fed -------either a complete or a biotin-deficient , s emi-purified diet without 

avidi n for 32 weeks. At mont hly intervals, fi s h from each group were 

sacrif i ced to obtain liver and plasma, which was analyzed for pyruvate 

carboxyl ase activity and for biotin l evels by radioassay. The fish 

were also weighed monthly and examined __ for c linical signs of bi o tin 
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deficiency . No di fferences in growth and feed consumption were observed 

between gr oups throughout the experiment despi te a six-·fold i ncr ease in 

weight. However, during the last month of the of the s tudy , mortality 

reduced the number of fish in the bi otin-deficient group by 50%. No 

clinical signs of biotin deficiency o t he r than mortality were observed. 

Live r pyruvate carboxylase activity was not different between dietary 

groups until 28 weeks of feeding. Plasma biotin leve ls were reduced in 

t he fis h fed the biotin- deficient die t af t er 4 weeks of feeding compared 

to t he fi s h at the start of the experiment and compared to fish fed the 

complete diet. Plasma biotin levels continued to decline in the biotin-

depleted fish. 

••.:························ .. ·················--· .... ...... ........... ........ . .. ... .. . . ... -.· •'- ·· ···· ········· .... ................. ,., .•. -.... _ .. ... , . . 



A RE-EXAMINATION OF THE FISHES NEED FOR CHOLINE/BETAINE: A NEW 
PHYSIOLOGICAL ROLE IN OSMOREGULATION? 

Gary L. Rumsey 

Tunison Laboratory and Cornell University 
3075 Gracie Road 
Cortland, NY 13045=9357 , USA 

Data Will be presented from recently completed studies regarding the 

choline requirement of trout and the efficacy of betaine as a dietary 
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replacement for choline. Data from studies where the feeding of 

2-amino- 2-methyl-1-propanol (AMP), a~ inhibitor of choline/betaine 

biosynthesis, will be used to compar~ the efficacy of betaine, choline, 

and methionine as dietary methyl donors. Additional observations and 

measurements on the role of betaine as a feed chemoattractant as well 

as the role of betaine/choline in osmoregulation will be discussed. 

Preliminary results based on blood osmolytes and salt water stress 

t ests show a potential osmoprote.ctive effec t , heretofore not considered 

when evaluating the nutrient requirements of these animals. 



DIETARY CALCIUM, PHYTATE AND ZINC INTERACTIONS IN CHANNEL CATFISH 

* Delbert M. Ga tlin, Ill and Harold F. Phillips 

Department of Agriculture 
Universi ty of Arkansas at Pine Bluff 
Pine Bluff, AR 71601 

* Present Address: 
Department of Wi ldlife and 

Fisheries Sciences 
Texas A&M University 
Col lege Station, TX 77843-2258 

Interactions among dietary calcium (Ca), phytate 
and zinc (Zn) were investigated by feeding eight purified 
egg white diets containing 0.5 or 2.0S Ca, 0. 5 or 1.5:l 
sodium phytate and 20 or 200 mg Zn/kg in a factorial 
ar rangement to triplicate groups of fingerl i ng channel 
catfish (Ictalurus punctatus) in aquaria for 12 weeks . 
Similar weight gain and feed efficiency values were observed 
fo r catfish fed all diets except those which con t ained both 
2.0~ Ca and 200 mg Zn/kg. Those two diet s appeared to limit 
feed in t ake throughout the experiment and thus resulted in 
reduced catfish performance. Diets which contained either 
2.0 :l Ca pr 200 mg Zn/kg in con j unctio n with the lower level 
of the other mineral did not impair catfish grol(th o r feed 
efficiency, thus indicating an interaction between these 
minerals when both were present at the higher levels. At the 
end of the feeding trial, zinc concentration of bone f r om 
cat fish fed the various diets was determined to provide an 
index of zinc bioavailability. Catfish fed diets containing 
calcium, phytate and zinc levels ( abbreviated :l Ca\:l 
phytate\mg Zn/kg) of .5\.5\20, .5\ 1.5\20, 2\. 5\20, and 
2\1 :5\ 20 had mean bone zinc concentrations o f 183.3, 126.9, 
19 1, 4, and 74.8 ug Zn/g fat-free, dry bone , respectively. In 
this series of diets, the higher phytate level alone caused 
a significant (P<0.05) reduction in catfish bone zinc; 
whereas, the higher calcium level alone did not result in 
reduced bone zinc, However , a combination of high phytate 
and high calcium significantly reduced catfish bone zinc to 
the lowest level.Catfish fed the second series of diets with 
ca l cium, phytate and zinc levels of .5\.5\200, .5\ 1.5\200, 
2\.5 \200 and 2\1.5\200 had mean bone zinc concentrations of 
2 80. 7, 307.3, 292.5 and 310.4 ug Zn /g fat- free, dry bone, 
respectively, These bone zinc levels were significantly 
higher than those produced by the first series of diets. At 
the higher dietary zinc level, changes in calcium and 
phytate did not affect bone zinc level s since excess dietary 
zinc was available. Results from this study indicate that 

l eh>:tate redyces zinc bioavailability to the channel catfish 
and this effect is exacerbated in the presence of high 
dietary calcium. 
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/ PIGMENTATION OF SALMONIDS. INTERACTIONS OF ASTAXANTHIN AND 
CANTHAXANTHIN ON PIGMENTDEPOSITION IN RAINBOW TROUT 

Ol e J. Torrissen 

I nstitute of Marine Research 
Matre Aquaculture Station 
N-5198 Matredal, Norway 

Two carotenoid pigments are commonly used to pigment the 
flesh of farmed salmonids. Astaxanthin, the pigment found 
in wild salmonids, and canthaxanthin . 

In this experiment 6 groups of 74 individua l ly labeled 
rainbow trout were fed 6 diets formulated to contain 
200 mg/kg of astaxanthin and canthaxanthin and where the 
astaxanthinratio ranged from a · -to 1 by' 0 . 2. 

. . 
The experiment shows that astaxanthin are absorbed and 
deposited at a higher ratio than canthaxanthin and that a 
combination of both pigments (65% asta~anthin and 35% 
canthaxanthin) give the highest total carotenoid level in 
the flesh. 
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This together with the astaxanthin-canthaxanthin ratio in 
different pigments of the intestinal tract and in plasma 
indicates tha t the absorption and deposition mechanism of 
astaxanthin and canthaxanthin to some extent are independent 

The deposition of as t axanthin and canthaxanthin shows large 
individua l variation, from 0.6 to 5.6 mg/kg flesh at the 
end of the experiment. It is shown that this variation is 
mainly due to difference in fish size and growth ra t e. 
Rainbow trout below 80-90 g deposite carotenoids poorly in 
the flesh. At low and medium growth there is a linear 
relation between growth and level of carotenoid in the flesh l 
but at higher growth thts levels off • 

.... .•. ·· ············ .......... .. · ·· · · --·-···-·· --- · ·-· ····- ···" · -- · ... . 



NUTRITIONAL AND PHYSIOLOGICAL EFFECTS OF DIETARY NaCi ON 
RAINBOW TROUT 

N.A.Salman and F.B.Eddy 

Derpartment of Biological Sciences , University of Dundee 
Dundee, Scotland. 

In freshwater rainbow trout, high levels of dietary NaCl 
(9.2-11 .6%) caused growth impairment only when the added 
salt diluted other nutrients of the commercial diet. This 
was associated with a reduction in food conversion efficien­
cy caused by poor protein efficiency ratio. Food intake was 
not affected by the added salt and therefore additional 
amount of diet should be offered to the salt-fed fish to 
compensate salt dilution. Fish fed isonitrogenous i isoca­
loric diet of different salt content, however, showed simi­
lar growth rate and conversion efficiency. In both diets, 
low level of salt (4.5%) proved to have a beneficial effect 
on growth. 

A few (3-4) weeks of feeding fish on diet containing 9.2 and 
11.6% NaCl appeared to increase the survival of young 
( 10-40g) and larger sized rainbow trout upon transfer to 
seawater. 
Dietary NaCl in excess of 4% caused lower digestibility and 
faster evacuation rate. Efficient absorption of dietary 
salt was noticed in freshwater and seawater-adapted rainbow 
trout. Plasma Na+ and Cl- increased progressively during 
the firSt 24 hours after feeding with salt-fed fish having 
the highest lavel. Retention of normal plasma ionic content 
48 hours after feeding indicates the presence of an effl­
cient salt excretion mechanism. 
Among the known salt output routes, branchial ionic efflux 
was found to be the major route for the extrusion of dieta­
ry salt load, contributing to about 81% of the total Na~ 
efflux in fish fed 11.6% salt in diet. Differences between 
normally and salt-fed fish in the amount of ions excreted 
through the faeces were not significant, indicating a minor 
role for faecal ionic excretion route. A noticeable increase 
·1n numoers of chlonde cell (about 10%) and gii-l 
Na+fK+-ATPase avtivity (about 30%) was observed in salt 
fed fish, indicating the possible stimulation of an active 
salt elimination mechanism during freshwater residence. 
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DEFICIENCY OF VITAMINS C AND B, CAUSED HIGH MORTALITY OF RAINBOW 
TROUT FRY 

TeskeredZiC, Zlatica; TeskeredZiC, Emin; KriZanac, VanCi 

Dr. Sc. Teskered~i6 Zlatica 
"Ruder Bo.9kovi6 11 Institute 
Center for Marine Research 
BijeniCka c. 54 
41000 ZAGREB 
YUGOSLAVIA 

In the course of 1982, 40-80% of the fish of 5-20 g weight 
size died on many Rainbow trout fry farms, 

15-20 weeks after the beginning of feeding period, the fish were 

found swimming without coordination, gathering at the water inlet 

and outlet, the heads turned towards the water outlet. The skin 

was distinctly dark and the spine,deformed. Some fish had exoph•­

thalmos. On examining the fish, the majority of them had cataract 

in one or both eyes with atrophy of the lense. Internal organs were 

pale, sprinkled with tiny bleedings. Apart from the bleeding, in the 

liver were found smaller whitish areas. 

Virusological, bacteriological and parasitological analyses of 

the fry determined no infectional disease. 

58 

Water quality corresponded to the water required for the cultivation · 
of salmonid fry. 

Deta~led food analysis showed that the feed was lacking in vitamin C 

and that vitamin B2 content of the feed was considerably lower than 
the content declared by the manufacturer. 

When vitamin premix was added to the feed (2%), mortality of the fish 
ceased completely within 30 days. 
11Black11 and deformed fish were found on the rest of the farms which 
continued to use this feed during all the rearing. 
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ASKORBYL PALMITATE AS A DIETARY VITAMIN C SOURCE FOR RAINBOW 

TROUT ( SA.LMO GAIRONERI) 

Sissel Albrektsen, 0yvind Lie and Kjartan Sandnes 

Institute of Nutrition 

P.O. Box 4285 

N-5028 Bergen, Norway. 

The vitamin C activity of ascorbyl palmitate was investiga-

ted for the use in s~lmonid diets. Three groups of ''swim up'' 

rainbow trout ( Salmo gairdneri) fry were fed identical 

basal diets for 12 weeks supplemented with no form of ascor­

bic acid (group A), 600 mg ascorbic acid/kg (group B) and 

ascorbyl palmitate in equimolar amounts to group B (group 

C). The fish in group C showed"reduced growth the first 8 

weeks. From week 8 onwards growth rate in group C parallel-

led that in group B, while the fish fed the diet devoid of 

any form of vitamin C {group A) showed reduced growth rate. 

The concentrations of ascorbic acid at the end of the expe­

riment were for groups A, B and C respectively: < 0.5, 64 

and 55 ~g/g in whole fish and < 0.5, 156 and 118 

~gjg in the liver. Vertebral collagen in fish fed ascor-

byl palmitate contained similar levels of hydroxyproline as 

did fish which were given ascorbic acid as vitamin source. 

An in vitro assay demonstrated the presence of enzymatic 

activity in the rainbow trout gut hydrolyzing the ascorbyl 

palmitate. 
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DETERMINATION OF ASCORBIC ACID AND ASCORBATE-2-SULFATE 

IN FISH TISSUES 

Kjartan Sandnes, Ruth Waagb~ and Rune Waagb~ 

Directorate of Fisheries, Institute of Nutrition 

P. 0. Box 4285, N-5028 Bergen 

Norway 

A classical colorimetric method for the assay of ascorbic 

acid (AA) is the coupling of its oxidized form, dehydro-

ascorbic acid (DHA) with 2,4 dinitrophenylhydrazine (DNPH}. 

This procedure, commonly termed the Roe and Kuether method, 

gives the bis-2,4-dinitrophenol hydrazone of DHA which can 

be detected spectrophotomet'rically at ,520 nm. By increased 

hydrolysis time and temperature this principle has also been 

used to determine ascorbate-2-sulphate (AS) (Tucker and 

Halver, 1981). A direct colour reading of the complex at 520 

nm can be influenced by interfering substances in the sample 

extracts resulting in reduced specificity. An approach to 

solve 

Gysel 

this 

and 

problem have 

Hess, 1984) 

been made (Schliep, Vuilleumier, 

with the application of HPLC, 

The present paper reports on the extension of the DNPH 

method with HPLC separation described above also to include 

analysis of AS. The method has been applied in studies on AS 

metabolism in fish including analyses of fish tissues and 

fish feeds. 
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SOME ASPECTS OF ASCORBIC ACID DURING VITELLOGENESIS 

IN RAINBOW TROUT (Salmo gairdneri). 

Rune Waagb0 and Kjartan Sandnes 

Directorate of Fisheries, Institute of Nutrition 

P.O. Box 4285, N-5028 Bergen 

Norway 
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Two groups of adult rainbow trout were fed diets devoid of 

ascorbic acid (AAJ (Group 1) and supplemented with 2000 mg 

AA/kg {Group 2) for 18 months including the maturation cycle 

examined. Haematological data and blood serum levels of 

oestradiol and vitellogenin were recorded during maturation. 

Further the content of AA ana ascorbate~2-sulfate {AS) were 

determined in ovaries, liver, spleen, heart and cerebrum. 

Neither increased mortality nor macroscopic signs of avita­

minosis C was observed in group 1 in the course of the 

experiment. The fish in this group showed low levels of AA 

and. considerable levels of AS, indicating a conservation of 

AA as AS in the tissues of adult fish. 

Blood haemoglobin and haematocrit were significantly reduced 

in group 1 fish at the end of the experiment. Also the 

levels of oestradiol and vitellogenin in the blood were 

significantly reduced in the fish without dietary supplemen­

tation of AA. The results indicate that AS is not mobilized 

fast enough from the stores to meet the demands of AA for 

metabolic purposes during maturation in rainbow trout. 
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A COMPARISON OF GROWTH RATE AND TRACE ELEMENT ACCUMULATION 
IN SALMON FRY SUPPLIED FOUR DIFFERENT COMMERCIAL DIETS 

UNDER REALISTIC CONDITIONS IN A kARGE HATCHERY 

Arnund Maagel, Harald SveierZ & Kaare Julshamnl 

1) Institute of Nutrition, Directorate of Fisheries, 
Lars Hillesgt. 26, N-502$ Bergen, Norway, 

2) A/8 Saevareid Fiskeanlegg, N-5674 Saevareid, Norway 

The very soft water in Western Norway, where most of the 
commercial hatcheries for the salmon fish farms are situa­
ted, make the diet an important source of minerals and tra­
ce elements for growing salmon. 

This study reports on the effect of dietary element con­
centrations on the contents of the elements in growing sal­
mon fry. Four different commercial start-diets for salmon 
were chosen and analysed for major food components, cal­
cium, vit C and the trace elements Zn,- Fe, Cu, Se and Cd. 
Only minor differences were found for the major nutrients 
in the diets, whereas vitamin C, calciUm and trace elements 
varied up to four times. 

After hatching salmon fry were distributed in 24 different 
tanks approximately 78.000 fry in each. Six tanks were 
given the same diet. Random samples of 50 f·ish were weighed 
wee~ly. After 5 weeks of feeding, four fish from each tank 
were weighed, captured and acid digested for trace element 
analysis. 

The levels of calcium and trace elements in the fry were 
significantly correlated to the elements in the diet. In 
the total material only zinc showed correlation between 
concentration in the fry and the body weight. 

Most likely all diets tested contained sufficient of the 
analysed trace elements for optimal growth. Wether these 
levels are sufficient for optimal health need further 
investigations. 



MAGNESIUM REQUIREMENT OF GUPPY <EQ~~l"lA E~Il~Q~AIA 
PETERS) 

Depart11ent 
Singapore, 
Republic of 

of Zoology, National 
Lower Kent Ridge. Road, 
Singapore. 

University of 
SIngapore 05 1 1, 

The require•ent of guppy Cf2~~lll~ r~tl~Yl~!g 
Peters> for dietary •agnesium was investlgated by 
feeding them with diets containing varying levels of 
magnesium (0.0, 0.18, 0.36, 0.54, 0.72, 0.90 g/kg 
magnesiu• of dry diet> for about three and a half 
months. Poor growth. low feed efficiency, high 
mortality were demonstrat~d" in magnesium-deficient 
guppies. Histopathological signs were also seen in the 
various organs (kidney, heart, liver, gill, muscle> of 
these affected fish. Tissue calcinosis, a striking 
symptom in magnesiuM deficiency, was only observed in 
fish fed with 0.0 and 0.18 g/kg ~agnesium. Mineral 
contents such as that of aagnesiu~. sodiua, calciu» and 
potassium were analysed In the above-mentioned organs. 
A major trend of low aagneslum, potassiua and high 
calcium, sodlua concentration was seen in most of the 
organs analysed in the •agnesium-deficient fish. The 
miniMal aagneslu• requireMent elucidated w-as 0.36 g/kg 
•agnesiua of the dry diet if no tissue calcinosis is to 
occur. The optlaal level of magnesium required for 
optiMal growth was found to be 0.54 g/kg magneslua of 
the diet. 
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UTILIZATION OF GRAIN NUTRIENTS BY SALMONIDS 

A~bil~_KCQSd2bl, Einar Watne and Kjell Harald Lunde 

Institute of Aquaculture Research 1 N-1432 As-NLH, Norway 

Barley, oats, wheat, and corn, raw, boiled, and extruded were 

fed to rainbow trout. The grains compriced 40 % of the dry 

feed ingredients. Fish meal and capelin oil were included at 

49 and 10 %, respectively. Chromic oxide, serving as 

indigestible marker, was added at 1 % level. The diets were 

prepared as moist pellets with about 40 % water. 

Digestibility experiments were carried out with fish kept in 

two-cubic meter tanks. Each tank contained 19 fish at average 

weights of 300 g. The fish was fed aQ li~ltQID for 17 days in 

each trial. One tank was used per treatment. Contents of the 

large intestines were collected and pooled from anaesthetized 

fish in each of the tanks, in three replicates. 
The carbohydrate fractions, compricing the major parts of 

the :grains, showed significantly different digestibilities. 

Wheat showed, on average, the highest carbohydrate 

digestibility, followed by oats, barley, and corn. The heat 

treatments affected the carbohydrate digestibilities 

significantly. The carbohydrates of raw grains were poorly 

digested. Boiling improved the digestibi~ity of total 

carbohydrates from an average of 2% to about 37 %, whereas 

for extruded grains, the digestibility was 55 %. Fish fed 

diets containing oats, digested dietary fat less efficiently 

than fish fed other diets. The heat treatments did not affect 

the fat digestibilities of the diets. No significant 
differences were found between grains or grain treatments 

regarding nitrogen utilization. 



GRO~TH RATES AND CONVERSION EFFICIENCY DURING 
COMPENSATORY GROWTH OF ARCTIC CHAAR 

University of TromsO, Institute of Fisheries 
Oramsveien 2ol p.o. box 3080 Guleng 
N-9001 TromsO, Norway 

The phenomenon of compensatory growth was investigated 

in Arctic charr (Salve linus alpinus L. ). In order to 

avoid the effects of social interactions on feed 

intake and growth,fish were held in isolation. During 

a period of 8 weeks, the restricted fish were suoolied 

with 10 % of the food consumed by control fish and 

this ensured that restricted fish either maintained 

body weight or showed very !Ow rates of, growth. The 

resticted fish were then switched to satiation 

feeding for a further period of 8 weeks. Food intake 

of each individual was monitored. Fish were weighed 

every other week For the determination of growth 

rat~s. "Restricted-satiation•• fish were sampled at 

8, i2 and 16 weeks and control fish at 16 weeks. 

Proximate body composition was determined and· RNA:DNA 

ratios of muscle and liver analysed. 

••Restricted-satiation•• fish disolayed high rates of 

growth during the rea!imentation oeriod and food 

conversion efficiency was high. Attempts were made to 

relate ANA:DNA ratios to individual rates of grouth~ 
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A BEHAVIOURAL METHOD TO TEST FEEDING RESPONSES OF FISH TO 
PELLETEO DIETS. 

Drs. L. Stradmeyer 

Frippak Feeds 
c/o Freshwater Fisheries Laboratory 
Faskally, Pitlechry 
PH 16 5LB Perthshire 
Scotland 

Hatchery -reared Atlant1c salmon fry, (Salmo salar L. ), in a 
test flume, were offered a standard dry pelleted food and a 

·new moist pelleted food, both of the same particle SlZe, 
but differing in shape, texture and gustatory characteris­
~ics. Feeding responses recorded were: 

1. Orientation (head and eye movement of fish). 
2. Approach (swimming of fish towards pellet). 
3. Capture (fish take pellet in mouth). 
4. Rejection (fish spit pellet out) 
5. Ingestion (fish swallow pellei). 

Results showed differences in reactions to and consump~1on 
of the two foods. Shape was identified as a major factor in 
the capture of the food while taste and texture lnT 1uencea 
ingestion. The new moist Frippak peileted diet was prefer­
red and taken twice as often as the standard dry diet. 
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STUDIES OF APPETITE ~~D FOOD INTAKE IN ARCTIC CHARR 

Even H. J0rgensen and Malcolm Jobling 

IFF, University of Troms0, Box 3083 Guleng, 9001 Troms0 

Quantitative evaluation of gut content in living fish has been determined 

using a radiographic method. Fish which had been offered a diet labelled 

with small (125 - 180 um) iron particles (0.5 7. w/w) were X-rayed and 

gut content quantified by counting the number of particles . The method 

eliminates problems associated with force feeding, autopsy or pre- and 

postfeeding starvation. To evaluate the applicability of the method we 

tested whether the "calculated" gut content (from X-ray analysis) re­

flected the "real" content at different interva·1s after a meal. After 

7 days of starvation, 190 Arctic Charr (25 g) wer~ given labelled food 

for 3 hours, after which no food was offered until the end of the expe­

riment. At regular intervals after the meal, a number of fish were 

killed and weighed, stomach and intestine removed and X-rayed before the 

contents were removed for drying and weighing. The "calculated" and 

"real'·' gut contents could be compared and evaluation time estimated. 

Until 9 hours postfeeding, the "calculated" and "real" gut contents did 

not differ significantly. Later on , the X-ray method overestimated 

stomach content, probably due to preferential retention of the X-ray 

dense particles in the stomach. The method seems well suited for food 

intake studies, but unsuitable for evacuation studies, at least in small 
Arctic Charr. 

The method has been · used in a pilot study of diurnal• rythmicity of food 

intake. Under natural light conditions (spring) food intake was measured 

for 3 hours intervals throughout the whole 24 hours cycle. Food intake 

varied markedly between intervals, being lowest at mid day/-night (0. 5 
- 1 

mg.g fish ) and highest during the period fol l owing sun set (5.15mg·g 
-1 . 

fish ) . The method appears to be suitable for studies of this kind. 
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EFFECTS OF CARBOXYMETHYLCELLULOSE ON GASTRIC EMPTYING TIME 
DIGESTION AND GROWTH OF TILAPIA (Sarotherodon niloticus x S. 
aureas) 

Shi Yen Shiau, Hao-Ling Yu, Sophy Hwa, Shih-Yang Chen 
and Song-Ing Hsu 

Dept. of Marine Food Science 
National Taiwan College of Marine Science & Technology 
Keelung, Taiwan 20224 
Republic of China 

Carbcxymethylcellulose (CMC) was incorporated into 

experimental rations at four levels (-2%, 6%, 10% and 14%) 

and fed to male tilapia (Sarotherodon niloticus x S. 

aureas) for 9 weeks. The experiment was conducted in a 

close circulated filtered rearing system. The following 

results were obtained: Tilapi~ fed diets containing 6%, 

10%, a·nd 14% CMC showed significantly lower (P<O.OS_) feed 

conversion rate than that of fish fed 2% CMC. The dry 

matter digestion coefficients of the diets generally 

declined as CMC level increased. However, the differences 

were not significant (P>0.05). Gastric emptying time 

increased as the inclusion of CMC in the diet increased. 

Stomctch-body weight ratio, crude protein content and a-sh 

content of fish were similar in all the dietary groups. 

Fish fed 6%, 10% and 14% CMC containing diets· had 

significantly lower (P<O.OS) lipid content than that of 

fish fed 2% CMC diet. 



CARBOHYDRATE AS AN ENERGY-SOURCE TO COO - GADUS MORHUA 

Hemre, G-I., Lie, 0., Lied, E., Lambertsen, G. 

Directorate of Fisheries, institute of Nutr i tion 
P .O. Box 4285, 5013 NygArdstangen -Bergen 
Nor\olay 
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Four parallel groups of 50 cod C200gl were given increas ­
ing amounts of dextrinized potato starch in their feed. 
3.57. mortality were registered during the 8 weeks of the 
experiment. Protein energy between 507. and 807. was substi­
tuted for carbohydrate energy, while fat energy \olas kept 
constant at 207., as earl ier experiments had shown that 20 
energy'l. of fish oil sufficed to keep liver size/body size 
of cod constant. Digestibility . was eva.luated using CrJ. 0

3 
as 

a marker . Plasma glucose was .aetermined ysing a hexokinase­
UV-method . Glycoge n content of muscle and liver were 
measured using an enzymatic method with amylase and 
amyloglucosidase. · 

Cod, which is an carnivorous species, had a digestion 
capasity for dextrinized potato-starch ranging from 301. to 
457. of the amount in the feed , increasing amounts of s tarch 
giv~ng decreasing digestibility. This is in agreement with 
expe riments with yel l owtail, Serio l a quinqueradiata 
CShimeno et al., 1977> . The digestibilities of protein and 
fat seemed independent of the starch content in the feed. 
The energy intake increased with the starch content in the 
diet . PER and ~PV were the same for all groups. Plas ma 
g l ucose increased from 35mg/dl to 75mg/dl as the starch 
energy c ontent in the feed inc reased from 0 to 307., showing 
significant correlation, inspite of wide variations between 
individual values . The glycogen content in liver and muscle 
tissue were dependent on the starch content in the feed up 
to 20 energy'l. of starch given . At higher starch contents in 
the feed, maximum levels of 0 . 57. of muscle wet weight and 
3 . 57. of liver wet weight were found. 

·· ~'····· · ··· --·---- -·- · ····· ............ ..... .... _, ,_, ___________ ___ -··- ---- -· 
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FEED AS THE CAUSE OF HIGH MORTALITY Of RAINBOW TROUT IN YUGOSLAVIA 

TeskerediiC, Emin; TeskeredZiC, Zlatica; Malnar, Leon 

Dr.Sc. TeskeredZiC Emin 
11 Ruder BoSkoviC 11

• Institute 

Center for Marine Research 

BijeniCka c. 54 41000 ZAGREB -YUGOSLAVIA 

In 1984, on many Rainbow trout farms, 70-80% of the fry died. 

Significant increase in mortality was observed in the second or in 

the third week of the feeding period. Some of the fish were found 

close to the pond wall, the heads turned towards the water inlet, 

the swimming occasional, irregular and uncooridinated, opercula 

dilated and the respiration aggravated. Some fry were found with 

enlarged abdomen and exophathal,a:mqs 1 some were cachexic, lying alive 

at the bottom of the pond. The li'ver was yello~ and of loose 'cor.­

sistency, the intestines filled with yellow substance. On cutting 

the enlarged abdomen of the fish, clear liquid was leaking out from 

the peritoneal cavity. 

Virusological, bacteriological and parasitological analyses 

of: the fry determined no infectious disease. 

PhysiCo-chemical analyses showed that the water qulity couldn't have 

caused the mortality. 

It was found by feed analysis that the mortality was due to the 

inferior composition of the feed. 

Microscopic analysis showed that the feed contained 10% wheat, 

15-20% fish meal, 10% blood meal and 60-65% meat and bone meal. 

With different sort of feed, a small number of fish recovered 

(15-20%), and not· without lasting consequences in later growth. 



FEEDS AND PEEDIN:; IN F-ISH CULTURE IN THAILAND 

Dr. Kok Leong WEE 

Associate Professor 
Div. of Agricultural & Food Eng. 
Asian Institute of Technology 
P.O. Box 2754 
Bangkok 10501 
Thailand 
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Aquaculture in Thailand is very diverse with more than 20 species of fish 
and shellfish being farmed in systems which are Categorised as highly 
intensive with precise controls in management and feed inputs through to 
those classified as extensive with relatively few or no inputs. Feeds 
used ranged from complete dry pellet to supplementary feeds in fertilized 
ponds to the more 'ambigous' feed/fertilizer inputs. This paper 
summarizes the wide range of feeds a,nd feeding practices currently in use 
in fish culture in Thailand. 



RATICN LEVEL R:R SALNCNIDS -
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T. Asgclrd*, T. Storebakken*, E. Asutreng** and P.H. Vab0**. 

Agricultural Research Council of Norway 
Institute of Aquacu I ture Research 

* N-6600 Sunndals0ra 

**Box 10, N-1432 As-NlJ-i 
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Different ration levels for Atlantic sahron and rainbow trout, in 

freshwater and seawater, are beihg investigated in a series of experi­

ments where we examine growth, feed conversion and body composition. 

A standard ration level is calculated according to expected grO<Nth. 

Ole kg of dry feed is offered per kg of expected growth. Other groups 

of fish receive rations between 25% a~ 325% of the standard ration. 

The salmon reached a mean weight of 28 g after 7 months (2 400 day de­

grees (d.d.)) and over 180 g after 15 months (4 000 d.d.); survival wa$ 

above 80% frcm the eyed egg stage on. About 15 MJ of metabolizable 

energy or 1 kg of dry feed per kg growth is sufficient for achieving 

this rapid growth. Nbre feed does not alter the growth or the body 

carpOsition of the fish but does increase :the pollution. Lhderfeeding 

results in retarded growth, increased variation in fish size, and on 

average a leaner fish. The effect of ration level on growth are very 

similar in freshwater and in saltwater. 

The experiments on rainbow trout also demonstrate that overfeeding "is 

unnecessary for rapid growth. Nitrogen digestibility is not signifi­

cantly influenced by ration level. Protein retention is over 45% in 

the rapidly growing fish. The experiments demonstrates the necessity 

of an exact feed ration according to expected growth. 



EFFECT OF DIFFERENT DIETS ON EGG PRODUCTION AND QUALITY OF ATLANTIC 
S.~LMON 

Paivi Eskelinen 

Finnish Game and Fisheries Research Institute 
Laukaa Fish Culture Research Station 
SF-41360 Va!kola 
Finland 
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Four-year old Atlantic salmon groups were fed with different feeds. These 
included 5 dry and 5 semimoist feeds and smelt as a fresh feed. The feeds 
differed according to their moisture, amount and composition of fat anc 
contents of alpha-tocopherol, retinol, canthaxanthin, ascorbic acid and 
selenium. The fishes were stripped and fertilized individually and eggs 
of six females of each feedir1g group were incubated separately. Growth, 
gonadosomatic index, fecundity and egg volume and egg size of every female 
were measured. Survival rates to eying, hatch and first feeding and size 
fry were determined for each feed;_ng group. 
Greatest growth of broodstock fishes IJ.I8S obtained when using fat-supple­
mented semimoist feed, Volume of eggs. /kg and GSI were on an average 
greater for semimoist feeds (D.28l.. 1/kg and 22.3 %) than fer dry feec!s 
(0.250 1/kg and 20.5 %) and fer fresh feed like semimoist feeds (0.272 l/ 
kg and 22.9 %). The diameter of swelled eggs changed between the groups 
only a little. . 

Relative fecundity was highest for semimoist feeds (mean value 1839 eggs/ 
kg), lowest for dry feeds (1697 eggs/kg) and for fresh feed between these 
two (1732 eggs/kg). 
Survival before eyed stage ranged from 75.9 % to 97..5 %. In this 
experiment high alpha-tocopherol content in feed didn't increase survival 
of eggs to eyed stage but high vitamin-( contents may have such an effect. 

In most of the measured parametres the groups internal variation was 
conspicuous, partly because the fishes were first time spawners. 
The percentage which hatch and reach first feeding stage are discuss~~d, 
as well as the quality of fry. 
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GUT BACTERIA IN FISH 

Anne Mette Onarheim and Jan Raa 

Insti tute of f i sheries, PO Box 3083 Guleng, N-9000 Tromsa 

Do fish, like warmblooded animals contain a specific intestinal 

microfiora? How will this microflora eventually be affected by feed 

composition and by antibiotics? Do intestinal bacteria in fish play a role 

in the physiological function of the gut and ifl the resistance against 
pathogens? These are the major questions dealt wit:h in the project. 

Experiments have demonstrated that fi sh indeed contain a unique 
microf lora intimately associated with the gut mucosa and in the pyloruf. 

cecae Wild cod, herring and saithe from an unpolluted marine environment 

as well as farmed salmon and char contain a characteristic microflora. 
This flora consists of slow growing, G-negattve and pleomorphic bacteria · 
which are catalase positive, facultativelyanaerobic and vigorous acid 

producers also under high ly aerobic conditions. Isolates of this ··gut 

bacterium" f rom the different fish species differ slightly in biochemical 

properties but they all resemble marine vibrlos. They differ hOwever rrom 
the species which are known to be pathogenic to fish. 

One of the isolates of these "fish gut bacteria" have the ability to produce 

substances which act antagonistic to Vibrio sa/monic ida, which causes the 
"Hitra disease", and to other fish pathogenic vibrios. 

1\ 

I 
. I 
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EFFECT OF D I ETAAY CAAEO-!YrnATE Cl'J THE LEVEL OF KETeNE OCD I ES IN 

THE BIJXD OF SAJ..M:N I OS 

Agricultural Research Counci I of Norway 
Inst i tute of Aquacu lture Research 

* Box 10, N-1432 As-NLH 

** N- 6600 Sunndals0ra 
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The ob jective of this experiment was to examine whether salrronids produce 

ketone bodies i n response to a carbohydrate- free diet. Ketone bod i ~s 

are alternative energy substrates to g lucose in muscle and brain. The 

precursors of ketone bodies, free fatty acids, are toxic in high con­

centrat ions, have very I imited solubi I i ty and readly saturate the 

carrying capacity of the pi asma a llx.mi n . In the contrast, ketone 

bodies are very soluble, have low toxicity, are tolerated at high con­

centrat ions. diffuse r ap idly through•merrcranes ' and are quickly metabol ­

i zed to C02 and H20. 

Large Atlantic salrron were fed rroist diets with or without carbohydrate 

added to the b inder meal premix. After 5 months of feeding, blood­

samples were taken and the plasma analysed for acetoacetate usi~ an 

au toana lyser. 

~ The results showed differences in acetoace tate level due to ca rbohydrate 

con tent in t he feed. The mean acetoacetate concentration in the blood 

plasma of f ish rece iv ing moist feed without ca r bohydrate was 23.4 pUll , 

wh il e the acetoacetate concent ration of the fish receiv ing mo ist feed 

conta in ing carbohydrate (approximately 15% of the metabolizable energy) 

was 1 3. 1 fJU/ 1 . 



EFFECTS OF PIGMENTS FROM DIFFERENT SOURCES ON COLOUR CHANGES 

AND GROWTH OF RED TILAPIA NILOTICA 

/ DR. MALI BOONYARATPALIN 
/ MRS. NANTHIYA UNPRASERT 

NATIONAL INLAND FISHERIES INSTI~UTE 
KASETSART UNIVERSITY CAMPUS 
BANGKHEN, BANGKOK 10900 
THAILAND 

The investigation was aimed to determine the effect of 

pigment sources on colour development, growth, feed conversion 

and surviva l of Red Tila~ia. The experiments were conducted 

in SO x 100 x SO em. aquaria. using four pigment sources; 

spirulina, toreador mariqold petal meal, shrimp waste and 

turmeric. These pigments were addeQ · to the basal diet at 10\, 

5\, 15\ . and 5\ respectivel~, The "tour test diets and the 

basal diet (control) were fed to Red Tilapia for eiqht weeks. 

It was found that fish fed with spirulina, marigold petal 

meal, shrimp waste , turmeric and basal diet produced single 

red, flame, flame. orange and orange coloration in Red Tilapia 

respectively. Snout and base of the fins of fish fed mariqold 11 
petal meal added diet developed temple yellow coloration. Growth 

was stimulated by shrimp waste and inhibited by turmeric. Feed 

conversion was not ~ignificantly dif~erent from the basal diet 

except the turmeric added diet. Survival rate was essentially 

equal for all test diets and not significantly different from 

the basal diet. 
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NATURAL ASTAXANTHIN AS A SOURCE OF PIGMENT IN FEED 
FOR SALMONOIDS. 

Bodi l Rii s ing. 

Grindsted Products A/S 
Edwin Rahrs Vej 38 
DK-8220 Brabrand 
Denmark 

An industrial production of Astaxanthin for fermenting 
the yeast has now been developed. 

It has for years been a wellknown fact, that salmonoids 
are unable to synthesize carotenoids themselves and 
that the pink colour characterizing wild salmons is 
due to ingestions of several types of natural feed -
phytoplankton and crustaceae - containing different 
types of carotenoids of whiph Astaxanthin (3,3-Dihy­
droxy-B,B-carotene-4,4'dione) is the most important. 

In order to obtain the desired red colour in pen­
reared salmonoids, different sources of pigment have 
been used - shrimp waste, shrimp meal, crill meal, 
tobis oil. 

The greatest importance has been gained by the synthe­
tically produced Cantaxanthin (Carophylred containing 
10% Cantaxanthin) produced by Hoffmann La-Roche. 
Recently Hoffmann La-Roche have also brought a synthe­
tic Astaxanthin product (Carophylpink) to the market. 

Recently a demand for natural products - and rather 
heavy complaints against synthetic Cantaxanthin - has 
increased the interst of producing Astaxanthin in a 
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natural process . and the publications from E.A. Johnson­
by producing natural Astaxanthin by fermenting a red 
yeast, Phaffia Rhodozyma - have been found of great 
interes . 

This concept has now been deve loped into an industrial 
production and Grindsted Products will in 1988 be able 
to market Astaxanthin of natural origin. 



rEEDING, DRI~ING AND DIGESTION IN ATLANTIC SALMON (SALMO SALAR) SMOLTS 
fOLLOWING TRANSfER TO SEA WATER. 

Malcolm Usher and Clive Talbot 

freshwater fisheries Laboratory 
raskally 
PITLOCHRY 
PH16 SLB 
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reed i ng is suppressed immediately after transfer of smolts to sea water 
and about 30 days elapsed before all of t he population ingested food. 
Changes in plasma i ons indicate that hydromineral balance was established 
in 7-9 days post-transfer . All freshwater control fish fed throughour. the 
experimental period. Recruitment to the feeding fraction of the po»llaticn 
was i ndependant of fish size and the median meal size did not differ when 
measured 7 days (33% feeding) or 30 days (96% feeding) after transfer to 
Sl/. Meal size and evacuation rate in feeding SW fish was not differen t 
from FW fish, however, the assimilation of nitrogen was 10% less efficimt 
in SW fish. Growth of salmon in SW was significantly less than that of 
the rW control fish for the first SO.days following SW transfer. Eighty 
days after transfer the mean weigh~ 'of SW fish e~ceeded that of_ the FW 
control population. 

Gut pH and ionic content of digesta indicated distinct differences be~ 
the luminal millieu in SW and FW fish. Stomach pH was not significantiy 
different between rW and SW fish but the pH of the mid- and hind-gut of 
SW fish is more alkaline. No significant differences were observed betw~ 
the proteolytic activities of mid-gut homogenates from SW and FW fish 
sarrpled 7 and 29 days post-transfer. Proteolytic activity was not affec t ed 
in either SW or rW fish by the presence of Mg'+ ions (150 mM.l-1) or 
sulphate ions (70 mM.l-1). Enzyme pH profiles were similar for mid-gut 
homogenates from both SW and FW fish with peak activity occurring at 
pH 9 . 2. 

Drinking commenced withi n a few hours following transfer to SW, gr~dually 
increasing to a plateau after about lOCh. The drinking response _appears 
to follow changes in plasma osmolarity. Wate r content of diges~a in the 
stomach of SW fish is higher than in rW fish but there were no differences 
in digesta water content in the mid- and hind-gut. Drinking rate of 
around ~1 was unaffected by the amount of food in the 
stomach. ~ 



Photoperiod and Temperature Effects 
Reproductive Investment in Atlantic 

John E. Thorpe and Colin E. Adams''' 

on Early Development and 
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(Address for communication) 
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Early sLudies attempting to relate general parental development rates 

'Nith reproductive investment, tended to er.tphasise the importance of 

the marine phase of the salmon's life~cycle, when examining the 

relationships bet<.veen developnental rates (as estimated by sea-age) 

and fecundity {egg nBmbers) or egg size, largely ignoring the freshwater 

phase as unimportant. It is now generally accepted that there is a high 

degree of variability in parr maturation and smoltification rates, both 

beONeen and within p::lpulations and 'families. This has been shown to 

be a function of overall growth and developmental rates of parr, and 

is subject to genetic and environmental influnces on the p::lpulation. 

One recent investigation has shown that parental river age, used as an 

indicator of developmental rate, gives a better indicator of fecundity 

and~ egg size, than sea age. 

Current work has shown that, within a group of sibling Atlantic salmon 

parr, it is possible to manipulate developmental rate environmental~. 

This is achieved by controlling "grm-rth opportunity" via photoperiod 

(which influences opportunity to feed) and temperature manipulation 

(which influences opportunity to feed, feeding rate and assimilatiOn 

effiency). 

Data are presented to show that increased "thermal slml" (° C hours 

daylight) used as an index of growth opp::lrtunity, effectively 

increases reproductive investrrent and that this is associated with an 

overall increase in general developmental rate. 
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EFFECTS OF PROLONGED EXERCISE ON GROWTH AND BODY COMPOSITION OF 
FIRST-FEEDING FRY OF ARCTIC CHARR <§el~gliD~§ ~lgiO~§ L.) 

Jgrgen Scnou Christiansen and r'1alc:olm Joblinq 

Institute of F1sher-1es, Un1ver-s1ty of Trorns.0', F'. 0. Box 3083 
Gul eng, N-900 1 Troms_g ,. Norway 

Several studies indicate that prolonged moder-ate e:-•er-c1se of 
salmonids leads to hvpertroonv of muscle cells and improvement of 
growth, stamina and surv1 val. 

The following experiment was ce1rried out 1n order- to E'}:amine 
behaviour, growth and changes 1n tJody composltion of moderatelY 
exercised Arctic charr. 

First-feeding fry (size at start: 0.13 mg; 
into ''trained'' and ''untrained'' g~oups (3 
group). 

25--3(1 mmJ 

repl1cate 
wer-e divided 

tanks per-

"Tr-ained" fr-y wer-e exercised at a constant water- velocity of 4-6 
em per- second in circular- tanks. 

A grid placed in the bottom of each tank enabled fry to rest. 
Water- exchange r-ates were 1dent1cal far all tanks and 
temperatures r-anged fr-om 12.6 C (Aug.) to 0.2 C (Dec.). The same 
amount 9f feed was offered to both "trained" and "untr-a1ned" fish 
dur-ing the 190 day experiment. Ther-e was no mortality in either 
group. 

Ther-e were mar-ked differences in behaviour between "tr-ained" and 
"untrained" fish. Fry in the "untrained" gr-oup rema.1ned mare or 
less inactive on the grid for- most of the time but during feeding 
they swam to and fro taking feed fr-om both the bottom and 
sur-face. "Trained" fry displayed positive r-heotaxis and 
distributed themselves evenly in the whole water column. Feeding 
took place only at the sur-face. At any given time only small 
numbers of fry were observed resting on the grid. 

At the end of the experiment the weight of 
e>(ceeded that of fry r-ear-ed 1n still 
approximately 20 1.. 

''tr-ained'' fry (1.42 g) 
water- (1.20 gl by 

Analyses of body composition (dr-y matter-. total lipid, protein, 
ash and total energy) wer-e carr-led out for samples of "tr-ained" 
and "untr-ained" fish taken at the start, at the midpoint and at 
the end of the exper-iment. In add1tion analyses of lipid clases 
wer-e car-ried out in order- to investigate neutral lipids/polar 
lipids and PUFA/SFA compositlon. 
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LABORATORY STUDIES ON THE USE OF ROTIFERS (Brachionus olicatilis 
O.F. MULLER) FOR STARTFEEDING COD LARVAE (Gadus~ L.) 

I. OPSTAD; B. STRAND~ I. HUSE; 0. GARATUN-TJELDST0J 

Institute of Marine Research, Austevoll Marine Aquaculture 
Station, N-5392 Storeb0. 

2 A/S Austevoll Fiskeindustri, N~5392 Storeb0 
3 Biochemical Institute, University of Bergen, N-5000 Bergen 

Norway. 

Up untill today we have to use live feed to get cod larvae 

beyond metamorphosis. 

Rotifers (Brachionus plicatilis) enriched with different 

types of feed at different feeding times have been tried out 

to startfeed cod larvae. The rotifers fed with a combination 

of fishmeal and cod roe for more than 4 ho"urs gave the best 

growth. The temperature played an important role on the 
growth rate. 

Chemical analysis have shown that rotifers enriched with 

fishmeal and cod roe had high content of highly unsaturated 

fatty acids and amino acids, specially methionine and cyctein 
(Olse·n et al., 1985). 



\' FISH ROE AS MAJOR COMPONENT IN START- FEED FOR 
~ FISH LARVAE 

Oddvard Ga~atun -T Jeldst0*, Ingegjerd Ops~ad§, 
Tom Hansen[ and Ingvar Huse§ 
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* O.Oaratun-~jeldst0, Uepartment of Biochemistry, Unive rs ity 
of Be r ge n, Arsadveien 19, N-5000, Bergen, Norway . 

§ I. Opstad and I.Huse, Austevoll Marine Aquaculture Station. 
N-5392 Storeb0, Norway . 
T.Hansen, Hatre AquacultureS~tion, N-5198 Matredal Norwa y . 

Marine fish larvae a r e, with few exceptions , dependent upon 
the s upply of live feed for growth an develop men t during the 
sta rt f eeding period. Attempts ha ve been made to substitute 
live feed with artificia l feed, based upon fish r oe(!), dried 
zooplancton, fish meals, hens-egg, and several types of 
commercial products. 
Cod larvae (Gadus Horhua) were start-fed in laboratory tanks 
using fish roe based die ts. Although metamorphosis did no t 
occur , due to a high mortality rate, it is conc luded that rce 
based feeds supplied with peptone addition, and coa ted with 
rigid fat or stearol. are capable of in ~tiating de velopment 
of the gut, filling of the swi~ bladder, ~nd producing larval 
growth (2). 
Pr o longed survival a nd growth of cod lar vae was obtained in 
start - feeding experiments with dry feeds, based upon the roe 
from: cod, herring, capel in, torsk, ling, blue ling , and egg­
yolk from ~1f.ur'cto:g and salmon . The two latter materials were 
also given as start - feed to halibut larvae (Suggested by 
J.V.Helvik*), and gave p r olonged survival. 
Host marine fish l arvae are too small to i ngest whole roe 
particl es, and in their case the roe must be ground and re­
particulated by rig id fat, stearol or bi nders . Salmo n larvae 
were large enough to .ingest whole roe particles. This gave 
a growt h responce comparab l e to the best co mm ecia l feeds 
available. Grinding and reparti c ulation resulted in a Lo we r 
growth responce , which may indi ca te that improvements can be 
obtained by adjusting the particle properties (coat, leakage, 
hygiene.) 
The work is supported by NFFR contract I.I08.02 and V.I08. 010 , 
and by Feitsildfiskernes salgslag. 

References:!) G.Molvik et al. , 1984. Properties of a new diet 
for fish larvae, including cod (Gadus Morhua L) - In E. Dahl 
et al.,(ed) Fl0de vige n Rapportsenter. l:ISSN 0333-2594 pp.203 
- 211. 2) O.Garatun - Tjeldst0, 1986. Startfor - en flaske-
hals i marint oppdrett . Norsk fiskeoppd r ett 11. pp 49 - 50 
and 12. pp 15 - 17. 



EXPERIENCES WITH WASTEWATER-CULTURED Daphnia IN THE 

STARTFEEDING OF RAINBOW TROUT 

GOran Dave 

Department of Zoophysiology, University of GOteborg, 

Box 250 59, 400 31 GOteborg, Sweden 

Water fleas (Daphnia magna) were cultured in three 1.2 rri3 

tanks fed with treated sewage water (activated sludge 

without tertiary chemical treatment) from February to May 

1986. Concomitantly with an increase in temperature from 8 

to 18°C the density in the tanks increased from 30 water 

fleas per litre to 1000 water ~leas per litre, which corre­

sponds to an increase in biomaSs from 1.4 'to 190 mg/1, ex­

pressed as dry weight. During the second half of the 

experiment ninety rainbow trout (Salmo gairdneri) fry 

(0.15 g) were stocked in net pens within the tanks. After 
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56 days they had reached a mean weight between 1.1 and 2.4 g 

(4 groups), which corresponds with a daily growth rate of 

3.7 to 5.1 ~, with a survival of 95 %. Thus, the results 

have shown that the nutrients in domestic sewage water can 

be utilized with a fairly simple technique for production 

of fish for stocking purposes, on the condition that the 

addition of toxic compounds is within acceptable limitS. 



FEDO INTAKE, DlGESTIBILITY AND BRAIN NEUROTRANSMITTERS IN RAINBOW TROUT 
UNDER HYPOXIC' CONDITIONS. 

POULIOT, T., J. de Ia NOUE and A.G. Roberge 

Centre de recherche en nutrition, UniversiU: Laval, 
1312 Pav. Comtois, S te-Foy (Quebec), Canada G 1 K 7PY 
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Brain concentration of the neurotransmitters serotonin (5-HT) and cate­
cholamines depends upon the availability in the plasma of their precur­
sors, tryptophan and tyrosine, respectively. This plasma concentration 
reflects the dietary supply and is linked to the quality, i.e. amino 
acid profile, of dietary protein. 

An increased resistance to stress shows up when the organism succeeds in 
maintaining the initial equilibrium between 5-HT and norepinephrine (NE) 
in the central nervous system. Our aim was therefore to influence the 
response of rainbow trout to hypoxia (60% oxygen-saturated water) by 
modifying the dietary protein quality. We therefore used diets of simi­
lar composition (isoproteic, isoenerget-i<-) to th,;~t of a commercial feed; 
the sources of protein (animal, vegeta'l) were diffe"rent, however. 

The results for the· three diets show that experimental hypoxia did not 
change the apparent digestibi 1 i ty of protein (total nitrogen), total 
energy and dry fuatter. There was, however a slightly better amino acid 
assimilation in the case of the animal and commercial diets. Moreover, 
the type of protein (animal or vegetal) of the diet did influence the 
concentration of 5-HT, dopamine (OA), NE and S-hydroxyindolacetic acid 
(5-HIAA) in the hypothalamus, mid-brain and fore-brain of rainbow trout 
after a 149-day adaptation period to the diets; the final concentrations 
measured after hypoxia stress were also different according to the diet. 

After the hypoxia stress, the fish fed the animal diet maintained the 
pre-stress equi 1 ibrium between the serotoninergic and catecholaminergic 
pathways. Moreover, these trout showed a feed intake which remained 
normal or came back to normal after stress whereas the fish receiving 
the other diets d\d not. These results are in agreement with our 
hypothesis. 

A poor resistance to stress, especially to hypoxia,· in aquaculture is 
responsible for reduced growth and increased sensitivity to infections. 
The use of 11 specia1 11 diets, with appropriate amino acid profiles, could 
be an interesting innovation for fish husbandry. 

(Supported by FCAR Funds (Quebec) and CRSAQ Grant). 
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0;1.41-blccded fishes have, l::esides a simlified phagosytose, sare general 

fom of protection against bacteria and p;rrasites. Here, probably, 

telcngs the enzymatic forrna.ticn of fonna.lehyde (FA) fran trimethylarnin­

eoxide. As the p~uction of antigens below 10° C is low, but the 

developrent of FA is at maxirnun 3° c: "This prOte:t-ion is i.mp:::lrtant in 

rold areas. The formtion of FA is high in th::! (less active) gadoid 

fishes, al::out 50 rrg FA/100g in stored, sterile muscle. However, in kidney 

and gall-bladder there is al::out 1000 tines higher activity. 

In pe-lagic fishes we foun.:l lCM enzymatic FA fonna.tion, lbM:!ver a lo,.,r 

o:mcentration of hem::r-protei.ns, (down to O.Sy I ml ) strcngly activated 

the enzyme. Therefore the forrnaticn of FA will increase with the 

illcreasing blcx:xi circulation caused by higher muscle activity. 

'Ihis maybe obtained by accustcming the fishes to swim after a rroving 

fcx:xi supply. 
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THE APPEARANCE OF SOLUBLE ANTIGEN, HORSERADISH PEROXIDASE (HRP), IN 
TISSUES OF THE RAINBOW TROUT (SALMO GAIRDNERI, RICHARDSON), SUBSEQUENT 
TO VARIABLE DIP-IMMERSION PROCEDURES. 

£. McLEAN, R. ASH & P.A.B. WESTCOTT 

School of Biomedical Sciences 
University of Bradford 
Richmond Road 
Bradford BD7 lDP 
W. Yorks. UK 

Direct immersion is the most frequently used method of fish vaccination. 
The advantages of this technique are many, but perhaps most importantly, 
it permits the delivery of vaccines to large numbers of fish, of variable 
age and size, with the minimum amount of handling and hence stress. The 
efficacy of applied antigens under such procedures is dependent upon the 
immunogenicity of the antigen, the dose administered and the immersion 
time. Additionally, the effectiveness of vaccination may also depend upon 
the dietary and immunological status of the fish and may be further 
influenced by season. Currently, litt>fe" information exists upon the 
quantitative absorption and subsequent tissue loca-lisation of antigens 
post-immersion. Thus, a series of experiments were designed to determine 
tissue localisation of antigen after variable dip-immersion procedures. 
Additionally, the time-course of blood and tissue accumulation of 
horseradish peroxidase was assessed. Results from these studies revealed 
that the absorption of the antigenic protein macromolecule horseradish 
peroxidase by juvenile rainbow trout was independent of immersion time 
and tDat considerable variation in tissue accumulation and clearance 
occured. 
The importance of these findings, with respect to the commercial applic­
ation of dip-immersion vaccination upon the fish farm are discussed, 
whilst comparisons of horseradish peroxidase accumulation within specifi~ 
tissues of the rainbow trout are made with orally administered animals. 



EFFICIENCY OF VITELLOGENIN SYNTHESIS IN ATLANTIC SALMON (SALMO SALAR) 
AT DIFFERENT ACCLIMATION TEMPERATURES 

Olin Thomas and von der Oecken, Alexandra 

The Wenner-Gren Institute for Experimental Biology, 
University of Stockholm, S-106 91 Stockholm, Sweden 

During vitellogenin synthesis in liver the requirement of body 
nutrients increases. To learn more about the effect of acclimation and 
incubation temperatures vitellogenin synthesis was ~tudied in immature 
salmon (Salmo salar). The fish were acclimated at 8 or 16°C and 
injected with 17-~-estradiol, 5 mg/kg body weight oncg a week for two 
weeks. Protein synthesis in vitro was determined at 8 and 16°C in the 
postmitochondrial supernatants of liver homogenates (Olin, T. and 
von der Decken, A., Phys i gl. Zoo 1 . , in press, 1987). Newly s~o 1 tifi ed 
fish were acclimated at 8 C. Protein synthesis measured at 8 C 

f.J7 

in5reased 5.7-fold in the induced as,c8mpared to the control liver. At 
16 C protein synbhesis increased 2.5-fold. In pre?molt salmon 
acclimated at 16 C the increase in protein synthesis was 5.9-fold at 
the incubation te~perature of 8°C and 2. 7-fold at the incubation 
tgmperatube of 16 C. The relative increase in protein synthesis between 
8 and 16 C was significantly higher in the control than the induced 
liver. This accounted for the differences in effects observed between 
control and induced fish at the two incubation temperatures. The 
efficiency of vitellogenin synthesis was expressed as the ratio of 
induc,ed protein synthesis in liver over the v~tellogenin content per ml 
of serum. At the acclimation temperature of 8 C smolt showed a ratio of. 
15.0 and at the acc1 imation temperature of 16°C pbesmolt showed a ratio 
of 3.1. The conditions for smolt acclimated at 16 Care currently under 
investigation. The results indicate a more efficient vite~logenin 
s~nthesis and/or export from the liver to the blood at 16 C than at 
8 c. 
Support: The Swedish Council for Forestry and Agriculture Research, 
Project No. 520/85 DV38 and The Swedish Natural Science Research 
Council, Project No. B-Bu 2520-111. 
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Physiological changes in muscle of rainbow trout with different feed 

1 l evels 

Kiessli ng, A., Kiess li ng, K. -H . , *Storebakken, T. and Johansson, L. 

Department of Animal Nutrition and Management, Swed i sh University of 
Agricu l tural Sciences, P.O. Box 7046, S-750 07 Uppsa la , Sweden 
*Institue of Aquaculture Research , N- 6600 Sunndalsora, Norway 

A problem in practical f is h farm ing is to administrate adequate feed 
levels. Overfeeding is an economical and environmental probl em, whereas 
too lowe feed le vels will leed to decreased growth and possible harmful 
effects of the · f ish . 

To study the physiological effects of underfeeding on rainbow trou t 
an experiment was set up at AKVAFORSKs research station in Sunndalsora, 
Norway. The f i sh were fed from , ~tart feeding eitherd adequate l e ve l 
(S t o rebakken 1986 PhD-Thes is) or . 50 and 25% .of that l evel. To study 
the possibl e recovery capacity the groups were split after the first 
growth period and thei r feed level were changed (adequate le vel to 50 
and 25% and vice versa) . Samples were taken of the white and red muscle 
and the main fat deposists one and eight months after splitting , to 
enable studies of short and long time effects. Fishes for sampli ng we r e 
selected , on weight basis, from the distribution mean. The experiment 
is now continued in the see. 

The physiological parameters analysed are enzyme activities, histochemical 
staining and levels of protein, glycogen, fat and DNA. The fatty acid 
spectra are also analysed (see Kiessling, Johansson, Storebakken Poster 
abstract). This parameter sel ection i s based on earlier studies of starved 
fis h (Kiessling, A. , Kiessling, K.-H., in prep. and Kiessling, A. et 
al. in prep.) , The growth of the f i sh showed a rapi d response to changed 
f eed level, while only citratesynthetase showed any effect on 50% leve l 
after one month . Glycolysis, beta-oxidation and cytochrome oxidase ~howed 
a decrease i n the 25% level. The protein content was rapidly affected 
when fishes were moved between different levels . 



PREPARATION AND CHARACTERIZATION OF CHROMATIN PROTEINS FROM SALMON 
( SALMO SALAR) Ll VER 

Waters S. and von der Decken, A. 

The Wenner-Gren Institute for Experimental Biology, 
University of Stockholm, Biology F 3, S-106 91 Stockholm, Sweden 
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During maturation of salmon the synthesis of vitellogenin in liver is 
markedly enhanced. The protein is transported in the blood to the 
gonads and takes part in the formation of yoolk proteins. Activation of 
the vitellogenin genes in liver is the initial step in the enhancement 
of vitellogenin synthesis. An alteration in the amount of chromatin 
proteins bound to DNA together with their internal distribution may be 
responsible for the accessibility of the genes to transcription. To 
learn more about chromatin proteins and their function in gene 
activation a preparation procedure was worked out to separate chromatin 
proteins from liver of nonmature salmon. 

Nuclei were ls_olated from 1 iver and' incubated wi.th micrococcus ,nuclease 
to separate the chromatin into regions of low and high transcription 
activity. The chromatin fractions were extracted stepwise with NaCl. 

A problem encountered when studying nuclear proteins is that only 
histones are present in such amounts that they are easily obtainable. 
An accurate method for separation and quantification of the less 
abundant proteins is required. Many proteins are closely related with 
respect to molecular weight and charge and separating them demands high 
resolution from the method applied. Most of these obstacles were 
overcome by using anion exchange high performance liquid chromatography 
(HPLC). As an additional method of protein separation polyacrylamide 
gel electrophoresis in SDS was used. Chromatin proteins of the high 
mobility group (HMG) were extracted separately from salmon liver.· They 
served to identify their counterparts in the protein pattern obtained 
by HPLC or polyacrylamide gel electrophoresis. The combined methods of 
salt extraction, HPLC and polyacrylamide .. gel electrophoresis will be 
used in further experiments to study chromatin proteins of importance 
to vitellogenesis. 

Support: The Swedish Council for Forestry and Agriculture Research, 
Project No. 520/85 DV38 and The Swedish Natural Science Research 
Council, Project No. 8.-Bu 2520-111. 
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A Contribution to the energy metabolism of tilapia (O.niloticus). 

K.O.GOnther, M.F.Osman and K.Meyer-Burgdorff 

Department of Animal Physiology and Nutrition, University 

of Goettingen, Oskar-Kellner-Weg 6, D-3400 Goettingen 

The energy metabolism of fish must be assessed in the same 

way as For terrestrial animals. The determinat1on of the 

partition of food energy (GE) into metabolisable energy (ME) 

and energy retention (NEg) 1s therefore of importance. fhe 

measurement of gross energy intake and of net energy reten­

tion are carried out using a bomb calorimeter or follow1ng 

the comparative slaughter technique respectively. Difficul­

ties arise from measur1ng enet9Y excretions of fish in arden 

to estimate the metabolisable energy. The heat production ca 

be determined from the oxygen consumption of fish following 

the principles of indirect calorimetry. In combination with 

the comparative slaughter technique it is possible to cal~ 

culate the metabolisable energy of a Food ratio. 

A series of experiments was carried out with 0. niloticus 

cept in a recirculating system at 26° C water temperature 

~nder different feeding reg1mes. Under tl1e experimental con~ 

ditions maintenance requirement amounted to 55 kJ ME k~ 0 · 8 

In relation to feed intake energy metabolism for growth ran­

ged between 150 kJ ME kg 0 · 8 and £10 kJ ME kg
0

·
8 

per day at 

feed intake of 14 or 24 g kg
0

'
8

d respectively. Independent 

of feed intake the utilization of ME above maintenance for 

growth was about kg=0.65. The retained energy consisted of 

62% protein, 35% lipids and 3% carbohydrate ~ again indepen­

dent of feed intake. The effeciency of utilizing ME for pro­

tein retention in growing Tilapia was estimated at kp=0.60. 



INFLUENCE OF SOYABEAN MEAL AND SQUILLA MEAL BASED DIETS 
ENRICHED WITH SARDINE OIL ON THE GROWTH AND ORGANOLEPTIC 
QUALIT'l OF COMMON CARP, Q._'{E_BJ__ijUS C_}\_B.f'IO ( LHiN. ! 

M.C.Nandeesha, N. Basavaraja, P. Keshavanath, T.~. vargnese 
and H.P.C. Shetty. 

College of Fisheries, University of Agricul~urai Sc1ences, 
Mangalore-575 002, INDIA. 

The use of nutritionally balanced feeds in carp cul~ure 
gaining popularity in India in recent years. Thougr f13n 
meal incorporated diets result in good fish growth, ~ns 
escalating cost and uncerta1nty of availabili~y of fish 
meal have necessiated the search for other al~erna~1ve pro­
tein sources. Earlier experimenLs conducted at tne Col lege 
of Fisheries, Mangalore substituting fish meal 1n ~~e co~­
pounded feed with soyabean or squilla meal did not y1e1d 
satisfactory results. As an extension of this study, a 
field trial was conducted over a period of 98 days to eva­
luate the merits of five new feed&-formulatad using olif9-
rent combinations of soyabean meal. squill a meal, f1sn meal 
and sardine oil enrichment vis-a-vis fish meal basea 3~~n­
dard diet on the growth and organoleptic qual1ty of common 
carp. Of the five treatments tried, soyabean-squilla combl­
na~lon enriched with 5% oil consistently showed higher 
growth and proved to be the best, yeilding an 1ncrease of 
24.99% body weight over that obtained witn the f1sh meal 
based control diet. The final fish weights obca1ned ~l~n 
soya-fi~h meal combination and soyabean meal enriched w1tn 
8% sardine o11 were lower by 8.i6% and 4.82% resoec~1vel; 
than that obtained with the control d1et. 

Organoleptic evalua~ion showed marked var1at1on 1n v2r1c~s 
attributes like colour and gloss of skin and colour a~ raw 
flesh and odour in cooked flesh. 

The results indicate the possibility of us1ng sau1, a meal, 
reported to be rich in lysine, at a reduced level 1n comol­
nation wi~h soyabean meal, known to deficient in lysine and 
methionine, as an economic substitute for fish meal 1n caro 
diet. 



THE EFFECT OF 17 c(-METHYLTESTOSTERONE ON THE GROWTH AND FOOD 
CONVERSION OF MAJOR CARPS 

Diprangshu Deb and T.J Varghese 

Dept . of Aquaculture , University of Agricultural Sc1ences 
College of Fisher1es, Mangalore- 575002, INDIA. 

Fingerlings of cat l a, rohu, mrigal and common carp we re fed 
pelle~ed feeos i ncorpora ted with 17~-methyltes~os~erone 
(MT) at concen trat1 ons of 0, 1 , 3 , a nd 5 mg /kg (ppm) diet for 
98 days . The experiment was c onducted 1n 12 cement cisterns 
of 25 m2 each. Each cistern was stocked w1th f i ve un iform 
s1zed fingerlings of each species at a ~otal stocking den­
s i ty of 8000 fingerlings/ha . The results of the experiment 
revealed tha~ while catla, r ohu and common carp grew be~ter 
in response ~o 1 ppm MT, the response of mrigal was better 
to 3 ppm of the normone . The difference in grow~h between 
various treatments was statis~ically significant, except 
between con~ro l and 5 ppm treatme~t:F1shes rece1v1ng 1ppm MT 
showed h1gher food conversion efficiency thaR ~hose recei­
ving e1ther 3 or 5 ppm o f t he normone. The increase in fish 
production in 1 ppm MT t reatment was 63.85% more ~han the 
con~rol group. 
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