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Abstract

Quantification of retwrn of appetite in fish is considerably important with
respect to the estimation of optimum feeding protocole. Therefore, 30
adult female rainbow trout (. mykiss) (205.6 = 2.2 g) in a fresh water
recirculation system were fed the comtrol diet containing 42.6% of
digestible protein and 19.7 MY kg™ of digestible energy until all fish were
satiated. The fish were re-fed at different time intervals (1= 0, 4, 8, 12, 24
and 48 hours) with the test diet containing radio-opaque glass beads
‘batlotini’ (0.6-0.9 mm) and X-rayed. The amount of feed consumed by
fish for each time interval was calculated following the quantification of
the number of glass beads in the developed X-ray sheets and the appetite
revival of trout was modelled. According to the results, the appetite revival
data was best explained by a sigmoid model since the model gave a higher
correlation coefficient with a lower residual mean square. The times for 50
and 95 % of return of appetite in rainbow trout were observed as 17 and 43
hours, respectively. It was suggested that the X-radiography technique for
the sequential feed intake measurements could be used to understand
feeding behaviour of cultured fish species in order to obtain axHmum
growth performance and feed efficiency.
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Introduction

X-radiography has been used in a wide area in order to obtain
scientific information on feeding behaviour, digestion physiology
and mechanism of '

fish (Grove, 1986; McCarthy ef al., 1993; Charter ef al., 1995; Sims
et al., 1996). Especiaily, it has significant applications in studies in
which quantitative information is required about the feed intake of
individual fish. This fechnique can be employed for the quantitative
determination of gastrointestinal content of fish under different
environmental conditions (Jobling et al., 1995). However, there are
different opinions on this technique for the determination of
stomach evacuation. For instance, Dos Santos and Jobling (1988),
Jgrgensen and Jobling (1989), Jobling er al. (1993) and Tekinay
{1999b) reported that the information derived from X-ray technigque
was not reliable since the radio opaque glass beads did not move
with the digesta and retained in the cardiac stomach of the fish,
cotlectively. On the other hand, the same method has been used
widely for the determination of feed in the stomach. Therefore, this
study was conducted to evaluate the feed intake of rainbow trout
individually at different time intervals and to model the return of
appetite pattern by using X-radicgraphy tecnique.

Materials and Methods

Experimental Fish and Maintenance Facilities

Rainbow trout, Oncorhynchus mykiss (mean weight; 2056 + 2.2 g
SEM) were supplied from a local fish farm (Mill Leat Trout Farm,
Ermington, Devon, UK) and acclimatized to aquarium conditions
for 3 weeks prior to the experiment in the University of Plymouth.
Throughout the study, the fish were maintained in 400 1, fiberglass
tanks within a closed, fresh water recirculation system with a
parallel flow of 6.8 1 through the tanks per minute at a terperature
of 15 = 0.2 ° C. Approximately 20% of the system water was
changed weekly to ensure that the physico-chemical conditions
were at the optimum level, Photoperiod was set as 12 h light/12 h
dark (8:00 am: 8:00 pmy) using fluorescent discharge lamps. (480
lux). During the acclimation period, the trout did not exhibit any
unusual behaviour and continued to feed normally on the test diet.



Test Diet

Formulation and chemical composition of the test diet was as used by
Tekinay (1999b) and presented in Table 1. Chemical compositions of
--the -diet- -were-determined- according 1o ACAC-.(1990). The-test diet
which had a specific size and quantity of X-ray dense marker (3.8% of
the diet) were prepared. The numbers of baltotini in known weights of
diet were determined by X-radiography to ensure even distribution as
outlined by McCarthy e al. (1993). The relationship between the
weight of feed (FW) and the number of beads (N) was lincar:

FW=0.0255N, R%= 0,950, 1= 20 oot esresessers e H

Table 1. Diet Formulation (% dry matter) and chemicalcomposition
of experimental diets.

Ingredient Control Diet  Test Diet
LT Fish Meal® 52.6 51.3
Poultry Meat Meal’ 12.0 117
Blood Meal® 3.0 2.9
Extruded Wheat Meal® 15.3 14.9
Fish Qif° 10.8 10.6
Vitamin/Mineral _
Premix’ 2.0 2.0
oc-cellulose® L9 19 .
Cr, Os_g 04 S '
Ballotini - 3.8
Rinder® " 2.0 09
C. Protein (% DM) ) 487 476
C. Lipid (% DM) 20.5 20.0
C, Ash (% DM) 10.4 10.1
C, Carbohvdrate (% BM) 13.2 12.9

a.l.ow Temp. Fish Meal, Norsea Mink, LT 94. Donated by Trouw
Aquaculture, Wincham, Cheshire, UK.

b. Int. Feed Number, 5-03-798, Trouw Aqua., Wincham, Cheshive, UK.

c. Int. Feed Number, 5-00-381, “ “ “ “ b

d. Int. Feed Number, 4-05-205, © “ " “ ®

e. Atlantic Herring Oil (7-08-048), Seven Seas, Marfleet, Hull, UK.

f. (Close Formulation), Trouw Aqua., Winchatn, Cheshire, UK.

g Sigma Chemical Company, Poole, Dorset, UK.

h. Carboxymethyl Ceilulose

Return of Appetite Delerminations

A protocol was designed to allow each diet to be assayed at sel time
intervals (t =0, 4, 8, 12, 24, 48 h) so that no fish was X-rayed more
than once in a 120 h period. Following a 72 h starvation period, the

33



34

fish were fed diets without an X-ray dense marker and then fed a
second meal with the X-ray opaque beads (0:6-0:9 mimi}-affer a set
time interval until all fish reachéd satiation. The level of re-
alimentation at the specified tire intervil %as’ equal to the extent of
appetite return (Elliott, 1975). Subsequently, all fish were weighed
and X-rayed using a portable Phillips Practix X-ray unit with light

* beam diaphragm attachiment following anaesthetisation by ethyl p-

amino. benzoate (Benzocaine, Sigma; 1 g dissolved in 100 mi of
ethanol, this added to fresh water at a concentration of 5 ml ™. The
technique employed was that of Tekinay (1999a). The recovered
group of fish were then maintained on the same diet for 2 days and
deprived of food for three days before beginning further appetite
revival measurements. During the X-radiographic studies, no fish’
vomited or died. The X-radiographic pictures (Plate 1) of rainbew
trout were viewed on a light table (PLH Scientific Ltd, UK) and glass
beads were counted. Weight of feed consumed by each fish was
calculated using the above formulae and expressed in weight specific
terms. Feed intake of fish for each set time interval was expressed as a
percentage of the mean feed intake of fish at time = 0.

Plate 1. A typical X-Radiographic picture of a trout fed Ehe diet containing
glass b@acﬁs 12 hours after the first meal.

Modelling of Return of Appetite
The appetite return determination was performed using either a
sigmoid or a first-order relationship as used by Tekinay (1999a).

FLz 1/ @HD*e™) it eens e s s rranee e el 2)
FI=a* 1- €5 oo (3D

where, ‘FI' represents the return of appetite or feed intake at time
‘. ‘a’, ‘b’ and ‘K’ are fitted parameters, with ‘2’ being the Y-
intercept (asymptote to appetite return at t = 0) and 'k’ the rate
constant of appetite return. ‘a’ and ‘b’ are the agymptotes to appetite



return and ‘K’ is the rate constant of appetite revival at the given
time ‘¢’ for the regressions. Each model was fitted to the appetite
return data using least square regression (Marquardt, 1963). The
goodness of fit of the two models was compared by poting the
magnitude of the residual mean square (RMS) produced by each
model and by comparison of the resultant r* values (Zar, 1996).

Results

In this study, a sigmoid relationship (Fig. 1) was preferred for the
return of appetite modelling since the model gave a higher correlation
coefficient with a lower residual mean.square compared to first order
model. The linear relationship would not apply becanse fish
continued to eat after reaching 100% of appetite. The instantaneous
rate of appetite revival was supported by 76.0% relationship with
time. According to the model, feed intake of fish at time: 0 was
chosen as 0%. Return of appetite rates at times: 4, 8 and 12 were not
observed to be significantly different (P>0.03),
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Fig.1. Rates of return of appetite rates in trout. Regression
e%uamon for retarn of appetite, Fl= 1/ 0.0092 + 0.039% &°%",
0.76, where FI represents percentage feed intake or
appetite return at time t, n = 30. Data points allocated different
letters are significantly different from each other (p< 0.03).

On the other hand, feed intakes of frout at times: 24 and 48 were

significantly higher compared to those of times 4, 8, and 12 (P<0.05).
Considerable difference was also observed in return of appetite rates
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of fish betwcen the times 24 and 48 (P<0.05). The times for 50 and
95% of retuzn of cqapeute in rafnbow trout were c,snmated as 17 and
43 hours respecmvely '

Discussion

Nufriticnal studies are basically carried out in order to determine
the effects of the amount or the quality of the diet on growth
parameters. Feedmg tanks of ﬁsh and measuring the growth rates of
separately fed groups of fish with different feeds is the conventional
method fo achieve feeding expetiments. Another techmque is to
quantify the food intake of the individual fish and to model from
the data’ an individual fish’s food consumption-growth rate
relationship (Carter et al., 1995). In some species of fish which can
be held m{imdual!y, e.g. cod, Gadus morhug, there is not a
problem in measuring food intake and gzowth rate relationship
(McCarthy er al., 1993). Howcver, in- the group feeding of
experimentai fISh a major problem has been to advance a reliable
method to make repeated measurements of feed mtake mdmduafly
Results of the present mvestigatlon demonstrated that X-
1c1d10g1 aphy method for the determination of return of appetite in
rainbow trout relatmg to feed mtake physzc}iogy have relevance to
aquateed formulation and fish nutr ition.

There may be large variations in feed intake by individnal fish as
indicated by Jobling er al. (1993), however this problem was
avoided in this study by using 30 fish and X-raying the same group
of fish nc sooner than 120 h.

X-radiography is also a valu&ble method in the study of social
relationships within groups of fish (Jobling et al., 1995). Besides,
same technique has been used by Arnesen ef al. (1993) (cited in
Jobling et al., 1993) to study changes in feed intake of Arctic charr
(Salvelinus alpinus Lin. 1758) following sudden transfer from fresh
water to water with salinities ranging from 10 to 35 ppt. Jobling et
al. (1993) also described a method to investigate the effects of
different levels of exercise on feed-growth relationships. In addition
to such studies and return of appetite measurements, the use of X-
Radiography techmque coutd be widened. in order to quantify
sequential meals which have a likely role in consecutive appetite
regulation. Also choice feeding practices can be established towards



better understanding of the response of fish to diets differing in
quality (Jobling &f al., 1995) Such a basis for allowmg feed
selection is quite commonly employed for terrestrial domestic
* aniimal production (Grove et al., 1978; Bromley, 1994; Tekinay,
19994),

In conclusion, X-radiography is a non- -invasive technique and permits
1cpeated samphng of individual and groups of fish. It is also likely to
have apphcation in studies o determine the effects of different biotic
and  abiotic factots on feed-gr owth relatiohships and energy
partitioning (Joblmg et al; 1995) As a result of an integration of
physiological / biochemical information and practxcai considerations,
fish nutritionists would be able to regulate feed intake of fish to obtain
maximum growth rate whilst redicing the feed waste under
production condition:

Ozet

Baliklarda istaha donils stiresinin  saptanmiasi, optimum  yemieme
protokoliinim belirienmesi bakimindan oldukga pembidir. Bu amagla 30
tane yetigkin digi gokku§ag1 alabaligy, (0, mykzss) (2056 £ 2.2 gn) kapa!;
devre tali su sisteminde % 42.6, sindirilebilir protein ve 19.7 MJ kg
sindirilebilir enexji i(;ercn yemle doyuncaya kadar yemlennus, yemlemeyi
takiben farkh zaman arabiklanmda (z= 0, 4, 8, 12, 24 ve 48 saat) tekrar
npmde X~1§mr vansitan cam. madde (ballotmi} (0 6-0.9 mm capmda)
butunan test yemiyle beslenerek romgenlen @ekﬂrms ve yedikleri yem
miktarlan behrlemmstu Farkli Zaman arabiklarmda baliklann titkettikleri
yemler dlkk'i're altharak gékkus’]g1 alabahglmn istaha donug stiresi
mode]lcndminustlr Sonu;;lara gore, istaha donus veriteri en yliksek
korclasyon katsayxsl ve en dusuk kareler ortalamasi dikkate almarak en
uygin gekilde bir sigmoid model tatafindan agiklannust. S6z konusu
bzciliklere sahip yem ile beslenen gokkug%g 'slabaiakiannda % 50 istaba
dénme siiresi 17 saat, % 95 istaha donme sitesi ise 43 saal olarak tahmin
cdﬂnm,;ur Romgen tekmgmm yeustmmhgl y&pllan bahk tuziermde
saglamak 1g:m gercksinim duyulan beslenme davramslamm anlamada
kullaml*s’oxlecagl savuninmustor,

References

AOAC (1990). Official Merhods of Analysis, 15" edition (Bd: K Hench)
Arlington, Virginia, USA. AOAC, p.1298.

37



38

Bromley, P. 1. (1994). The role of gastric evacuation experiments in quantifying
the feeding rates of predatory fish. Rev. Fish Biol. Fish., 4. 36-66.

Charter, C, G., McCarthy, 1. D., Houlihan, D. F., Fonseca, M., Perera, W. M. K,
and Sillah, A. B. 8. (1995). The application of radiography to the study of fish

nutrition. J. App. Iehth., 11: 231-239,

Dos Santos, 1. and Jobling, M. (1988). Gastric emptying in Guailus morhua L.
Effects of food particle size and dietary energy content. J. Figh Biol,, 33: 511-516.

Eltiott, J. M. (1975), Number of meals in a day, maximum weight of food
consumed in a day and maximum rate of feeding for brown trout (Salme trutia
1.). Freshwarer Biol., 5: 287-303.

Grove, D. I, (1986) Gastro-intestinal physiclogy: rates of food processing in figh.
In: Fish Physiology: Recent Advances (Eds: 8. Nilsson and S. Holmgren), Croom
Helm, UK, pp: 140-152.

Grove, D. I, Loizides, L. G. and Nott, J. {1978). Satiation amouont, frequency of
feeding and gastric emptying rate in rambow ‘trout (Salmo gazm’rzen} J. Fish
Biol . 12: 507-516.

Jobling, M., Arnesen, A, M., Baardvik, B. M., Christiansen, J. S. and Jfrk, E. H.
(1995). Monitoring feeding behaviour and food mtake methods an applications,
Aquaculture Nutr., 1: 131-143,

Jobling, M., Christiansen, J. S., Jirgensen, E. H. and Amesen, A. M. (1993). The

. application of X-radiography in feeding arid growth stodies with fish: A summary

of experiments conducted on Arctic chart, Rev, Fish. Sci., 1: 223-237.
Jprgensen, E. H. and Jobling, M. (1989). Patterns of food intake in Arctic charr
(Saivelinus alpinus), monitored by radiography, Aquaculture, 81: 155-160).

Marquardt, D. W. (1963). An algorithm for least squares estimation of non-linear
parameters, J. Soc. Ind. App. Math., 2. 431-441.

McCarthy, I, D, Houlihan, D, E.,, Carter, C. G. and Moutou, K. (1993). Variation
in individual food consumption rates of fish and its implications for the study of
fish nutrition and physiology. Proceedings Nutr. Soc., 52: 427-4386,

Sims, D. W., Davies, S. I. and Bone, Q. (1996). Gastric emptying rate and return
of appetite n lesser spotted dogfish (Scyliorkinus canicule Chondrichtyes:
Elasmobranchit), J. Mar. Biol. Ass., 76: 479-491,

Tekinay, A, A. (1999a). Dietary interactions influencing feed intake, nutrient
utitization and appetite regulation in the rainbow trout, Oncorhynchus mykiss.
Ph.D Thesis, University of Plymouth, UK.



Tekinay, A. A. (1999b). The use of X-radiography technique for the
determination of gastric evacuation rate of rainbow trout (Oncorhynchus
mykiss Walbaum, 1792) Ege University, Faculty of Fisheries, J. Fish. Aquaiic
Sci, 16, 3-4: 353-361

Zar, 1. H. (1996) Biostatisiical Analysis. Third Edition. Prentice-Hall
International, Inc. Upper Saddle River, New Jersey, USA, p. 661.

Received :12/09/2000
Accepted :15/1172000

39





