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SUMMARY

Seven groups of fingerling rainbow trout (Salmo gairdneri) were fed for 10 weeks
on 0%, 10%, 20% and 30% of cassava or-rice in isonitrogenous diets.

Optimum growth and food utilization was at 20% dietary cassava. High fiber
content of the control diet did not supress protein digestibility in this group.
Rather, at all levels, protein digestibility was good and remained between 84,4%
and 90.1%. However, in the control &:« D, carbohydrate digestibility was very
poor. The cassava diets which had the highest digestible energy as carbohydrate
produced the best growth performance, food utilization and protein sparing.

At the levels studied, the dietary carbohyrates produced no hyperglycamic effect
on the fish. There was no evidence of drastic adverse effects on the tissue and
liver composition of the fish receiving these carboydrates,

INTRODUCTION

Some difficulties have been encountered in trout nutritional studies when this

fish is fed with carbohydrate containing diets. Phillips, et al., (1948) using
glucose, maltose, sucrose, cooked corn starch and raw corn stapch as dietary
carbohydrate sources for trout reported high glycogen in livers of trout fed thes:
carbohydrate diets. They then recommended 9% and later between 9-12% (Phillips,

et al., 1956) of dietary digestible carbohydrate for trout., The ability of their
Tish to utilize the different carbohydrate sources, of course, varied. More
recently, (Abel, et al. 1979), starch more than glucose was observed to promote
glucokinase activity and to decrease phosphoenolpyruvate carboxlkinase in trout
liver, Rainbow trout has also been shown to utilise efficiently, higher levels of
dietary carbohydrate (Luquet, 1971; Furuichi & Yone, 1971; Bergot, 1979 Lin et al.
1977, 1978). Edwards, et.al. (1977) using diets which contained 31.9% 35 5% and "
43.6% of digestible carbohydrate (NFE) showed the best growth, condition factor

and food conversion efficiencies in the group receiving 31.9% of NFE. They however,
reported a healthy condition in all the fish.

Cassava and rice are relatively cheap carbohydrate scurces in the tropics (Omanika,
1980). If well utilized by trout, these carbohydrate sources could be economical
in the production of trout diets. Isonitrogencus diets with varying

levels of cassava and rice were therefore fed to rainbow trout for 10 weeks, and
the response of the fish to these practical diets monitored.

MATERIALS AND METHODS

Rainbow trout (Salmo gairdneri) fingerlings collected from Midland Fisherieg,
Nailsworth, Glaucestershire, were quarantined for 10 days (Onwuka, 1980) and then
used for thls investigation. Seven experimental diets were formulated as shown in
Table 1. Before the formulation, the cassava (nen-toxic variety obtained as dried
chips from Malaysia) and rice (long-grain prefluff, Overseas Trading Co.,
Bradfiord) were milled and analysed. Each contained 73.99% and 75.09% respectively
of hydrolysable carbohydrate. The 7 diets were analysed (Table 2) and fed twice
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daily at a total of 2% body welght per day for 10 weeks to the experimental {ish.
¥

Before the onset of the experiment, the fish were individually marked by cold-
branding with liquid nitrogen, given five days to acclimate and then welghed, and
stocked at 20 fish per tank in white plastic tanks contained in a waber recycling
sygtem (Ufgdike & Matty, 1983). The temperature of the system was maintained at
127C + 1:07C.  Welghing of fish was carried out fortnightly therealter, during
which time they were stripped antero-posteriorly for faeces (Windell et al., 1978).
Faeg@s‘for'each group per fortnight were pocled, dried in an oven (present at
105°C) for 24 hours, and used for digestibility estimation after the method of
Furukawa and Tsukahara (1966). Before each handling, fish were anssthebtised using
benzocaine {(Omwulka, 1980). At the end of the 10 weeks experimental period, a
random sample of 10-fish per tank were taken for blood plasma glucose esbimatlon
and proximate tissue assay.

Blocd, liver, muscle and faecal hydrolysable carbohydrabte were determined using
the method of Murat and Serfaty (1974), or slight modifications of this method
(Onwukka, 1980). The Liver and carcass moisture, crude fat, protein and total ash
were determined using slight modifications of the standard ACAC methods (AOAC,1975)
as earlier discussed (Onwuka, 1980). Crude fibre was estimated by difference.
Energy in the diets {Table 2) was computed using standard walues for enegy of
combustion of fat, protein and starch (9.4, 5.6 and 4.2 cal/g respectively), and
the nutrient digestibility values obtained in this research. FPal was assumed to
be 95% digested.

RESULTS
A1l fish fed actively and appeared healtny.

Growth performance

The growth response of rainbow trout fed cassava and rice are respectively shown
in Fizs. 1 and 2. With the cassava dief the best growth response was achieved at
20% inclusion. A 30% dietary cassava when compared to 20% cassava significantly
(P=0.05) depressed growth rate of fish. When compared to the control 10% dietary
cassava does not significantly (P=0.05) affect growth rate.

With the rice diets, no significant difference (P=0.05) in growth is obtained at
the different levels of inclusion (Fig. 2). Thus at levels between 0% and 30%
rics does not appear to be toxic to rainbow trout. The highest specific growth
rate (SGR) was obtained in fish on 20% and 30% cassava.

Food utilization

The Food conversion Ratics (F.C.R.'s) were good in all fish (Table 3) the best
value being obtained with 20% dietary cassava., There was no significant difference
{P>0,05) between the FCR's of the control fish and the RC-5 group. The trend of
results obtained for the protein Efficiency Ratic (ppr), and Apparent Net Protein
Utilization (NPU) very closely follow those obtained for the rCi.

Blood glucose values (Table 3) reveal no evidence of prolonged hyperglycaemia in
fish fed cassava and rice.

. In the control fish plasma glucose 1s gignificantly (P=0.05) low. This could
possibly be due to lack of sufficient digestible carbohydrate in the diet. The
composition of the liver and rest of the carcass (Table 4 &-5) show no evidence of
drastic changes brought about by the carbohydrate diets.

Results from digestibility studies show that the carbohydrate in the cassava diet
is better digested than that in the rice diet (Fig. 3). The conbrol diet contains
only a trace quantity (1.34%) of digestible carbohydrate (Table 2). With the }
inclusion of cassava or rice to the diets, carbohydrate digestibility increases by
at least 70% The apparent digestibility of dietary protein appears good in all
groups, and ranges between 84.4% and 87.5% (Fig. %).
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Table 1. = Composition of test diets fed to rainbow trout (g/100g diet)

Components Diets designations
Cc-1 Cc~2 Ce-3 Rec-4 Rc-5 Rc-6 Oc-7 (control)
Céssava 10.00 20.00 30.00 - - - -
Rice - - - 10.00 20.00 30.00 ~
White fish-meal 145.00 45.00 45.00 45.00 45.00 45.00 45.00
Casein 10.00 10.00 10.00 10.00 10.00 10.00 10.00
D=Cellulose 20.00 10.00 - 20.00 20.00 - 30.00
Mineral Mix1 4,00 4,00 4, 00 4 .00 4.00 4,00 4.00
Vitamin Mix1 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Corn 0Qil 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Cod Liver Oil 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Chromic oxide 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Carboxy methy-
Celluse (binder) 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Totals 100.00 100.00 100.00 100.00 100.00 100.00 100.00
'As in Ufodike & Matty (19
Table 2. = Proximate composition of experimental diets from biochemical assay
(% weight)
Ingredients Diets
Cc=1 Cc-2 Cc-3 Re~4 Rc-5 Rc-6  Oc-7 (control)
Moisture 5.49 5.95 6.26 5.36 6.48 6.82 5.04
Protein 41.76 41,35 41.63  43.46  43.57 42.85 41.34
Fat 12.28 12;32 12.09 12.25 11.97 11.97 10.61
Car'bohydr‘ate1 11.15 18.25 26.62 9.18 19.51 26.01 1.34
Ash 9.86 10.02  10.38 9501  9.07  9.41 8.76
Su=~totals 80.54 87.89 96.98 79.29 90.60 96.96 67.09
Fibre2 19.16 12.11 3.02  20.71 9.40 3.04 32.91
c:~2033 0.50 0.4 0.51 0.53 0.53 0.52  0.50
Energy” 344 370 379 344 354 371 299
. Hydrolysable carbohydrate
. Computed as difference between subtotals & 100

1

2

3. Presented on dry-weight basis
4. Kcals/100g of diet.

78



*XOpUT DTIBUoS~0%eddy e

UOTABZTITTAN UTajoud 28N "
OTged ANINOTIIS UTeq0dd €
OT2BJ UOTSJDAUOD DPOO] °c
99'J UYIMoJdS OTJToedg °l

(60" 0z d) USIDIITP ATAUBOTITUSTS 40U sae qdtaosdadns swes auyj SUTABY MOJ SWES 8Yq UT SodnITd

6L0%0 8L NN 0L J09°1L olert JLo°L oL 86" 1L S T'S'H
gL 00%9€ q06°99 qub 09 qbL'9s q0L°89 qoL "9 q06°LG q06° 65 (%8w) esoontd pooTd
680" L S0L79% ol 62 nmo.mm now.wm mm@.mm VAR Qom.qm - (%) qomz pgmgmaaﬁ
8200 vqo.m nmw;e S8l nqw.e Umo.m Uoo.m mmo.e - m.m.m.m
Le0'0  glen g0t g7 8L 2L G7L7L oL - 540"
€€0'0 el = S€2L SEL°L pIE"L Vel 2Ll - L HDS
892°€  29°66L 2087661 q6°99L o 0ELLL £06°€5L L0 08°LLL - (%) uTes JudTep
626°0  2L'08 qLE€8 .88°68 L6748 298°8L o866 2267 6L - (2) quSTeM TeUTH
oLe'z  98'0€ £85°2€ ellece e2€7LE 2907 1€ ££9°62 £9L°82 - (8) 3uSTeM TET3ITUL
WES T =00 9-24 G-oy =04 €-20 2~ L=9D TeT3UL
S1917 sanTeAs uss)
TTERTM G UG SCTJ DUR BABSSED JU BUSAS] UedolJTP POJ 1N0J) MOQUTES JO UOTIEZTITIN POOJ PUBR UaMoah = °€ oTqej

79



*oqeapiyoq.aed aTqesATOIPAY TBIOT,
(50°0 d) 3ueJseliIp ATauedsTiTudrs jou aJge sidrdosdedns sues syj SUTARY MOJ SURS dUj UT S3JnSTd

&
90 00l

96" 66 g8L° 001 2c 0oL L2°001 71001 #E° 001 oL - 00t =30
momwo‘ el 2 T 207°¢ 29972 . 20872 20872 275°2 228'¢ ysy
owvo gmm 975 2077 LL nmm.wr Qmm gl nmr gl VAN 2t97LL nm¢ gl cﬁmuogm.
781°0 2987 A elb7Y 27 Y 290°% L8y 8076 28’y 184
8£0°0 2370 0_mo.o Q¢>.o n¢>wo 80 th.o Qmm.o now.o rmumgv>somgmo
298°0 m¢m.r> 7l Gl bl EL mwm.mw 298°€L mmr.mw 9l L 202 €L 9JNISTON
WAS + L=20 9-oY4 G-y 7=0Y £-20 2= L=9D TeTITUL

(STSeq quITOM joM %) TeUTd

80TJ PUE BABSSEO JO STOAST JUSJISIITP P9I 3N0J3 MOQUTBJ JO UOTETSOJWOOD SSBOJED TRULJI pue TBTITUL ~ G 9TqR]

UaB004TE pue asoonTd ﬂmuoar

(S0°0 d) JueJsIITP ATIUROTJTUSIS 70u aJge sadraosgsdns owes oyl Butdey Mod swes oyj UT saJandTg

£€°66 80°20L L1°00L 9. 001 18001 2266 £0° 001 9.°66 Tel10],

£0°0 S8L°E Qmm.m 9L LI L nww.m 257l 29071 25597l usy

05°0 AN goc €l <8kl mom.¢ﬁ etb7EL. g mmm.qr e urej04d

0L°0 .Uomm.o 27570 Q@@.o ~E8°0 ero.o Uomw.o vqm.o Qm@.o ed

60°0 239G 5 0879 nom.w 26576 now.w omm.@ nmo.@ Uow,w rmum&vhsongmu

rom.o 595"l 2007 LL 2t 9L mwooww b9 5L 295751 2857 9L 20574 SJINYSTOW
WES + L=20 9oy G-0g 704 €=20 =90 L=20 TeTitur

(STseq quSTeM 38M %) Teutd

90TJ DPUER BABSSED JO STOASDT JUSJSJJTIP P9I 2N0J3 MOQUIBI JO JOATT JO UOT3TIsodwod TBUTJ pUB TeTATUT = ¢ STdRl

80



DISCUSSION AND QONCLUSION

Some of the prevxaus works in which the unavallability of carbohydrates to Rainbow
trout was reported have been conducted using dietls conzisting either wholly or
partially of semipurified or poor quality protein. Such protein sources have been
shown t£o cause nubtritional discrders. The use of some refined carbohydrate sources
have bszen shown to cause growth retardation (Inada, et al.; 1963; Hastings, 1968;
Austreng, ‘et; al. 1977) However , the dietary inclusicn o: of up to 50% starch and/or
dextrin or 207 Ziucose has been shown Lo be well tolerated by salmonids, and the
differences in tolerance levels has, in the maln, been attributed £o the intestinal
_carbchydrats digesting ability of the animals (Buhler & Halver, 1964, Luguet, 1971).
The poor carbohydrate digestibility in cur conbtrol fish probably suggests that a
"threshold? quantity of digestible dietary carbohydrate was necessary to trigger
of f amylase digestive activities in the gut of rainbow Erout. Such low carbohy-
drate digasnlb;lxty in fish fed dists containing only trdce quantities of digestible
carbohydrate { 2%) bave been previougly observed (Lde*ke & Matty, 1982, 1983)

Low protein digestibility has been repor»@d in fish fed'high fibre containing diets
(Kitam;kade, et al.g 1979). It however appears unlikely that the high fibre content
in some of our diets had an over-riding effect. on the protein digestibility. Be~
sides, examination of the rectal contents of the [ish revealed no evidence of
diarrhoea or inconsistency of the rectal content of fish on the high fibre diets.
The results from focd and protein utilization {Table 3) tend to suggest that an
optimm level of u;etary digestible carbohydrate is required for best coaversion of
feed into fissh., That is at a certain lsvel of inclusion of digestible carbohydrate
inte the diet, mastimum energy is trapped from the dietarv carbohivdrate to enable
most of the enerzy from protein Lo, g0 in bedy bullding. The value of carbohydrate
to the fish, which is basically fbr the supply Of metabolic energy is thus important.

Metabolic energy produced as heat is usually regarded as being a waste to the fish
{Cowey & Sargent, 1979}, With an adequate supply of dietary carbohydrate, the
process of gbucaﬂaogenwiq {evidenced by the pressnce of. tissue carbohydrate in the
control fish whose t¥8de quantities of cietﬁrv hydrolys&blc carbohydrate were very
poordy digssted), would be minimised. Hence, dietary protein would be spared, as
showtt in this research,

Cassave could be a2 good and cheap source of dietary carbohydrate for trout.
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