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ABSTRACT

160 day feeding trial was performed to determine the effects of
dietary carbohydrate to lipid ratio (CHO:L) on growth and body
composition of hybrid tlapia (40.6 £ 0.43 g, initial weight}. Eight
artificial diets were formulated, representing two protein levels (25
and 30%) . within each level four carbohydrate to lipid ratios (2.4,6
and § CHO:L ratio) were tested. Growth rates in fish differed
(P<0.05) with CHO:L ratio. Weight gain (%) was significantly lower
(P<0.05) in fish fed diets containing low crude protein. Maximum
weight gain (363.5%). SGR (0.96% /day), FCE (43.4%). protein
retention (24.4%) and energy retention {15.7%) were observed in fish
fed a 6 CHO:L ratio. Fish fed either high protein and low protein
within 2 and 8 CHO:L ratios tended to produce’ loswer growth ancd
{eed conversion efficiency. The different CHO:L ratios had eflect on
percentage body lipid. HSI (%) of fish increased, however, total bpid
of liver decreased (P<0.05) as CHO:L increased. These results
indicate that hybrid tilapia efficiently utilize caibohydrate to lipid
ratio for growth performance when increased up to 6.0 CHO:L ratio.
Higher dietary CHO:L ratio up to 6 with low protein level in diet
(25% CP) may result in sparing cffect for high dietary protein (30%)
with 4 CHO:L ratio.

INTRODUCTION
Maximizing the utilization of dietary protein for growth is

related to both the dietary inclusion level of protein and the
availability of non- protein cnergy SsOurces, namely lipid and
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carbohydrate. Inclusion of non- protein energy has been shown to
spare dietary protein from catabolism fo provid and enhance its
utilization for growth, a process kaown as * protein sparing *~ {Dias et
al, 1998).

Any imbalance with respect to non protein energy sources and /or
their levels of inclusion may have a direct affect on growth,
conversion efficiencics, nutrient rtetention and body composition
(Jafri, 1998). In warm- water fish, dietary carbohvdrate utilization is
considerably high, and incorporation of this nutrient may add
beneficial effects to the pelleting quality of the diet and to fish growth
(NRC, 1993; Wilson, [994). Cooking or gelatinization of starch has
been demonstrated to increasc carbohydrate utilization for fish
{Catacutan and Coloso, 1995). High levels of dietary lipid may create
problem in the pelleting quality of the diet (Jauncey, [982), as well
as, adversely affect the fish carcass / body composition (Hanley,
1991). It is thus imperative to determine the opiimum dietary
carbohydrate: lipid (CHO:L) ratio .

Earlier studies on this topic have been reported for channel
catfish {Garling and Wilson, 1977). Tilapic zilli (El-Sayed and
Garling, 1988}, hybrid bass (Nematipour et al, 1992) and hybrid
clarias catlish (lantrarorat ef o/, 1994). El-Sayed and Garling {1988),
found that Tilapia zilli fingerlings can efficiently utiiize both
carbohydrates and lipids as energy sources if they are substituted for
one an other of 2.25:1 which commensurate with CHO:L
phystological fuel values. Though, Li ef al. (1991) reported that the
lower protein diets supplemented with carbobvdraic and lipids conld
spare [8-22% dictary protein of Nile tlapia (Oreochromis niloticus).

‘The present study was undeilaken to determing the optimum
dietary carbohydrate to lipid ratios and the possibiiity of reducing the
percentage ol protein in the diet that produce the best growth, feed
conversion , improved nutrient retention and body composition .

MATERIALS AND METHODS

Experimental conditions:-

Hybrid tiapia (Oreochromis nileticus X O, vureis ) 40.9%
U.43 were purchased from a local tilapia farm and held in an vutdoor
cement pond subdivided by netting to eight rearing units (10m?® /unit)
with 1 m depth. Fish were adapted to the new environment and fed on
a commercial pelieted diet for two weeks prior {o the experimental
start. Eight rearing units (40 fish/unit) were supplied with fresh water
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from Nile River. The water was meoniiored twice weekly [for
temperature {29.8+ 3.1°CY; pH {7.620.41), Oxygen (5.44 + 0.63 mu/t)
and aminonia (0.39 £ 0.12 ppm), as described by APFLA (1992).
Experimenfal diets;-

Eight artificial diets (Table 1) were formulated representing
two protein levels (25 and 30%) within each level four carbohydrate
to lipid ratios (2, 4, & and 8 CHO:L ratie) were tested. The CHO:L. of
cach diet was adjusted by incorporation of biscuit industry byproduct
as carbohydrate source and cotton seed oil.

Fecding trial :-

Fish were fed 3% of bady weight per day. The daily ration
was subdivided into two equal partion and fed at 0 900 h and 1400 h,
Fish were weighed every iwo weeks and the daily ration was
adjusted accordingly. No diet was fed on the day of the weckly
measuremnent. The experimental period expanded for 160 days (from
27 April to 2 Oclober, 1999).

At the beginning and end of the cxperiment, all fish were
counted and  weighed, and ten fish from cach rearing unit were
collected  for defermination of liver weighl, chemical body
composition according to AOAC (1995) metheds and liver lipid by
Foleh ef af, (1957), and muscle gross energy was calculated after
NRC {1983). Proximate analysis of dietary ingredients and diets werc
performed using standard method (AOAC, 1995) and gross cnergy of
diets was calculated after NRC (1977) .

Statistical analysis:-

Comparison among different dictary treatments were nude
by two — way analysis of variance according o Spedecsr and
Cochran (1980). Duncan’s mulliple range test at P<i3.03 (Duncan’s |
19555

RESULTS AND DISCUSSION

Hybrid tilapia (Oreachromis niloticus X (. aureus) led dicts
conlaining varying carbohydrate to lipid ratios (CHO:L ratios 2 1o 8)
and protein leveis (30and 25%) exhibited different  growth
performance (Table 2). Weight gain percentage as well 5s specific
groth rate were highest in fish fed w6 CHO L ragjo 30% cmde
protein diet as opposed to fish fed the 2 {73301 ratio with 25%
dietary protein,
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As presented in Table (2) and Figures 1,2 (a .b) weight gain
and specific growth rate {SGR) progressively increased significantly
(P<(3.05) with increasing carbohydrale to lipid ratio up ¢ 6 CHO:L in
the diet. Therefore, it appears that hybrid tilapta can tolerate up to
41.06% carbohydrate in {he diet (Table 1) which is in agreement with
the wvalues reported for Nile tilapia (40% carbohydrate diet)
(Anderson er al,1984) and Tilapia zilli {40%) (El-Sayed and Garling,
1988). Also, the same authors, demonstrated that Tilapia =zilfii
fingerlings can efficiently utilize both carbohydrates and lipids as
energy sources if they are substituted for one another at a rate of
2.25:1 which commensurate with CHO:L physiological fuel values.

The decreasing weight gain of hybrid tilapia (Table 2) fed on
diets with 8 CHO:L ratio (a low fat high and carbohydrate diets) was
comparable to those fed other diets which may be related to deficient
essential fatty acids and this agrees with the findings of El-Sayed and
Garlin (1988), who reported that Tilapia zillii may have been able to
utilize higher levels of dietary CHG (>37% dextrin) if adequate
essential fatty acids were available.

However, reduced growth in hybrid tilapia fed diets
containing either high lipid with Jow carbohydrate diet (2 CHO:L
ratio) could be the result of reduced feed intake (Table 3) by the fish
due to ligh dietary tipid. reducing the intake of necessary amount of
profein and other nuirients reguired for maximium growth (Jafii,
1998y .

in the present study, the differences observed in growth
indicate that the ability of the hybrid tlapia to adapt to increasing
fevels of dictary carbohydrate vp to 41.06 with CHO:L ratios 6,
appeared 1o be more pronounced than that reporied for channel catfish
and tilapia (Garling and Wilson, [977; El- Sayed and Garling, 1988).
The benelicial cffects of dietary carbohydrate in warmn water fish is
well documented (Wilson, 1994), In Nile tilapia, increased growth
was observed by feed on diets containing appropiiate levels of
carbohydrate, ful and protein (Teshima and Kanazawa, 1986). Jaln
{1998} found that reduction in dietary lipid from 19.95 to 8.07 with
concontitant increase in carbohydrate level from 0.44 to 27.28,
corresponding 1o CHO:L ratios of 0.02 to 3.38 significantly improved
the growth in Clarias batrachus.

Also, in plaice (Plewronectus platessa), weight gain was
greater in fish fed diets containing both carbohydrate and lipid, than
those receiving lipid as the sole dietary non- protein encrgy source
{(Cowey ef al, 1975). The same trend was also observed by
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Jantrarotal er al, (1994), who found that the optimum CHO: L in
hybnid catfish (Clarias macrocephalus X C. gariepinus) diets which
produced good growth rate ranging from 3.83 to 11.24.

On the other hand. in channe! catfish, diets containing 24%
crude protein and 275 K cal /100 ¢ (ME), with CHO:L ratios ranging
from 0.45 to 4.5, have been reported to produce fish with no
significant differences in weight gain (Garling and Wilson, 1977).
Similarly in hybrid striped bass (Nematipour e «l, 1992) and
rainbow trout (Brauge et al, 1993) feeding different CHO:L ratio
diets did not affect specific growth rate.

Result of weight gain percentage (WG%) (Table 2) as affected
with CHO:L ratio within the protein levels tested (30 or 25%),
showed that W% was not signtficantly affected with protein levels
in the fish fed at 4 CHO:L ratio. These data confirm the existence of a
protein — sparing effect of lipids and carbohydrates, which seems to
be influenced by the non- pretein energy sources. In this connection,
Lietr al, {1991) reported that Nile tilapia (Oreochromis niloticus) fed
the lower protein diets supplemented. with carbehydrates and lipid
could spare 14-22% dietary protein.

Anderson et gl (1984) found that Oreochromis niloticus fed
diets containing 40% carbohydrate (which represents approximately
30% of gross dietary cnergy) did not retard growth. Also, Degani and
Viola (1987) found that the increase in the percentage of availabic
carbohvdrate (wheat meai) reduced the amount of protein or fat used
for energy, and increased the amount of carbohydrate used for energy
which therefore did not reduce the growih rate of ecls (dnguilla
anguilla). On the contrary, Dias ef al. (1998) reported that protein -
sparing 1s influenced by the dietary digestible energy level rather than
by the nature of the non- protein energy sources,

The adverse growth responses that were observed for hybrid
tilapia treatment with 25% cp with 2 CHO:L ratio (Table 2) may be
attributed to increased crude fiber contents (10.78%) in this treatment
than reported by Anderson ef al. (1984). They found fiber levels up to
10% were not desirable in tilapia diets. Shiau ef «/, (1988), showed
that increased stomach emptying of tilapia recetving the diets
containing high levels of carboxymethyl cellulose increasced the
passage of chyme into the small intestine and clearly contributed to
the observed shortening in the overall transit times.

The growth values (Table 2) indicate that hvbrid tilapia
(Oreochromis niloticus X (). qureus) are able to adapt to increased
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levels of carbohydrate to lipid ratios in the diet, but that levels in
excess of 6 CHOL ratic will result in a significant growth depression.
These results are higher than these reported in previous works (El-
Sayed & Garling 1988) {or Tilapia zillii and for Nile tilapia by 1.1 ef
al. (1991) which may be attributed to the use of hydrolyzed starch as
biscuit industry byproduct in the present study. According to Lovell
(1989}, raw carbohydrate yields lower digestible energy per gram
than cooked or partially hydrolysed starch. Shiau & Liang (1995)
observed 1ncreased phosphofructokinase activity and decreased
glucose-6- phosphatase activity in hybrid tilapia with increasing
carbohydrate complexity in the diet. Subsequently, the activities of
malic  enzyme, glucose -0- phosphate dehydrogenase and
phosphoglucenate  dehydrogenase also  positively related to
carbohydrate complexity in the dict of hybrid tilapia (Lin and Shiau,
1995). '

Furthermore, tilapia has been reported to utilize starch better
than glucose {Shiau and Chen, 1993; Anderson et @i, 1984). Pieper &
Pleffer (1980) suggested that poorer performance of simple sugar
such as glucose might be due to “negative physiological effect”
causcd by glucose saturation. This is because that glucose as a simple
sugar requires no digestion and is rapidly assimilated across the gut.
However starch must undergo enzyme hydrolysis before assimilation.
Thus, glucose appears at gut absorption sites more rapidly than sugar
of more complex molecular structures. The implication of this is two
told. First, the rapid absorption of glucose would mean that
elevation of the activities of carbohydrate metabolic enzymes. This in
turn would restrict the use of these highly digestibie carbohydrate
sources and thus cause the low availability oi glucose to fish
(Furuichi & Yone, 1982). Sccond, glucose is known to inhibit the
transport of aming acids at absorption sites across the fish gut
membrane (IHokazono ef al., 1979). Thus, glucose might have effects
on the protein requirement of fish.

Though Shiau & Chen (1993); Shiau & Lin (1991) and Tung
and Shiau, (1991) suggested that poor glacose utilization by tilapia
can be attributed 1o the glucose being a) not absorbed by fish, b)
absorbed but lost through the gills or c) catabolized with energy
released and dissipated as heat. However, Shiau and Chen (1993),
suggested that chromium supplemeniation improved giucose
utilization by hybrid tilapia (Oreochomis niloticu X O. aureus) and
that Cr; O; supplementation: facilitated the glycolysis pathway,
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increased lipogenesis by increasing the conversion of plucose to
acetyl CO A .

In general results presented in Table (2) revealed that within
cach protein level, increasing the CHO:L ratio from 2 10 § did not
affect the survival rate of hybrid iilapia during the experimentle
period. These resulis are in accordance with that reported by Jafti
{1998), for walking catfish {Clarias barrachus), who found that no
specific pattern of mortality was naoticed among the treatment with
respect to CHO:L ratios in the diet, the average survival rate was
over 96% respectively,

The higher feed intake values were recorded for hybrid tilapia
fed diet with 8 CHO:L ratio (Table 3). The same trend was also
observed in walking catfish (Jafri 1998) who found that feed inlake
was signtficantly lower {P<0.05) in tish fed the diet containing iow
carbohydrate and high dietary tipid (0.02 CI1{O:L diet),

The results in Table (3) revealed that hybrid tilapia fed either
the lowest (2) or the highest (8) CHO:L ratio diets tended to produce
lower feed conversion efficiencies (FCR), however, i fish diets
containing CHO:L ratio diets ranging from 4 to 6 were reported 1o
produce higher FCR with no sigmificant difference (P»0.05). Similar
findinges were reported for Tilupic zillii by El- Sayed & Gailing
(1988) who found that diets containing 24.11 CHO:L ratio produced
the poorest feed utilization however with §.76 CHO:L ratio it was
significantly improved (P<0.05). fafri (1998) showed that fish feed
conversion efficiency are affected by levels of non-protein vnergy
source in diet. fantraotai ef «f. (1994) reported that the optimum
CHO:L. ratic in hybrid catfish diets which produced good [eed
utilization ranged from 3.83 to 11.24.

Protein efficiency ratio {PER} of hybrid tilapia fed did 2
CHOL ratio did not differ (P>0.05) from that of fish fed diet &
CHO:L ratio but was significantly lower (P<0.03) than thai of tish {ed
diets 4 and 6 CHO:L ratio (Table 3). In this comneclion, Jafri (1998)
found that PER for watking catfish inproved with dietary 3.38
CHO:L ratio respectively. Aleo, Hutching e ol (1998), showed thal
nroicin efficiency 1460 was highest in sunshine bass (Morone chysops
X i qvatilis)y fed the 20/11 (% carbohydrate /% lipid) diels as
opposed to fish fed the 40/2 diets. The sume author added that PER
progressively increased with increasing carbohydrate complexity in
the diet, however sunshine bass fed glucose had iower values foy
protein efficiency raiic due yussicly to the fsier absorpiion of the
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monosacchanide; excess absorbed glucose may be cleared from
circulation before cells can utilize it efficiently {Hilton and Atkinson,
1982). Ewidence of excess bloed glucose clearance, probably via
excretion are reported by (Pieper and Pfeffer, 19803).

Maximumn protein retention and energy retention (Table 3)
were noted in hybrid tilapia fed 4 and 6 CHO:L ratio diets regardless
ol dietary protein levels, which coincided with the highest weight
oain percentage (Table 2). Higher levels of dietary lipid or
carbohydrate (2CHO:L or 8 CHO:L ratio diets) significantly reduced
protein and energy retention in fish, indicating that hybrid tilapia fed
with similar energy content, supplied by different energy sources.
resulted in differential utilization of lipid and carbohydrate energy
(Jafri, 1998). These rcsults are partially agreed with those obtained by
El-Sayed and Garling, (1988) for Tilapia zilli. They found an increase
in protein production value and net energy retention with increasing
dietary lipid (all diets were 1socaloric and isontrogenous) which could
be attributed to the relative amount of non- protein energy sources,
This may indicate that Tilapia zilli can utilize dietary lipid more
efficiently than CHO (Teshima er al, 1978). They explained that
theincreasing dietary lipid levels, may have led to reduction in the
cnergy lost as heat, resulting in a more efficient utilization of dietary
nrotein for growih (Beamish and Medland, 1986).

The significant decrease seen in the energy retention value in
(Table 3) in fish § CHO:L ratio diet (low lipid and high carbohydrate,
Table 1) may be attributed to a high energy loss as heal {licat
increment) resulting from high dietary carbohydrate intake (Lovell,
1989). Similar observation has also besn reported in hybrid catfish
fed a low lipid and high raw carbohydrate from broken rice
(Jantrarotai ef ul., 19943,

Lipid retention tended to increase with increasing dietary
CHOQ:L ratio regardless of dietary protein levels (Table 3). This
conciuston supports the results of Brauge ef al., (1994), that whole
body lipid gain in relation to digestible lipid intake was elevated in
rainbow wout (Orcorhynchus mykisy) fed diets with the highest
digestible carbohydrate levels.

The different CHO:L ratios of the experimental diets had no
effect on moisture and protein contents of the muscle of hybrid tlapia
(Table 4). However, decreasing CHO:L ratios in diets from 8 to 2 as
increased dietary lipid intake (Table 3), regardless of dietary protein
ievels . resulted in increased muscie lipid. Similar results have been
reported in Nile tiliapia (Hanley, 1991) and in Tiliapia zillii (Ei-Sayed
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& Garling, 1988). They found that body moisture and protein were
negativaly correlated to dietary lipid, while the positive correlation
between body lipids and dietary lipids may indicate that when dietary
lipids was supplied in excess, a proportion of this lipid was deposited
as fat.

The 1nverse relationship between dietary carbohydrate levels
or increased CHO:L ratios from 2 (o 8 and muscle body lipid content
(Table 4) appear interesting, since increased carbohydrate failed to
produce undesirable fat accumulation in the bodv ol the walking
cat{ish (Jafri, 1998).

On the other hand Degani & Viola (1987)., showed that ecls
(Anguilla anguilla) fed a highest carbohydrate level in their diet had a
higher percentage of body fai. The same authors added that it is
possible that European ecls used less protein for protein synthesis and
more as a source of energy. In this regard . Shiau and Liang (1995),
found positive relationship between carbohydrate complexity and
energy  stores  (muscle  lipid). They observed increased
phosphofructokinase activity and decreased glucose —6- phosphatase
activity in hybrid tilapia with increasing carbohydrate complexity in
the diet. Subsequently, the activities of malic enzyme, glucose —6-
phosphate dehydorgenase and phosphogluconate dcllydmﬁcmsu also
were positively related to carbohydrate complexity in the diet of
hybrid titapia (Lin & Shiau, 1995). Glycolysis provides inierediates
for synthetic pathway essential for cell division, cell proliferation has
been asseciated with an enhanced rate ol glycolysis (Greiner ef of.,
1994). Reducing equivaients produced from the pentose phosphate
pathway could be used to generate body and liver iipid from cxcess
dietary carbohydrate energy (Likimam & Wilson, 1982).

in the present study (Table 4). the hep'uosmam ndex {11iS)
data suggest that a high dietary CHO:L ratio erhances HIS.
According to Brauge ef al (1994), hepa*.;c';gon,am, index  was
significantly elevaied (P<0.0%) in rainbow trout fed diets highest
digestible carbohydrate levels. It is well known that liver size is
directly related to hepatic glycogen level in salmonids (Kim and
Kaushik, 1992). Also, Berger and Halver (1987) showed that liver
ciilargement may result from increased lipid or glycogen deposition
or from liver protein depletion. Woods ef al, (1995) observed an
increase in non- lipid fluid in the hepatocytes of striped bass fed diets
with increasing carbohydrate energy which partially accounted for the
observed increase in HIS values.
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Liver lipid content of hybrid tilapia (Table 4) fed on diet with
2CHO:L ratio were significantly higher than those of fish fed &
CHQO:I. ratio diets. This could be attributed to increased glycogenic
processes and deposition of excess lipid {(Garling & Wilson, 1977).
Similar findings have been reported for catfish by Jantraroti er af
{1994), who found that feeding the high lipid diet tended to yield a
high liver lipid contents. On the contrary, Brauge er al. (1994),
proposed that the diet containing the highest level of lipid led to the
lowest liver lipid suggesting that hipid deposition from dietary lipid
does not occur in liver but probably in adipose tissue.

These data indicate that carbohydrate to lipid ratio can be
effectively used by hybrid tilapia within 6 CHO:L ratio diets. Higher
dictary CHO:L ratios up to 6 with low protein level in diet (25%) may
result in sparing effect for high dietary protein (30%) with 4 CHO:L
ratio . :
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Table (1): Composition and proximate analysis of experimental diets {2/100g dry weight)

Crude protein level (%) o 25 ' w
CHO:L * 2 4 6 | .8 2 4 6 i 8 —
Vish meal (72%cp) 148 2.0 217 w0 |20 | 20 | 2102 § 150 !
Suy bean meal 347 130 B0 | s - 100 | 1415 | 1568 |
Biscuit industry by ~product " 263 48.0 49 4 “ 40 1395 f st st ) 6o |
Bone weal 8.68 3.0 -y 30 20l ogs7 30 -
cotton seed oil 9.23 4.0 e . 10.3 3.2 283 132
Vitamin and mineral premix & 2, 2.0 2.0 ~ 20 2.0 20 20 2.0
Proximate analysis {(Yodry matter) _
Moisture 17 10.2 e L1214 103 ) 118 22 | 123
Crude protein (cp) 29.38 29.76 200 293 12307 1 696 | 2499 | 447
Ether extract (EE) 13.21 9.03 67 ¢ 321 | 47| om 751 | 59
Crude fibre (CF) 9.5% 7.12 7.33 382 | 1078 | 7.38 509 | 5.42
Ash . 809 | 683 4,21 476 1 937 | 595 524 | 402
Nitrogen free extract (NFE) 2804 | 3752 | 4106 | 4260 | 2073 | 3999 | 4492 [ 4783
Gross energy ™ (Keal /100 g diet) 403.7 404.5 397.3 3908 | 4034 | 3983 3981 | 3930 !
CHO:.L? 212 413 6.12 8.8 | 202 | 410 | 598 | 803,
Protein energy x100/Gross encrgy (PE/GE) 4019 | 4683 40.7 416 1 3435 | 348 348 | 346
CRO energy 7 Gross energy 299 39.0 434 438 310 41.2 474 511
J
i

32

*CHO:L (Carbohydrate --to ~lipid ratios diet).

[-Biscuit industry by —product (6.3% Cp; 3.80% EE; 74.2% NFE; 2.0 fiber; 2.4% ash and 11.5% moisture)

2-Vitamin and mineral premix {each lkg contains: 4.8m. LU vit A; 0.8 m1 U vit D3; 4.09 vit. E; 0.8g vit K: 4 g vit. B12, 4.0g vit iz 1 0 Gg vit
B6;, 4.0 g vit pantothenioc acid; 8.0 g vit Nicotinic acid; 400 my vit Folic acid; 20mg vit. Biotin, 200g choline chloride: 4.0 ¢ copper; 0.4 g
lodine; 12 g Iron; 22 2 Manganese, 22g Zinc and 0.04 g Selenium.

3-Gross energy (keal /100g diet) Caleulate by NRC (1977)= 5.35 X % crude protein + 945 X0 ether extract +4.2X % nitrogen free extract.
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Table (2): Growth of hybrid tilapia fed varying protein levels and carbohydrate to lipid ratio diets. (Mean i S.E).

protein Jevel
(%)

Parameters m Crude CHO:L Interaction

30 | 28 2 4 6 8 | 30/2 | 30/4 | 30/6 | 30/8 | 25/2 | 25/4 | 25/6 | 258
Initial body weight (g) 409 | 410 | 907 | 414 | 412 | 405 | 406 | 416 | 409 | 402 | 407 | 412 | 414 | 07
+218] £2.2 1 #169 | £268 | 4233 | £2.09 | +2.33 | £2.82 | £2.71 | £1.86 | 32.05 | 12.53b} 1.94b | 4231
Final body weight (g) 1816 1704 | 1540 | 186.5 | 1907 | 172.8 | 161.3 | 189.3 | 199.6 | 1758 | 146.4 {183.76.] 181.7 | 1698
+5.93 | 4635 | +6.5¢ { +6.1a | #592 | 5.4b | 36.2d | #6.1b | £5.9a | £5.3c | 46.7¢ | 6.1bc | #5.8bc| +5.4d
Weight gain (g) 14.071 1204 | 1132 | 1451 | 1495 {1323 § 1209 | 147.7 | 1587 | 1336 { 105.7 | 1425 | 1403 | 129.]
492! 248b 1 50c | +54a | +43a | +16b | £5.7d | 45.1b | zhda | #43c | +5.6e | d.3bc [+4.2bc] +4.9d
Percentage Weight gain Y 341.0| 3152 | 2773 | 350.5 | 363.5 | 327.3 | 295.8 | 355.0 | 3880 | 3373 | 2588 | 2459 3389 | 517.2
(WG%) +6.92 | 26.2b | +74c | 1682 | #6.1a | +7.1b | 26.5d | £7.6b | =5.da | 48.2¢ | #6.3c | £5.9bc | +6.Tbc | 16.0d
Specific  growth rate®] 0.93 | 089 | 0.85b | C.94a | 0.962 |0.91ab| 0.86c | 0.94b | 0.9%a |0.92bc| 0.80d | 0.93b | 0.92bc | 0.85¢
(%dry), SGR. +0.03 | £0.04 | 40.04 | 20.03 | £0.05 | 40,03 | #0.03 | £0.03 | 20.05 | £0.02 | 1004 | £0.03 | £0.05 | 20.04
Survival rate (%) 9251 950 | 925 | 925 | 950 | 900 | 925 | 925 | 950 | 900 | 950 | 950 [ 95.0 | 925

a, b, ¢, d and e means in the same yow with different superscript are significantly different (P<0.03).

(1WG(%) = 100x (final body weight ~initial body weight)/ initial body weight.
(2)SGR (%day) = (Ln final body weight ~Ln initial body weight) x100 /days.
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Table (3): Feed efficiency and putrient refention of 3&:; tilapia to varying protein levels and carbohydrate o lipid catio dicts

{Menn + 8, n.v

e sy

I 4

Parameters iCrude protein QEON.P
*i! b Jevel (%) _—
2] | :
o 30| 25 B_
Foed intake (@) EEERY 1300 3450 1
“eeil comursion matio (1) 2000 2 2424 3b 23289 201
Teed conversion efficiency "p(2) 37547 1} 142 Bl 4303 T
rolein intake (g) COLG 83.7 933

rotewn citicieocy ratwo (3)
Protein retained %o (3)

tinerpy intake (keil)

Engerny retained. % (3)
__F:UE intke {y)
fLipid r Tetention % (0)

a, b, vandd means in En same tow with a:%ﬂﬁ; SUPSrsCript 5:. signific .::? 9:,“:”2 {(P<0,05).
= {eed consumption (g) 2&&& gain (g)

SEWE cain {g¥ feed consumption (1)< 100,

in (g¥ protein intake Amw

(¥ eed conversion ratio (FCR)
(2)Fecd converston efficiency
(3)Protein efficiency ratio (PER) =wazight
($YProtein retainzed % (Pry= fish protein E:: x 100 /protein ::E,.n (g

{(5) Energy retained %o (Br) =fish energy gain (Keal) x100/Enecgy intake {keal).
(@)Lipid retainad Yo(br)

1392120611512 2a

I365.6 1 13732

215821 32,7820

18.0

28.24b |37 u Jit

£ 1638 6140 142
D1 552 2n] 24,481 .64
janie ) i

e
T
.

7
¢

157

1]
s

.ﬁ 4
21

n:J 3
1223

1 3540 b
inb

k]

2h

G

3733 1a

25/8 |

* 4dr3g 12 .?;Z i.3£3.%

literaction
R
T 1136
2.974 24
aeriel 3372304
1019 78.6
1.292.19d ) 1.3430.1 2¢d
20,1 22.0bc) 20,347 8%
1399.1 1265
13841 4be| 13.041.6¢
18,65 1626
1.aiad 00 1688094

% (FCE) -

= fish lipid gain {g) x 100/ lipid intake (g),

15 241 400, 1.0l 3b

79

28531 34

35,142 6d

an o

1434180
320+) 8k
14458
12641 1c
21.93
.Jﬁ.wﬂ. 332370

......... pa;
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-

Table (4) Proximate composition of muscle, rmuﬁowcamma index and total Yipid of liver of hybrid tilapia fed different protein level and otal

lipid of liver of hybrid tilapia fed different protein level and carbohydrate 16 lipid ragio ciets (Mean £ § E)

4

PR

Moisture Ya

I

a, b, ¢ and d means in the same row with different superscript are significantly different (£<0.05).

(1)HIS= liver weight (g) x100 /body weight (g).

— ke |
Parameters Initial |Crude protein CHO:L Ynteraction i
level (%) i
30 ] 25 | 2 | 4 | 6 | & |30/2]30/d30/6[30/8 | 252 | 25/4 | 256 25/8
74.9 738 4.2 733 737 74.2 75.0 73.7 732 741 74.8 72.8 742 743 752
+1.3 +18 (217 #16 | £15 { #1.¢ | =06 | #2.9 | 15 ¢ 220 | 318 | 223 +18 | #17 ; =18
Crude protein (% of wet weight) 13.6 15.00 14.7 t4.5 15.1 14.9 15.0 144 154 152 15.1 4.7 148 4.4 13.9
0.7} 42 | 4039 | 4043 | +0.40 | +0.53 | £0,72 { £0.58 | 2042 | £0.4% | +035 | +0.39 +H.42 | 2046 | 2063
Ether cxiract (% of wet weight) 5.9 6.2 63 | 69a | 652 | 80ab | 570 | 68a [ 6.3ab | 6.1bc | 5.7c 7.0a 692 | 6.0k | 37¢
=0.87 +0.55 | 2062 | 2038 | 1044 | 2079 § #0.69 | 2099 | 1068 | 0085 | 1064 { H 48 $0.61 £0.42 | £0.38
Ash (% of wet weight) 36 4.9 4.8 542 | 4.8a | 5.0a | 43b 52a 52a | 4..b | 44b 5.6a 4.4b 523 | 4.2
+0.81 £057 4044 1 2037 | 1060 | 3075 | 2051 | £0.67 | 2043 | £0.52 | 3037 | 040 +0.35 | 20.51 | 2043
Gross energy (Keal) 133.6 1443 | 144.0 | 197.7a | 147.4a |131.7ab] 140.0b [145.9ab; 147.2a | 143.8b | 140.4b| 149.5a | 147.52 | 139.6b|1359.5
+4.2 76 | #62 | +52 | 464 | £6.8 | £556 ] 253 | 9 | +39 | £57 | X712 7.5 | 159 | ¥6.3
Hepatosomatic index (%) m.mwv.:u 195 2.08 2.81 | 196b | 2.t5ab ! 2.15ab | 2.27a | 1.B7d | 2.0% 12.13bc| 2.24a 2.04cd | 2.21ab | 2.16b | 2.30a
+0.21 +0.18 | £0.22 | 40.24 | £0.20 | 40.25 | 2027 | 2021 | 4039 | ¢, 1% | +0.28 u +0.20 1024 | £0.31 | #0.27
‘Total lipid of liver (%0} 173 194h | 20.6a | 27.0a {23.9ab | 17.8b | 134c | 24.8b } 23.5b 1 169c | 12.5d } 19.2a 24.3b 18.7c | 14.34
2.5 +2.3 ﬁ 21t as o220 | 26 | 20251 28 | 218 [ #1925 [ 20 | £23 | 33
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