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ABSTRACT

Four artificial diets were formulated to contain four carbohydrate
to lipid ratios (CHO/ L) (2, 4, 6 and §). The gross energy ol cach
diet was adjusted by balancing the biscuit industry by - product as a
carbohydrate source and cotton seed oil mix to provide four tested
CHO:L ratios. The diets were used to determine the aptimum dictary
level of CTIO:L ratio for two sizes of hybrid tilpia nitially weighing 10.0
and 80.0g for 160 days.

Growth valucs were better with feed 4CHO:L, ratio for the
smaller fish, whereas similar (4) CHO:L ratio yielded the highest feed
conversion efficiency, protein, energy and lipid retained for the sume
size (with the starting average weight 10.0g respectively). However,
feeds with 6 CHO:L ratio proved better in large hybrid tilapia
(initially weighing 80.0g). The hepatosomatic index showed higher
values for feeds with 8 CHO:L ratio in the case of small and large
fish, but the opposite was observed for liver lipid content which
showed a tendency toward higher values for 2 CHO:L ratio in both
small and large hybrid tilapia. These data suggest that small hybrid
tilapia can perform well with diet containing 4 CHO:L ratio, whereas
large fish may be as efficiently at 6 CHO:L ratio .

AINTRODUCTION

One of the challenges which face fish nutritionists is to spare
expensive dietary proteins with inexpensive non- protein energy
sources such as lipids and carbohydrates. Jantrarotal e/ al. (1994)
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found that lipids and carbohydrates are added to fish diets to provide
metabolic energy and thereby spare dietary protein. The incorporation
of high dietary levels of non — protein energy (fats or digestible
carbohydrates) might alter body composition, particularly through an
increase in lipid deposition (Hillestad and Johnsen 1994). Likimani
and Wilson (1982} reported that carbohydrates are more readily
available and much less expensive than lipids, but excess dietary
carbohydrate may lead to fat deposition by stimuiating lipogenic
enzymes. The results presented by Lin and Shiau (1995), suggest that
malic  enzyme, glucose-6- phosphate dehydrogenase and
phosphogluconate dehydrogenase activities were higher in hybrid
tilapia fOreochromis niloticus X O. aureus) fed the starch diet than in
those fed the glucose diet. Tung and Shiau (1993) suggested that
hybrid tilapia were better in glucose tolerance in large fish (4.55 &
0.1 g) compared to small fish (0.46 £ 0.02 g). Furthermore, Arnesen
el al. (1993), showed that fat- rich diets were found to depress
activities of several lipogenic enzyme in Atlantic salmon. However,
high- carbohydrate diets stimulated enzymes involved in faity acid
synthesis in channel catfish (Likimani and Wilson, 1982). This study
was conducted to elucidate whether hybrid tilapia with two body
sizes (10 or 80 g) utilize low CHO:L ratio better than high CHO:L
ratio in order to improve the rearing conditions and proftability of
cultured hybiid tilapia.

MATERIAL AND METHODS

Four carbohydrate 1o lipid rattos (2, 4, 6, and 8§ CHO/ 1, ratic)
were tested (Table [). The diets were analysed for moisture, crude
protein, total lipid and ash by standard AOAC methods (AOAC,
1995).

Hybrid tilapia with two different sizes were acclimated to
outdoor cement pond {subdivided by netting, 10 m?”/ unit) and fed on
a commerctal pelleted diets for two weeks.

At the beginning of the experiment, four rearing units were
each stocked each with 40 small fish (average weight: 10.9 £ 1.6g)
and four morc rearing units were stocked with large fish (average
weight: 80.5 = 2.4g). Rearing units were supplied with fresh water
from Nile River. The water was examined twice weekly for
temperature (28.7 £ 3.6 °C), pH (7.3 £ 0.41); Oxygen (5.8 £ 0.46 mg /
L) and ammoma (0.33 + 0.06 ppm); according to the methods
described by APHA (1992). The experimental diets were offered at a
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rete of 5% of the body weight / day on a plastic trays (40 cm
«diameter) and the tray was placed in each raring unit. Ten minutes
after feeding, the tray were taken out of the rearing unit and the ratios
left in the tray was filered, dried in an oven 80°C for 24h,
subsequently weight to determine the actual amount of food
consumed. Afl experimental fishes were fed twice daily at 9.0 a.m.
and 2.0 p.m. each group of fish was weighed once every twenty days
and the amount of diet fed was adjusted accordingly. The fish were
fed the test diets for an 160 days period (from 24 April (o 30 September.
2000).

At the beginning and end of the feeding tial, fish were
weighed and counted. Ten fish were then taken randomly from each
rearing unit, for determination of liver weight, chemical body
composition (AOAC, 1995) and liver lipid according to Folch e al.
(1957) and muscle gross energy calculated using NRC (1983) | K cal
/100 g = 5.7% % crude protein x 9.5 x % ether exiract | ,

In order to . detect statistically significant differences,
experimental values were compared using one-way analysis of
variance (Snedecor and Cochran 1980) and a multiple range test
(Duncan’s , 1995). The significant level was selected at p <0.05.

RESULTS

During the experimental period, mortatity ranged from 3 to 6
fish / rearing unit for both small and large fish respectivaly . Average
fish weight continuously increased throught the experiment for both
sizes tested (Fig 1 a, b). Growth values were better with feed of 4
CHO:L ratio, although differences were statistically significant (p<
0.05) between treatment Tor the smaller fish (Table, 2, Fig 2). Feeding
diets with 6 CHO:L ratio produced the largest weight gain in large
hybrid tilapia (with the starting average weight of aboul 8.0 g)
(Table.3).

With respect to diet nutritional utilization (Table 2, fig3)
feeding 2 diet with 4 CHO:L ratio yielded the highest feed
conversion efficiency; protein, energy and lipid retention: followed
by feed 6 CHO:L Tatio for small hybrid iilapia, whereas, feeds with 6
CHO:L ratio proved better than 4 CHO/L ratio in large hybrid tilapia
(Table3, Fig3).

In case of the small and large fish, body composition (Tables
4 and 5) was somewhat different but insignificant (P> 0.03). The
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hepatosomatic index values presented in tables (4 and 5) show higher
values for feeds with § CHO:L ratio, although these differences were
significant only for larger fish. The percentage total liver lipid
although below statistical significance (P< 0.05), showed a tendency
toward higher values for 2 CHO/L ratio in both small and large
i1ybrid tilapia.

DISCUSION

The poor ability to utilize CHO:L ratio in small fish than large
{ish. seems to confirm the minor role played by NFE in large hybrid
tilapia nutrition than smaller size of fish (Al- Asgah and Ali, 1993;
Tung and Shiau, 1993), where carbohydrate utilization in tilapia
differed according to the body size or age of the fish. On the other
hand, Nematipour e/ «/ (1992) found that weight gain of Juvenile
sunshine bass (Morone chrysops X M. saxatilis) (1.0 g average initial
weight) was relatively unaffected by changes in dictary carbohydrate:
lipid ratic. ranging from 25: 10 to 42: 2.5, With advanced Juvenile
sunshine bass Hutchins ef al., {1998), showed that weight gain was
markedly depressed when fed isocaloric diets containing 40% as
compared to 20 % soluble carbohydrate. In this connection,
Nankervis et al. (2000), found that the poor utilization of
carbohydrate by Juvenile barramundi (/ares calcarifer) (50-200g) up
o an inclusion level of approximately 17%., but with hngerling
barramundi could effectively utilizc carbohydrate up 1o a 20%
inclusion level (Catacutan and Coloso, 1997).

As presented 1n Table (3) the higher SGR recorded for large
hybrid tilapia fed 6 CHO / L ratio may be attributed to increase of the
total intestinal enzyme activity with fish age due to the increase of the
intestinal size and mucosa weight (Kuz’ mina, 1980). Ferrairs er o/
(1986), showed that digestibility could increase with size in
omnivorous and herbivorous fishes due to the relative increase in
intestinal length, thereby prolonging digestion and assimilation time,
Also, Rajamani and Job (1976), found that absorption efficiency was
directly related to fish size in Tilapia mossambica in freshwater. In
this connection, Buddington (1985) and Buddington and Doroshov
(1986 a, b) observed that both amylolytic and lipolytic activities were
very high in digestive tracts of larvae of sturgeon (Acipenser
transmontanus), but  activities decreased in older fish, while
proteolytic activities increased with age. Also these authors found that
the avaifability of carbohydrates larval fake sturgeon was greater

Loy
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than Juveniles and adults and that the enzyme complement of
sturgeon was dominated by proteases reflecting their carnivorous
feeding habits. The last explanation might be comparable to the
results listed in Tables (2, 3) with different feeding behavior and
biochemical composition of the food for hybrid tilapia. The results of
Kuz’'mina (1996) indicated that changes in digestibility enzymes
activity are effected by feeding behavior and biochemical
composition of the food as well as the onset of sexual maturity.

In this sense, Hidalgo er ol (1999), postulated that amylase
activity depends on the natural diet of each species, herbivorous and
omnivorous fish having more activity than camiverous. Though,
Ugolev ef al. (1983), found that the ratio of amylase: protease activity
in omnivorous and herbivorous fish was higher than in carnivorous
fish. Furthermore Tengjaroenkul er al. (2000), showed that Nile
tilapia as in other teleosts fish generally absorb carbohydrates in the
form of monosaccharides, where (Buddington ef af., 1987), found that
herbivorous fish typically relying more on this pathway than
carntvorous fish because maltase hydrotyses the disaccharide maltose
to produce the monosaccharide glucose. Also the same authores show
the greatest maltasc activity occurring in the gastric loop of Nile
tilapia (Oreochromis niloticus) which suggests that the middle
intestinal region is the most active region in formation of glucose.
Also, Nagase {1964) reperted the greatest amylase activity from the
middle portion of the wntestine of Tilapia mossambica, similar to that
observed by Tengaroenkul ef al. (2000), in Nile tilapia for maltase.

The increased ability to utilize CHO:L up to 6 in large fish
(Table 3) may be due to decrease in dietary lipid, which was morc
appropriate for tilapia diet. (Tengjaroekul et al., 2000}, found that the
restricted distribution of lipase enzyme in the Nile tilapia concurs
with pervious reports that lipiase activity is lowest in herbivorous fish
(Opuszynski and Shireman, 1995), related to the low fat content in
plant materials naturally consumed by tilapia (Vonk and Westen,
1984; Opuszynski and Shireman, 1995).

The significant differences in growth rate among the four
CHOL ratios within two body size (Tables 2 and 3) may be atiributed
“to énzyme activities stimulated by lipid and carbohydrate of dietary
hybrid tilapia. The same trend was also observed by Lin and Shiau
(1995), who found that malic enzyme; glucose-6- phosphate
dehyd;og nase and phosphogluconate dehydrogenase activities were
higher in the Juvenile tilapia (Or eochromm niloticus X O.aureus) fed
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on the starch diet than in those fed on the glucose diet. The same
authors showed that lipogenic enzyme activity can adapt to dietary
carbohydrates in the fish liver. In the common carp, Shimenao er al.,
(1995), found that the activity of liver glucose-6- phosphate
dehydrogenase (G6PD) decreased with increasing dietary fat levels.
However, in channel catfish, Likimani and Wilson (1982), reperted
that hepatic activities of GO6PD and malic enzyme increased with
increasing levels of dietary dextrin. However, they observed a marked
stimulation of hepatic lipogenic enzyme activities by diet containing
carbohydrate in catfish and suggested that this observation might
explain why catfish can utilize higher levels of carbchydrates than
certain other fishes. The results present in Tables {2) and (3); Fig (3)
show that feeded conversion ratio and feed conversion efficiency with
each body size test in hybrid tilpia were relatively affected by the
changes in dietary carbohydrate to lipid ratio. These results are in
agreement with that of Hutchins ef al. (1998), who reported that feed
efficiency of advanced Juvenile sunshine bass (M. chrysops X M,
Saxatilis) were markedly depressed when fed isocaloric diets
containing 40% as compared to 20% soluble carbohydrate. In
contrast, Nematipour ¢f al. (1992) found that feed efficiency of
Juvenile sunshine bass (1.0 g average initial weight) were relatively
unaffected by changes in dietary carbohydrate; lipid ratio ranging
from 25: 10 to 42:2.5. Nankervis e/ al. (2000) suggested that
carbohydrate s well utilized as a dietary energy source by Juvenile
barramud; (50-200p) (Lates calcarifer) up 1o an inclusion level of
proxiuaiety 17%. However, Catacutan and Colso (1997} found that
fingerling barramundi could effectively utilize carbohydrate up to a
20% inclusion level. Page and Andrews (1973), showed that fced
conversion ratios were typically higher for the larger channel catfish
(Ictalurus punctatus) than for the smaller fish. Also they found that
small fish convert fat more efficiency and large {ish convert corn
more efficiency. These results are comparable to the present results
(Tables 2 and 3) which emphasize narrow CHO:L ratio for small
hybrid iilapia and higher CHO:L ratio for large fish. In this
connection, Baragi and lovell (1986), showed that activity of -
amyvlase in the-digestive tract of larval striped bass beginning -at day 4
post-hatch. The principal action of this enzyme is the hydrolysis of
dietary starch to maltose and maltotriose (Gray, 1992). The same
author found that form of carbohydrates transported across the
intestinal membrane are monosaccharides, maltose and maltotriose
must be further hydrolyzed via intestinal maltose before transnort can
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ensue. Also. Tung and Shiau (1993). reported that the difference
between the carbohydrate source with change in fish size may affect
feed efficiency. They found that hybrid tilapia gain significantly morc
body weight, had a better FCR than small fish when fed a glucose
diet. However FCR of the large fish and small fish were similar when
the starch diet was fed. '

On the other hand, the effect of dietary fat level on
carbohydrate digestibility was conclusive as shown by Sheherbina er
al. (1977). These authores found in parts of the gut of common carp
lower amylase activity and lower resumption of easily hydrolyzed
carbohydrates when the fish were fed diets containing 5 and 10% fat
in comparison with a diet and one containing 7.5% fat. However.
Helland and Helland (1997), proposed the negative relationship
between carbohydrate level in the diet and fat digestibility.

The results of Table (3) might explain the gradual increasc of
lipid retained with large hybrid tilapia fed 2 to 8 CHO:L ratio. In this
connection, Arnesen ef al. {1993), showed that fat rich diets were
found to depress activities of several lipogenic enzyme in Atlaatic
salmon. However, high carbohydrate diets stimulated enzymes
involved in fatly acid synthesis in channel cat{ish (Likimani and
Wilson 1982). Hung et al. {1989), found that the lack ol lipogentc
effects in sturgeon fed lactose, sucrose or fructose has heen attribuied
to low intestinal lactase and sucrase activity. Howcver, intestinal
disaccharidase activities in small tilapia (0.62¢) were tound to be
unaffected when the carbohydraie sources were cither glucose,
dextrin or starch (Tung and Shiau, 1993).

In the present studv, the body fat content increased with body
size (Fig 4c). This zgrees with Tung and Shiau (1993) who suggested
that the body lipid content was higher in farge bybrid tilapia than in
smal} fish irrespective of carbohydrate sources. With sharpsnout sea
bream (Diploduz puntazzo) Hernandez el al (2001) attfibu‘t@gl Phc
higher fat percentage in fish to the Jarger size attained. Also, similar
results have been reported by Lic ef al. (1988) with Atlantic salmon
(Salme salar) and Degani ef af (1986) with Buropean cels (dnguitla
Canguilly). These studies revealed that lipid dencsition is more
dependsi on fish size than the lijnd ievel in the feed. . N

The differences in hepatosomatic index (HSI) and hver ];p1d
content of both zmall and large hybrid tilapia {Table 4, 5 and Fig. 3)
fed cifferent carbohydrates to lipid ratios were obvious only when the
diets contained high carbohydrate or high lipid (8 CHO/L or 2
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CHOY/L ratio respectively). Feeding the high carbohydraie diet tended
to produce high HSI while feeding the high Lipid diet tended to yield
a high liver lipid content. Similar observation has been reported for
hybrid catfish (Clarias macrocephalus X C.gariepinus) {Jantrarotai es
al.. 1994), for cannel catfish (Garling and Wilson, 1977) and for
salmonids (Buhler and Halver, 1961) and were attributed to increased
glycogenic processes and deposition of excess lipid, respectively.

From the present results, it can be concluded that dietary
CHO:L ratio is well utilized as a dietary energy source by small
hybrid tilapia (10.0 g initial body weight) up to an inclusion level of
approximately 4 ratio. However, large fish (8G.0 initial body weight)
could effectively utilize CHO:L ratio up to a 6 CHO:L ratio inclusion
level.
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Table (1): Formulation and proximate composition of the
experimental diets.
Crude protein level (%) 30
CHO/ L ratio p) 4 6 8
Component - T
Fish meal (72% CP) 14.8 28.0 21.7 28.0
Soybean meal 38.7 15.0 25.0 13.0
Biscuit industry by-product " 26.3 48.0 49.4 | 54.0
Bone meal 8.68 3.0 - 3.0
Cotton seed oil 9.25 4.0 1.9 -
Vitamin and mineral premix 2.0 2.0 2.0 2.0
Nutrient content
Moisture 1.7 10.2 1.6 12.2
Crude protein (CP) 29.38 | 29.76 29.1 293
Ether extract (EE) 13.2} 0.05 6.7 5.21
Crude fibre (CF) 9.58 7.12 7.33 5.92
Ash 8.09 6.85 4.2] 4.70
Nitrogen free extract (NFE) 28.04 37.52 41.06 | 42.01
Gross energy © (K.cal/100g diet) 4057 | 4045 | 3973 | 390.8 °
Protein energy x 100/ Gross energy 40.9 49.83 40.7 41.0
CHO energy / gross energy 29.0 39.0 43.4 45.8
CHO /L * ratio 2.12 4,15 6.13 8.18
L

*(CHO:L (Carbohydrate o --lipid ratios diet}.

]-Biscuit industry by —product (6.3% Cp; 3.80% EL; 74.2% NFL; 2.0

fiber: 2.4% ash and 11.3% moisture).

2-Vitamin and mineral premix (each lkg contains: 4.8m. LU. vit A; 0.8
m.1U. vit D3: 4.09 vit. E; 0.8g vit K; 4 g vit. B12; 4.0g vit By ; 0.0
vit B6; 4.0 g vit pantothenioc acid; 8.0 g vit Nicotinic acid; 400 mg
vit Folic acid; 20mg vit. Biotin; 200g choline chloride; 4.0 g copper;
0.4 g lodine; 12 g Iron; 22 g Manganese; 22g Zinc and 0.04 ¢

Selenium.

3-Gross energy {kcal /100g diet) Calcuiate by NRC (1977)= 5.53 X %
crude protein + 9.45 X% ether extract +4.2X % nitrogen free extract.
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Table (2): Effect of different CHO/L ratios on hybrid tilapia growth
and nutrient utilization (small fish).

CHO/ L ratic___ 2 4 6 8
Inttial body weight (g} 10613 1.0 +1.5 1219 © i08x16
Final body weight (g) 71.0+£37b 862139a 847x48a | 77743.1b
Weight gain (%)(1) 5704+ 129c | 682321453 | 65372+ (5.6ab | 621.7%165b
Specific growth rate (2} 1,19+ 003D 12020052 127004 a 1.24 £ 0.03 ab
Feed intake (@) 148.6 157.1 156.5 1498
Feed conversion ratio (3) 246+ 0254 209£023b 213+0.19b 224+ 21ab
Feed conversion efficiency (4) 0.7+ 2.7h 479425a 47.0=22a 447+ 332 ab
Protein efficiency ratio {5) 138+0.11b 1.64=020a | 1.583+0.13a 1.520.15a
! Protein retained % (6) 285 19b 26521 & 255+23a 243+ 1.9ab
- Energy retained % (7) 148+120b 1754164 164+ 1.8a {59+ 2.1 ab
r Lipid retained % (8) 180x25¢ 39.0+53.72 27.7+3.0b 442+35a

Data represent the mean & S.E.

a. b and ¢ means in the same row with different superscript are

significantly different { P<0.05).

1) WG(%) = 100x (final body weight —tuitial body weight)/ initial body
weight.

2} SGR (%day) = (Ln final body weight —Ln initizl body weight) x100
/days.

3} TFeed conversion ratio (FCR) = feed consumption {g) weight gain (g)

4) [eed conversion cfficiency " (FCE} = (weight sain {g¥ feed
consumption {gHx 100,

5) Protein efficiency ratio (PER) =weight gain (g)/ protein intake {g).

) Protein retained % (Pr}= fish protein gain x 100 /protein intake {g).

7) Energy retained % (Er) =fish energy gain (Kcal) x100/Energy intake
(keal). ‘

8) Lipid retained %(Lr) = fish lipid gain (g) x100/ lipid intake {g).
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Table (3): Effect of different CHO:L ratios on hybrid tilapia

growth and nutrient utilization (large fish)

h
fud

CHO/ L ratic 2 ! 4 6 3
Initial body weight (g) 8192 805+ 10 79.6 % 2.8*'}’ 80.1 £25
Final body weight (g) 2803+5.6b | 2799=48be | 2952452a | 2752%59¢
Weight gain {%) 2495+ 85b 2476790 | 270.7+£8.1a | 243.7+8.4b
Specific growth rate 0.78 £ 0.02 0.78 £0.03 0.82 +0.03 0.77 £ 0.02
FFeed intake (g) 639.7 570.1 569.3 5794
Feed conversion ratio 3.03+x037a | 2860220 | 264+£025¢c | 297024 ab
Feed conversion efficiency 320+£24b 350=2.6ab 379+3.1a 3374280
Protein efficiency ratio 1.09+0.08b | 11720116 | 1.30£0.09a A5£003 b
Protein retained % 17.0x1.6D 19.5+2.1 ab 21.3+24a 17.7+£18D
Energy retained % 13.7+1.7b 145+ 15ab 160£1.9a 13,6170
Lipid retained % 207+£19¢c 29.9 42 4b 445+33a 474+4.12

Data represent the mean + S.E.

a, b and ¢ means 1n the same row with different super scnpi are significantly
i different { P< 0.05).

Table (4): Effect of different CHO:L ratios on hybrid tilapia body
composition and somatic parameters (small [ish)

CHO/ L ratio Initial 2 4 0 8
Moisture T3IN£22 F 725217 | 12870 736418 | 7334 1.6
Crude protein 1S94+£08 [ 1560711 161 £094} 163+1.02] (58:k1.2
Ether extract 50:£042 | 54063 | 5112043 | 5.0+£046 | 4.9 0.38
Ash 5890357 | 6.5£052 [ 58+0.52 | 5.0£043 | 6.1:£0.70
Gross energy (Kcal)(1) 1392+ 83| 140469 | 1405+8.9 1 139.7+98 | 136379
Hepatosomatic index (36)2) | 1.57+0.18} 198021 12094023 [ 2.13+£0.18 | 22502
[ Total liver lipid (%) 202424 (242+235a[1854+19b19.7£15b[123+1.1¢]|

Values are presented as percentage of wet substances (mean + S.E).

a,b..

cngmﬁcan’cly different (P< 0.05)

(1) Muscle gross energy (Keal / 100 g muscle) by NRC (1983)

= 5.7 X % crude protein + 9.5 X % ether extract.
{2) Hepatosomatic index (%) =liver weigltt gy X 100/body weight (g)

. and ¢ means in the same row with different superscnpt are
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Table (5): Effect of different CHO:L ratio on hybrid tilapia body
composition and sematic parameters (large fish ).

CHO/ L ratio Initial 2 4 6 8
Moisture 73214 | 71573 | 721£19 | 718%16 | 723419
Crude protein 15.7 +£1.67 154+ 134 162411 [ 160121 | 155+14
Ether extract 5.6+092 7.7+ 0.85 714067 | 734082 | 4.8+£0.67
Ash 5.5 +£0.61 544056 46+0.5] 49+£039 | 544043
Gross energy (Keal) | 142.7+6.9 161.4+95 | 1595+ 82 | 160.1+64 | 1519+ 83
Hepatosomatic index | 2.05x£0.16 { 227+0.14b | 231£0.15b | 2.57£0.19a | 2.6120.23a
(V) .

Total liver lipid (%) 223425 294+26a | 251 +2.0a|173+23b19.5+18b

Values are presented as percentage of wet substances (mean + S E).
& and b means in the same row with different superscript are significantly
different (P< 0.05).
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