


RESULTS
CHAPTERI1

Physico-chemical parameters in the experimental ponds or

aquaria :
1. Temperature

The results of air and water temperatures monitoring within the
experimental ponds water are presented in Tables (9 and 10). As
expected, water temperature decreased progressively from August, 1997
to reach its lowest value in December 15, 1997. These wvalues were
recorded at the first two trials (when O. niloticus fed different levels of
FFS or BSM). Then it raised during April, 1998 attaining its peak in
August 15,1998 at the 3™ trial in which fish fed with mixture of FFS &
BSM 1:1. Vélues fluctuated from a minimum average of 16.6£1.6 °C in
December 1997 to a maximum of 33.6+2.7°C in August 1997, during
the first two experiments. While at the third trial, the lowest average
value (25.046.0 °C) was recorded in April, 1998 and the highest
(38.7£1.7 °C) in August, 1998.
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2. Dissolved oxygen

The dissolved oxygen is a very important factor in natural waters
not only as a regulator of metabolic process of organisms, but also as an

indicator of water conditions.

The average values of dissolved oxygen ranged from 5.3-6.8 mg/I
in the cement pond and from 5.8-6.7 mg/l in the glass aquaria during the
first two experiments. Whereas its average value ranged from 4.9-5.7
mg/l in pond and from 5.q-6.3 mg/ | in glass aquaria, during the third
experiment (Tables 9, 10, 11 & 12).

3. Total alkalinity

The alkalinity of water is the result of bicarbonates (CaCOs). The
average biweekly variations of total alkalinity in the selected cement

pond’s water are shown in tables (9 and 10) and in glass aquaria (Tables
11 and 12).

It ranged from 86-98 mg/] in the cement ponds, during the first two
trials, and varied from 13.1-19.3 mg/l in the glass aquaria during the
third trial.

These values ranged from 91-100 mg/] in pond, during the first two
experiments, but ranged from 14-26.6 mg/l in glass aqauvarta during the

third trial.
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4. Nitrites

In the cement ponds nitrite average values ranged from 0.08-0.2
mg/l while varied from 0.02-0.08 mg/l in glass aquaria during the first
two experiments. Nitrite ranged from 0.07-0.1 mg/l in ponds whereas in

glass aquaria ranged from 0.02-0.05 mg/l during the third trial.

5. Phosphates

Phosphates concentration showed an obvious variation from one
month to another in the pond’s water as shown in tables (9 and 10). The
average phosphates values ranged from 0.1-0.3 mg/l in pond, while it
varied from 0.04-0.2 mg/l in glass aquaria during the first two

experiments.

The average values ranged from 0.1-0.3 mg/l in ponds, but varied

from 0.04-0.1 mg/] in glass aquaria during third experiment.
6. Hydrogen ion concentration (pH)

Measurements of pH in August are essential as it reflects the

biological activity and changes in the water as well as pollution. The pH
values in the cement pond reaches its maximum value (8.4+0.9) in April,

1998, while the minimum value (6.80£0.29) was noticed in November,
1997,

In the glass aquaria the highest pH values (7.50+0.82) was recorded
in July, 1998 and the lowest one (6.20+£0.59) was in December, 1997,
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CHAPTERII

Evaluation of different fish meal (FM) replacers :
Experiment 1 :

1. Effect of using fermented fish silage (FFS) as a fish meal (FM)

replacer in O. niloticus diets :
Objective :

Determination of the optimum inclusion level of FFS as a FM

replacer within O. niloticus diets fed to fry, fingerlings and grow-out

stages.

The results of growth performance, including total weight gain
(TWG), daily weight gain (DWG), specific growth rate (SGR), and
condition factor (k) are given for each growth stage separately. In the

mean time, feed utilization results were also given in separate section.

1-1. Effect of FFS inclusion on growth performance of O. niloticus :

1-1-1. O. niloticus fry

The mean final weights at biweekly intervals as well as total weight
gain (TWG) for O. niloticus fry fed the test diets are illustrated in table
(13) and graphically represented in fig. (1). These results indicated that,
at the level of 25% FFS inclusion (diet 2), the total weight gain (TWG)
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reached a maximum value (14.3 g) followed by diet 3 (13.7 g). These
values were tested (according to t-test) to be insignificantly different
(p>0.05) from the corresponding value of control group diet 1 (17.5 g),
which contained 100% fish meal. Further increase in FFS inclusion level
within the diets has led to a decrease in total weight gain (11.7, 9.03¢g for
fry fed diets 4 and 5 respectively). The lowest total weight gain (9.03g)
was attained for fry diet 5 (100% FFS) which was also insignificantly
different (p>0.05) from the corresponding for the control fish.

Similar trend was obvious for the percentage weight gain (PWG).
Thus, the maximum value (32.46) was sustained for fry fed diet 2
followed by those fed diet 3 (32.00). These values were tested to be
insignificantly different (p>0.05) from the value of the control group,
diet 1 as shown in table (14) and illustrated in fig. (2).

Further increase in FFS inclusion levels within the diets has led to
consequent decreases in PWG (29.78 & 26.49 for fry fed diets 4 & 5
respectively). These values were insignificantly different (p>0.05),
according to t-test, as compared with the corresponding control group

diet 1.

Also, daily weight gain (DWG) results showed the same trend of
variation, since the maximum DWG (0.11g/ fish / day) was attained for
fry fed diet 2 followed by diet 3 (0.10g/ fish/ day) without significant
differences (p>0.05) as compared with the corresponding diet 1 (0.13 g/
fish/ day). Further increase in FFS supplement has led to decreased
DWG, attaining lowest value of 0.07g/ fish/ day for fry fed diet 5 (Table
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1-1-2. O. niloticus fingerlings :

Similarly, final weights at biweekly intervals as well as total weight
gain of O. niloticus fingerlings fed the test diets are summarized in table
(15) and figs. (1) to (3). The results indicated that, at the level of 25%
FFS inclusion (diet 2), the TWG reached a maximum value (66.2 g)
followed by diet 3 (62.26g). According to t-test, these values were tested
to be insignificantly different (p> 0.05) when compared with the
corresponding control fish diet 1 (64.25g). Further increase in FFS
inclusion level within the diets has led to a decrease in TWG (53.34g &
35.03g for fingerlings fed diets 4 & 5 respectively), indicating
insignificant differences (p>0.05) as compared with the corresponding
control group.

The same trend was observed in PWG results. The maximum value
(22.49) was sustained for fingerlings fed diet 2 followed by diet 3 with
insignificant differences (p > 0.05) compared with diet 1 (22.15). the
lowest PWG (16.26) was recorded for fingerlings fed diet 5, this value
was tested to be significantly different (p<0.05)as compared with the
corresponding value diet 1 (Table 16 & Fig. 2).

Daily weight gain showed same trend as described for total weight
gain (Fig. 3). The maximum DWG of which was attained for fingerlings
fed diet?2 (0.49¢/ fist/ day), then a decreasing trend was exhibited along

with further increase in FFS inclusion.

Specific growth rate exhibited also the same behaviour as shown in
table (16) and fig. (4). The lowest value (0.91) was tested to be
significantly different at level p<0.05 as compared with the control

group (diet 1).
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Total length gain and condition factor “k” showed the same trend as
described for TWG, PWG, DWG & SGR, but their values were tested to
be insignificantly different from the corresponding control fish. (Table
16 & Figs. 3, 6).

1-1-3. O. niloticus grow-out :

Final weights at biweekly intervals as well as total weight gain of
O. niloticus grow-out stage fed FFS test diets are given in table (17) and
represented in figs. (1) to (3). The results indicated that grow-out stage
fed diet 2 gave the highest TWG (156.2 g), while continuous supplement
of higher FFS levels led to continuous lowering in TWG values. The
lowest value (83.7 g) was sustained for grow-out stage fed diet 5. This
value was tested to be significant (p<0.05) as compared with the

corresponding of control diet 1.

As shown in table (18) and fig. (2)the PWG exhibited the same
tendency as that of TWG. The highest value being 23,16 was sustained
for grow-out stage fed diet 2, while the lowest (16.54) was recorded for
grow-out stage fed diet 5. The lowest value was tested to be significant

at level p<0.05 compared with the corresponding control diet 1.

The results of the DWG showed that the highest value was attained
for fish fed diet 2 with a lowering trend along with the increase of FFS
inclusion levels. All values obtained were tested to be insignificantly
different (p < 0.05) as compared with the control diet |1 (Table 18 &
Fig. 3). |



59

As for SGR values, the highest value was also sustained for fish fed
diet 2. Further increase in FFS inclusion has led to lower SGR (1.37,
1.27 & 0.90 for grow-out fed diet 3,4 & 5 respectively. These values
were tested to be significantly different at levels p<0.05 compared with
the control diet 1 (Table 18 & Fig. 4).

Total length gain reached a maximum (21.30 cm/ fish) for grow-out
stage fed diet 2. Further increase in FFS inclusion has led to decreases n
TLG (Table 18 & Fig. 5).

Condition factor “k” remained high within all diet levels inclusion
with values 1.80, 1.77 & 1.72 for grow-out fed diets 3, 4 & 5

respectively. These values were tested to be significantly different
(p<0.05) compared with the control diet 1 (Table 18 & Fig. 6).

Statistical analyses of the results of growth performance parameters
for all treatments as compared with the corresponding control group are

given in table (19).

1-2. Effect of using (FFS) as (FM) replacer on feed utilization

parameters of O. niloticus:
1-2-1. O. niloticus fry :

The effect of using different levels of FFS on feed utilization of O.
niloticus fry are summarized in table (20). The lowest FCR (1.66 & 1.71)
were shown for fry fed diets 2 & 3 respectively, whereas the highest
(2.12) was for that fed diet 5. These values were tested to be
insignificantly different (p> 0.05) from the corresponding for the control
group which was the lowest among all treatments (Table 20 & Fig. 7).
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Recorded values of PER for fry fed diets 2 and 3 (2.57 & 2.55
respectively), were the highest among all treatments except for the
control group which showed the maximum PER (2.79) (Table 20 & Fig.
8). Variations between PER for fry fed diets 2 & 3 and the CTR group

were proved to be insignificant.

Generally, further increases in FFS inclusions within the diets led to
insignificant decreases in both PER (2.55,2.38 & 2.13) and DFI (0.18,
0.16 & 0.14), but at the same time increases in FCR (1.71, 1.79 & 2.12)
for fry fed diets 3, 4 & 5 respectively (Table 20 & Figs. 7, 8 & 9).

Protein productive value (PPV) of O. niloticus fry decreased
slightly with the increase of the FFS inclusion within the test diets.
Differences among PPV values of each diet were insignificant (p>0.05),
according to t-test, when compared with the CTR group. The highest
value (8.36) was recorded for fry fed diet 2 followed by diet 3 (8.1),
which were insignificant when compared with the CTR group (Table 20
& Fi.g. 10). On the other hand, the least value (6.47) was recorded for fry
fed diet 5 (100% FES).

Fat retention was highest for fry fed diet 3 (20.71), while its values
were lower for fry fed the other test diets, but all recorded FR values
were insignificantly different as compared with the corresponding for the
control fish (Table 20 & Fig. 11).

Energy retention was maximum for fry fed diet 2 (15.28), but were
lower for fry fed the other diets. No significant ER effect appeared for
O. niloticus fry fed the test diets (Table 20 & Fig. 12).
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1-2-2. O. niloticus fingerlings :

The lowest FCR value (2.04) was sustained for fingerlings fed test
diets 2 and 3. Further increase in FFS inclusion levels led to increases in
FCR values. The highest records (2.52 & 2.83) were revealed for
fingerlings fed diets 4 & 5 respectively. These values were tested to be
significantly different (p<0.05) as compared with the corresponding
CTR group (Table 21 & Fig. 7).

Protein efficiency ratio (PER) values were highest for fingerlings
fed diets 2 followed by diet 3. Further increase in FFS inclusion level led
to lower PER. The lowest values (1.44 & 1.31) were shown for
fingerlings fed diets 4 & 5 respectively, indicating thus significant
differences (p < 0.05) as compared with the CTR group (Table 21 &
Fig. 8).

Feed conversion ratio (FCR), protein efficiency ratio (PER) and
Daily feed intake (DFI) revealed similar trend of variation each in turn as
mentioned before for O. niloticus fry and summarized in table (21) and
graphically represented in Figs. (7,8 & 9).

Maximum PPV were obtained for fingerlings fed diets 2 and 3
without significant effect as compared with the control group (Table 21
& Fig. 10).

The maximum FR (fat reténtion) value was recorded for fingerlings
fed diet 3 (4.75). Lower FR values were attained for fingerlings fed diets
2, 4 & 5 without significant effects compared with the corresponding
control fish (Table 21 & Fig. 11).

The highest ER (Energy retention) value was recorded for
fingerlings fed diet 2 (2.30), while the lowest was for fish fed diet 5
(1.07) without significant effects as compared with the control fish
(Table 21 & Fig. 12).
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1-2-3. O. niloticus grow-out :

Similary, FCR, PER, DFI and PPV of O, niloticus grow-out stage
fed the test diets are summarized in table 22 and represented in figs. 7 to
10. The results indicated that the lowest FCR values were observed for
grow-out fed diet 2 and 3, while further increase in FFS inclusions led to
highest values (2.58 & 3.01 for grow-out fed diets 4 & 5 respectively).
These highest values were tested to be significantly different (p< 0.05)
from the corresponding CTR group (Table 22 & Fig. 7).

Protein efficiency ratio (PER) values exhibited lowering trend along
with increases in FFS inclusion levels. The lowest value (1.33) was
sustained for grow-out fed diet 5, which was significantly different
(p<0.05) compared with the CTR group as shown in table (22) and fig.

(8).

The DFI as well as PPV revealed the same trend of variation as
mentioned before for O. niloticus fingerlings (Table 22 & Figs. 9 & 10).

Fat retention was highest for grow-out fed diet 3 (7.23) and lower
values were recorded for fish fed the other diets, without significant
effects as compared with the corresponding control fish (Table 22 & Fig,
11).

Energy retention was highest for fish fed diet 2 (3.55) followed by
diet 3 (3.46) and lower values were for fish fed diets 4 & 5 respectively.
All recorded ER values were insignificant different as compared with the
corresponding control fish (Table 22 & Fig. 12),

Table (23) summarized the statistical analyses among the test diets
as compared with the CTR group. '
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1-3. Effect of FFS inclusion within diets on the
biochemical composition of O, niloticus :

1-341. O. niloticus fry:

Results of body composition (on dry weight basis) of O. niloticus
fry fed the experimental diets are given in table (24). Fry fed the test
diets showed a decreased trend for liver protein as well as liver glycogen
along with further increase in FFS inclusion level (Figs 13 & 15). The
lowest liver protein value (18.27g/100g tissue) was attained for fry fed
diet 5 was significantly different (p< 0.05) as compared with the corresp-
onding CTR group. On the other hand, the total hepatic lipids exhibited
an opposite trend. Thus, the lowest value was given for fry fed diet 2,
while the highest was that for fry fed diet 5. The highest value (12.3 g/
100 g tissue) was tested to be significantly different as compared with
the CTR group (Fig. 14).

Replacing FM by FFS inclusion levels had little effect on crude
protein content of fry muscles fed diets 2 & 3, while protein content
decreased significantly (p < 0.05) for fry fed diet 5 (56.17%) as
compared with the corresponding for the CTR group (Table 24 & Fig.
16). On the other hand, total lipids values for fry fed diets 3, 4 & 5 were
tested to be significantly different (p< 0.05) as compared with the control
group fish fed diet 1.

As indicated from table (24), ash content values for fry fed diets 3
& 5 (18.79 & 22.00 respectively) were significantly different (p< 0.05)
when compared with those of the CTR group. Moisture content high
values (78.10 & 77.90) were recorded for fry fed diets 4 & 5 respectively
with significant differences as compared with the control fish (diet 1),
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Generally, it seemed that the replacement of different levels of FFS-
based diets had insignificant effect on energy content of Q. niloticus fry

as compared with the CTR fish group.

The P/E ratio values decreased along with the increase of FFS
inclusion levels, the lowest value was significantly different as compared

with the corresponding for the CTR group.

1-3-2. O. niloticus fingerlings :

Table (25) summarized the results of body composition of O.
niloticus fingerlings fed the experimental diets for 18 weeks. The results
of hepatic protein, lipids and glycogen exhibited the same trend of
variation described for O. niloticus fry. Hepatic protein showed
insignificant changes forlﬁng'erlings fed diets 2 & 3, while those fed
diets 4 & 5 recorded significantly (p< 0.05) lower vatues (21.25 & 20.90
g/100 g tissue respectively) as compared with the corresponding for diet
1 (Fig. 13).

This was in contrast with the results of hepatic lipids, since the
highest value (10.61g/100g tissue) was attained for fingerlings fed diet 5
which was tested to be significantly different as compared with that of
the control fish (Fig. 14)

As shown in table (25) & fig. (15), glycogen content were
insignificantly changed for fingerlings fed diets 2 & 3, but dropped to
2.66 & 2.49g/100g tissue for fish diets 4 & 5 exhibiting, thus, significant
differences (p<0.05) as compared with the CTR fish.
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In conclusion replacement of different levels of FFS-based diet did
not affect crude protein and lipids in muscles of fingerlings fed diets 2, 3
& 4 but significantly affect those fed diet 5. Thus, the lowest crude
protein value (60.07%) and the highest total lipids value (22.0%) were
tested to be significantly different as compared with the corresponding
for CTR (Fig. 16).

On the other hand, ash content of fingerlings fed diets 4 & 5 were
significantly affected by FFS inclusion levels as compared with the CTR
group. While moisture content seemed insignificantly affected by further

increases in FFS inclusion level (Table 25).

Generally, replacement of different levels of FFS did not affect

energy content of O. niloticus fingerlings, as shown in table (25).

In the mean time the P/E ratio attained insignificantly lower values
as compared with the control group, i.e. P/E ratio was not significantly

affected by FFS inclusion level within O. niloticus diets.

1-3-3. O. niloticus grow-out stage :

Table (26) summarized liver metabolites, carcass composition and
energy content of O. niloticus grow-out stage. Hepatic protein, lipids and
glycogen exhibited similar trend of variation shown before fry and
fingerlings stages. Thus, the lowest hepatic protein value (21.0 g/100 g
tissue) attained for grow-out fed'diet 5, which was significantly different

as compared with that of the CTR group (Fig. 13).
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Also, hepatic lipid values (8.04, 9.00 & 10.50 g/ 100 g tissue)
exerted for grow-up fish fed diets 3, 4 & 5 respectively were
significantly different (p<0.05) as compared with that of the control fish.
Similarly, glycogen values for grow-out fish fed diets 3,4 & 5 were
significantly variable as compared with those of the CRT group (Table
26 and Figs. 14 & 15).

Muscle protein value showed significant difference for fish fed diet
5 only as compared with CTR group (Fig 16). While total lipid values
for grow-out fish fed diets 4 & 5 showed signified differences when
compared with the corresponding for the CTR fish.

Ash content values of grow-out fish fed different levels of FFS
(diets 2 to 5) were significantly different (p<0.05) when compared with
that of the control fish fed diet 1 (Table 26).

Moisture content was highest for fish fed diet 2 (79.01%) as well as
diet 5 (79.9%), but the latter value was significantly varied when
compared with the corresponding value for the CTR fish.

In the mean time energy content values of grow-out fish fed
different levels of FFS diets were insignificantly affected as compared
with the control fish.

Despite of the apparent decreasing trend of P/E ratio values noted
with further increase of FFS inclusion levels within the diets, values
were insignificantly different as compared with those for the CTR fish.

Statistical analyses of body composition for different growth stages
of O. niloticus fed different levels of FFS as compared with the CTR
group are illustrated in tables (27 & 28).
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1-4. Effect of fermented fish silage (FFS) inclusion within

diets on O. niloticus biological characteristics :
1-4-1. O. niloticus fry :

At the end of feeding trials, hepatosomatic indices (H.S.1) showed
significant differences for fry fed diets 4 & 5 as compared with those of
.the control fish. Whereas, values of gastrosomatic indices (Ga.S.1.) and
gonadosomatic indices (G.S.1.) showed insignificant differences as

compared with the control fish.

Fry fed diet 5 attained filling indices (F.I.) significant value as
compared with the control fish, while all condition of fish flesh (C.F.F)
values significantly varied for fry fed all test diets (from 2 to 5), as
compared with those of the CTR fish as shown in table (29) and figs (17,
18 & 19).

1-4-2. O. niloticus fingerlings :

Likewise, the biological parameters measured for fingerlings fed
the test diets are summarized in table (30} and illustrated in figs (17, 18
& 19). |

Values of H.S.I. for fish fed diets 3, 4 & 5 were significantly
different as compared with the CTR fish. The Ga.S.I. lowest value (7.15)
attained for fish fed diet 5, was the only significant value when

compared with that of control fish fed diet 1.
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As for G.S.I, FI and CFF. values for fish fed all tested diet
levels, were insignificantly different as compared with those of the

corresponding fed diet 1.

1-4-3. O. niloticus grow-out

Table (31) and figs. (17, 18 & 19) showed that fish fed diets 4 & S
had H.SI  values significantly different as compared with the
corresponding for CTR fish, while grow-out fed diet 4 had Ga.S.I. values
significantly different from the control fish,

Fish fed diet 5 had G.S.I. and F.I. values significantly different from
that of the corresponding for CTR fish, F illing indices (F.1.) values were
tested to be insignificantly different for fish fed all tested diets (2-5) as
compared with the CTR fish. They were all lower than those of the
control fish (Figs. 18 & 19).

Results of statistical analyses of the biological parameters for all

stages fed the different FFS diets are summarized in table (32).
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CHAPTER Il

Experiment 2 :

2. Effect of using boiled soybean meal (BSM) as a fish meal (FM)

replacer in O. niloticus diets :
Objective :

Determination of optimum inclusion level of BSM as a FM replacer

within O. niloticus diets fed to fry, fingerlings and grow-out stages.

2-1. Effect of BSM inclusion on growth performance of O.

niloticus :
2-1-1. O. niloticus fry :

The mean final weights at biweekly intervals as well as total weight
gain (TWG) for O. niloticus fry fed the test diets are illustrated in table
(33) and graphically represented in fig. (20). The results indicated that, at
the level of 25% BSM inclusion (diet 2), the total weight gain (TWG)
reached a maximum value (15.7 g), followed by diet 3 (13.4g). Further
increase in BSM inclusion level within the diets has led to a decrease in
total weight gain (13.4, 104, & 9.16 g for fry fed diets 3, 4 &5
respectively). According to t-test all the values of TWG were tested to be
insignificantly different compared with the corresponding value for the

control fish.
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Similar trend was attained for the percentage weight gain (PWG) as
shown in table (34) and fig. (21). Thus, the maximum value (38.39) was
sustained for fry fed diet 2 followed by diet 3 (33.09). These values were
tested to be insignificantly different compared with the value of the
control group (diet 1). Further increase in BSM inclusion level within the
diets has led to further decreases in PWG (30.43 & 28.67 for fry fed
diets 4 & 5 respec'tively). These lowest values were tested to be
significantly different (p<0.05) compared with the CTR fish.

The maximum DWG (0.12 g/fish/day) was also indicated for fry
fed diet 2 followed by diet 3 (0.10 g/fish/day). Further increase in BSM
inclusion levels within the diets has resulted into decreases in DWG
values (Table 34 7& Fig. 22). All the sustained DWG values for fry fed
diets 2, 3, 4 & 5 were shown to be insignificantly different compared
with the control fish.

Therefore, inclusion of BSM up to 50% did not significantly affect
growth in weight of O. niloticus fry.

The highest specific growth rates (SGR) were achieved for fry fed
diet 2 (2.33) followed by diet 3 (2.12). The SGR values decreased by
further increase in BSM inclusion level attaining lowest values (1.84 &
1.73 for fry fed diets 4 & 5 respectively) which were tested to be
significantly different (p<0.05)as compared with the CTR group (Table
34 & Fig. 23).

As shown in table (34)and illustrated in fig. (24), the total length
gain (TLG) attained highest values (9.63 & 9.45 cmy/ fish) for fry fed
diets 2 & 3 respectively. Lowest values were sustained for fry fed diets 4
& 5. All the TLG values were tested to be insignificantly different
compared with the CTR fish.
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Fry fed diet 2 showed the best condition factor (K), followed by
diet 3 (1.86 & 1.79 res.pectively). The lowest “K” value (1.72) sustained
for fry fed diet 5 was tested to be significantly different (p<0.05)
compared with the corresponding control group (Table 34 & Fig. 25),

2-1-2. O. niloticus fingerlings :

Similarly, final weights at biweekly intervals as well as total weight
gain (TWG) of O. niloticus fingerlings fed the test diets are summarized
in table (35) and Figs (20) to (22). The results indicated that TWG
reached a maximum (49.11g) for fingerlings fed diet 2 foliowed by those
fed diet 3 (46.34g). The TWG values showed lowering trends along with
further BSM inclusion levels attaining lowest values (37.4 & 34.26g) for
fingerlings fed diets 4 & 5 respectively. All the recorded TWG values
were tested to be insignificantly different as compared with the control
fish.

Similar trend was observed for PWG and DWG as indicated for fry.
Thus, the PWG attained highest values for fingerlings fed diet 2
followed by diet 3 (20.29 & 19.88 respectively). Such values decreased
along with the increase in the BSM inclusion levels attaining lowest
values for fingerlings fed diet 5 (16.47). All the PWG values were
insignificantly different as compared with the CTR fish (Table 36).

Also, the DWG values were maximum for fingerlings fed diets 2 &
3 (036 & 0.34 g/fish/day respectively). Further increase in BSM
inclusion level was accompanied by decreases in DWG values recording,
thus, the lowest for fingerlings fed diet 5 (0.25 g/fish/day). All recorded
DWG values were insignificantly different compared with the control
fish.
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The specific growth rate (SGR) sustained highest and same value
for fingerlings fed both diets 1 & 2 (1.41). Lower values were observed
for fingerlings fed diet 4 followed by diet 5 (1.08 & 0.99 respectively).
Such values were tested to be significantly different (p<0.05) compared
with the control fish (Fig. 23).

The total length gain (TLG) was maximum for fingerlings fed diet 2
followed by diet 3 (15.45 & 15.18 cm/ fish respectively). These values
decreased along with the increases of BSM inclusion levels showing the
lowest value (14.24 cm/ fish) for fingerlings fed diet 5. All the TLG

values were shown to be insignificantly different compared with the
CTR fish (Table 36 & Fig. 24).

Fingerlings fed diet 2 and 3 showed the best “K” factor (1.83 &
1.81 respectively), while those fed diets 4 and 5 showed the least “K”
factor values (1.75 & 1.67) which were significantly different compared
with the CTR fish (Table 36 & Fig. 25).

2-1-3. O. niloticus grow-—oﬁt stage :

Similarly, final weights at biweekly intervals as well as total weight
gain of O. niloticus grow-out stage fed the test diets are summarized in
table (37) and graphically illustrated in figs. (20 to 22). The total weight
gain (TWG) was maximum for grow-out stage fed diet 2 (107.3g).
Further increase in BSM inclusion levels has led to decreases in TWG
values (89.88, 83.05 & 74.87g) for grow-out fed diets 3, 4 & 5
respectively. All values were insignificantly different as compared with

the control fish.
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The percentage weight gain (PWG) was highest for grow-out fed
diet 2 (20.7), but decreased with further increases in BSM inclusion
levels attaining lowest value (16.97) for fish fed diet 5. Such lowest
value (16.97) was tested to be significantly different (p<0.05) compared
with the corresponding control fish.

Similarly, the DWG recorded the maximum value for fish fed diet 2
(0.80 g/fish/day). Further increases in BSM inclusion level has led to
decreased DWG values attaining the lowest value for fish fed diet 5
(0.56 g/fish/day). All the DWG records were insignificantly different as
compared with the CTR fish.

The highest SGR value was achieved for fish fed diet 2 (1.33), but
further increases in BSM inclusion levels resulted into further decrease
in SGR values (1.19, 1.12 & 0.97 for fish fed diets 3, 4 & 5 respec-
tively). All sustained values (from diet 2 to 5) were tested to be
significantly different (p< 0.05) as compared with control diet 1 (Table
38 & Fig. 23).

The total length gain (TLG) values was highest for fish fed diet 2
(19.03 cm/ fish), but closely similar values were sustained for fish fed
diet 3, 4 & 5(18.55, 18.54 & 18.37 cn/ fish respectively). All the TLG
values showed insignificant differences when compared with the CTR
fish (Table 38 & Fig. 24).

The condition factor “K” sustained the highest value for fish fed
diet 2 (1.86) with a lowering trend along with further increases in BSM
inclusion levels (1.8, 1.71 & 1.66 for grow-out fed diets 3, 4 & 5
respectively). All sustained values of “K” factor were tested to be
significantly different (p< 0.05) as compared with the CTR group (Table
38 & Fig. 25).

Statistical analyses of the results of growth performance parameters
for all treatments as compared with the corresponding control group are
given in table (39).
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Fig. (20): Total weight gain (TWG g of O. niloticus fed different levels
of boiled soybean meal (BSM) for 18 weeks
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Fig. (21) : Percentage weight gain (PWG) for O. niloticus fed difterent levels
of boiled soybean meal (BSM) for 18 weeks
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Fig. (22): Daily weight gain (g/fish/day) of O. miloticus fed different levels

of boiled soybean meal (BSM) for 18 weeks
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Fig. (23) : Specific growth rate (SGR) of O. niloticus fed different levels
of boiled soybean meal (BSM) for 18 weeks
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of boiled soybean meal (BSM) for 18 weeks
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Fig. (25): Condition factor (K) for O. nileticus fed different levels
of boiled soybean meal (BSM) for 18 weeks.
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2-2. Effect of using BSM as a FM replacer on feed utilization
parameters of O. niloticus.

2-2-1. O. niloticus fry :

The effect of using different levels of BSM on feed utilization of
O. niloticus fry are summarizgd in table (40). The lowest FCR (1.41) was
indicated for fry fed .diet 2. The increase in BSM inclusion levels
resulted into higher FCR (1.67, 1.79 & 2.31 for fry fed diets 3,4 & 5
respectively). All values of FCR were insignificantly different from the
corresponding control group (Fig. 26).

The PER value was maximum for fry fed diet 2 (3.08) but
decreased along with further increase in BSM inclusion levels attaining a
lowest of 2.46 for fry fed diet 5. All PER values were insignificantly
different compared with CTR group (Fig. 27).

The DFI values attended similar trend, thus, the highest was
recorded for fry fed diet 2 (0.16 g/fish/day) with a decreasing trend
accompanied by further increase in BSM inclusion levels, without
significant differences when compared with the CTR group (Fig. 28).

The PPV of O. niloticus fry fish was highest for those fed diet 2
(10.89). The PPV decreased consequently along with consequent
increase in BSM inclusion levels attaining a lowest of 9.25 for fry fed
diet 5. Differences among PPV values were insignificant as compared

with the CTR group (Fig. 29).

The highest FR value (34.42) was recorded for fry fish fed diet 5,
whereas the lowest (22.32) was that for fry fed diet 2, followed by that
for diet 3 (24.1). All the FR values were insignificantly different as
compared with the corresponding for the control fish (Table 40 & Fig.
30).

No significant ER effects appeared for O. niloticus fry fish fed the
test diets (Table 40 & Fig. 31).
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2-2-2, O. niloticus fingerlings :

The effect of using different levels of BSM on feed utilization of
O. niloticus fingerlings are summarized in table (41). The lowest FCR
(2.56) was recorded for fingerlings fed diet 2. Further increase in BSM
inclusion levels has led to increases in FCR for fingerlings fed diets 3
and 4, while FCR value decreased slightly for fish fed diet 5. All FCR
values were tested to be insignificantly different as compared with the
control fish (Fig. 26).

The PER was makimum for fingerlings fed both diets 2 & 3 (1.63),
but showed a tendency to decrease by further increases in BSM inclusion
levels recording the lowest value at using diet 5 (1.41). All recorded PER
values were insignificantly different as compared with the CTR fish (Fig.
27).

The DFI values showed same tendency as described for O. niloticus
fry. Thus, the highest DFI wvalue (0.84 g/fish/day), followed by
consequent lowering values accompanied by further increases in BSM
inclusion levels fig. (28). The sustained DFI values were insignificantly

different as compared with the CTR group.

Similarly, The PPV was highest (1.78) for fingerlings fed diet 2
followed by diet 3 (1.77), with a lowering trend accompanied by further
increases in BSM inclusion levels as illustrated in fig. (29). All PPV

values were also insignificantly different as compared with control

group.
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Maximum FR values were recorded for fish fed diet 4 (5.97)
followed by diet 5 (5.27) which were insignificantly different as
compared with CTR fish (Fig. 30).

Similarly the maximum ER value was recorded for fish fed both
diets 4 & 5 (2.12) which was insignificantly different as compared with
the CTR group (Fig. 31).

2-2-3. O. niloticus grow-out :

The effect of using different levels of BSM on feed utilization of
O. niloticus grow-out are summarized in table (42). The lowest FCR
(2.27) was achieved for fish fed diet 2. Further increase in BSM
inclusion levels has led to decreased FCR, the lowest of which was
recorded for fish fed diet 5 (2.98) and was tested to be significantly
different from the control group (Fig. 26).

The highest PER, DFI and PPV values were recorded for fish fed
diet 2. Generally, a decreasing trend of PER, DFI and PPV values was
noticed with the increase in BSM inclusion levels to reach minimum
values for fish fed diet 5 (1.46, 1.44 & 1.95 respectively) without
significant effects as compared with the CTR fish (Figs. 27, 28 & 29).

No significant FR and ER effects appeared for O. niloticus grow-
out stage fed the test diets (Figs 30 & 31).

Results of statistical analyses among all treatments as compared

with control group are shown in table (43).
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Fig. (26): Feed conversion ratio (FCR) for O. niloticus fed ditferent levels
of boiled soybean meal (BSM) for 18 weeks.
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Fig. (29) : Protein productive value (PPV) of O. niloticus fed ditferent levels
of boiled soybean meal (BSM) for 18 weeks
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Fig. (30) : Fat retention (FR) of O, niloticus fed different levels
of boiled soybean meal (BSM) for 18 weeks
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2-3. Effect of BSM inclusion within diets on the biochemical

composition of O. niloticus :
2-3-1. O. niloticus fry :

Results of body composition analyses (on dry weight basis) at the
end of the feeding trials of fry fed the test diets are given in table (44)
and illustrated in figs. (32, 33, 34 & 35).

- With the consequent increase of BSM inclusion level a tendency of
subsequent decrease in liver protein as well as glycogen, or an increase
in total lipids was noticeable. Significant differences of liver protein

were shown for fry fed diets 4 and 5 as compared with the corresponding
for fish fed diet 1 (CTR fish).

Also, a significant difference of liver total lipids was shown for fry
fed diet 5 as compared with the corresponding CTR fish. At the mean
time, replacing FM by BSM had a significant effect on crude protein (for
fry fed diets 4 & 5), on muscle total lipids (for fry fed diets 2, 4 & 5) and
on ash content (for fry fed diets 2, 3 & 5) as compared with the
corresponding for fish fed diet 1 (CTR fish).

Values of energy content (gross energy and metabolizable energy
showed fluctuations for fry fed the test diets. On the other hand, P/E ratio
increased steadily with the increase in BSM inclusion levels, attaining
the highest values for fry fed diets 4 & 5 (69.90 & 73.02) which were
tested to be significantly different as compared with the CTR fish.
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2-3-2. O. niloticus fingerlings :

As shown in table (45) and illustrated in figs. (32, 33, 34 and (35)
liver protein, lipids and glycogen showed similar trend of variations as

previously mentioned for O. niloticus fry.

Replacing FM by BSM had significant effects on crude protein and
ash for fingerlings fed all the test diets as compared with the
corresponding CTR fish. While total lipids and moisture values for fish
fed diets 4 & 5 were significantly different as compared with the control
fish. ‘

On the other hand, further increase in BSM inclusion level within

the diets had led to increases in gross energy, metabolizable energy and
P/E ratio. The P/E values achieved for fish fed diets 4 & 5 were
significantly different as compared with the CTR fish.

2-3-3. O. niloticus grow-out :

Results of O. niloticus grow-out liver protein, lipids and glycogen
showed similar tendency as previously mentioned for fry and fingerlings.
On the other hand, replacing FM by BSM had significant effects on
crude protein, total lipids and ash for fish fed all the experimental.diets
as compared with the control fish fed diet 1 (Table 46 and Figs. 32, 33,
34 & 35).

Values of energy content (gross energy, metabolizable energy and
P/E ratio) showed fluctuations for grow-out fed the test diets (Table 46).

The statistical analyses of the body composition parameters for all
treatments as compared with the corresponding for the control group are
given in Tables (47 & 48).
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of boiled soybean meal (BSM) for 18 weeks




144

Fry
5,

Fl
%
g
g

u}

.
~
Fingerlings
5

&

=3

o)

8

g

3

=

[&]

Diets
-
l Grow-out

un

=

s

Glycogen (g/100 g tissue)
(¥ )

—

Diets

Fig. (34) : Hepatic Glycogen (g/100 g tissue) of O. niloticus fed different levels
of boiled soybean meal (BSM) for 18 weeks




145

s - RN
Fry
T54
2 7
E
§. [
4 6
]
“ s
50
o J
- ~
i Fingerlings
| b3
£
F]
f=]
a
‘_ o
| 3
| <
| o
Initial 1 2 3 4 5
Diets
S
- ~
Grow-out
&
Bl
i
S
&
&
=4
Q
Initial 1 2 3 4 h]
Diets
_/

Fig. (35): Crude protein content of O. niloticus fed different levels
of boiled soybean meal (BSM) diets for 18 weeks.
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2-4. Effect of boiled soybean meal (BSM) as a Fish meal (FM)

replacer on O. niloticus biological characteristics :
2-4-1. O. niloticus fry :

At the end of the feeding trials, hepatosomatic indices (H.S.1.)
showed significant differences for fry fed diets 2,4 & 5 as compared
with those of the control fish. Whereas values of gastrosomatic indices
(Ga.SI) and gonadosomatic indices (G.S.I) showed insignificant
differences as compared with the control fish (Table 49 and Figs. 36, 37
& 38).

Fry fed diet 5 attained filling indices (F.I.) as well as condition of
fish flesh (C.F.F.) values significantly different as compared with those
of the corresponding CTR fish as shown in table (49).

2-4-2. O. niloticus fingerlings :

Likewise, the biological parameters measured for fingerlings fed
the test diets are summarized in table (50) and illustrated in figs. (36, 37
& 38).

Values of H.S.I. for fish fed diets 3 & 5 were significantly different
as compared with the  CTR fish. The Ga.S.I. and G.S.1. lowest values
(7.09 and 0.96 respectively) attained for fish fed diet 5 were the only
significant values when compared with that of the control fish fed diet 1.

As for FI. values for fish fed all tested diet levels were

insignificantly different as compared with those fed diet 1.

Fingerlings fed diets 4 & 5 recorded C.F.F. values significantly
different as compared with the CTR fish fed diet 1.
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2-4-3. O. niloticus grow-out :

Table (51) and fig. (36) showed that fish fed diets 3, 4 & 5 had
H.S.I values lower and significantly different as compared with the CTR
fish fed diet 1. Fish fed all test diets recorded Ga.S.1. and F.I values

which were insignificantly different as compared with the corresponding
CTR fish (Fig. 37).

Fish fed diet 5 recorded G.S.I. value significantly different as
compared with the CTR fish (Fig. 38), while fish fed diets 4 & 5
recorded C.F.F. values lower and also significantly different from the
control fish fed diet 1.

Resuits of statistical analyses of the biological parameters for all

stages fed the different BSM diets are summarized in table (52).
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Fig. (36) : Hepatosomatic index (H.LS) of O. miloticus fed different levels
of boiled soybean meal (BSM) diets for 18 weeks
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Fig. (37): Gastrosomatic index (G.S.I) of O. niloticus fed different
levels of boiled soybean meal (BSM) diets for 18 weeks
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CHAPTER 1V

Experiment 3

3. Effect of using a mixture of both FFS and BSM (MIX) as
FM replacer in O. niloticus diets

Objective :

Determination of the optimum inclusion level of MIX as a FM
replacer within O. niloticus diets fed to fry, fingerlings and grow-out

stages.

3-1. Effect of MIX on growth performance of O. niloticus

3-1-1. O. niloticus fry

The results of growth monitoring at the biweekly intervals for
O. niloticus fry fed the test diets are give in table (53). The present
experiment indicated that at the level of 25% MIX inclusion (diet 2), the
total weight (TWG) reached a relatively highest value (17.53 g),
followed by that for diet 3 (15.42g). Such values were in significantly
(P>0.05) different as compared with control fish fed diet 1 (20.04g).

Further increase in MIX inclusion level within the test diets has led
to decreased TWG (12.69 & 10.17g for fry fed diets 4 & 5 respectively).
Such lowest values were also insignificantly different as compared with
the control fish fed diet 1 (Fig. 39).
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Similar trend was attained for percentage weight gain (PWG) and
daily weight gain (DWG) as shown in table (54). Thus maximum PWG
and DWG values were recorded for fry fed diet 2 (41.39 & 0.13 g/ fish/
day respectively). Further increase in MIX inclusion levels within the
test diets has led to a decrease in PWG and DWG reaching the lowest
values for fry fed diet 5 (33.49 & 0.08¢/ fish/ day). All PWG and DWG
values recorded for fish fed the test diets were insignificantly different as
compared with CTR fish fed diet 1 (Figs. 40 & 41).

Therefore fish meal could be safely replaced by a MIX at the level of
25% mnclusion or a maximum of 50% within fry O. niloticus diets, without

significant effects on growth rates.

The highest specific growth rates (SGR) were achieved for fry fed
diet 2 (2.57) followed by diet 3 (2.45). The SGR values decreased by
further increase in MIX inclusion level recording minimum values for
fry fed diets 4 & 5(2.10 & 1.92 respectively), which were tested to be
significantly different (P< 0.05) as compared with the CTR fish (Table
54 & Fig. 42). |

As shown in table. (54) and illustrated in fig. (43), the total length
gain (TWG) was maximum for fry fed diet2 (10.02cm/ fish) with a
decreasing trend along with further increase in MIX inclusion level,
attaining values which were insignificantly different as compared with

the control fish.

Similarly, condition factor “K” was best for fry fed diet 2 (1.86)
with a slight decreasing trend accompanied by further increase in MIX
inclusion level. The lowest “k” value was reached for fry fed diet 5
(1.71) which was signi.ﬁcanﬂy different as compared with the CTR fish
fed diet 1 (Fig. 44).
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3-1-2. O. niloticus fingerlings :

Similarly, final weights at biweekly intervals as well as total weight
gain (TWG) of O. niloticus fingerlings fed the test diets are summarized
in table (55) and figs. (39 to 41).

The results indicated that TWG reached a maximum (53.51g) for
fish fed diet 2 followed by fish fed diet 3 (50.43g). Further increase in
MIX inclusion level within the test diets has led to decreased TWG

without significant effect on growth rate compared with the control fish.

The results of PWG 'and DWG showed similar trend as TWG
(Table 56). Thus the highest PWG and DWG were observed for fish fed
diet 2 (22.67 & 0.40 g/ fish/ day respectively). The lowest PWG (16.55g)
was reached for fish fed diet 5 and was tested to be significantly different
(P<0.05) as compared with fish fed diet 1 (CTR fish).

Inclusion of different levels of MIX within the diets of O. niloticus

fingerlings had insigniﬁcant effects on DWG values.

The values of SGR were highest for fish fed diet 2 (1.58¢g) followed
by diet 3 (1.52g). They decreased with further increase in MIX inclusion
level within the diets attaining lowest values (1.37 & 1.18g) for fish fed

diets 4 & 5 respectively, which were significantly different as compared
with the CTR fish fed diet 1 (Fig. 42).

Total length gain was highest for fish fed diet 2 (15.58 cm/ fish)
followed by diet 3 (15.35 cm/ fish). Its values dropped by further
increase in MIX inclusion level within the diets attaining values of 14.53
& 13.37 cm/ fish for fish fed diets 4 & S respectively. All TLG values
were insignificantly different as compared with control fish (Fig. 43).
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Fingerlings fed diets 2 & 3 showed the best “K” values (1.89 &
1.82g respectively), while that fed diet 4 & 5 attained lower values (1.77
& 1.74 g respectively) which were significantly different (P<0.05) as
compared with control fish (Fig. 44).

3-1-3. O. niloticus grow-out :

Similarly, final weights at biweekly intervals as well as TWG of O.
niloticus grow-out stage fed the test diets are summarized in table (57)
and graphically represented in figs (39 to 41). The TWG values showed
same tendency as described previously for fry and fingerlings showing
highest value for fish fed diet 2 (122.81g) then followed by a decreasing
trend along with the increase in MIX inclusion level within the diets

without significant differences as compared with the control fish.

Similar observation was noticed for PWG results, but the lowest
value (1.69) attained for fish fed diet 5 was tested to be significantly
different as compared with CTR fish. |

Also, results of DWG showed same tendency as for TWG and
PWG without significant differences when compared with CTR fish fed
diet 1.

Fish fed all MIX diets (from 2 to 5) showed SGR values lower and
significantly different if compared with fish fed diet 1 (Fig. 42).

The highest TLG value was achieved for fish fed diet 2 (20.37 cm/
fish), but decreased consequently along with the increase in MIX
inclusion levels attaining lowest value (17.29 cm/ fish) for that fed diet
5. Inclusion of MIX had insignificant effects on TLG for fish fed all test
diets (Fig. 43).
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Fig. (39) : Total weight gain (g) of O. niloticus fed different levels

of mixture of FFS & BSM (1:1, W/W) for 18 weeks
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Fig. (40): Percentage weight gain (PWG) for O. niloticus fed different levels
of mixture of both FFS & BSM (1:1, W/W) for 18 weeks
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Fig. (41): Daily weight gain (g/fish/day) of O. niloticus fed different levels
of mixture of both FFS & BSM (1:1 W/W) for 18 weeks
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Fig. (44): Condition factor for of O. niloticus fed different levels
of mixture of both FFS & BSM (1:1, W/W) for 18 wecks.
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The best “K” values appeared for fish fed diets 2 & 3 (1 82 & 1.80
respectively), while the least (1.69) was for that fed diet 5 which was
significantly different as compared with the control fish (Fig. 44).

Statistical analyses of the results of growth performance parameters
for all treatments as compared with the corresponding control group are
given in table (59).

3.2. Effect of using a mixture of both FFS and BSM (MIX) as a

FM replacer on feed utilization parameters of O. niloticus.

3.2-1. O. niloticus fry:

The results of the effect of using different levels of MIX on feed

utilization of O. niloticus fry are summarized in table (60).

The lowest FCR value was noticed for fry fed diet 2 (1.88), whereas
the highest was that fed diet 3 (2.38). The FCR values were
insignificantly different as compared with the CTR fish (Fig. 45).

As for PER, the values 3.3 & 3.19 for fry fed diets 2 &3
respectively were the highest among all treatments, while PER decreased
for diets 4 & 3 (294 & 2,78 respectively). Variation between values of
FCR and the CTR group were proved to be insignificant (Fig. 46).

The results of DFI showed similar trend as those of PER. Thus, fry
fed diets2 &3 (0 22 &0.20 respectively) showed the highest DFI, while
it decreased along with the increase in MIX inclusion level attaining
lowest DFI values for fry fed diets 4&5(0.15&0.14 respectively). The
DFI values were tested to be insignificantly different as compared with
CTR fish fed diet 1 (Table 60 & Fig. 47).
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The highest PPV values were recorded for fry fed diets 2 & 4 (8.60
& 8.80 respectively), but was lower for that fed diets 3 & 5 (8.22 & 7.59
respectively). No significant differences were detected between PPV

values for fish fed the test diets when compared with that fed diet |
(Table 60 & Fig. 48).

Fat retention values were insignificantly different for fry fish fed
the test diets in comparison with the corresponding for the control fish.
The FR values were closely similar for test diets 2 & 3 (Table 60 & Fig.
49). Diet 4 & 5 showed higher FR values than for diet 1 (CTR fish).

As for ER, no significant effects were detected within the test diets
for O. niloticus fry compared with the CTR fish (Table 60 & Fig. 50).

3-2-2. O. niloticus fingerlings :

The effect of using different levels of MIX diet on feed utilization
of O. niloticus fingerlings are summarized in table (61). The lowest FCR
(2.28) was attained for fish fed diet 2. Further increase in MIX inclusion
level has led to increased FCR, the highest of which was recorded for
fish fed diet 5 (3.52), showing a significant difference as compared with
the corresponding for fish fed control diet 1 (Fig. 45).

In the mean time, results of PER proved insignificant effect of
various inclusion levels as compared with the CTR fish (Fig. 46). The
values of PER exhibited a decreasing trend along with the increasing of
MIX inclusion level recording the highest value for fish fed diet 2 (1.80)
while the lowest was for that fed diet 5 (1.37).



175

"C0°0>d S[RAS] 18 JUBOYTUFIS 4

(/M 11 (NS E) [eswt ueaqAos pajioq pue (S.1,1) a5e]Is ysiy pojuonLoj yioq Jo aMXIp = XTI

99'1 80'C §TT 9T'T 97T uonuazel AZieug
8€'€ vLE vO't b8'€ 8L'€ uonusgal Jeg
LT1 L1 $8'1 161 26’1 anjea aanonpoxd ueld
99°0 vLO 080 £8°0 98°0 (Aepsy/s) axeIul pasy Are(
LET 7R 8L'1 081 181 (gD One1 AoUadIYR urslold
+CS'€ Q.,._m 96T 87T 01'C QoD 013 TOISISATIOD POO]
"INSH %sL WS %08 WSH %ST WA%001
WSH %001 WA %ST WA %08 WA %SL [01}uc) sm)Y
S Pa pRIq € Piq A I 31q

"SHIIM QT 10} SIIIP-XTIN] JO S[OAS] JUSIJJIP Po sSurpraSury snonopiu

‘0 30 sidpumered [euonryny] : (19) d[qeL




176

As shown in table (61) and demonstrated in fig. (47), the DFI
showed the same trend as described for PER. Therefore, the highest
value was for fish fed diet 2 (0.83g/ fish/ day). Variations between DFI
values for fish fed all test diets and CTR fish were proved to be

insignificant.

The PPV was insignificantly affected, despite the apparent
decreased trend noted with the increase of MIX inclusion level within
the diets, as compared with the value recorded for the control fish (Fig.
48). The maximum v‘alue (1.91) was obtained for fish fed diet 2, while
fish fed diet 5 recorded the lowest value (1.27).

No significant effects were detected for FR and ER for fingerlings
fed the test diets when compared with the corresponding for the control
fish (Table 60 and Figs. 49 & 50).

3.2.3- O. niloticus grow-out :

The effect of using different levels of MIX on feed utilization of
O. niloticus grow-out stage are summarized in table (62). The lowest
FCR value (2.11) was attained for fish fed diet 2. A steady increase in
FCR values was observed accompanied by increase in MIX inclusion
level, showing the highest value for fish fed diets4 & 5 (270 & 3.23
respectively). These highest values were tested to be significantly
different as compared with the control fish (Fig. 45).

A decreasing trend was noticed for the PER values, attaining thus
the highest (1.81) for fish fed diet 2. While PER decreased consequently
along with the increasing of MIX inclusion level recording the lowest
value (1.30) for fish fed diet 5 which was significantly different as
compared with the control fish fed diet 1 (Fig. 46).
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Fig. (45): Féed conversion ratio (FCR) for O. niloticus fed different levels
of mixture of both FFS & BSM (1:1, W/W) for 18 weeks.
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Fig. (47) : Daily feed intake (DFI gffish/day) of O. niloticus fed different levels

of mixture of both FFS & BSM (1:1 W/W) for 18 weeks
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Fig. (48) : Protein productive value (PPV) of O. niloticus fed different levels
of both FFS & BSM (1:1, W/W) for 18 weeks
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The DFI and PPV revealed similar trend as the PER. They showed
a decreasing tendency with the increase of MIX inclusion level of reach
insignificantly lowest records (1.43 & 1.90 respectively) for fish fed diet
5 as compared with the respective control fish (Figs. 47 & 48).

Insignificant effects were detected for FR and ER for grow-out
stage fed the test diets as compared with the corresponding control fish
(Figs. 49 & 50).

Statistical analyses of results for the test diets as compared with the

control group are given in tables (63).

3-3. Effect of MIX inclusion within diets on the biochemical

composition of O. niloticus :

3-3-1. O. niloticus fry

Results of body composition (on dry weight basis) at the end of the
feeding trials of fry fed the test diets are summarized in table (64) and
demonstrated in figs. (51, 52, 53 & 54).

Liver protein showed the highest value for fry fed diets 2 & 3
(1933 & 19.20 g/ 100g tissue respectively). Further increase in MIX
inclusion within the test diets has led to a decrease in liver protein
recording the significantly lowest values (18.27 & 17.60 g/ 100 g tissue)
for fry fed diet 4 & 5 respectively, as compared with the control fish.

Hepatic total lipids showed the inverse trend of variation recording
the significantly (P<0.05) highest value for fry fed diet 5 as compared
with the control fish.
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At the mean time, inclusion of MIX within the diets had a
significant effect (P<0.05) on liver glycogen for fry fed diets 3, 4 & 5
(2.10, 1.95 & 1.90 ¢/ 100 g tissue respectively) as compared with the
control fish fed diet 1.

Crude protein was significantly affected by the inclusion of 75%

and 100% MIX in fry diets recording the lowest values (57.16 & 55.78%

respectively), when compared with the CTR fish fed 100% FM.

On the other hand, total lipids showed the inverse trend of vairation
recording significantly highest values (18.08,20.19 & 2091 %) for fry

fed diets 3, 4 & 5 respectively, as compared with control fish.

Ash and moisture contents were not significantly affected by MIX
inclusion levels in fry fed the test diets as compared with the CTR fish.

Gross energy and metabolizable energy also were not significantly

affected by the inclusion of MIX in fish diets of in fry stage.

While P/E ratio was significantly affected by MIX inclusion at
levels 75% & 100% in fry diets, when compared with the control fish
(100% FM).

3-3-2. O. niloticus fingerlings :

As shown in table (65)and illustrated in figs. (51, 52 & 53), liver
protein was significantly affected (P<0.05) by the inclusion of 75% and
100% MIX in fingerlings diets compared with the control fish. While
liver lipids were significantly affected for fish fed diet 5 as compared

with the control fish.
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On the other hand, fish fed diets 4 & 5 showed glycogen contents
significantly different (P<0.05) as compared with the control fish.

Replacing FM by MIX had significant effects on crude protein,
total lipids and ash contents of O. niloticus fingerlings. Thus, fish fed
diet 5 showed lowest significantly crude protein content (Fig. 54), while
fish fed diets 3 & 5 had total lipids significantly higher than fish fed
diet 1 (control). At the mean time, fish fed all test diets (from 2 to 5) had

ash contents significantly different as compared with the control fish fed
diet 1. '

Gross energy and metabolizable energy were not significantly
affected by the inclusion levels of MIX in fish diets. On the other hand,
P/E ratio was significantly affected showing highest value for fish fed
diet 5 as compared with the control fish fed diet 1.

3-3-3. O. niloticus grow-out :

Results of body composition of O. niloticus grow-out stage are
given in table (66) and illustrated in figs. (from 51 to 54).

Replacing FM by MIX had a significant effect on liver protein and
glycogen at levels 75% and 100%. It had, also a significant effect on
liver lipids at levels 50%, 75% & 100% as compared with fish fed diet 1

(control).

Values of gross energy and metablizable energy showed
fluctuations but insignificantly different as compared with the
corresponding control fish. On the other hand, P/E ratio for fish fed diets
4 & 5 were significantly different as compared with the CTR fish
(Table 66).
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Fig. (51) : Hepatic protein (g/100 g tissue) of O. niloticus fed different levels
of mixture of both FFS & BSM (1:1, w/w) for 18 weeks
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Fig. (52): Hepatic lipids (g/100 g tissue) of O. niloticus fed different levels
of mixture of both FFS & BSM (1:1, W/W) for 18 weeks
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Fig. (54): Crude protein content for O. niloticus fed different levelé
of mixture of both FFS & BSM (1:1, W/W) diets for 18 weeks.
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The statistical analysis of the body composition parameters for all
treatments as compared with the corresponding for the control group are

given in tables (67 & 68).

3.4. Effect of mixture (MIX) of fermented fish silage
(FFS) and soybean meal (BSM) as fish meal (FM)
replacer on O. niloticus biological characteristics :

3-4-1. O. niloticus fry

At the end of the feeding trials, the hepatosomatic indices (H.S.I.)
showed significant differences for fry fed diets 4 & 5 compared with the
control fish (Table 69 & Fig. 55). On the other hand, the gastrosomatic
indices (Ga.S.1), filling indices (F.L) and condition of fish flesh (C.F.I.)
values showed significant differences for fry fed diet 5 compared with
the corresponding CTR group as shown in table (69) and demonstrated
in fig. (56). While gonadosomatic index (G.S.I) values showed
insignificant differences for fish fed all the experimented diets as

compared with the control diet (Fig. 57).

3-4-2. O. niloticus fingerlings

Likewise, the bilogical parameters of fingerlings fed the test diets
are summarized in table (70) and illustrated in figs (55, 56 & 57). The
H.S.I for fish fed diets 4 & 5 were significantly (P< 0.05) lower than
for that fed the control diet. Whereas the Ga.S.1 for fish fed diet 5 was
significantly different as compared with the CTR fish. On the other
hand, G.S.I, F.I. and C.F.F. were not significantly affected by MIX

levels as compared with the control fish.
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3-4-3. O. niloticus grow-out :

Table (71) and fig. (55) showed that, H.S.I. of O. niloticus grow-out
stage was significantly affected (P<0.05) by the inclusion of MIX at
levels 75% & 100%, compared with the control fish (100% FM).
Whereas G.S.I. for fish fed diets 3, 4 & 5 were significantly affected
compared with the control fish.

On the other hand, Ga.S.I., F.I. and C.F.F. were not significantly
affected by inclusion of MIX at all treatment levels, when compared
with the CTR fish fed the control diet (Fig. 56 & 57).

Results of statistical analyses of the biological parameters for all
treatments as compared with the corresponding control group are given

in table (72).
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Fig. (55): Hepatosoﬁatic index (H.LS) of O. niloticus fed different levels
of mixture of both FFS & BSM (1:1 W/W) diets for 18 weeks
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Fig. (56): Gastrosomatic index (G.S.I) of O, nileticus fed different
levels of mixture of both FFS & BSM (1:1, W/W) diets for 18 weeks
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CHAPTER VI

Economical evaluation of the tested fish meal (FM) replacers:

1. Fermented fish silage (FFS) :

1-1. O. niloticus fry :

Incidence cost increased significantly by increasing the level of FFS
in the diets (Table 73). The best profit indices were obtained for fish fed
diet 2 (7.06) followed by diet 3 (6.83), whereas the least was that fish fed
diet 5 (4.42),

1-2. O. niloticus fingerlings and grow-out :

Similar results to the fry’s were attained for the two other growth
stages and were shown in tables (74 & 75). Thus, maximum incident
cost (3.03 and 2.95, respectively) were obtained for fish fed diets S
(100% FFS inclusions), with significant differences as compared with
the control groups (P>0.05). O. niloticus fingerlings or grow-out stage
fed diets 2 resulted into highest profit indices (1.73 and 3.94
respectively). In the mean time, least values (1.32 and 3.05 respectively)

were recorded for fish fed diets 5.

Fig. (58) illustrates the production of O. niloticus fed the FFS diets.
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2. Boiled soybean meal (BSM) :
2-1. O. niloticus fry :

Incident cost increased significantly by increasing BSM inclusion
level as shown in table (76). The best profit indices were gained for fish
fed diet 3 (7.88) followed by diet 2 (7.77) without significant effect

compared with control diet.

2-2, O. niloticus fingerlings and grow-out stages

Similarly, maximum profit indices (1.5 and 2.65) were noticed for
fingerlings and grow-out stages, respectively when both fed diets 2 (25%
BSM) tables (77 & 78).

Minimum record (1.4 and 2.47) were indicated for fingerlings fed
diet 5 and grow-out stage fed diet 4 respectively, without significént

differences compared to fish fed control diets.

Fig. (59) illustrates the production of O. niloticus fed the BSM
diets.

3. MIX of FFS and BSM
3-1. O. niloticus fry :

Further increase in MIX inclusion level within O. niloticus diets did
not result in an increase in incidence cost (Table 79). Fry fed diet 3
followed by those fed diet 2 gave the best profit indices with significant
differences with control fish. The lowest Pi(4.67) was attained when

using diet 5.
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3-2. O. niloticus fingerlings and grow-out stages

Referring to tables (80 & 81) maximum profit indices (1.64 and
2.45) were obtained for fingerling and grow-out, respectively, fed diets
2. followed by diet 3. Minimum Pi records (1.25 and 1.84) were

observed for both treatments respectively stages fed diet 5.
Fig. (60) illustrates the production of O. niloticus fed the MIX diets.

Cost analysis for economic production of O. niloticus fry,
fingerlings and grow-out stages are given in tables (82,83 & 84) and
illustrated in figs. (61, 62 & 63).
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DISCUSSION AND CONCLUSION

Fish species being cultured have a high dietary protein
requirements, so the economically formulated fish feeds should contain
25-45% crude protein (Murai, 1992). Formulating high quality fish feeds
is required, but reducing the cost of feeds is also the ultimate goal of fish

nutrition researches, particularly in the developing countries, like Egypt.

Almost all fish contain a proportion of fish meal in their
formulation. In Egypt, the current dependence of aquafeeds upon the
imported fish meal and in view of the escalating cost of fish meal and the
need to make aquaculture independent of capture fisheries, it is
important to determine the feasibility of producing acceptable production
diets which have little or no fish meal protein in them. Therefore, there is
a great need to identify and utilize locally available feed ingredient
sources, wherever possible, so as to minimize imports and reduce feed

costs, and the present study therefore was conducted.

Several promising formulations for tilapia spp. have been tested
locally and shown to have merit. Among the novel protein sources used
with variable success it is worth to mention : decorticated cotton seed
meal (Elsayed, 1990); poultry by-product meal (Yousif and Al Hadrami,
1993); chicken offal silage (Belal et al., 1995); shrimps meal meat and
bone meal (Mansour, 1997); black seed meal (10%) (Atwa, 1997),
vegetable leaves wastes (Mohamed, 1998) and acid fish silage &
soybean meal (Sobhy, 2000).
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The ability of tilapia to utilize carbohydrates and lipids as energy
sources were also investigated in Egypt (El-Sayed & Garling, 1988)

Partial or total replacement of fishmeal protein with alternate
sources of protein could be of considerable economic advantage, even if
this approach was associated with a moderate reduction in feed
utilization (Hajen er al, 1993). Therefore the present study was
conducted to determine the optimum inclusion level of three protein

alternate sources i.e. FFS, BSM and MIX for O. niloticus feeds.

In this study fish fed the fish meal-based diets exhibited better
significantly growth (weight gain and SGR) than that obtained by fish
fed the diets contained the tested sources FFS, BSM or MIX.

Total or partial replacement of fishmeal protein (FM) by FFS

protein :

Fish silage is another form of fish meal, the introduction of the fish
silage techniques for aquafeed production can be considered as. one
possible solution to FM deficiency problems. Details of the preparatory
methods when using trash and other aquatic by-products are already
known (Wassef, 1991). The present work add another new approach for

preparations fish silage by applying the fermentation technique.

In this experiment when FM protein was totally replaced with the
FFS in the diets of Nile tilapia (fry, fingerlings and adults), fish growth

was significantly reduced.

The reduction in liver weight combined with the drop of total

muscle and liver protein for fish fed the 100% FFS diet, indicated the in-
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tolerance of fish to levels of FFS exceeding 50% of the dietary protein.
However, partial replacement of FM with FFS by 25-50% showed
growth performance and feed utilization efficiency comparable to those
recorded for fish fed the FM-based diet. Improvement of liver
composition including higher values of hepatosomatic indices, hepatic
protein and glycogen confirm these findings and suggest 25% FFS

inclusion level as the optimum for the species.

Previous trials for preparation and testing fish silage (acid addition)
for O. niloticus & O. aureus were recently achieved (Sobhy, 2000). Her
results revealed that O. niloticus and O. aureus fry fed 30% dietary
silage protein recorded the highest fish growth and feed utilization
efficiency. Also, In a previous study, FM was replaced by different
levels (0, 10, 15, 20%) of chicken offal silage in diets fed to Nile tilapia
fingerlings (Belal et al., 1995). They found that weight gain, FCR, PER
and proximate body composition did not vary significantly between
treatments. The authors concluded that on an isocaloric/ 1sonitrogenous
basis chicken offal silage can make up as much as 20% of O. niloticus

fingerlings commercial feeds.

The biochemical composition of fish revealed that a reduction in
liver weight for fishes fed diets (5) which includes 100% FFS. Also, the
total protein content of the liver and flesh decreased. By contrast, thz
total lipid in liver and flesh for the tree stages of O. niloticus fed FFS
reached to maximum for diets (5), while these values were minimum for
fish receiving 25% inclusion. These results were supported by Delahunty
& Valming (1980) and Jauncey (1982). Fish composition and condition

factor showed similar trend of variation among all treatments i.e. in the
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present investigation, the protein and lipid contents usually increased as

compared to initial ones for all treatments.

The body ash content was also unaffected by different dietary FM
replacement levels as mentioned by Jauncey (1982). The present
observations are on the line with those of Clement and Lovell (1994) for
cultured Nile tilapia and Conceic et al. (1998) for Clarias gariepinus.
Further, The fish composition recorded in the present study agreed with
that previously recorded by Siddiqui et al. (1988) for the species protein
content (between 55.9 & 60.9%) and fat (19.5 & 26.0%) and exceeds the
percentage on dry weight basis, composition given by Rodriguez-Serna
et al. (1996) for fed tilapia.

The two formulae tested in the present study diets 2 and 3 were
suggested for best growth performance for O. niloticus fingerlings as
evidenced from the insignificantly daily weight gain (66.2g x 0.49¢/ fish/
day) as compared with that of the CTR group of fish fed the fish meal
diet (64.25g x 0.47g/ fisb/ day).

The progressive poorer growth performance at higher inclusion
levels was due to depression of feed utilization and not feed intake as all
fish received the same amount of food. One of the major factors limiting
the usage of fish silage in fish feeds is the acidic nature of the products
(pH = 2) which influence diet palatability (Wassef, 1991). Another factor
that should be considered is the period of FFS storage (Fagbenro and
Jauncey, 1993b).

No significant difference in profit index for fish fed the CTR diet
and the diet containing 25% FFS, and the lowest profit obtained by fish
fed the diet containing 100% (the highest inclusion level of FFS). These
results are in agreement with those results reported by Sobhy (2000) who
stated that there were economic benefits at 30% protein silage inclusion
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level, in O. niloticus and O. aureus diets, but at higher inclusion level the
economic efficiency was significantly reduced.

Therefore, from the economical view point 25% FFS inclusion level is

recommended in Nile tilapia feeds.

Total or partial replacement of fishmeal protein with boiled
soybean meal (BSM) :

Soybean meal is one of the most abundant of the oilseed meals used
widely in animal and fish nutrition. However, a reduction of the fish
growth has been reported when fish meal was replaced with increasing
levels of soybean meal (Shiau er al, 1990; Webster et al, 1992,
Gallagher, 1994 and Robaina et al., 1995). |

However raw soybean meal or inadequately heated soybean meal
contains higher activity of trypsin protease inhibitors casusing growth
reduction (Wilson and Poe, 1985). Therefore, soybean should be either
properly heated by boiling or defatted or germinated prior roasting, ... ect
before inclusion as meals in aquafeeds (Wassef et al., 1988 and Wee &
Shu, 1989).

The present findings confirm the boiling technique of raw soybean
as proper treatment before inclusion in Nile tilapia feeds. Results
suggested 50% dietary BSM to replace FM without adverse effect on
fish growth or feed utilization efficiency. In the meantime, muscle
composition and liver glycogen are comparable to those of fish fed FM-
based diets.

The values of the liver weight, hepatic protein and glycogen were
much higher at using diets 2 and 3 in which fish receiving the lowest
level of BSM (25-50%). In contrast, the total lipid in liver for the 3
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stages of O. niloticus fed BSM reached maximum values for diets 5 and

they were minimum for fish receiving 25% level.

Total protein and lipids showed no significant differences for fish
fed 25 — 50% BSM compared with CTR diet. Siddiqui e al. (1988)
showed similar results with O. niloticus fry when found that the body

protein content increased with increasing protein levels in the diet.

El-Ghobashy (1990) found an irregular trend (correlation) between
water and protein content for O. niloticus. The present study nearly
agreed with El-Ghobashy results besides to the inverse relationship
between protein and water content for fish fed different levels of BSM

which was detected ..

A maximum recommended dietary inclusion level of BSM might be
50% in Nile tilapia feeds.

Biological and biochemical composition of fish revealed that full
replacement of FM was achieved using BSM (diet 5) gave lowest filling
index with the decrease of dietary protein level. Also, the same trend for

gonadosomatic and hepatosomatic indices were observed.

On the contrary, when fish fed diet 1 or 3 where 25- 50%
replacement of FM by BSM, the highest FI, GSI and HSI were obtained.

In other words, the aforementioned parameters (indices) decreased
gradually with increase in BSM levels with diets. Also, condition of fish
flesh followed the same trend of the condition factor. The incidence cost
was significantly increased for fish fed the diet incorporating 100% BSM
than those for fish fed the test diets containing 25% BSM. The best profit
index was recorded for fish fed the diets containing up to 50% BSM with
significantly difference if compared with CTR diets.
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The growth results obtained in the present experiment are logic and
reasonable when compared with those previously reported by other
authors (Khalifah, 1995; Zeweil, 1996 and Atwa, 1997). Similarly Shiau
et al. (1990) experimented SBM as a partial replacement for FM in
tilapia hybrid (O. niloticus and O. qureus) diets. They found that all
growth performance and nutritional parameter values (PWG, FCR, PER
& protein digestibility) for fishes were not significantly different from
those fed the CTR diet (100% FM). The last authors showed also that
SBM could be used to replace 30% FM in a diet for tilapia fingerlings
hybrids.

Robaina et al. (1995) reported that the deamination process of
dietary protein was increased by increasing the substitution of fish meal
by soybean meal. Therefore, the deamination process may be occurred
particularly in the most crystalline amino acid resulting in increasing
liver weight. This may explain why hepatosomatic indices (HST) were
higher for fish fed the diets containing over 50% BSM.

Also, Alexis et al. (1990) reported a positive correlation between
the carob seed germ meal (CSGM) of the diet and HSI. The authors
suggests that this correlation might result from glycogen accumulation
created by a high digestibility of CSGM carbohydrate.

Robaina et al. (1995) stated that, the delay in ammonia excretion
noticed in fish fed diets containing vegetable proteins may have been
related to a larger time required for the digestion, absorption and
metabolism of plant proteins. This indicates an increase in length of
intestine by increasing plant protein level therefore, increasing the level
by BSM may result in higher gut indices.

The bad effect of increasing the inclusion levels of BSM on fish
growth was the higher production cost of fish fed these diets since both
feed price and feed conversion ration increased.
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Partial or complete replacement of FM protein by MIX(a mixture

of both plant and animal proteins) :

Previous experiments (1 & 2) proved that 25 — 50% inclusion levels
of FFS and 25% of BSM in Nile tilapia diets should not exceeding 50%
for FFS and 25% for BSM to obtain growth rate comparable to that of
fish fed the FM control diet.

The present findings revealed that in Nile tilapia feed up to 50% of
FM can be substituted with a mixture of both FFS and BSM without

significant adverse effects on fish growth or feed utilization efficiency.

Davies et al. (1989) reported that, when appropriate ratios are
maintained between the dietary components used, better results can be
achieved. They stated that, diets containing meat and bone meal (MBM)
or high MBM / blood meal (BM) ratios (3:1) and (2:3) were found to be
superior to FM even at a 100% substitution level in diets fedto O.
mossabica fry. Also, Nieves and Barro (1991) used various combinations
of fish, shrimp and snail, with different plants in diets fed to O. niloticus

fingerlings.

In another study, Bishop et al. (1995) reported that hydrolyzed
feather meal (HFM) could replace up to 50% and 66% of the FM or FM :
MBM within diets for O. niloticus fingerlings and fry respectively, with

no loss in growth performance.

Rodriguez — Serna et al. (1996) studied the use of commercially
defatted animal by product meal (ABM: a combination of BM, MBM,
HFM and FM) with soybean oil or a soybean oil : fish oil mixture (1 : 1),
as a replacement for FM in O. niloticus fry feeds. They found that ABM



235

could replace up to 75% of the FM within the CTR diet tested and that
ABM supplemented with soybean oil could totally replace FM.

Cost / benefit analyses of the 3 test FM replacers indicated that the
cost per Kg feed decreased significantly by increasing the FM replacer in
diets. The lowest incidence cost was observed for fish fed the lowest
incorporation level (25% Mix). The best profit index was obtained by
fish fed the diets containing 25-50% level of MIX.

In conclusion, the present work findings indicated that FFS, BSM and
MIX could replace 25 to 50% of FM in O. niloticus diets.

The superiority of FM over other proteins alternate are referred to -

It is well documented that the biological value of animal protein is
higher than that of plant origin (McDonald er al.,  1995). Also, the
indispensable amino acid profile (IAA) of fish meal constitutes the most
suitable source of IAA for fish, given high conversion between the
whole IAA profile and IAA requirement pattern (Mambrini and Kaushik,
1995). Jauncey, (1982) and Hossain ef al. (1992) reported that fish fed
fishmeal diet has significantly the highest amino acid digestibility
(90.5%) followed by those fed linseed diet (85.5%) and the lowest was
for fish fed the sesame diet (82.4%). The apparent protein digestibility
for fish meal (about 92%) was higher than that for soybean meal (75.8%)
or full-fat soybean meal (86.4%) (Hajen e al., 1993 and Gomez et al.,
1995). Fish meal contain no toxic substances, but raw soybean meal
(untreated) contain antinutritional factors which make their protein
bodies undigestable to fish (Wassef ez al.,, 1988).



