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SUMMARY

The present study aimed to study the effet of
incorporation of increasing levels of fermented silage made from fish
by-products in diets of Nile tilapia (Orepchromis niloticus) fry. After
90 days from the experimental stant, the highest average BW
(27.38) was recorded for control group which fed on the basel diet
and replacing of 25% or 50% of fish meal FM by fermented fish
silage FFS in the diets FFS25 and FFS50 reduced the final body
weight BW to 25.08 and 25.22 g but these weights did not
significantly different from that fed the basal diet. The higher
replacing levels of FM by FFS (75 or 100%) in the diets FFS75 and
FFS100 significantly (P<0.001) decreased the BW 20.77 and 13.50
g, respectively. Similar results were also obtained for final body
length (BL}.

The highest weight gain WG (25.05 g) was recorded for fish
fed the control diet (FFS0) followed by those fed the diet FFS50
(22.01 g), FFS25 (21.96 g), FFS75 (17.20 g) and FFS100 (17.16 g),
respectively and the differences in weight gain among the different
fry groups were significant (P<0.05) and the same trend was
observed for specific growth rate SGR. The average feed intake and
feed conversion ratio and protein efficiency ratio of Nile tilapia were
significantly (P<0.05) affected by the incorporation of fermented
fish meal as a substitute of fish meal.

Dry mater in whole fish body ranged between 25.99 and
22.18 with insignificant differences. Crude protein ranged between
60.63 and 50.74, ether extract ranged between 22.85 and 17.97,
ash ranged between 17.25 and 16.20 with significant differences for
ether extract and protein content of whole fish bodies.

In conclusion, replacing up to 50% of FM by FFS did not
affected growth and feed utilization and reduced feeding costs by
15.59% for tilapia fry. The higher replacing levels (75 or 100%)
significantly adversed growth and feed utilization parameters.
Keywords: Replacement, fish meal, fish by-products silage, Nile
titapia fry. :
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INTRODUCTION

During recent years there has been increased interest in the use of
enzymatic stabilization technigues for the preservation and utilization of feed
materials for animal feeding in particular, a great deal of attention has been
concentrated on the utilization of fishery by-products, including low grade
industrial fish species, filleting waste and by-catch. Although it has also been
possible to treat plant protein and terrestrial animal by-products using ensiling
techniques (Norman et a/. 1979), the concentration of research effort on fishery
by-products has arisen because of the high level of wastage within the industry
due to its often seasonal nature and cost of storing (freezing) and transporting
these materials over long distances to the nearest fish meal plant.

The two techniques which have deals ensiling through chemical
acidification (acid preserved silage) or bacterial fermentation (fermented silage).
Acid preserved silages, various acids, (both organic and inorganic), have been
used. In organic acids, typically sulphuric acid and hydrochioric acid, have the
advantage: of being strong acdids, refatively cheap and widely available but they
require the pH of the final sifage to be 2 or below to prevent bacterial spoilage, in
addition before such a silage is fed (by mixing with an appropriate dry binder
premix).

In contrast, organic acids although more expensive have much better anti-
bacterial properties (Woolford, 1975) .It is possible to use a mixture of inorganic
and organic acids to obtain the strength and economy of the former with the
preservative properties of the latter. Propionic acid is often used not only for its
antibacterial properties but alsc because it prevents mould growth. Mould growth,
in particular Aspergifhus flavus. have been reported in formic acid silage stored in
tropical conditions even at pH less than 4 {Kompiang et a/ 1980 a). Rungruangsak
and Utne (1981) fed fish silages prepared by using different acids to rainbow trout
and examined changes in protease activity in the digestive tracts. They reported
that, the acids tested (formic; hydrochloric and sulphuric) only hydrochloric acid
had no effect on protease activity in any region of the intestine, while formic and
sulphuric acids caused reduction in protease activity at high dietary silage levels.
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Co-dried sulphuriclprbpionic fish silage has been used successfully as a
replacement for fish meal in rainbow trout diets (Hardy ef a/, 1984).

" Fermented silages, silage production is also possibie by factic acid bacterial
fermentation. To undergo proper fermentation the raw material must contain lactic
acid bacteria, a suitable nutritional substrate for the bacteria and a temperature
compatible with rapid growth. Although lactic acid bacteria are invariably present
in the raw material and a starter culture is not required (Kompiang et a/, 1980b
and 1980c) the inoculation of material with fermented starter culture is
recommended.

To favor the growth of lactic acid bacteria as opposed to spoilage bacteria a
specific fermentable substrate is mixed with the minced raw maternial to be ensiled.
Molasses added at a ratio of at least 1:10 (w/w) molasses to fish are particutarly
effective (Kompiang et af, 1980b and Raa and Gildberg, 1982). Under favourable
conditions the lactic acid produced reduces the PH of the silage, preserving it form
spoilage and encouraging autolysis by naturally occurring protease enzymes.
Preliminary feeding trials with fish indicated that fermented silages are nutritionally
equivalent to fish meai. In view of the enhanced storage ‘properties of these acd
preservation techniques animal/Carbohydrates silages hold particular promise for use
within the subtropical/tropical regions where conventional freezing techniques are
expensive or not available (Jackson, ef af/, 1984). Sottan and Tharwat (2006)
indicated that fermented fish sitage can successfully replace up to 25 and 50% of
fish meal in Nile tilapia, O. mioticus and African d;tﬁSh, Claris gariepinus diets
without adverse effect on growth performance or feed utilization of each of tilapia
catfish.

The aim of the study was aimed to investiate the effect of replace fish meal by
fermented silage at different rates 0, 25, 50, 75 and 100% in Nile tilapia fry diets.

MATERIALS AND METHODS
The present study was camied out at the Laboratory of Fish Nutrition Facuity of
Agriculture at Moshtohor, Benha University. The practical work of the present
experiment was started on the 1 June 2006 and lasted until the 30 August of the same
year (S0 days). Fifteen rectangular aquaria 100x40x50cm (200 liter for each) were
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filled by 180 liter freshwater (3 replicates for each freatment) and each aquarium was
stocked with 20 fish with an initial weight ranged from 1.71t0 1.72 g,

The experimental fish were obtained from Abbassa hatchery, Abu-Hammad.
After acclimatization fish were randomly distributed into the experimental aquaria
representing the five treatments At stocking body weight (BW) and body length (BL)
for each aquarium were recorded. The aquaria were deaned and water was replaced
every four days, dissolved oxygen was maintained at 3.5 — 7.0 mg/l by continuous
aeration and water temperature at 25 to 28°C.
Preparation of fermented fish silage (FFS):

Fish by-products (non edibie parts) were obtained from Ei-Obour market and
minced. FFS was prepared by mixing the minced fish by-products (60%) rice bran
(30%) as filler, dried molasses (5%} as a source of carbohydrate (energy) and 5%
yogurt (as a source of Lactobacilfus spp for lactic acid anaerobic fermentation
process). Potassium sorbate solution (1%) as antimicrobial agent was sprayed and
the mixture was packed in black polyethylene bags. All bags were incubated in
tightly hard plastic container and stored at ambient temperature that ranged from
30 to 38°C. The ensilage process compieted after 30 days and at the end, a liquid
FFS of pH 4.5 was obtained and sun-dried for 3 days. The resultant dried FFS had
brownish color and strong fish oder and contained 38.12% crude protein (CP).

Diet preparation

Five diets were prepared by thoroughly mixing the ingredients which
composed of fish meal, soybean meal, fermented fish silage, yeilow corn, vegetable
oil and wheat bran with different percentage (Table 1). In preparing the diets, dry
ingredients were first ground to a small particle size. Ingredients were mixed and
then water was added to obtain a 30% moisture ievel. Diets were passed through 2
mincer machine with diameter of 2 mm and were sun dried for 3 days. The
experimental diets were formulated to replace 0, 25, 50, 75 or 100% of FM by FFS
based on protein content. All diets were formulated to be isonitrogencus (30%
protein) and isocaloric (2700 kcal ME/kg diet).
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Table 1: Composition and chemical analysis of the experimental diets.

Experimental diets :
Feed ingredients Dietl | Diet2] Diet3| Diet4| Diet5
Fish meal (65%) 20 15 10 5 0
Fermented fish silage (FFS) 0 10 20 30 40
Soybean meal 47 47 47 43 48
Yellow corn 18 18 16 10 5
Wheat bran 4 1 1 1
Vegetable oit 3 3
Vit. & Min. mixture? 3 3
Sum 100 100 100 100 100
Chemical analysis  (determined on dry matter basis)
Dry matter (DM) 94.52 95.11 94.78 95.05 93.98
Crude protein {CP) 33.33 33.18 32.92 32.80 32.49
Ether extract (EE) 6.15 6.16 7.54 6.97 6.46
Crude fiber (CF) 8.56 9.25 8.67 9,88 10.36
| Ash 7.55 | 845 5.36 7.66 8.16
NFE? 4441 42.96 | 41.51 42.69 42.53
| ME (Kcal/kg diet)® 2520 } 2513 2532 2500 2457 |
P/E ratio* 132.25 L132.03 130.00 | 131.00| 132.23

Vitamin 8 mineral mixturefikg premix : Vitamin Dy, 0.8 million IU; A, 4.8 million IU; €, 4 g; K, 0.8 g;

Bl1, 0.4 g; Riboflavin, 1.6 g; B6, 0.6 g, B12, 4 mg, Pantothenic adid, 4 g; Nicotinic acid, 8 g; Folic adid,

0.4 g Biotin,20 mg , Mn, 22 g; Zn, 22 g; Fe, 12 g; Cu, 4 g; 1, 0.4 g, Selenium, 0.4 g and Co, 4.8 mg.

2 Nitrogen free extract (NFE} =100-{CP+EE+CF+Ash)

3 Metabolizable energy was calculated frarm ingredients based on NRC (1993) values for tilapla.

* Protein to energy ratio in mg protein/Keal ME.

Tilapia fry fed the pelleted diets (2 mm in diameter) at a daily rate of 10% (during
the 1% month), then gradually decreased to 7% (2™ marth) and 4% (3 month) of
total biomass 6 day/week (twice daily at 9.00 am and 3.00 pm) and the amount of feed
was bi-weekly adjusted according to the changes in body weight throughout the
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experimental period (90 days). About 25% of water volume in each aquarium was daily
replaced by aerated fresh water after deaning and removing the accumulated excreta.
Water temperature, pH and dissolved oxygen were measured daily at 2.00 pm while
total ammoenia was weekly measured. Water quality parameters measured were found
to be within acceptable limits for fish growth and health (Boyd, 1979).

Growth performance and feed utilization parameters were measured as
follows:
Condition factor (K) = {(W/L%) %100 Where:- W = weight of fish in “grams”, L =
total length of fish in “cm”

LnW2 - LnWi

Spedific growth rate (SGR) = x 100 Where Ln - the natural log,

- W, = first fish weight, W, = the following fish weight in “grams” and { = period in
days.

Weight gain = final weight (g} — initial weight (g)

Feed conversion ratio (FCR) = Feed ingested (g)/Weight gain (g}

Protein effidency ratic (PER) = Weight gain (g)/Protein ingested (g)

At the end of each experiment, three fish were randomly sampied from
each aquarium and subjected to the chemical analysis of whole fish body. Moisture,
dry matter (DM), ether extract (EE), crude protein {CP), crude fiber {CF) and ash
content of diets and fish were determined according to the methods described in
AQAC (1990).

Statistical analysis of the obtained data for the experiment were analyzed
according to SAS (1996). Differences between means were tested for significance
according to Duncan's muitiple rang test as described by Duncan (1955). The
following mode! was used to analyze the obtained data:

Yo =t +ai+g
Where: Y;, = the observation on the ij™ fish eaten the i diet; p = overall mean,
o= the effect of i" diet E; = random error assumed to be independently and
randomiy distributed (0, 5% ).
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, RESULTS AND DISCUSSION
Body weight(BW) and body length (BL):

As described in Table (2), the highest average BW (27.38) was recorded for
control group which fed the basal diet (control). Replacing of 25% or 50% of fish
meal (FM) by fermented fish silage (FFS) in the diets FFS25 and FFS50 reduced the
final BW to 25.08 and 25.22 g but these values did not significantly different
(P<0.05) from that fed the basal diet (Table 2).

Compared to fish fed the basal diet, the higher replacing levels of FM by
FFS (75 or 100%) in the diets FFS7% and FFS100 significantly (P<0.001) decreased
the BW of Nile tilapia fry to 20.77 and 13.50 g, respectively indicating the possibiiity
of replacing 50% of FM in the basal diets of Nile tilapia fry by FFS without adverse
effect on the final BW. ' a

At experiment termination the highest average BL (11.57am} was recorded
for fish group 3 which fed the diet FFS50 (50% of FM replaced by FFS) followed in
a descending order by those fed the control diet, FFS0 (11.01 cm), FFS25 (10.43),
FFS75 (10.38), and FFS100 (8.95), respectively and the differences between fish
groups were significant.

The highest average condition factor (2.08) was recorded for fish group fed
the diet FFS100 {complete replacement of FM by FFS) followed in descending order
by those fed the diet FFS75 (2.5}, FFS50 (2.04), FFSO (1.02), and FFS25 (1.96).

Results of Table (2) are in accordance with the results of Nwanna and
Daramola (2001) who found that, replacing FM by shrimp head waste meal at 0,
15, 30, 45 and 60% in 30% protein diets decreased final BW and the decrease was
more pronounced at the higher replacing levels. In another study, Wassef et af,
(2003) found that replacement of 25, 50, 75 or 100% of FF by FFS alone or mixed
with soybean meal (1:1) significantly (P<0.05) decreased the final BW of Nile tilapia
fed 28% CP experimental diets.

Soltan and Tharwat (2006} incorporated fermented fish by-products silage
in iso-nitrogenous (30% CP) and isocaioric {2600 Kcal ME) diets for Nile tilapia,
Oreochromis nifoficus and African catfish, ‘Clarnias garipinus to replace 25, 50, 75 or
100% of FM and they found that, dried FFS can successfully replace up to 25 and
50% of FM in tilapia and catfish diets, respectively without any significant loss in
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final BW while the higher replacing levels (50, 75 or 100% for tilapia and 75 or
100% for catfish) significantly reduced the final BW for the two fish species. In
another study, Soltan and El-Laithy (2008) evaluated the silage made from fish by-
products and tomato and potato by-products in isonitregenous (30%) and isocaloric
(2700 Kcal ME) diets fed to Nile tilapia fry and they found that replacement of 30%
of the dietary protein by silage did not significantly affected the final BW of Nile
tilapia while the higher replacing levels (40 or 50%) significantly reduced BW of Nile
tilapia..

Table 2: Least square means and standard error for the effect of replacing leveis of fish
mual by fermented fish silage in the diets on body weight (BW), body length (BL)
and condition factor {K) of Nile tilapia fry.

Body weight/g Body length/cm , Condition factor
Diets No. B T :
Initial | Final | Initial Final Initial Final
FFSO (control) 60 27.38a | 4.71 11.01a | 1.77 lL
n FFS25 60 | 1.71 [25.08ab | 4.50 10.43a 1.70 1.96
ﬁFFSSO 60 | 1.72 25.%23b 4.53 11.57a | 1.87 2.04
FFS75 60 | 1.72 |20.77b | 451 10.38a 1.99 2.05 |
FFSI00 |60 172 1350c| 438 | 895b . 198 | 208 |
Standard error | £0.10 | £1.78 | 011 | +0.28 . 0.06 | +0.08

Averages within each column followed by different letters are significantly different (P<0.05)}

Weight gain {WG) and specific growth rate {SGR):

Results of Table (3) indicated that, increasing level of substituting levels of
FM by FFS up to 50% did not significantly affected WG of Nile tilapia fry while the
highest substituting levels (75 or 100%) significantly decreased WG and the same
trend was also observed for specific growth rate (SGR). Nwanna and Daramola
(2001) found that, replacing FM by shrimp head waste meal at 0, 15, 30, 45 and 60%
in 30% protein diets decrsased finat WG and SGR and the decrease was more
pronounced at the higher replacement levels. In another study, Wassef ef a/, (2003)
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found that replacement of 25, 5C, 75 or 100% of FF by FFS alone or mixed with
soybean meal (1:1) did not significanily affected WG and SGR of Nile tilapia by the
partial or the complete replacement of FFS alone or when mixed with soybe:an meal,

Similar results were obtained by Soltan and Tharwat (2006} who indicated
that dried FFS can successfully replace up to 25 and 50% of FM in tilapia and
catfish diets, respectively without any negative significant effect in WG or SGR while
the highest replacing levels (50, 75 or 100% for tilapia and 75 or 100% for catfish)
significantly reduced the WG and for the two fish species. In another study, Soltan
and El-Laithy (2008) evaiuated the silage made from fish by-products and tomato
and potatoc by-products in isonitrogenous (30%} and isocaloric (2700 Kcal ME) diets
fed to Nile tilapia fry and he found that replacement of 30% of the dietary protein
by silage did not significantly affected the WG or SGR of Nile tilapia fry while the
higher replacing levels (40 or 50%) significantly reduced WG of Nile tilapia.

The present study showed that FFS possessed adequate nutritional value for
Nile tilapia fry at low indusion levels, making possible substitution level of up to
50% of fish meal protein without adverse effect on growth performance of Nile
tilapia fry.

The superior performance of control fish group fed the diet FFSO was referred
to the fact that the nutritional value of FM-protein approximating almost exactly to
the nutritional requirements of cultured finfish spedes (Tacon, 1993). When 25%
or 50% of FM protein was replaced by FFS protein did not followed by significant
effect on all growth parameters (BW, BL, WG and SGR) while the higher replacing
levels {75 or 100%) significantly adversed these parameters. Soltan and Tharwat
(2006) showed that FM contained comparatively higher totat indispensable amino
acid (IAA) content (45.50%) than FFS (33.37%) and the IAA of FFS did not cover
the requirements of Nile tilapia from these amino acids. Therefore, the higher
replacing levels of FM by FFS (50, 75 or 100%) significantly reduced all growth
performance parameters of Nile tiiapia (Tabie 2).
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Table 3: Least square means and standard error for the effect of replacing levels
of fish meal (FM) by fermented fish silage (FFS) in the diets on weight

gain {WG) and spedfic growth rate (SGR) of Nile tilapia fry.

Diets No.+ WG (g/fish) SGR {%)
FF50 (control) 3 25.05+1.97 a 3.06x 0._13 a

FF525 3 2196197 a 290+ 0.13a
FFS50 3 2201197 a 292+ 0.13 a
FFS75 3 17.20£1.97 b 262+ 0.13b
FFS5100 3 17.16+1.97 b 262+ 0.13b

Averages within each column having different letters are significantly different (P<0.05).
+ Average of three replicates (aquaria)

The higher levels (50% FM replacement by FFS) were reported in earlier
reports of Lapie and Bigueras-Benitez (1992) who found no differences in growth
performance of Nile tilapia fed a formic acid preserved fish silage blended with FM
(1:1), and growth performance was significantly reduced when the replacing levels
increased up to 75%. Also, Fagbenro (1994) and Fagbenro ef al, (1994) stated
that, up to 75% of FM protein could be successfully replaced with tilapia silage and
soybean meal (1:1) in 30% CP diets for ali male O. nifoticus. '

Feed intake (FI):

Table (4) show that, the highest average feed intake (72.65 q) was
recorded for fish fed control diet and the lowest one was recorded for fish fed the
diet FFS100 where the FM was compietely replaced by FFS and the differences
between fish groups were significant (P<0.05).

Results of Soltan and Tharwat (2006) indicated that feed intake was
significantly (P<0.01) decreased with each increase in FFS content of tilapia diets as
a replacement of FM. On the other hand Wassef ef a/, (2003) found that, partial or
total replacement of FM by FFS alone or mixed with soybean meal did not
significantly affected feed intake.
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One of the most common difficulties observed when using alternative souroes
of animal proteins is the acceptance of the feed, evidently related to its palatability.
In this experiment the acceptance of the diets was very good, espedally the basal
diet FFS0. FFS included in diets fed to tilapia had positive feed utilization and
digestibility (Fagbenro and Bello-Olusoji, 1997 and Fagbenro, 1994). Jatomea ef al,
(2002) found that the higher FI were recorded for Nile tilapia fry fed diets contained
0, 10 and 15% shrimp head silage as a replacement to fish meal and the worst F1
was obtained the higher repladng levels (20, 25 and 30%).

Feed conversion ratio:

Table {4) showed that FCR values were found to be 2.90, 3.00, 2.77, 3.45 and
2.99 for fish groups fed the different experimental diets {(FFSO, FFS25, FFS50, FFS75
and FFS10Q, respectively) and the differences were significant (P<0.05).

The best FCR was recorded for fish fed the diet FFS50 where 50% of FM protein
was replaced by FFS protein and did not significantly different from those obtained
for fish group fed the control diet (FFS0). The highest replacing levels of FM by FFS
(75 or 100%) significantly (P<0.001) adversed FCR. Similar results were also
obtained by Soltan and Tharwat {2006) who found that the best FCR and PER were
recorded for ﬁéh fed the diet FFS25 where 25% of FM protein was reptaced by FFS
protein and did not significantly different from those obtained for fish group fed the
control diet (FFS0). The higher replacing levels of FM by FFS (50, 75 or 100%)
significantly (P<0.001) adversed FCR for Nile tilapia. Fagbenro and Bello-Olusoji
(1997), Fagbenro (1994) and Jatomea ef a/, (2002) found that, the best FCR was
recorded for Nile tilapia fry fed diets contained 0, 10 and 15% shrimp head silage as
a replacement to fish meal and the worst FCR was obtained by the higher replacing
levels (20, 25 and 30%). On the other hand, Lapie and Bigueras-Benitez (1992)
found no difference in feed efficiency between O. nfbﬁcus fed a formic acid preserved
fish silage blended with FM (1:1) or a FM-based diet.“In"arioﬂ'ler study Wassef et a/,
{2003) found that, partial or total replacement of FM by FFS alone or mixed with
soybean meal did not significantly affected FCR. Stone ef af, {1989) studied the
apparent digestibility and utilization of fish protein subjected to the ensilaging
process, comparing with fish meal in dry diets fed to rainbow trout { Salmo gairdnert).
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They reported that digestibility values were higher for the fish silage than for fish
meal, the fish silages were not effidently utilized for growth. Whole fish and fish
processing wastes wera found to be equivalent sources of nitrogen provided the
degree of autolysis was the same and the diets were other wise nutritionally
bafanced.

Protein efficiency ratio (PER):

Results of PER of tilapia fry fed the different experimental diets are
summarized in Table (4). As described in this table, the average PER for fish groups
fed the experimental diets ranged between 0.95 and 1.13 and the highest value
was observed for fish group fed the diet FFS50 where 50% of FM was replaced by
- FFS while the worst one was recorded for fish fed the diet FFS75. Hardy et al.,
(1984) reported that PER of rainbow trout fed fish silage at levels of 12.5, 25 and
50% were 1.69, 1.61 and 1.66, respectively.

Table 4: Least square means and standard error for the effect of replacing levels of
fish meal (FM) by fermented fish silage (FFS) in the diets on Feed intake
(gm/fish), Feed conversion ratio (FCR) and Protein efficiency ratio (PER)

of Nile tilapia fry,
. Feed intake Feed conversion Protein
Diets No.+ ]
(gm/fish ratio efficiency ratio
FFSO (control) 3 72.65+£3.08a 2.90+0.36 b 1.0440.11
3 64.61+3.08
FFS25 5 3.00+0.36 ab 1.02+£0.11
a
FF550 3 59.74%3.08 b 2.77£0.36 b 1.13£0.11
FFS75 3 | 54.65+3.08 he 3.45+0.36 a 0.95+0.11
FFS100 3 46.88+3.08 ¢ 2.99+0.36 ab 1.11+0.11

Averages within each column having different letters are significantly different (P<0.05),

+ Average of three replicates (aguaria)
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Fagbenrc and Bello-Olusoji (1997), Fagbenro (1994} and Jatomea ef af,
(2002) found that the higher PPR was recorded for Nile tilapia fry fed diets
contained 0, 10 and 15% shrimp head silage as a replacement to fish meal and the
worst PER was obtained the higher replacing levels (20, 25 and 30%). In another
study Soltan and Tharwat (2006) stated that the best PER were recorded for fish
fed the diet FFS25 where 25% of FM protein was replaced by FFS protein and did
not significantly different from those obtained for fish group fed the control diet
{FFS0) and The higher replacing levels of FM by FFS (50, 75 or 100%;) significantly
{P<0.001) adversed PER. On 'Ehe other hand, Wassef ef a/, (2003) found that,
partial or tota! replacement of FM by FFS alone or mixed with soybean meal did not
significantly affected PER.

Proximate analysis of whole fish:

The average proximate analysis of tilapia as affected by replacing levels of
FM by FFS in the diets outlined in table (5). As described in this table, dry mater
ranged between 22.18 and 25.99%; crude protein 50.74 to 60.63%; ether extract
ranged between 17.97 to 22.85 and ash from 16.20 to 17.25% and the differences
among the different experimental fish groups were significant for ether extract
{P<0.05) and crude protein (P<0.01) only.

As compared to control group (FFS0), all replacing levels of FM by FFS
significantly (P<0.01) increased ash content of whole fish bodies compared to
control group and these results may be due to the high ash content of fish wastes
used in preparation of FFS and these results were relatively similar to those
obtained by Wassef ef a/, (2003) who found that, replacing of FM by FFS up to
75% did not significantly affected protein content of tilapia bodies. In recent study,
Cavalheiro ef af, (2007) substituted fish meal by fermented shrimp industry wastes
at a substituting levels of 0, 33.3, 66.6 and 100% in the diets of Nile tilapia, ©.
niloticis and they found that, the partial or complete replacement of FM by
fermented shrimp industry wastes did not show any appreciable variation for the
dry matter and protein content of fish. Soltan and Tharwat (2006) found that
increasing replacing levels of FM by FFS in Nile tilapia diets decreased DM content
in the whole body and the differences between fish groups were not significant and
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increasing FFS levels in tilapia diets up to 50% as a substitute of FM did not
significantly affected protein content in whole body while the higher replacing levels
(75 or 100%) significantly increased protein content of whole body. They also
added that partial or total replacement of FFS by FM did not significantly affected
EE content of tilapia fish.

Soltan ef a/, (2008) found that DM of catfish did not significantly affected by all
replacing levels of FM by FFS (25, 50, 74 and 100%) and the same trend was also
observed for ash content of whoie fish bodies and they added that compared to control
fish group, ali replacing levels of FM by FFS significantly (P<0.001) decreased protein
and EE content whereas fish group fed the control diet (FFS0) gained the highest
protein and EE contents.

Table 5: Least square means and standard error for the effect of replacing levels of fish
meal (FM) by fermented fish silage (FFS) in the diets on proximate analysis of

Nile tilapia fry.
Diets No.+ | Dry matter | Crude protein | Ether extract Ash
FFS0 {control) 9 2lS.99:tO.67 60.63+1.48a | 17.97+0.79 b | 16.67+0.74
FF525 9 1'24.75+0.67 | 51.74+1.48 b | 19.14x0.79 b | 16.55%£0.74
FFS50 S | 22.18+0.67 | 50.74+1.48 b | 22.85+0.79 a | 16.63+0.74
FFS75 9 24.76+0.67 | 51.38+1.48 b { 19.53+0.79 b | 16.20+0.74
FFS100 9 24.80+£0.67 | 57.62+1.48a | 18.81+0.79 b | 17.25£0.74

Averages within each column having different letters are significantiy different (P<0.05),

Economical Efficiency:

The current investigation highlights the potential of using fermented fish
silage as a replacement for fish meal in the diets of Nile tilapia fry. Generally,
results' of the present study showed the possibility of replacing of FM by FFS up to
50% in tifapia fry diets without adverse effect on growth performance and feed
utilization. |
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Feed cost is considered to be the highest recurrent cost in aquaculture, often
ranging from 30 to 60%, depending on the intensity of the operation. Any reduction
in feed costs either through diet deveiopment, improved husbandry or other direct
or indirect means is therefore decreased the total production investment and
increased the net return (Collins and Delmendo, 1979; Green; 1992 and De Silva -
and Anderson, 19595).

All other costs are almost constant, therefore, the feeding costs required to
produce one kg gain in weight could be used to compare the economical efficiency of
different experimental treatments.

As shown in Tables (6 and 7), feed costs (LE/ton) decreased gradually with
increasing substitution level of FM by FFS. Data presented in the same tables
showed that, increasing substitution level of FM by FFS at 25, 50, 75 and 100%
decreased feed costs by 7.93, 15.59, 23.12 and 30.86%, respectively.

Compared to the control diet, feed costs (LE/fkg WG) decreased for all
substitution levels of FM by FFS in the diets. In conclusion, replacing 53% of fish
meal by fermented fish silage reduced feeding costs by 15.59% for tilapia fry.

Table 6: Feed costs (L.E) for producing one kg weight gain by fish fed the experimental diets.

Nile tilapia fry

1Relative Decrease i Feed costs * Decrease in

Diets | Costs | to |infeed |FCR| (LEVka |Relative |Feed costs
(L.E)/ton} control | cost (%) I}Weight gain to control | (L-E)/kg

P % ! * % Weight
gain

FFSO 2735.50. 100 000 | 290 7.93 |1 100 | 0

FFS25 | 2518.50; 82.07 | 793 1300 756 95.33 4.67
FFS50 | 2309.00| 8441 | 1559 |2.77 6.40 80.71 19.29
FFS75 | 2103.00 76.88 | 23.12 345, 725 91.42 8.58
FFS100 1891.25& 69.14 | 30.86 Ez.ggi 5.65 7125 | 2875

* Feed costs/kg weight gain = FCR x costs of kg feed.
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Table 7. Local market price (L.E./ton) for feed ingredients used for formulating the
expetimental diets when the experiment was started.

Ingredients Price (L.E.) / ton
Fish meal 6000
Yeltow corn 1250
Soybean meat 2000
Fermented fish silage (FFS) 1000
Wheat bran 900
Vegétable oil 4000
Vit. & Min. Mixture 10000
REFERENCES

Association of Official Analytical Chemists, AOAC (1990): Official Methods of
Anaiysis, Washington, D. C.

Boyd, D. (1979): Water Quaiity in Warm water Fish Ponds. Auburn University
Agricultural Experiment Station, Auburn, AL,

Cavalheiro, J. M. 0., Oliveira de Souza, E. and Bora, P. S. (2007): Utilization of
shrimp industry waste in the formulation of tilapia {(Oreochromis
nffoticus Linnaeus) feed. Bicresource Technology, 98:602-606.

Collins, R. A. and Delmendo, M. N. (1979): Comparative economics of
aquaculture in cages, raceways and enclosures. In: Advance in
aquacutture, England, Fishing News Books.

- De-Silva, S. S. and Anderson, T. A. (1995): Fish nutrition in aquaculture.
CHAPMAN edaw& HALL, London.

Duncan, D. B. (1955): Multiple range and Multiple test. Biometerics, 11: 1-42.
Fagbenro, O. A. (1994): Dried fermented fish silage in diets for Oreochromis
nfloticus. Israeli 3. Aquacult., Bamidgeh, 46(3):140-147.

Fagbenro, O. A. and Jauncey, K. {1994): Chemical and nutritional quality of
dried fermented fish silage and their nutritive value for tilapia
(Creochromis nilotictis). Animal Feed Sdi., Technol., 45:167-176.

Fagbenro, O. A. and Bello-Olusoii, - O. A. (1997): Preparation, nutrient

7 composition and digestibility of fermented shrimp head silage. Food

56



SOLTAN, M. A. AND FATH EL-BAB, A. F.

Chemistry, 60:489-493,

Fagbenro, O. A;, Jauncey, K. and Haylor, G. {1994): Nutritive value of diets

containing dried lactic acid fermented fish silage and soybean meal
- for juvenile Oreodhromis niloticus and Clarias gariepinus. Aquat.
Liv. Resour., 7:75-85.

Green, B. W. (1992): Substitution of organic manure for pelieted feed in tilapia
production. Aquaculture, 101:213-222.

Hardy, R.W.; Shearer, K.D. and Spinelli, J. (1984): The Nutritional properties of
Co- dries fish silage in rainbow trout {Sa/mo gairdneriy dry diets.
Aguaculture 38, 35- 44,

Jackson, AJ.; Kem, AK. and Bullock, A.M. (1984): Fsh silage as a dietary
ingrediert for salmon. II. Preliminary growth findings and nutritional
pathoiogy. Aquaculture 40, 283-291.

Jatomes, M. P., Novoa, M. A. Q., Figuerca, J. L. A., Hall, G, M. and Shirai, K.
(2002): Feasibility of fishmeal replacement by shrimp head sitage
protein hydrolysate in Nile tilapia (Oreochromis niloticus 1) diets. 1.
5d. Food Agric., 82:753-759.

Kompiang, I.P.; Arifudin, R. and Raa, 1. (1980 a): In "Advances in fish science
and technology” (3.J. Connell. ed.), pp. 349-352. Fishing News
Beok. Ltd- Londen.

Kompiang, I.P.; Darwanto, A. and Arfuddin, R. {1980 b): Nutritional value of
fish sitage. In: 1.G. Disney and D. James (editors), fish silage
production and its use. F.A.OQ Fish. Rep. No. 230- pp. 44-47.

Kompiang, I.P.; Yashadi T. and Cressweil, D.C. (1980 c): In" Fish silage
production and its use” (1.C. Disney and D. James, eds.) pp 38-43.
FAG fish Repy No. 230.

Lapie, L. P. and Bigueras-Benitez, C. M. (1992): Feeding studies on tilapia
{Oreochiromis nifoticus) using fish silage. pp. 165-177 In: D. James
(ed.) FAO Fish Rep., No. 470, FAQ, Rome.

Norman, C.A.; Silverside, D.; Hector, D.A. and Francis, 5. (1979): Fish silage,
Trop. Sd. 21, 221-230.

57



REPLACEMENT OF FISH MEAL BY FERMENTED FISH BY-PRODUCTS SILAGE IN THE DIETS OF NILE
TILAPIA, (ORECCHROMIS NILOTICS) FRY

NRC {1993): Nutrient requirement of fish. National Academy Press, Washington
D.C.

Nwanna, L. C. and Daramola, 3. A. (2001): Harnessing of shrimp head waste in
Nigeria for low cost production of tilapia. Pakistan, J. of Nutrition 2
(6):339-345.

Raa, 1. and Gildberg. A. {1982): Fish silage: A review. CRC (Critical Reviews in
Food Science and Nutrition 1982), 383-419.

Rungruangsak, K. and Utne, F. (1981): Effect of different acidified wet feed on
protease activities in the digestive tract and on growth rate of
rainbow trout (Salmo gairdneri richordson) Aquaculture 22: 67- 79.

SAS {1996): SAS Procedure Guide “version 6.12 Ed”. SAS Institute Inc., Cary, NC,
USA.

Soltan, M. A. and El-Laithy, S. M. M. (2008): Evaluation of fermented siltage made
from fish, tomato and potato by-products as a feed ingredient for
Nile tilapia, Oreochromis niloticus. Egypt. J. Aquat. Biol. & Fish.,
12(1):25-41.

Soltan, M. A. and Tharwat, A. A. {2006): Use of fish silage for partial or
complete replacement of fish meal in diets of Niie tilapia,
Oreochromis niloticus and  African catfish, Clanis gariepinus.
Egyptian J. Nutrition and Feeds, 9(2):299-314. ‘-

Soltan, M. A., Hanafy, M. A. and Wafa, M. 1. A. {2008): An Evaluation of
Fermented Silage Made from Fish By-Products As A Feed Ingredient
for African Catfish (Clarias gariepinus). Global Veterinaria, 2(2):.80-

- 86.

Stone, F. E.; Hardy, R.W.; Shearer, K.D. and Scott, T. M, (1989): Utilization of
fish silage by rainbow trout (Salmo Gairdneri). Aquaculture, 76,
109-118.

Tacon, A. G. ). (1993): Feed ingredients for warm-water fish: fish meal and other
processed feedstuffs. FAO Fisheries Circular No. 856. FAQ, Rome.

Wassef, E. A., Sweilam, M. A. and Attalah, R. F. {2003): The use of fermented
fish silage as a replacement for fish meal in Nile tilapia
{COreochromis nifoticus) diets. Egypt. ). Nut. Feed, 6 (Spedial

58



SOLTAN, M. A. AND FATH EL-BAB, A. F.

Issue):357-370.

Woolford, M. (1975): Microbiological screening of the straight chain fatty acids.
{Cy, Ci2) as potential silage additives. Journal of the Science of
Food and Agriculture. 26; 219- 228.

59



REPLACEMENT OF FISH MEAL BY FERMENTED FISH BY-PRODUCTS SILAGE IN THE DIETS OF NILE
TILAPIA, (OREOCHROMIS MILOTICS) FRY

o laall) cilitie Clilia il Cpe gl 3Ll daced) (3 gaa Pla)
T g G sl ol paalie 5
s daela — Aot 50 408
L) 5950 Sigad (g 38 pall Janalt — ¥
il padldal

238 Ay cleh daala gidie; Aol RS SLan! B35 Jaras L3l 33 el jal &
b Y lilie (e piadl Z2udl (e Al Gl gie JaY 2 A 50 5 3 el
feobile gsle Jrmaliall il pal e Sy it Tkl e A3 3D
Yo Jafiu) aie gy cpundl 53 dans e lef Dpulu) dided Lo cuie D dlladt e
a3y gy e puen (g o Lrgine (DlaY) 138 S o) G smmne (30 %00 4
Loalis amadl ()5 b GDMD 3 (%) + ¢ %Y0) ikl dlaudh (jgamad Dol
() Oy S Ao yaney 1 tie b gine
daw B 3 0 %00 Plaf lgd 5 A ailedl o cpde (¥ ) Ao peaall ila
e by (au 1Y ,0V) awad Jok buid b8 S e dllany) s #3u
i My el (Pa) dlaadl (3 game Dhal g 25 g Talal) e ganal dlladd
Ay el Al die aual b 8 CUDEAYY ClS ) (a4, 90) amadl gl S B Sl
Ay gina Ailiaal Cbd) o
Adliie by o (Dlal die dllan) dey ;50 3T Loy 3 A Jelea Cilla sie a5
odet Caa g 5 Al Aded Ay Y Y )40 G G0 (A 23l dald) G e
e g Ay 8 e fall 038 cp Ayina Bgi dlia 0S5 3y Y,0h 1,47 G il
S il
(¥ ) o gall Jona ety (pn Yo, 0) (i3 a5 el Uy 580 Ao gena o
i pall Juna Gy o2 VY, 0T) el (s (ool B Aadad Ao ganddl kel gpa
b dael iy Ay gina ol paill Janay puall G5 B 8330 DAY calS, (YY)
VY, 10) edd sl e ApeS Jlof U5 80 de pana dlled Sl Cum Gl i J S o1l
O aa By (an £1,AM) i s B Audald do gendd o el (b (Raufpia
tligional ohiad A b ol ( paal 0 F S HaiSd oo o (g sima il

60



SOLTAN, M. A. AND FATH EL-BAB, A. F.

'M(v,n) C(TE0) (T YY) ¢ (Y ) ¢ (Y,40) S ol hgad Jalae o 0lS -
pel D a8 o) 5 LS Aygina G950 il 030 (o o) i8Sy NG e Ak A5
= M) (e e Joaaiall b ol Ll S 1,0 4,00 g be 06l Al
kel and (3 grne 50 Y00 Dhaf e &8 (D ALY o i

Opba a5 o Ailadl salall (s e gie o land (g eI Qlasl sl el -
Cola AT AN o Con gl 5 LS %o 4, 1Y 6 00 VE LAY g sl %Y 0,99 YY,VA
G gl af Sl i G 3yl alSy %oV, Y0 ¢ VN, Y. ala iy %YY A0 Y Y,AY
Ay gima (855 Sl 5 a0

Cililie 230y dlawdl (3 gaise e %0 Jlagud dic 4d any D el oda 23l e

Y1 0,09 duusy Calall o yS5 il Bl LY ol el e

61





