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Abstract: Twelve experimental diets containing 35% crude protein and 434.29 Kcal gross energy
100g! were formulated to process three groups of diets according to protein source and level:
group 1 (G)) consists of: 25% fish meal (FM) + 75% soybean meal (SBM); group 2 (G,): 50%
FM + 50% SBM and group 3 (G,): 75% FM + 25% SBM. Each group included four treatments
according to feed additive source and level: a) control diet (without garlic or onion: D , D, D,),
b) supplemented with 4% garlic (D,, D,, D, ), ¢) supplemented with 6% onion (D,, D, D ) and
d) supplemented with 10% mixture (4% garlic and 6% onion: D,, D, D,)) on dry matter basis as
phytoadditives in order to study its effects on growth performance, feed utilization and whole body
composition of Nile tilapia (Oreochromis niloticus) mono-sex fingerlings. Fish were reared in thirty
six glass aquaria for 84 days, triplicate per treatment. Ten fingerlings of tilapia were placed per each
aquarium with an average initial weight of 3.12 + 0.3 g/fish. Fish were fed twice daily (six days a
week) at a daily feeding rate of 5 % of live body weight on dry matter basis until the end of the trial.
The results illustrated that the best growth performance values (weight gain; average daily gain,
ADG:; specific growth rate, SGR%) and feed utilization (feed intake, FI; feed conversion ratio, FCR;
protein productive value, PPV% and energy utilization, EU) were significantly (P<0.05) realized
with fingerlings fed G, diet followed by that fed G, diet and then that fed G, diet, respectively
regardless of type and level of phytoadditives. On the other hand, addition of 10% mixture of garlic
and onion as phytoadditives significantly (P<0.05), increased growth performance, feed and nutrient

utilization rather than solitary addition of either garlic or onion, regardless of protein source and level
which clearly showed with fingerlings fed D, diet. Furthermore, no significant differences (P0.05>)
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were observed in feed and nutrient utilization between fingerlings fed additive mixture diet (Gg+0) and
control diet (G_) in spite of the lowest feed intake recorded for the later group (70.55 g/fish). Taking
into account the diet number, which reflects the interacted effect of both protein source and level beside
phytoadditives source and level, it was found that fingerlings fed diet D, realized the best growth
performance followed by diet D, ,. On the other hand, fingerlings fed D and D, realized the higher
values for protein efficiency ratio (PER), protein productive value (PPV %), energy utilization (EU %)
and the best feed conversion ratio (FCR). Furthermore, the results illustrated also that fingerlings fed
onion supplemented diets recorded better growth performance response than those fed supplemented
diets or control diets, and fingerlings fed onion and garlic mixture supplemented diets showed better
growth performance and feed utilization than any of them in the same protein combination group. It
could be concluded that diets consist of 50% FM + 50% SBM with 10% mixture of garlic and onion
as phytoadditives in Nile tilapia (O. niloticus) mono-sex fingerlings diets, are considered ideal for
optimal growth and feed utilization without any adverse effect on fish health.

Keywords: Dietary phytoadditives, growth performance, tilapia, chemical composition.
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INTRODUCTION

According to the proposed principles of
organic aquaculture feeds, all fish meal (FM)
incorporated must be derived from fishery
resources certified to be sustainability managed
(NOP, 2006), where FM 1is the protein source
traditionally used in aquaculture diets, yet it is a
limited resource and is expensive (FAO, 2006).
Alternate protein sources can lower the cost of
aquaculture diets to reduce the amount of wild
fish used as protein, and potentially reduce the
nutrient levels in effluent waste. However, for
most species, there is a limit to how much FM
can be replaced by alternative protein sources
without any adverse effects on the fish. Several
studies have been done on fresh and marine water
fish to investigate their tolerance for alternative
protein sources. Soybean meal (SBM) is less
expensive than FM, readily available (Hardy,
2006) and considered to be one of the most
suitable and stable supply of an alternative
ingredient for replacing FM in commercial fish
feed industries. In addition, SB is one of the most
promising ingredients because of its high protein
content, very low carbohydrate and fiber, high
digestibility and good amino acid profile (Gatlin
etal.,2007). Moreover, SB protein has produced
encouraging results in diets for different fish
species in spite of being limited technically for its
amino acid profile and poor palatability (Tacon
and Akiyama, 1997). Furthermore, SBM has
significantly less phosphorous than FM (NRC,
1993), the feature that makes it has a negative
impact on local waterways.

Gabor et al. (2010) concluded that
the use of phytoadditives in fish feeding has a
diverse effects: a) stimulate the appetite as a
nutritional additive, b) improving the voluntary
intake of a diet as a sensory additive, c) improve
the nutritional value of a diet as a zootechnical
additive, or d) control the health of fish through
directeffects asacoccidiostats and histomonstats.
However, phytoadditives have benefits for both
fish welfare and environment.

Garlic (Allium sativum), member of the
Alliaceae family, is one of the most popular
herbs used worldwide to reduce various risk
factors associated with several diseases. It is a
rich source of Ca, P, Zn, Fe ; has a high content

of carbohydrates and as a consequence a high
nutritive value; contains I, Si, S salts, B1, B
complex, A, C and F vitamins (Drdgan et al.,
2008). It has long been considered that garlic
(Allium sativum) has several beneficial effects
for human and animals; exhibiting antimicrobial,
antioxidant, and antihypertensive properties
(Konjufca et al., 1997; Sivam, 2001), and
has proved to be hypolipidemic (Sumiyoshi,
1997), antimicrobial (Kumar and Berwal
1998), antihypertensive (Suetsuna, 1998),
hepatoprotective and insecticidal (Wang et al.,
1998). Garlic extract has also been shown to
reduce serum cholesterol levels (Bordia et al.,
1975; Augusti, 1977). The antimicrobial effect
of essential oil extracts of three types of onion
(green, yellow and red) and garlic was studied by
Benkeblia (2003) who found that the strongest
antibacterial (inhibitory activity) effect was
observed in garlic and red onion. It is also used as
immunostimulants and growth promoters for Nile
tilapia (Shalaby et al., 2006; Ahmed et al., 2008;
Salah et al., 2008; Metwally, 2009). Garlic bulbs
(on DM basis) contain 6.1% CP,0.65% EE,0.86%
CF, 1.48% crude ash and high concentrations
of trace minerals (Se), glucosinolates and
enzymes (Grela and Klebaniuk, 2007), 17
amino acids, which include lysine, arginine
and cysteine (Adetumbi et al., 1986; Rees et
al., 1993; Corzo-Martinez et al, 2007). Garlic
contains also 0.1-0.36% of a volatile sulfur
containing compounds: Allicin (responsible for
the distinctive odor), diallyl-disulfied, diallyl-
trisulfied and others, which are responsible
for most of the pharmacological properties of
garlic (Silagy and Haw, 1994; Benkeblia, 2003).

Moreover,onion(Alliumcepa)isamember
of family Alliaceae, used as a medicinal plant
(antibiotic, antiseptic and anti-infectious) and
has hipoglicemiant, antioxidant, antithrombotic,
anticholestremia, antiplatelet activity and tonic
effects. These pharmacological properties of
onion can be ascribed to sulfur compounds
which are responsible for the typical odor,
flavor and to flavonoids, in particular quercetin
which was well known for its anticarcinogenic
properties (Deschner et al., 1991). Also, onion
peel improve male sexual function (Junemann,
2003; Lines and Ono, 2006), where it contains
small quantities of sugar, fats and A, C and B
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complex vitamins; high content of Mg, K and
Cu (Drdgan et al., 2008). Simultaneously, it
have been considered a digestive material and
used to improve the appetite.

The objective of the present study is to
investigate the response of Nile tilapia mono-
sex (Oreochromis niloticus) fingerlings to diets
containing different sources and levels of protein
using garlic (Allium sativum) and onion (Allium
cepa) as phytoadditives.

MATERIAL AND METHODS

Experimental design

In a 3 x 4 factorial design, three different
protein combinations: a) 25% fish meal (FM) +
75% soybean meal (SBM) , b) 50% FM+ 50%
SBMandc)75% FM +25% SBM were combined
with four different additive supplements a)
control (without garlic or onion) , b) with 4%
garlic; ¢) with 6% onion and d) with a mixture
of garlic and onion (4:6%, respectively) to
obtain 12 experimental treatments . Triplicate
per treatment were used in this study .The
experimental design is shown in Table (1).

Table 1. The experimental design and diets
combinations.

Groups Diet No. Phytoadditives
Gl D1 without garlic or onion (Control)
D2 With 4% garlic
D3 With 6 % onion
D4 with a mixture of 4 % garlic and
6 %onion
G2 D5 without garlic or onion (Control)
D6 With 4% garlic
D7 With 6 % onion
D8 with a mixture of 4 % garlic and
6 %onion
G3 D9 without garlic or onion (Control)
D10 With 4% garlic
D11 With 6 % onion
D12 with a mixture of 4 % garlic and

6 J%onion

G,: (25% FM + 75% SBM)
G,: (75% FM + 25% SBM)

G,: (50% FM + 50% SBM)

Fish and culture facility

Fingerlings with an average initial body
weight of 3.12 + 0.3 g/fish were placed randomly
in thirty six glass aquaria with dimensions
of 100x40x30cm and 100 1 water volume/
aquarium; triplicates per treatment were used
in this study. Fingerlings were acclimated to the
experimental system for 15 days before starting
the experiment, fingerlings in each aquarium
were reweighed, and their initial weights were
recorded. Each aquarium was stocked with ten
fingerlings of O. niloticus.

Experimental diets

Chemical proximate analysis of feed
ingredients used in the presents study is
presented in Table (2). Twelve experimental
diets were formulated to contain 35%
crude protein and almost 434.29 Kcal gross
energy/100g. According to protein source and
level, diets were divided into three groups: G1)
25% FM + 75% SBM, G2) 50% FM+ 50%
SBM and G3) 75% FM + 25% SBM. As for
phytoadditives, each group was divided into
four treatments; a) control diet (without garlic or
onion supplementation); b) diet supplemented
with garlic c) diet supplemented with onion and
d) diet supplemented with a mixture of garlic
and onion (4:6%, respectively). Formulation of
the tested diets is presented in Table (3). Each
ingredient was ground and thoroughly mixed
with the other dietary ingredients, vitamins and
minerals mixtures. A few drops of oil was added
at the same time of mixing with warm water
(45°C) which was slowly added until the diets
began to clump. SBM was heat treated to reduce
the trypsin inhibitor. Diets were processed by a
California pellet mill machine and dried for 48
hrs at 70°C in a drying oven. The experimental
pellets were soft enough for the fish to take and
retain. Processed diet particle size was 0.6 mm
in diameter and 2 mm - length. Fish in each
aquarium were fed three times daily (six days
a week) at a rate of 5 % of body weight for 84
days.
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Table 2. Chemical analysis (%) of the ingredients used in the experimental diets (on DM basis).

Gross energy *
(Kcal/100g DM)

CP(%) EE(%) CF(%) Ash(%) NFE (%)

DM (%)

Ingredient*

452.44

13.77
31.67
80.87
63.98
53.73

17.95
7.59
2

1.00
7.30
3.20
10.60
18.30

24.18

4.10
7.70
3.80
3.90
6.60
2.90
1.60

63.18

89.59
89.66
89.49
89.00

94.71

Fish meal

461.68

45.74

Soybean meal

422.71

.64

9.49
15.12
9.61
13.63

43.08
" Estimated, NRC, (1993), Using the factor 5.65,9.45 and 4.11 for crude protein, ether extract and carbohydrate, respectively.

Yellow corn

385.88

6.40
6.47
14.56
5.05

Rice bran

338.03

Garlic meal

162.84

14.18

91.31

Onion meal

454.92

47.67

2.60

96.48

Active yeast

NFE: Nitrogen — free extract (Calculated by differences)

CF: Crude fiber

EE: Ether extract

CP: Crude protein

DM: Dry matter
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Water quality:

Water quality parametersinthe experimental
glass aquaria were determined according to the
methods of APHA (1992). The concentrations
of ammonia, total alkalinity, nitrate, nitrite were
determined according to Boyd, (1979). Ammonia
and nitrite were measured at weekly intervals,
while water temperatures were recorded daily
in each aquaria .Also, dissolved oxygen was
measured daily by oxygen meter and pH using
pH meter.

Measurement of growth.:-

Total weight gain, average daily gain,
specific growth rate, feed conversion ratio, protein
and energy utilization were determined according
to Recker (1975) and Castell and Tiews (1980).
Total gain (g/fish) = (WT-WI)

Where:

WT: Final means weight of fish in grams and WI:
Initial means weight of fish in grams.

Average daily gain (ADG) (g/fish day') = total
gain / duration period

Specific growth rate (SGR, % day') = 100 x (In
WT - In WI) / duration period. Where: (In) is the
natural log and (n) is the duration period.

Measurement of feed and nutrient utilization -
Feed conversion ratio (FCR) = dry matter intake
(g) / total gain (g).

Protein efficiency ratio (PER) = total gain (g) /
protein intake (g).

Protein productive value (PPV %) = (PT — PI)
x100 / protein intake (g).

Where: PT: Protein content in fish carcass at the
end and PI: Protein content at the start.

Energy utilization (EU %) = (ET-EI) x100/
Energy intake (kcal).

Where: ET: Energy in fish carcass (kcal) at end
and EI: Energy in fish carcass (kcal) at start.

Proximate Analysis of Diet and Fish

At the start of the experiment, 20 fish were
taken and kept frozen for the chemical analysis.
At the end of the experiment, the basal diet and
fish samples from each treatment were chemically
analyzed according to the standard methods of
AOAC (2000). Gross energy (GE) and energy
content (Eco) were calculated from (NRC, 1993)
as 5.65, 9.45, and 4.11 kcal/g for protein, lipid,

and carbohydrates, respectively.

Statistical Analysis

Statistical analyses of growth performance,
feed utilization and whole body composition were
done using F-test and analysis of variance for
treatments difference was performed according to
Steel andTorrie(1980).Statisticalanalysiswasdone
by,ANOVA, F-test,and L.S.D procedures available
within the SAS software package 9.0 (2004).

RESULTS AND DISCUSSION
Water quality
All  water quality parameters tested

throughout the experimental period revealed that
all parameters were within the permissible levels
for optimum Nile tilapia growth. Determined
water quality parameters averages in the
experimental glass aquaria were temperature (28
+ 0.5°C), dissolved oxygen (6.7 + 0.4 mg 1),
total ammonia (0.08 + 0.01 mg 1), nitrite (0.06
+ 0.01 mg I'"), total alkalinity (165 + 35 mg 1),
chlorides (573 + 110 mg I'') and pH (8.4 £ 0.11).
These results are in accordance with finding of
Abdel-Hakim et al.,(2008) working with Mono
sex Nile tilapia.

Expermental diets

The proximate chemical analysis (%) of FM,
SBM, yellow corn, rice bran, garlic meal, onion
meal, and active yeast are shown in Table (2).

The composition and proximate analysis
(%) of the twelve experimental diets used in the
present experiment are shown in Table (3). The
experimental diets were almost isonitrogenous
(35.24 £0.11) % and isocaloric (434.29+2 .60 Kcal
100g") .The mean value of protein to energy ratio
was (88.63+0.23) mg protein /kcal gross energy.

Growth performance

The effects of different replacement levels
of fish meal (FM) by soybean meal (SBM)
using garlic (A.sativum) and onion (A.cepa) as
phytoadditives on growth performance of Nile
tilapia (O.niloticus) fingerlings are summarized
in Table (4) and Figs. (3).

Concerning protein source combination
and level, the result in the present study (Fig.1)
illustrated that fingerlings fed G2 diets grew as
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Table 4. Effect of using three protein sources combinations and four treatments as feed phytoadditives
on growth performance parameter of Nile tilapia (O. niloticus) fingerlings.

Treatment Body weight Total weight ADG SGR
Initial (g/fish) Final (g/fish) gain (g/fish)  (g/fish/day) (%/day)
Protein sources combinations (PSC)

Gl 3.132 27.83¢ 24.72¢ 0.22¢ 1.95¢

G2 3.132 38.98¢ 35.85° 0.322 2.26*

G3 3.132 35.17° 32.04° 0.29° 2.16°

Feed phytoadditives (FA)
Without garlic or onion (©) 3.13¢ 29.484 26.354 0.23¢ 2.00¢
With 4% garlic (G) 3.12¢ 32.79¢ 29.69° 0.27° 2.10°
With 6% onion (0) 3.13° 35.41° 32.20° 0.29° 2.16°
With 10 % garlic and onion (G+O) 3.122 38.28¢ 35.15° 0.31° 2.23¢
PSC * FA

G1  Control D1 3.14 24.67 21.53 0.19 1.85

+ 4% garlic D2 3.12 26.84 23.79 0.21 1.92

+6% onion D3 3.12 28.66 25.54 0.23 1.98

+10% mixture D4 3.12 31.16 28.04 0.25 2.06

G2 Control D5 3.12 32.14 29.02 0.26 2.09

+ 4% garlic D6 3.13 37.29 34.16 0.31 2.25

+ 6% onion D7 3.13 41.46 38.33 0.34 2.31

+10% mixture D8 3.12 45.04 41.90 0.37 2.38

G3  Control D9 3.14 31.63 28.49 0.25 2.07

+ 4% garlic D10 3.12 34.26 31.14 0.28 2.14

+ 6% onion D11 3.13 36.13 33.00 0.29 2.18

+10% mixture D12 3.14 38.65 35.51 0.32 2.24
L.S.D (P<0.05)* 0.518 0.169 0.121 0.045 0.106

G1: (25% FM + 75% SBM) G2: (50% FM + 50 % SBM)

G3: (75% FM + 25% SBM)

“Mean in the same column bearing different superscript are significantly different at (P<0.05).

ADG = Average daily gain (g/fish day-1)

well as or better than the other groups (G3 and G1)
and differences were significant (P<0.05) between
the three groups. It was observed that increasing
SBM up to 75% in G1 diets decreased fish growth
performance to the lowest values. Similar results
have been reported by Mbahinzireki et al. (2001)
who replaced SBM instead of FM; Soltan (2005)
who replaced canola seed meal instead of FM in
Nile tilapia diets. In contrast, Tacon et al. (1983)
reported that growth of Nile tilapia was improved
withincreasing SBM inclusion level instead of FM
up to 75%, while Khan et al. (2003) successfully
replaced 100% of FM with SBM in Labeo rohita
diets and Kasper et al. (2007) up to 47.6% in

SGR= Specific growth rate (% day-1)

yellow perch (Perca flavescens) diets without
affecting the feed consumption, weight gain, feed
efficiency or survival of the fish. In that respect,
Sullivan (2008) reported thatlysine (EAA) content
appeared to be lower in SBM than in FM and as
SBM substitution increased, lysine decreased. He
added that the importance of Lysine as a limiting
amino acid for growth and its role as a necessary
building block for all protein in the body; plays a
major role in calcium absorption; building muscle
protein; and the body’s production of hormones,
enzymes, and antibodies, may explain the cause
of decreasing occurred in growth performance
and feed utilization resulted from increasing
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SBM substitution level more than 50%.

Taking into account phytoadditives formula,
addition of garlic only in the present study slightly
increased growth performance, while the addition
of onion only obtained better performances. In
agreement, Zaki and El-Ebiary (2003) found that
3 g dry garlic/kg diet is recommended as growth
promotors for mono-sex Nile tilapia favorable
growth. In addition, Abou-Zeid (2002) and Aly et
al. (2008) found that garlic improved the growth
performance for Nile tilapia and similar results
were reported by El-Saidy and Gaber (1997);
Metwally (2009) and Abd El-Hamid (2010) when
fed Nile tilapia on diets contained garlic meals.
Moreover, Shalaby et al. (2006) recorded the
highest growth performance of Nile tilapia fed on
3% garlic, while Diab et al. (2002) recommended
2.5%. On the contrary, Salah et al. (2008) found
no significant differences (P>0.05) in Nile tilapia
growth when supplemented diet included 10 and
20 g garlic / kg feed, however several studies
(Gomes et al., 1993 on rainbow trout; Degani et
al., 1997 on hybrid tilapia; Goddard and Mclean,
2001; Khattab, 2001 and Shalaby et al., 2006
on Nile Tilapia) concluded that apparent protein
digestibility was improved with increasing levels
of garlic in fish diet.

The highest final weight, weight gain,
ADG and SGR% (38.28, 35.15,0.31 and 2.23%,
respectively) obtained with fish fed mixture
of garlic and onion included diets (D4, D8
and D12) in the present study as shown in Fig.
(2). In concordance with the present study, Al-
Salahy (2002) found that onion and garlic dietary
administration for Clarias lazera caused a rise
in liver free amino-acids; meanwhile, the garlic
fed fish presented a rise in muscle free amino-
acid levels and according to enhanced muscle
uptake of free amino-acids may enhance protein
synthesis.

Concerning protein source combination
and phytoadditives, fish fed diets D4, D8 and
D12 (included 50% FM + 50% SBM and mixture
of 4% G and 6% O) grew significantly (P<0.05)
better than that fed control diet. On the other
side, fish fed D8, recorded the highest growth
rather than other treatments as shown in Fig. (3).
In another words, fingerlings fed D7 and D8 in
the second group (G2) recorded the best values
for growth performance. Moreover, increasing

SBM replacement level up to 50% with garlic,
onion or mixture of both led to increase growth
performance, meanwhile increasing SBM
replacement level up to 75% in G3 diets (D9, D10,
D11 and D12) decreased growth performance
significantly (P<0.05) than G2 diets (D5, D6, D7
and D8) in spite of being better than G1 diets (D1,
D2, D3 and D4). In addition, results found that
fingerlings fed D8 and D12 diets grew as well or
better than other treatments. Similar results have
been reported by Abd El-Hamid (2010); El-Saidy
et al. (1999) and Zaki and El-Ebiary (2003).

Feed and nutrient utilization

Regardless of phytoadditives, table (5) and
Fig. (4) illustrated the effect of protein source
combination on feed and nutrients utilization.
Results revealed that differences were significant
(P<0.05) between groups in feed and nutrients
utilization. On the other hand, FI, PPV% and
EU% were significantly (P<0.05) increased with
increasing SBM substitution level up to 50% while
FCR decreased and PER does not changed.
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Fig. 1. Effect protein sources combinations on
growth performance.
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growth performance.
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FCR decreased in the same order. Similar results
have been reported that feed intake increased
with increasing A.sativum levels, while feed
conversion ratio decreased (El-Saidy and Gaber,

Table 5. Effect of using protein sources and phytoadditives combinations on feed and nutrient
utilization of Nile tilapia (O. niloticus) fingerlings diets.

Feed utilization

Protein utilization

Treatment

Energy utilization (%)

FI' (gfish)  FCR? PER* PPV %'
Protein sources combinations (PSC)
Gl 68.95¢ 2.81° 1.02° 16.35¢ 12.51¢
G2 82.78 2.33¢ 1.02° 22320 15.05¢
G3 80.27° 2510 1.14¢ 19.47b 14.77b
Feed phytoadditives (FA)
Without garlic or onion ©) 70.55 ¢ 2.62¢ 1.16 20.26° 13.67¢
With 4% garlic (G) 77.04 ¢ 2.62¢ 1.09° 18.55¢ 13.930
With 6% onion (0) 7839 2.550 1.08° 17.93¢ 13.70¢
with With 10 % garlic and onion  (G+O) 8334+ 2.40° 1.18¢ 20.77¢ 15.15¢
PSC * FA

Control DI 66.19 3.08 1.09 1835 1331
g1 A% earlic D2 67.19 2.85 1.00 15.96 12.27
+6% onion D3 68.77 2.68 0.93 13.72 10.93
+10% mixture D4 73.32 2.62 1.06 17.36 13.35
Control D5 72.15 221 1.29 23.69 12.51
Gy T4%bgaric D6 83.24 2.44 1.17 20.89 15.20
+6% onion D7 84.59 2.49 115 20.29 15.13
+10% mixture DS 91.12 917 1 30 2441 1735
Control D9 73.32 2.57 111 18.74 14.59
Gy T Hbgarlic D10 80.38 2.56 1.10 18.79 1431
+6% onion Dl 81.82 2.48 1.15 19.79 15.04
+10% mixture D12 85.57 241 1.18 20.54 15.15
L.S.D (P<0.05)* 0.125 0097 0.089 0.461 0.061

G,: (25% FM + 75% SBM) G,: (50% FM + 50 % SBM)

G,: (75% FM + 25% SBM)

‘Mean in the same column bearing different

superscript are significantly different at (P<0.05). 1 Feed intake (g/fish) 2 Feed conversionratio 3 Protein efficiency ratio 4 Protein productive value
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1997; Shalaby et al., 2006; Zaki and El-Ebiary,
2003; Aly et al., 2008 and Abd El-Hamid, 2010).

Taking into account SBM replacement
level and phytoadditives, results in table (5) and
Fig.(6) revealed that feed utilization parameters
of fingerlings fed diet D8 were significantly
(P<0.05) higher than other treatments. In another
words, increasing SBM replacement level up to
50% with either garlic or onion or mixture of
both led to increase feed utilization. Meanwhile,
increasing SBM replacement level up to 75%
in G3 diets (D9, D10, D11 and D12) decreased
feed utilization significantly (P<0.05) than G2
diets (D5, D6, D7 and DS) in spite of being better
than G1 diets (D1, D2, D3 and D4). Moreover,
increasing SBM replacement level recorded best
results with mixture of garlic and onion more than
each phytoadditive alone. The present results are
in agreement with the finding of Mbahinzireki et
al. (2001) and Soltan (2005).

Carcass composition of fish

The chemical composition parameters of
whole body of Nile tilapia O.niloticus fingerlings
are summarized in Table (6). Regardless of
phytoadditives, the effect of protein source
combination on dry matter (DM %), crude protein
(CP %) was significant (P<0.05) when SBM
inclusion level increased up to 50%, while EE%
and ash% decreased and no significant (P>0.05)
differences were observed in energy content
(kcal 100g™). It was observed also that DM % and
CP% were decreased, while EE% and ash% were
increased significantly (P<0.05) with increasing
SBM inclusion level up to 75%. At the same time,
no significant (P>0.05) differences were noticed
in energy content among all groups.

Regardlessproteinsourcescombinations,the
effect of phytoadditives on chemical composition
of harvested fish indicated that DM%, CP%,
and energy content were significantly (P<0.05)
increased with using garlic or onion or both
mixture, where the mixture recorded the superior
values while control diet recorded the inferior
values. On the other hand, EE% and ash% were
significantly (P<0.05) decreased with using garlic
or onion or both mixture, where the control diet
recorded the superior values while phytoadditives
mixture diet recorded the inferior values.
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Feed additives (FA)
Fig. 5. Effect of phytoadditives combinations
(FA) on feed and energy utilization.
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Fig.6. Effectof protein sources and phytoadditives
combinations (PSC * FA) on feed and energy
utilization.

Concerning the effect of interaction between
protein source combination and phytoadditives on
chemical composition of the experimental fish,
DM% and CP% recorded the highest values, while
EE% and ash% recorded the lowest values with
fish fed D&. On the other hand, D1 recorded the
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Table 6. Effect of using protein sources combinations and feed phytoadditives on body composition
(% dry weight) of Nile tilapia (O.niloticus) fingerlings.

DM % % on DM basis Energy content
Treatment CP EE Ash (kcal/100g)
At the start: 23.67 54.17 17.34 28.49 469.21
At the end:
Protein sources combinations (PSC)
Gl 26.55° 58.54¢ 23.80° 17.66° 554.54
G2 28.51° 62.25° 21.54¢ 16.21° 554.45
G3 27.67° 60.53° 22.59° 16.88° 553.84°
Feed phytoadditives (FA)
Without garlic or onion ©) 26.84 ¢ 59.804 23.02¢ 17.18* 553.27°
With 4% garlic (©) 27.52¢ 60.12¢ 22.81° 17.06° 554.43°
With 6% onion ©O) 27.86° 60.68" 22.50° 16.83¢ 554.60°
with With 10 % garlic and onion (G+O) 28.08 ¢ 61.15° 22.45¢ 16.59¢ 554.60°
PSC * FA
Gl  Control D1 25.12 57.76 24.30 17.94 551.16
+ 4% garlic D2 26.70 58.20 23.97 17.83 554.52
+ 6% onion D3 27.12 58.88 23.61 17.51 554.96
+10% mixture D4 27.26 59.32 23.32 17.36 554.71
G2 Control D5 27.87 61.86 21.76 16.38 554.30
+ 4% garlic D6 28.17 61.05 21.64 16.31 554.24
+ 6% onion D7 28.77 62.41 21.43 16.16 554.29
+10% mixture D8 29.22 62.67 21.34 15.98 554.91
G3  Control D9 27.53 59.79 23.00 17.21 554.34
+ 4% garlic D10 27.69 60.11 22.83 17.04 554.54
+ 6% onion D11 27.70 60.75 22.45 16.81 554.56
+10% mixture D12 27.76 61.47 22.08 16.44 554.72
L.S.D(P<0.05)* 0.119 0.094 0.127 0.113 2.221

G1: (25% FM + 75% SBM)  G2: (50% FM + 50 % SBM)

G3: (75% FM + 25% SBM)

“Mean in the same column bearing different superscript are significantly different at (P<0.05).

Calculated based on 5.65,9.45 and 4.11 (kcal g-1) of protein, lipid and carbohydrate, respectively.

lowest values of DM % and CP% and the highest
values of EE% and ash%. In addition, it was
observed that D4,D8 and D12 recorded the highest
values of DM%, CP% and energy content, while
EE% and ash% were inferior between treatments.
Meanwhile, using garlic and onion mixture in
each SBM combination group realized the higher
values in DM%, CP% and energy content, while
the lowest in EE% and ash%. In concordance with
the present study, results of El-Saidy and Gaber
(1997), Zaki and El-Ebiary (2003), Shalaby et
al. (2006), Mohamed et al., (2007), Eid and

Mohamed (2008), and Abd El-Hamid (2010)
support the previous results; while in contrast,
Diab et al. (2002) reported that there were no
significant changes in fish body composition
caused due to addition of different garlic levels.

CONCLUSION
Phytoadditives ~ represent  alternative
solutions to thrive aquaculture feeds as

growth promoters. It could be concluded that
protein source combination and phytoadditive
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inclusion levels affect growth performance,
feed utilization and chemical composition of
Nile tilapia (Oreochromis niloticus) fingerling
under laboratory conditions. More clearly, the
maximum percentage of FM could be replaced
by SBM is 50% in Nile tilapia (Oreochromis
niloticus) mono-sex fingerling diets, with mixture
of phytoadditives compose of 4% garlic and 6%
onion, to improve growth performance and feed
utilization. At the same time, further researches
including commercial cost and benefit analysis
are necessary before phytoadditives can be used
on large scale aquaculture.
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