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ABSTRACT

The aim of this study was to evaluate some unconventional diels on water
quality, diets composition, growth performance, feed utilization and whole fish and fish
muscles composition of Nite tilapia fingeriings (7-8g). Glass aquaria were used in
duplicate/treatment for 16 weeks. The basal diet contained 25% crude protein. The
diets were offered daily at two meals at 3% of fish body weight. The experimental
diets were nearly isocaloric and isonitrogenus. The 14 diet was a control, diets No. 2
— 5 are the contro! diet but their fishmeal was substituted by 25, 50, 75 and 100%,
respectively with duckweed meal (DW), diets No. 6 — 9 included crayfish meal (C.F;) at
the same previous replacement rates, and diets No. 10 — 13 included a mixture of DW
+ CFi (1:1) as a substitite for fishmeal at the same rates. The obtained results
revealed that DW contained higher crude protein and ether extract percentages as
well as cadmium level than CFi.. The C/F; contained more nitrogen free extract, ash,
lead and silica than DW. There were significant differences among the experimental
diets in their dry matter, crude protein, ether extract, crude fiber and ash contents.
Diet No. 13 included the highest crude protein percentage. The increased DW
substifution rate up to 75% and C.F; up to 50% led to increase the dietary crude
protein. The increased CF; level from 25 to 100% gradually decreased the ether
extract % in diets No. 6 ~ 8. The increased dietary inclusion of DW from 25 to 100%
(diets No. 2 - 5) led to increase dietary crude fiber %. Diets No. 6 — @ contained the
highest ash %, with gradual increase proportional to the increase in C/F; substitution
rate. Water quality parameters measured (temperature, pH and dissolved oxygen) did
not differ among freatments. There were significant differences among dietary
treatments in growth performance parameters including final body weight, body weight
gain, and daily body weight gain. The highest values of these criteria were realized
with diets No. 11 and 6, respectively. Specific growth rates did not differ significantly,
but relative growth rates significantly differed among dietary treatment groups, being
the highest with diets No. 11 and 6, respectively. The dietary treatments significantly
affected feed intake, feed conversion, protein intake, protein productive value, protein
efficiency ratio, and energy retention. The highest feed and protein intakes were found
with diet No. €, but the lowest were recorded for diet No. 12. The best feed conversion
was calculated for diet No. 11 (the best treatment in fish bodyweight gain). The best
protein utilization (protein productive value and protein efficiency ratio) was calculated
for diet No. 13 although the superiority of diet No. 5§ in energy refention. From the
foregoing resuits, it would be clear that the 6% diet (25% freshwater crayfish meal as a
partial replacer of dietary fish meal) was significantly the best concerning fish
bodyweight gain, relative growth rate, and feed and protein intakes. This was followed
by the 112 diet (50% substitution with mixture {1/1) of duckweed meal and freshwater
crayfish meal), which was responsible for highest final body weight, bodyweight gain,
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daily body weight gain, and feed conversion, which may reflect the economical diet by
decreasing feed costs to produce cone Kg fish bodyweight gain. This leads to
recommend the partial replacement of fish meal in Nile tilapia diets with 25% crayfish
meal or 50% mixture of crayfish meal plus duckweed meat (1/1). These diets were
responsible for better results than control and it is to expect that they will reduce the
costs of fish feeding and production for the lower prices of either duckweed meal or
freshwater crayfish meal comparing with the very expensive price of fish meal.

Keywords: Tilapia- Duckweed- Freshwater crayfish- Performance- Nutrients

utilization.

INTRODUCTION

Tilapia are the third most important cultured fish group in the world,
after carps and salmonids (FAQ, 2002). Tilapia production has increased
greatly in the past two decades and world preduction of farmed tilapia
exceeded two million metric tons in 2004.Tilapia are currently raised in
different types of preduction systems ranging from pond, tank, cage, flowing
water and intensive water reuse culture systems (El Sayed et al,, 2005).
Commeicial fish feeds utilized in aquaculture often contain fishmeal, which
can comprise up to 65% of the diet. As long as protein component represents
55-75% of the total diet cost, protein alternatives have the first priority in
formutating diet of tilapia as alternatives for the high cost of fish meal (Hanley,
2000). Little research was conducted on animal protein sources as
alternatives for fish meal such as blood meal, earth worms, fish silage, silk
worm pupae and processed meat soluble (Millamena et al., 2000). The
utilization of the cheaper sources such as freshwater crayfish meal or aquatic
plants meal is promising and need further investigations. Optimal feeding
regimes may result in reduced feed costs by minimizing expenditure of
metabolic rate of fish. Studies on feed stimulants can provide information on
physiology of the animals concerned and may also detect additives, which
can be incorporated into aquaculture feeds. Aftractive feed may be looted
and consumed quickly, thus reducing losses by leaching of essential water-
soluble components. An addition of chemo-attractants to peiletized feeds may
increase ingestion rates and improve growth, survival and food conversion (El
Sayed et al., 2005). The objective of this study was to evaluate replacing
dietary fish meal protein by plant and animal protein sources in tilapia fish
diets and to investigate its effects on dietary compesition, water quality,
growth performance, and nutrients utilization of tilapia fingerlings.

MATERIALS AND METHODS

Experimental Fish:

A group of Nile tilapia (Q. niloticus) with an average initial body weigh
of 7 — 8 g were obtained from the stock of earthen ponds (from a private farm
at AL Hamoul, Kafr El-Sheikh governorate) and transported to the aquaria
located in the fish laboratory of A! Hamoul, Kafr E!-Sheikh governorate. Fish
were maintained in these aquaria for 2 weeks before the beginning of the
experiment for acclimatization purpose. The fish were fed during the
acclimatization period on the basal diet (25% crude protein} at a rate of 3% of
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the hody weight daily, at 2 times daily. The experimental treatments were
tested at two aquaria (replicates) for each. Fish were stocked at a density of 7
fish / aquarium.

Experimental Diet:

Partial or complete replacement of fishmeal (0, 25, 50, 75 and
100%) by whole crayfish meal and / or duck weeds meal in Nile tilapia fish
diets was carried out to investigate its effect on water quality parameters,
growth performance, and feed and nutrients utilization. All feedstuffs used in
the experimental dies were purchased from Al-Iman Factory, Al-Hamoul, Kair
El-Sheikh governorate. Grayfish (Procambarus clarki) was purchased from
Imbaba market, Giza governorate, then sun-dried, ground and sieved (21
mash). Duckweed {Le/nna perpusilla) was collected from Nabarow drainage,
Dakaliah governorate, then sun-dried and ground. Diets were formulated by
hand mixing the ground ingredients with little water through meat mincer to
peliets (3 mm), then air dried. The basal diet No.1 was considered as a
control. Composition of the basal and experimental diets are presented in
Tables (1), (2) ,and (3). The composition of the vitamins and minerals mixture
is Vitamins: A 5.714.286 |U, D; 85.714 U, E 7.143 mg, K3 1.429 mg, B, 571
mg, B; 343 mg, Bs 571 mg, By, 7.143 ug, C 857 ug, Bictin 2.857 mg, Folic
acid 86 mg, Pantothenic acid 1.143 mg, Minerals: Phosphorus 28.571 mg,
Manganese 68.571 mg, Zinc 51.428 mg, Iron 34.286 mg, Copper 5.714 mg,
Cobalt 229 mg, Selenium 286 mg, lodine 114 mg, Inert essential agent:
Starch 57 g, Natural H. 29 g, and CaCo; up to 1000 g.

Experimental Procedure:

The experiment continued for 16 weeks. During the experimental
period, the fish were fed the experimental diets at a rate of 3% of the live
body weight daily. The diets were introduced twice daily, at 8 a.m. and 2 p.m.
The amount of food was adjusted weekly based on the actual body weight
changes. Light was controlled by a timer to provide a 14 hrs light: 10 hrs dark
as a daily photoperiod. The experimental design was T1:Control (0%
replacement) 100% fishmeal (FM), T2: 25% duckweeds (DW) 75% FM, T3:
50% DW 50% FM, T4: 75% DW 25% FM, T5: 100% DW 0% FM, T6: 25%
crayfish {(Cr Fi) 75% FM, T7: 50% Cr Fi 50% FM, T8: 75% Cr Fi 25% FM, T9:
100% Cr Fi 0%FM, T10: 25% Mixed (DW+ Cr Fi) 75% FM, T11: 50% (DW+
Cr Fi) 50% FM, T12: 75% (DW+ Cr Fi) 25% FM, T13 100% (DW+ Cr Fi) 0%
FM, respectively. :
Water Quality Analysis:

Samples of water from each aquarium were taken to determine daily
the water temperature (using a thermometer) and pH value {(using Jenway
Ltd, model 350-pH meter) and weekly dissolved oxygen concentrations
(using an oxygen meter model, d-5509) according to Abdelhamed (1996).
Chemical Analysis of the Experimental Ingredients and Diets:

Determination of DM, CP, EE, CF, ash and silica in the dietary
ingredients, diets and in fish body at the start and at the end of the
experiment for different groups were carried out according to the methods of
A.OA.C. (1990). At the end of the experiment, three fish were derived from
each group (aquarium) for drying at 60°C for 48 hours and then milled
through electrical mill and kept at 4°C until analysis. Heavy metals

10979



Abdelhamid, M. A. et al.

-determination was carried out at Botany Department lab of the National
Research Center, Dokki using Atomic Absorption Spectrophotometry
{(Germany Company).
Growth Performance and Efficiency of Feed and Protein Utilization:
The growth performance and feed utilization parameters were
calculated according to the following equations:
- Average weight gain (AWG, gffish }= Average final weight (g)-Average.
initial weight (g).
- Average daily gain (ADG, gffish)= Average final weight (g}-Average initial
weight (g) / Time (days).
- Survival rate (SR %)= Total number of fish at the end of the
experimentx 100/total number of fish at the start of the experiment.
Relative growth rate (RGR)= Average weight gain (g)/ Average initial
weight (g} x 100,
Specific growth rate (SGR, % / day)= 100 [In wts- In wi,/T]
Where: in: Natural log., Wt,: Initial weight (g}, Wt;: Final welght (9, T
Time in days.
Feed conversion ratio (FCR)= Total feed consumption (g) / Weight gain (g).
Protein efficiency ratio (PER)= Body weight gain (g)/protein intake (g).
Protein productive value (PPV %)= 100 [Retained protein (g)/protein intake
()1
Energy retention (ER %)= 100 [Retained energy (Kcal) / Energy intake
(Keat).
Statistical Analysis:
The data were statistically analyzed by using general linear modeis

procedure adapted by SAS (1996) for users guide. Means were separated
using Duncan's multiple range test (Duncan, 1955).

1

Table (1): Composition (%) of the experimental diets.

L Diet No. 1 | Diet No.2 [ Diet No. 3] Diet No.4 Diet No.5

ngredients Control |PuckweedsiDuckweedsi Duckweeds | Duckweeds
(25%) {50%) (75%) {100%)

Fish meal 6 4.50 3 1.50 -

Duckweeds 0 1.50 3 4.50 6

[Soybean meal 41 42.50 44.10 45.65 46.50

Y eflow corn . 30 30 30 30 30

Wheat bran 8 3 8 8 8

Rice bran 10 8.5 6.90 5.35 4.50

Sunflower oil 3 3 3 3 3

Vitaming & minerals 2 2 2 2 2

Gross energy (GE)* 426.44 423,77 422.07 418.87 418.41

kcal/100 g DM}

Protein/energy (P/E) ratio 63.76 62.03 62.40 66.75 62.90

mg CP/keal GE)

Metabolizable energy 377.28 [ 37547 373.64 37312 370.29

(ME)™ (kcal/100g)

*GE (kcal/ 00 g DM) = CP x 5.64 + EE x 9.44 + NFE X 411 calculated according to

(Macdonald et al., 1973)
**ME (kcal100g DM) = Metabolizahle energy was calculated by using factors 3.49, 8.1 and
4.5 kcallg for carbohydrates, fat and proteln, respectively according to Pantha (1982).
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Table (2): Composition (%)of the experimental diets.

L | Diet No. 1| Diet No. 6 | Diet No. 7| Diet No. 8 | Diet No. 9|
ngredlents Control Crayfish | Crayfish e ravhish maall Crayfish
{0 %) meal meal (75%) meal
(26%) {80%) {100%)
ish meal [ 4.50 3 1.50 -
Crayfish meal 0 1.50 3 4.50 -]
Soybean meal 41 42.50 44 £2,10 47
Yellow com 30 30 30 30 30
Mvheat bran 8 8 8 8 8
Rice bran 10 8. 50 7 535 4
nflower cil 3 3 3 3 3
%ﬂmh‘m & minerals 2 2 .2 2 - 2
ross energy (GE)* (kcal/100| 426.44 422.24 421.79 417.69 416.39
DM}
roteinfenergy (P/E) ratio {mg| 63.76 64.51 64.70 63.10 63.30
CP/kcal GE}
Metabolizable energy (ME)** 377.28 373.05 37283 369.74 368.80
Kkcal100g)

*GE (kcal/i00 g DM} = CP x 5.64 + EE x 9.44 + NFE x 4.11calculated according tc

(Macdonald ef al., 1973)

~ME (kcal/100g DM) = Metabolizable energy was calculated by using factors 3.49, 8.1 and
4.5 kcalig for carbohydrates, fat and protein, respectively according to Pantha (1982).

Table (3): Composition (%}of the experimental diets.

lgﬂmu Diet No. 10 | Diet No. 11 | Diet No. 12 | Diet No. 13
Ingredients Duckweeds: | Duckweeds: | Duckweeds: | Duckweeds:
Control Crayfish Crayfish Crayfish Crayfish
(1:1) {1:1} (1: 1) {(1:1)
(25%) {50%) (75%) (100%)
Fish meal [ 4,50 3 1.50 -
guckweeds: .0 1.50 3 4.50 6
rayfish (1: 1)
ISoybean meal 41 42.38 43.75 45.12 46.50
lYellow corn 30 30 30 30 30
Wheat bran 8 8 8 B 8
Rice bran 10 8.62 7.25 5.88 4.50
ISunflower oil 3 3 3 3 3
\Vitamins & minerals 2 2 2 2 2
Gross  energy (GE)Y 426.44 423.82 421.48 420.39 420.68
Kkcal/100 g DM)
Proteinfenergy (P/EY 63.78 682.14 64.58 62.77 64.63
ratio {mg CP/kcal GE)
Metabolizable  energy 377.28 375.81 372.55 372 371.37
ME}** (kcal/100g)
*GE (kcal/100 g DM) = CP x 5.64 + EE x 9.44 calculated according to

(Macdonald et al., 1973).

+ NFE x 4,11

**ME {kcal/100g DM) = Metabolizable energy was calculated by using factors 3.49, 8.1 and
4.5 kcal/g for carbohydrates, fat and protein, respectively according to Pantha (1982).
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RESULTS AND DiSCUSSION

Chemical Composition of the Experimental Diets:

The chemical analysis of both tested substitute unconventional
materials crayfish (C,F)) and duckweed (DW) is illustrated in Table (4), from
which it is obvious that DW contained more crude protein (CF), crude fiber
(CF), ether extract (EE) and cadmium (Cd) contents, but lower nitrogen free
extract (NFE), ash, lead and silica contents than C,F;, on dry matter (DM)
basis. In this respect, Hassan and Edwards (1992) reported that DW (Lemna
perpusilla) contained 25.3% CP, 4.5% crude fat, .6% CF and 17.6% ash on
dry matter basis. Therefore, DW is used as a protein feedstuff in fish diets
(BMO, 2009). Also, Tharwat (2000) analyzed the entire body of C/F;
(Procambarus clarkif) and found that it contained 62.2% CP, 6.1% EE and
27.0 ash which is more proteinious than shrimp meal and local fish meail.
Moreover, Ahd El-Aty (2006) reported the chemical composition of the
fregshwater crayfish meal on DM basis as 32.1% CP, 1.9% EE and 33.9 ash.
So, C/;F, was evaluated as a protein source in fish diets (Abd El-Rahman and
Badrawy, 2007). Habib (2004) cited that crayfish contain lead and cadmium
as 1.82 — 2.41 and 0.06 - 0.70 ng/g dry weight of the external skeleton but
0.28 - 0.49 and 0.02 — 0.03 ug/g dry weight of the muscies when their rearing
water contains 0.08 — 0.10 ppm Pb and 0.01 = 0.40 ppm Cd.

Table (4): Chemical analysis of crayfish (Cr Fi) and Duckweeds {DW),

%dray matter basis.
Item Crayfish Duckweeds
DM 18.50 8.70
CP 34.13 43.13
CF o 8.56
EE 2.79 5.28
NFE 30.79 27.05
Ash 32.29 15.98
Lead, mg/kg 45.5 42
Cadmium, mg/kg 178.5 229.5
Bilica, mg/kg 227.75 202.30

Table (5) presents data of chemical analysis of the tested diets. Their
analysis of variance reflects significant differences among the experimental
diets concerning DM, CP, EE, CF and ash contents. Diet No. 13 (100%
replacement of fishmeal with DW + C/F;, 1:1) contained the highest CP%.
Increasing DW replacement level up to 75% or C/F; up to 50% led to
significantly higher CP content than the other replacement level (except diet
No. 13) and the control {diet No. 1). Increasing C,F; replacement level from
25 to 100% gradually decreased EE% of the diets No. 6 - 9. Increasing DW
from 25 to 100% replacement in diets No. 2 — 5 increased their CF%. Diets
No. 6 ~ 9 had the highest ash % in gradual increase in proportion to the C,F
inclusion level. These variations are mainly due to the variations between
C,F; and DW analyses (Table 4).
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Table (5): Means*(t SE) of diets chemical composition of the
experimental diets.
Proximate ana!gls %OM basls

Treatments DM % CP CF Ash
Controt 90.0610.01e | 27.19:0.02b 492:0 02de | 4.10:0.02e | §.64:0.00h
Duckweeds (25%) | 89.29+0.05g | 26.29+0.01c [5.10+0.00abcde | 4.12+0.02¢ | 9.17 +0.00gf
Duckweeds (50%) | 90.51:0.1d | 28.3420.01¢ | 5.12:0.01abcd |4.2120.01ed] 8.55+0.04cd
Duckweeds (75%)| 90.49+0.05d [27.27+0.02ab | 4.99:0.01bcde [4.78+0.01b | §.23+0.07efg |
Duckweeds (100%)]90.82+0.02bc| 26.32+0.00c [5.05+0.02abcde | 5.12+0.02a | 9.430.02efd
Cray fish (25%) | 89.8520.02¢f] 27.25:0.01h | 5.16:0.02abc_[4.12:0.05¢| 9.97+0.01b
Cray fish  (50%) [$0.61+0.02cd 127.2910.00ab{5.10+0.04abede W.1630.01e8 9.97+0.010
Cray fish (75%) ]90.77x0.03bc| 26.32+0.00c | 4.90+0.02e |4.0420.12e| 10.48+0.02a
Cray fish (100%) | 89.72+0.03f | 26.360.01c | 4.9520.09cde [ 17+0.01ed 10.66+0.00a
| Mbed OACH) 256 | 91.89+0.01a { 26.27:0.00c | 5.22+40.00a |4.32+0.08d| 8.99+0.02g |
MedOWAOR) 50% | 90.4640.02d | 27.2:0.01b | 4.92+:0.08de | 4.51+0.05¢ | 9.45+0.05ecd
Moed DAHC) 759% | 50.96+0.02b | 26.36+0.02¢ | 5.17+0.01ab [4.6110.02bd| 6.6310.04cd
| Mbed OVWOR) 100% | 89.32+0.02g | 27.46£0.01a | 5.00+0.02bcde | 4.5520.02c | 9.72+0.003bc ]

*Means {In the same column) superscripted with different lstters significantly {P<0. 05)
differ.

Physico ~ Chemical Parameters of Water Quality:

Fish rearing water was_ analyzed periodically for some water quality
criteria (Table 6) including temperature, pH and dissolved oxygen (DO).
However, there was no effect on these parameters of different experimentai
diets, whether of substitute commodities or their replacement levels.
However, the ranges of these criteria (26.5 — 26.3°C, 7.12 — 7.70 pH vaiue,
and 590 - 6.10 mgl DO) are suitable for rearing Nile tilapia fish
(Abdelhamid, 1996 and 2009},

Table (6): Ranges of some important measured physico-chemical
parameters of water quality.

Treatmants
Cray fish (CrFi
25%| 50% | 75% [100%

25,6+ 25.6-125.6-|25.6-
257|256 1 25.6 | 25.7

7.484 7.38-|7.10- 7.20-
7.55| 7.38 | 7.27 [ 7.74
.05+ 6.05- | 6.05- | 6.05-
6.05] 6.05 | 6.05 | 6.05

Param
etors

Dr
25%

26.1-
26.2

7.42-
7.75
6.05-
6.05

Corsrol
0%

26.1-
252

7.53-
7.75
6.05-
605

uckweeds (DW)
50% | 75% |100%

26.1-{ 26.2- 125.5-
262 263 {2682

7.45-] 7.46- |7.38-
7.48) 7.53 [7.40
5.95- 590- |5.90-
595] 590 |590

MIxoiLD\ﬂH CrFi)
25% 75% [100%]

25.8- 25.8-126.1-
25.7 26.1(26.1

7.12- 7.02-| 7.7-
7.21 7531 78

6.05- 6.10-16.10-
6.10 6.10[6.10

[Tempe-
rature
°C
PH
value
DO,
mg/l

25.6-
257

7.14-
7.38
6.05-
6.05

Fish Growth Performance:

Although there were no significant differences for initial bodyweight
{IW) among the experimental fish groups (Table 7); yet, the other growth
performance parameters including final bodyweight (FW), average weight
gain (AWG) and average daily gain (ADW) showed significant variations due
to the dietary treatments. Since the heaviest FW, AWG and ADG were
realized by diet No. 11 (60% replacement by 1:1 DW + C,F;} followed by diet
No. 6 (25% C/F). This may be due to the chemical composition of both
commodities used herein as novel protein sources to replace fish meal in the
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control diet No. 1, i.e. high CF, EE, and Cd levels in DW as well as high
inclusion levels of ash, lead (Pb) and silica of C,F;. These may affect feed
intake (Table 9) as well as nutrients digestibility which reflected also on
nutrients utilization in form of protein efficiency ratio (PER, Table 9). Specific
growth rates (SGR) and survival rates (SR) did not differ significantly by the
dietary treatments; yet, relative growth rate (RGR) differed significantly
among fish groups (Table 8) being the highest for diets No. 11 and 6,
respectively.

Table (7): Effect of dietary treatments on growth performance
parameters of Nile tilapia.

W, FW, AWG, ADG,
Treatments g/ fish g/fish g/ fish g!fish
Control 71420008 | 21.92+0.05b | 14.78%0.04ab | 0.13£0.00ab

Duckweeds (25%) 7.07£0.04a 18.16+0.11d 9.91+0.17ef 0.0820.00ef
Duckweeds (50%) 7.28£0.00a 18.37£0.16d 9.6210.86f 0.03+0.00f
Duckweeds {75%) 7.14£0.09a 20.4410.11c_ | 11.90+0.77cde | 0.10+0.00de
Buckweeds (100%}) 7.21+0.04a 18.28:0.00d | 11.07+0.04def | 0.0620.00ef

Cray fish {25%) 7.07£0.04a 23.6320.15a | 15.11+0.92ab 0.13:0.00ab
Cray fish (50%) 7.2110.04a 21.42+40.00b | 14.21+0.04ab 0.12:0.00be
Cray fish (75%) 7.07£0.04a 20.14£0.09¢ | 13.07+0.04bcd |  0.11+0.00cd

Cray fish (100%} 7.14+0.09a 20.1440.00¢ | 12.8840.10bed | 0.110.00¢d
Mixed (DW+CrFi) 25% | 7.2140.04a 20.6640.06¢ | 13.35+0.04bc 0.11+0.00cd
Mixed (DW+CrFi) 50% | 7.28+0.00a 23.6410.04a 16.35+0.04a 0.1410.00a
Mixed (DW+CrFi) 75% | 7.0710.04a 18.5730.30d 10.07+0.75ef 0.08+0.00ef
Mixed (DWHCrFD) 100% | 7.1420.00a 21.71+0.00b | 14.66+0.09ab 0.1320.00ab

*Means (in the same column) superscripted with different letters

significantly (P=0.05) differ.

Table (8): Effect of dietary treatments on growth rates and survival rate
by Nile tilapia.

Treatments - RGR SGR,%/d SR%
Control 2.06+0.00abc 0.54+0.00a 100.00+0.00a
Duckweeds (25%} 1.40+0.03g 0.6310.00a 85.71+0.00a
Duckweeds (50%) 1.32+0.12g 0.65+0.07a 85.71+10.10a
Duckweeds (75%) 1.6610.08def 0.64+0.07a 85.71+10.10a
Duckweeds (100%) 1.53+0.01efg 0.54£0.00a 100.00+0.00a
Cray fish _ (25%) 2.13£0.14ab 0.65¢0.07a 85.71£10.10a
Cray fish (50%) 1.97+0.02abcd 0.5410.00a 100.00+0.00a
Cray fish (75%) 1.8440.00bcde 0.54+0.00a 100.00+0.00a
Cray fish (100%) . 1.8040.02cde 0.54+0.00a 100.00+£0.00s
Mixed (DW+CrFi) 25% 1.84+0.01bede 0.541+0.00a 100.004£0.00a
Mixed (DW+CrFi} 50% 2.2410.00a 0.5410.00a 100.00+0.00a
Mixed (DW+CiFi} 75% 1.42+0.111fg 0.65+£0.07a 85.71+10.10a
Mixed (DW+CrFi) 100% 2.04:0.00abc 0.54+0.00a 100.00+0.00a

*Means (in the same column) superscripted with different letters significantly (P<0.08)
differ.

However, Hassan and Edwards (1992) working on Nile tilapia found
that the optimal daily feeding rates of Lemna were 5, 4 and 3% of the total
fish body weight on a duckweed dry weight basis for fish of 25 — 44 g, 45 - 74
g and 75 ~ 105 g in weight, respectively. Since DW has potential as fish food
in the development of low-cast aquaculture systems in the tropics; yet, it must
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be fed not more than 4% of the fish body weight daily to avoid its negative
effects on the fish weight gain and survival. Moreover, Eid et al. (1995)
reported that 2.5% inciusion level of DW of the Nile filapia fish diet showed
the highest body weight gain, absolute growth rate, and SGR. Additionally,
Fasakin et al. (1999) did not find differences (F > 0.05} in growth performance
of Nile tilapia fish fed on diets containing up to 20% duckweed inclusion and
the control, .

It was noticed that 30% fermented Lemna leaf meal incorporated in
the diet resulted in the best growth performance of the fish superior to those
fed diets containing raw leaf meal (Bairagi of a/,, 2002). However, El-Shafai
et al. (2004b) found that more than 20% DW in the diet resulted in lower
growth, although tilapia fish have the potency to digest and metabolize green
food (Bakeer, 2006), but it may be due to its inclusion of high levels of trace
metals, since such aquatic plants are able to significantly reduce the pollution
load of the aquaculture wastewater by accumuiating it in their tissues (Snow
and Ghaly, 2008).

Generally, developing alternate protein sources for fish feeds which
support rapid fish growth but do not increase pollution from agquaculture will
require the combined efforts of all of the major scientific disciplines that
collectively constitute aquaculture (Hardy, 1999). Feeding tilapia fish on diets
supplemented with chitin and chitosan depresses tilapia growth regardiess of
the supplementation level (Shiau and Yu, 1999). This may interpretate the
C,F, effect on fish performance recorded herein. Recently, Abd El-Aty (2006)
reported that inciuding crayfish meal in the diet decreased growth parameters
but crayfish silage at a level of 33% did not decrease AWG, ADG or SGR.
Feed and Nutrients Utilization:

Table (9) presents data of feed intake (Fl), feed conversion ratio
(FCR), dietary protein intake (Pi), protein productive value (PPV), protein
efficiency ratic (PER), and energy retention (ER). The ANOVA of these data
presented significant effects of the dietary treatments on Fi, FCR, P, PPV,
PER and ER. The diet No. 6 (25% C.F; replacement) was significantly
responsible for the highest F| and Pl, while the worst was the diet No. 12
{75% replacement 1:1 DW + C/F)). The best feed conversion was obtained
with mixed DW + C.F; at 50% replacement level (diet No. 11, which led to the
best AWG and ADG (Table 7)), while the worst was the diet No. 3 (50% DW
replacement, led to the lowest AWG and ADG as shown from Tabile 7). The
best protein utilization expressed as PPV and PER was realized with the diet
No. 13 {100% replacement by mixed DW + C,;F;, 1:1, due to its highest CP
content, Table 5); yet, diet No. 5 (100% DW replacement) was the best in ER.
This may be due to the high energy content or the low ash of DW (Tables 1
and 5).

In these concemns, Hassan and Edwards (1992) recorded lower feed
conversion by increasing DW level in Nile tilapia diets. However, Eid et al.
(1995) reported a best digestion by fish fed on 2.5% DW level. Also, Fasakin
ot al. (1999) did not find significant differences in nutrient utilization of fish fed
on diets containing up to 20% DW inclusion and the control. Yet, Bairagi ef
al. (2002) reported that feed utilization efficiencies of fish ‘ed fermented teaf
meal containing diets were superior than those fed diets = ontaining raw leaf

10985



Abdelhamid, M. A. et al.

meal. It is worth mentioned that unionized ammonia nitrogen (UIAN)
concentration must be maintained below 0.1 mg/l to avoid chronic ammonia
toxicity to duckweed-fed tilapia, which increased FCR and reduced PER.
Since DW grown on domestic sewage increases water UIAN (El-Shafai ef af.,
2004a). Moreover, ammonia excretion rate increases with a decline in
protein quality (Eid and Matty, 1989). Yet, Ruenglertpanyakul ef al. (2004)
mentioned that DW could efficiently remove nutrients in the effluent,
especially ammonia, which seemed to be the preferred nitrogen source of the
plant. However, Abdel-Aziz and El-Shafai (2004) concluded that DW could
be used in intensive tilapia culture either as partial substitute of fishmeal or
complete substitute of some plant ingredients. They added that DW provided
good values for FCR (0.98 — 1.1}, PER (2.49 — 2.78), CP digestibility (78 —
92%) and energy digestibility (78.1 - 90.7%).

Table {9): Means * standard errors of feed intake, feed conversion ratio,
protein intake, protein productive value (PPV), protein
efficiency ratio (PER) and energy retention (ER) of the tested

Nile tilapia fingerlings as affected by dietary treatments.
Feod Intake Protein

Treatments 1 a/fish FCR | |ntake giish | P7V% | PER ER%
Control 44.13 2.98 11.99 17.26 1.23 12.13
+0.24abc | +0.00cd | +0.08ab $0.03¢ | +0.00ab | +0.08ed

Duckweeds (25%) 37.22 3.75 9.78 18.66 1.01 12.86
£0.246f | +0.04ab | +0.06de  |+0.06cde| +0.01cd | +0.02cde

Duckweeds (50%) 38.78 4.09 10.21 1783 | 054 13.42
+0.27e | +0.33a | +0.07d |20.32de | +0.07d | +0.25bcd

Duckweeds (75%) 4212 3.56 11.47 19.87 1.03 15.71
£0.22cd |$0.21abc| 0.06bc | +0.28be | 0.08bed | 0.24ab

Duckweeds (100%) 36.91 3.33 9.71 21.08 1.14 15.95
+1.03ef _[£0.07bed| - £0.27de | +0.55ab |+0.02abedi +0.41a

Cray fish (25%) 45.81 3.05 12.48 19.22 1.21 12,95
£0.12a  [£0.16bcd| +0.04a | +0.18¢cd | £0.08abe { 30.10cde

Cray fish (50%) 44.95 316 12.26 17.33 1.16 11.97
+0.26ab |+0.00bcd|  30.07a | +0.07e |+0.00abc | #0.03de

Cray fish (75%) 4257 3.25 11.20 18.86 117 12.82
+1.57bed [+0.10bed] _ #+0.41c  [+0.59cde| +0.03abc | +0.42cde

Crayfish (100%) 41.22 347 10.85 15.29 1.20 10.56
+0.03d  }40.02bcd]  +0.00c +0.07f_ | $0.01abc | 30.07ef

Mixed (DW+CrFi) 25%| 41.77 3142 11.00 13.22 1.21 8.71
$0.28cd [#0.01bed| £0.07c | #0.12g |+0.00abc| +0.07f

]Mixed (DW+CrFi) 50%| 45.29 2.76 12.32 19.14 1.32 13.52
+0.t1a | #0.01d | $0.03a |+0.10cd | +0.00a | +07bcd

Mixed (DW+CrFi) 75%| 35.61 3.57 9.39 18.98 1.07 15.23
+0.13f _|40.25abe| _ +0.04e. | +0.70cd | +0.07bcd | +1.65abc

Mixed (DW+CrFi) 41.33 2.8 11.24 21.63 1.30 12.84
100% $0.10d_ | +0.00d | +0.04c | +0.31a | +0.00a | +0.03cde

Meoans (In the same column} superscripted with different letters significantly (P<0.05)
differ.

Anyhow, Nile tilapia fish reflect digestibility of energy and protein in
duckweed as 7.81 — 10.7% and 88.4 — 93.% (E!-Shafai et a/., 2004b) and an
crayfish meal being 88.8 and 63.4% (Boscolo et al., 2004}, respectively. DW
reflected a high N-retention (Schneider ef al., 2004). Tilapia are capable to
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digest and metabolize algae (Bakeer, 2006). Abd Ei-Aty (2006) reparted that
C.F; can be successfully used up to 33% replacement of fishmeal of the Nile
tilapia diets to reduce the feeding cost without a significant decrease in
growth performance. Also, 50% crayfish meal diet reflected comparable FCR
(Abd El-Rahman and Badrawy, 2007). However, Snow and Ghaly (2008)
found that aquatic plants did not contain sufficient amounts of protein and fat
to meet the dietary requirements of fish. They also contain high minerals
concentrate, which can reduce feed intake, weight gain and growth rate in
fish.

REFERENCES

Abd El-Aty, B. A. (2006). Replacement of fish meal with fresh water crayfish
meal (Procombrus clarkia) in practical diets for Nie ftilapia
{Oreochromis niloticus). M.Sc.Thesis, Fac.Agric. Kafr EI-Sheikh Univ,

Abdel-Aziz, S. and El-Shafai, A. M. (2004). Nutrients Valorization via
Duckweed - based Wastewater Treatment and Aquaculture. A. A,
Balkema Publishers, Lisse, Netherlands.

Abdelhamid, A.M. (1996). Field and Laboratorial Analysis in Animal
Production. Dar Annashr for Universities,

Cairo, Deposit No. 11318/1996, I1SBN; 977- 5526-04-1, 680 p.

Abdelhamid, A.M. (2009). Fundamentals of Fish Production Culture. New
Universal Office, Alexandria, Deposit No. 24400/2008, [SBN: 977-
438-052-5, 640 p.

Abd El-Rahman, A. S. and Badrawy, N. A. (2007). Evaluation of us:ng
crayfish {Procambarus clarkiy as partial or complete replacement of
fish meal protein in rearing the Nile tilapia (Oreochromis niloticus) fry.
The Inter. Arab African Fish Resources Conf. & Exhibition, EGY Fish,
Cairo, 28-30 June, p:86.

AQAC. Association of Ofﬁc:al Agricultural Chemists (1990). Official
methods of analysis. 15" Ed. Published by the A.0.AC., Benjamin
Francklin Station, Washington. D.C., USA.

Bairagi, A.; Ghosh, K. S.; Sen, 8. K. and Ray, A. K. {2002). Duckweed
(Lemna polyrhiza) leaf meal as a source of feedstuff in formulating
diets for rohu (Labeo rohita Ham.) fingerlings after fermentation with a
fish intestinal bacterum. Bioresource Technology, 85: 17 — 24,

Bakeer, M. N, (2006). Using blue green algae as feed for fish in pisciculture,
Central Lab. for Fish Research, Abbasa — Sharkia, Egypt.

BMO, Business Mirror Online (2009). Duckweeds as feed supplement for fish
pushed. hitp:J//www.engormix.com/e_ news_view. asp/news= 14367&
AREA= ACU.

Boscolo, W. R.; Hayashi, C.; Meurer, F.; Feiden, A.: and Bombardelli, R. A.
(2004). Apparent digestibility of energy and protein of tilapia
(Oreochromis niloticus) and corvine (Plagioscion squamosissiums) by-
product meal and canela crayfish (Macrobrachium amazonicum} meal
for Nile. Revista Brasileira de Zootecnia. Sociedade Brasileira de
Zootecnia, Vicosa, Brazil, 33 (1): § - 13,

10987



Abdelhamid, M. A. et al.

Duncan, D.B. (1955). Multiple range and multiple F-test. Biometrics, 11: 1-42.

Eid, A. and Matty, A.J. (1989). Ammonia excretion rate as index for protein
quality evaluation for carp diets. Istanbul Univ. J. of Aquatic Products,
3(1-2):37 - 44.

Eid, A. E.; Danasoury, M. A;; Swidan, F. Z. and El- Sayed, K. A. (1995).
Evaluation of twelve practical diets for gingerlings Nile tilapia
{Oreochromis niloticus). Proc. 5th Sci. Conf. Anim. Nutr., Vol. 1: 345 —
353, Ismailia, Dec.

El-Sayed , AF.M.; . Ezzat , AA.,. Mansour ,C.R.(2005). Effects of dietary
lipid source on spawning performance ofNile tilapia (Orecchromis
nifoticus) broodstock reared atdifferent water salinities. Aquaculture,
248:187-196.

El-Shafai, S. A, El-Gohary, F. A.; Nasr, F. A; Steen, N. P.and Gijzen, H. J.
(2004a). Chronic ammonia toxicity to duckweed-fed tilapia
{Oreochromis niloticus). Aquaculture, 232:1-4,

El-Shafai, S. A.; El-Gohary, F. A,; Verreth, J. A. J. ; Schrama, J. W. and
Gijzen, H. J. (2004b). Apparent digestibility coefficient of duckweed
{Lemna minor}, fresh and dry for Nile tilapia (Qreochromis niloticus L.).
Aquaculture Research, 35(6).

Fasakin, E. A.; Balogun, A. M. and Fasuru, B. E. (1999). Use of duckweed,
Spirodela polyrrhiza L.Schleiden, as a protein feedstuff in practical
diets for tilapia, Oreochromis nijoticus L. Aquaculture Research, 30:
313-318,

Food and Agriculture Organization of the United Nations {FAQ) (2002). FAO
FishStat plus. Aquaculture Production1970- 2000. Rome, Italy.

Habib, M. (2004). Freshwater crayfish. Circulation No. 29, GAFRD.

Hanley, F. (2000). Digestibility coefficients of feed ingredients for tilapia.
Tilapia aquaculture in the 21" century proceeding form the fifth
international Symposium on Tilapia Aquaculture. September 3-7.

Hardy, R. W. {1999). Collaborative opportunities between fish nutrition and .
other disciplines in aguaculture: an overview. Aquaculture, 177: 217 -
230.

Hassan, M.S, and Edwards, P. (1992). Evaluation of duckweed (L. perpusilla
and 8. polyrrhiza) as feed for Nile tilapia (Oreochrom:s niloticus).
Aquacuiture 104:315-326.

Macdonald, P., Edwards R.A. and Greenhalgh, J.F.D. (1973). Animal
Nutrition, ond Ed., Longman, London.

Millamena , O.M,, Golez N. V. Janseen J . A and Koedi, S. {2000} .
Evaluation of processed meat solubles protamine, as potential
ingredient for shrimp feed. International Conference , Responsible

. Aguaculture , in New Millennium , Nice — France , pp: 475.

Pantha, B. (1982). The use of soybean in practical feeds for Tifapia niloticus.
M. Sc. Thesis. Univ. of Stirling.

Ruenglertpanyakui, W.; Attasat, S. and Wanichpongpan, P. (2004). Nutrient
removal from shrimp farm effluent by aquatic plants. Water Science
and Technology, 50 (6): 321 - 330.

SAS (1996), SAS/STAT Guide for personal computer. SAS Inst. Cary, N. C.

10988



J. Agric. Scl. Mansoura Univ., 34 {12}, December, 2009

Schneider, O.; Amirkolaie, A. K.; Vera-Cartas, J.; Eding, E. H,; Schrama, J.
W. and Verreth, J. A. J. (2004). Digestibility, faeces recovery, and
related carbon, nitragen and phaspharus balances of five feed
ingredients evaluated as fishmeal aitematives in Nile tilapia,
Oreochromis nifoticus L. AQuaculture Research, 35: 1370 - 1379.

Shiau, S. and Yu, Y. (1909). Dietary supplementation of chitin and chitosan
depresses growth in tilapia, Oreochromis niloticus X 0.
aureus.Aquaculture, 179; 439 — 448,

Snow, A. M. and Ghaly, A. E. (2008). Assessment of hydroponically grown
macrophytes for their suitability as fish feed. American Journal of
Biochemistry and Biotechnolagy, 4 (1): 43 — 56.

Tharwat, A. A. (2000}. Catchability, morphometric relationships and chemical
composition of the exatic crayfish Procambarus clarkia of the river Nile
and its possibility for exploitation in Egypt. J. Agric. $c¢i. Mansoura
Univ., 25(2); 787 — 799.

M!MMYQM‘J&M\Q@M

woJLia.u'x‘!J cgadll shd cpladl Baga (Fod s 5 e S Cua e -
dadf | 3 iyl

*asna febaud daal (% ke prlall 48 g 920 * Yaall 36 leaa Leall 1e

“u:bms‘i*-’"omﬁ“&u"pu'b

Sopaiall dadda —del )0 G - pad) gl aud ¢

erdill Caglh 35 —anall (sl Sl ~ Ol gaad ElEd peed

JEOPYIPNT- W S\ JUNIES R PEDVIP [PY, O WP S VPR 0 S LN

Ussg.'ﬂ.h.“ 'a'dl.'l—my‘_, 6 gad shi séﬂ.ﬂ] t_\ﬂSJS ¢ al..u.“ 39 pal gd u.ir. i._l_‘gm| - @Ml
vas—al (le s V1) A jadll o3 6 Juadid (pa A-Y) G b dled Cle bl
%Yo e <gial Dgulad) didadl ook X e X plii ) aw £ X FO X 1) dnla)
Al IS by ol 955 00 %V daxay Gy fin g Ao GV el pla (i
gpluda S Ay sl B (G JS Sl Vo dlaudl 0 JAS dana cOpiga B 0 S
B o (5 gmaa L Jadiad © = X 5 J 5 4% Jie ¥ ) @D oLy 0 A8all y (o
=5 G Nally celall pude O Gyama Uad g %Y o0 YO (01 (YO Jaaa
cii.gLu.“ Y aeall ‘_)u.u:uﬁ.dl eL_uI'I l_}_,Sl:m! ,:,_,.:-.u.a :L]r:u.ﬂ_,g 3.5_)11.,}1 o (j_,s.uu Lq__m (_].l.ﬁ.ul
Gmay X AL Y daall iy A A Sl (3 gane beb Jagiad VY = Vo G 330,
el gate of gl o af € Al (V1) LAl bt 1) STl + el Gure daslie
(6 4-1%a C_i:z_)'l :t_l-\_:.h al:\_.._.q.“ |_j_,5tm|| = ‘;_,v.p..‘.lS]i_, QA..\][J u‘ﬁ_,_).llb L.f‘:'] J&
Al ey ¥ s palaiual e I8 el uae ce A Wl sl Gl 1Sl
Gyt Al aalad) e JS 8 G0Ny A gies GUDEL ols S AL el i
G 3L ) gl 8 s A Ao VY LE Akl S Ll (GLIWY oaall sl
e Anhdl 3 Sl S (5 %00 1 Adell ol 13,8005 %Yo LI lall puae SMal
(R Gal Jide g VY 3 ARdal fae Lad) (DlaW) usi Ga W) g Lo 3Dl (459 50 ad )
RUB TS PURTS FP SRS R LAY ER (A ICRNS I C RV Py 3 PN T R SV
ol Samis 0a %V = Y0 el Wl ea e (Plaf i —wisl . 90

10989



Abdelhamid, M. A. et al.

Cielsd 4 = NS 0L a0 A G sl U eal (o — Y W) G Al )
ke )5S0 Plal Lt 335 e (i L 530 B3 () L e
M‘ﬁ ey pugll LJJ:!‘ S Al i ‘_,..‘il 4B}yl i_-s_,.-.)ﬁ.....Li...\l olaall S34a Lol gi
b 3N (Al il 3 ) sail ol LWL G gina il AL COLal) G (33
sia el S LA B3 el G (aaadl G0 (o Al B30 Wy cauadl 0y
Lgina o g paill Jane DS p2e 02070 20 Aiglell gl VY 3 Aglall aa iluall
OV Gidall sa Jaea Jlof GEaa Gyina L0530 b o ol 8 ol padll Jana ol
dasad Jrma cchdall Bl e JS le Uyt 233N cblaal <3 il e v
O iad y ‘L‘_Ei_,_)__dl Ssl_iSd.\usOﬁ_,_)._\u daalayy 1.«._\315 eilall g 0 DGR el sl
s QS il o3n S8 Laiy eile iy gy Gle DRl Jef 1 L8 didedl i, (2EUY
a0 o B Qi) VY ) Jadad we Fiad 36 Ygad Juadl Y 3 D
o Sifia (O oM 8ol Jomay Cuiooll Al Lad) ooyl e Solid Juzadl (e
.hm‘d_}ii\u§°e§Jﬂghj|w‘?der?§JW\

e alpe 13S0 (Eynima %Y0) Lualid) Ailall o el pedlii (g 4a e Bae Laa
e g 5hn) G e Ggine Qi (L6 Hide 3 ol § i Jae il
%2 +) siie doptall Akl Ll ciladl ohg sy cilell D il salll Jane clandl
dwd#i—‘iﬂ‘ nl._u“ ‘_J_,Stl.mlé_,:nuuc.‘gu‘ (A L_','_,;.u.c(\/\) _L:_,!.;ady.;l
clandh (135 8 Apana 33055 0ol (A By NS D) el Dl ad a1y (and)
) S I LS S alialy LaleaT Sl Ly ¢ 38 Jygat Jaall il L
s Vol g @0 les Gyosa e %BY0 il Lo dll ey Lea eVl 5y 4
Wﬁshwwéﬁm(\/\)h_ﬂaa&m‘yd};\%ah _,' i.s.\:j\ nl..uﬂ |J_,Sl::u‘
Q_acs_,ighu.‘ci_,ﬂr- sLJm|é&uh‘£4'§éleuc_l'tu&ﬁaj cdade olya |3 Sh0u
sl e e 0S (Fsmaa jam pad Ll il dllend 215 5 2030 NSl Laguaia
el Symina yruw e Tas Bl olpalt (DY

iagll alady old

8 g guaiall daala — dod j3h A S SEAY taae taaa [ A
foadll S Axaly — a3l 4508 Jeana agbl il g 548 1Al

10990



