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SUMMARY

Two feeding trials were conducted at Wady El-Natroun, El- Behera Governorate.
Egypt to determine the effect of feeding Azolla pinnaia meal as partial replacement of the
total protein in Mugill cephalus diets. Fish with average initial body weight of
approximately 71.55g were randomly atlocated to four dietary treatments at two stocking
densities (1000 fish/pond and 1500 fish /pond), two replicates per treatment. Dietary
treatments were control diet without Azolla meal, control diet with 10 % Azolla meal.
control diet with 20% Azolla meal and control diet with 30% Azolla meal as replacements
from total protein diets. Fishes were fed pelleted compounded feed (32 % CP and 4439
kcal gross energy/Kg DM of diet) twice daily at ratio 3% of their weights during the
experimental period (120 days} and the fishes were slaughtered for carcass evaluation at
the end of the experimental period. The results revealed that, water pH and temperature
were not significantly different among experimental groups whereas. lowest values of
NH3 concentrations were observed with control and 20% Azolla diet. The highest
dissolved oxygen was observed with inclusion of Azolla meal in diets at the {irst stocking
density (1000 fish/pond) and with 20 and 30% Azolla inclusion diet at the second stocking
density (1500 fish/pond). Average daily gain and specific growth rate {SGR) were
signiticantly improved with 20% Azolla meal at the two densities. Condition factor (CF)
was significantly (P<0.03) lowest in the diet with 20% Azolla meal at the second density
(1500 fish/pond) but the difference was insignificant at the first (1000 fish/pond) density.
Daily feed intake (DFT) and feed conversion ratio (FCR) of fishes at the two densities
were not significanily different among experimental groups. The edible parts (%).
nonedible parts (%) and fillet dressing (%) were similar for all treatments in two densities.

Keywords: Azolla meal. Mugill fish, stocking densirv, growth performance. water
guality.
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INTRODUCTION

Protein is the most important
component of the diet of fish because
protein intake generally determines
growth has a high cost per unit and high
levels are required per unit of feeds.

Whereas, many fish species have a
high dietary protein requirement (30 to
50%), which vary for each species and
with each particular life stage. Because
of the limited supplies and the high
price of fishmeal, other alternative
sources of protein must be considered.

Plant proteins are generally cheaper
per unit of nutrient than animal protein.
Azolla is widely distributed and is
found in tropics and sub-tropics and It
grows naturally in stagnant water of
drains, canals, ponds, rivers, marshy
lands with a temperature range of {4 -
40°C (Singh and Subudhy 1978; Khan,
1988). Furthermore, Azolla is a
potential source of nitrogen and is a
potential feed ingredient (Lumpkin,
1984; Pannerker, 1988) whereas;
Azolla contains around 27% crude
protein, 10% carbohydrates on a dry
weight basis and lower ash (10.5%)
content (Pullin and Almazan 1983).

However, high levels of plam
proteins in fish diets have in some cases
resulted in reduced growth and poor
feed efficiency, probably the result of
improper batance of essential nutrients,
such as amino acids and minerals,
presence of toxic substances or
antinutritional factors. or decrease of
palatability and pelfet water stability
value (Lim and Dominy .1991).

With those considerations,
nutritional studies were carried out to

[¥9]

investigate the performances of Mugill
fishes (Mugill cephalus) reared under
two stocking densities with containing
different levels of Azolla diets.

MATERIALS AND METHODS

Preparation and analysis of the
experimental feeds:

Azolla pinnata was collected from
the main canals in Abbassa, Sharkeia
Governorate, Egypt and washed with
tap water to remove contaminants, like
snails and soil particles and then sun
dried for about three days. It was
ground in a Wiley mill to a fine powder
and incorporated into the experimental
diets. Sample preparation and analyses
of the dietary ingredients for dry matter
(DM), crude protein (CP), crude fiber
(CF), crude fat and ash (Table ) were
determined according to A.OA. C
(1990).

Culture conditions

The feeding trial was conducted in
16 stagnant- water earthen ponds, each
about 1000 m2 which located at Wady
El- Natroun. El- Behera Governorate,
Egypt. These 16 ponds were allocated
to  eight treatments with  two
replications per treatment. The average
initial body weight of the Mugill fish
{Mugill cephalus) in each tremiment at

start was approximately the same
(71.55g).
Fishes were fed pelleted

compounded feed (32 % CP and 4439
kcal gross energy/Kg DM of diet) twice
a day at a daily ratio of 3% of their
body weights, Four diets  were
formulated in which 0. 10. 20. 30% of
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the basal diets (control) were replaced
by Azolla meal (Table 1). Two socking
densities were used, the first was 1000
fish/pond and the second was 1500 fish
/pond.

Tc determine growth in weight
{g/fish) and length (cm/fish) and the
amount of feed required of fishes, a
sample of about 50 fish /pond were
taken every month throughout the
experiment. At the end of the
experiment (120 days), the fishes were
weighed and measured individually and
five fishes per pond were selected at
random for carcass analysis. The fishes
were slaughtered and the carcass traits
and composition were recorded.

During the experiment, several

water  quality  parameters  were
measured and these were water
temperature, pH, dissolved oxygen

(D), ammonia and Secchi disk (S.D}
monitored for each pond at repular
imervals following the procedure
recommended by the APHA (1985).

Calculation:

Gross energy estimated (5.65, 9.4, 4.0,
and 4.0 cal GE/ g Dry matter for CP.
EE, CF and NEF, respectively
according to Jobilling (1983).

Total gain (%) = Wt (final)-Wt (initial)/
Wt (initial}*100

FCR= Feed intake (g)/ [Wt (final. g)-
Wi (initial. £)]

PER= [Wt (final, g)-Wt (initial. g)]
fprotein intake (g)

Condition factor (CF) = (W/LY) *100.

SGR = |(In final weight-In initial
weight)/period] *100.

Statistical analysis:

(%3

Data were analyzed using one way
ANOVA procedure of SAS (V3%4),
Differences among means were
compared using Duncans Multiple
Range Test (Duncan, Y122),

RESULTS AND DISCUSSION

During the culture period, at the
two stocking densities, water pH and
temperatures  were mnot  significantly
different among experimental groups
(Table 2) and pH was optimum and
within the values (6.5 to 9) recorded by
Waoynarovich, (1981).

Fish fed the conirol and 20% azolla
diets resulted in the lowest NH3
concentrations. The highest dissolved
oxygen was observed for the first
stocking density (1000 fish/pond) in
groups fed 20 % and 30 % Azolla diets
and with the second stocking density
(1500 fish/pond) in group fed 30%
azolla diet. Whereas. dissolved oxygen
is one of the most imported factors
affecting growth and causing mortality
whereas. concentration of 1.4 mp/
oxygen is sufficient to maimain life in
water {George. 1961) and the optimal
range of dissolved oxygen is between 5
and 8 mg/l (Jhingran, 1991). This might
be due 1o relative reduction of
respiratory of fish with low stocking
density.

The growth response of Mugill fish
fed diets with different levels of Azolla
meals at two varying densities are
shown in Table (3).
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Table {1): Composition and chemical analysis (% DM basis) of the feed ingredients
" and the experimental diets used in the feeding experiments.

Experimental diets (%)

Ingredients Control 10 20 : 30
Fish meal a5 - 25 25 25
Soybean meal 16.35 13.15 10.15 6.85
Azolla meal 0 10 20 30
Wheat bran 33.90 28.89 22.70 18.90
Yellow corn 18.25 - 1646 15.65 12.75
Soybean oil . 3 3 3 3
Vit. Min. mixture 2 2 2 2
Dicafcium phosphate 1.5 1.5 1.5 1.5
Chemical composition on dry matter basis (%)
Feed ingredients B o T BE o T
Herring fish meal g3 70 7090 085 974 1427 424
Soybean meal 90.13 46.55 659 178 7029 31.79
Yellow com 89.04 1058 365  4.55 159 79.63
Wheat bran 88.81 13.95 8.13 2.85 3.98 71.09
Azolla meal 90.26 23.91 1489 319 2488 33.13
Experimental diet
Zero Azolla 92.58 31.96 4.20 6.45 9.44 47.95
10% Azolla 92.38 32.04 543 6.85 10.04 4564
20% Azolla 90.16 32.11 5.91 6.96 1158 4344
309 Azolla 91.86 32.19 6.92 7.92 13.09 39.88

-Dry matter, 2-Crude protein, 3-Crude fiber, 4-Ether extracts, 5-Nitrogen free extract

Table (2): Water quality with Mugill fish fed different percentages of Azolla meal in
dicts at the end of experimental period {Mean = SE*).

Water quality Mugill 1000 fish / pond Mugill 1500 fish / pond

parameters Air dried Azolla levels Alr dried Azolla levels
zero 10% 20% 30%  zero 10% 20% 30%

pH 850" 830* 8.60° 870" 340° 8.30° 8.70° B8.80°

=133 133 %033 =*1.33 133 133 =133 =133
Temperawre 307  30.8° 309" 31.1* 306 306 31.2° 309
#2201 221 221 221 £2.2] 221 221 221

Dissolved 48  51* 50 520 44" 44 48 49°
oxygen .70 070 =070 2070 070 10.70 070 =0.70
(mg/l)

Ammonia 017" ¢I8® 07 021 GI8® 020% 0.9 023

(NH;mg/L) 2001 001 2001 200! 2001 2001 001 =001
Secchi disk 185" 163" 172 128° 103 13.3° 130" 114
(S.D) tcm) 002 002 £002 002 002 =002 2002 0.0

a, b and ¢ in the same row are significantly different (P<0.05).
* Standard ervor of means

wa
~J
==}



Fish fed the Azolfa diets of 20%
showed the best average final body
weight (AV. FBW) and average weight
gain (AV. TWG) compared to the fish Querubin  (1985)
fed the other diets with significantly

experimental fish showed that fish fed
on 20% Azolla diet at the two densities
had significantly higher values than
those fed on other diets. Similar results Carcass  traits
were obtained by Santiago er al. (1987)
who found that the growth of Nile
tilapia increased and feed conversion Table (5). The edible parts
improved as the level of the dietary
Azolla meal increased.

specific growth rate
(SGR) values obtained for fish fed diets
with different levels of incorporation of
Azolla at the two densities were not
significantly different from those fed
the control diet. The lowest condition
factor (CF) observed with fish fed diet
20% Azolla
difference at the first stocking density
(1000 fish/pond) density, however the
differences were significantly (P<0.05)
at the second density (1500 fish/pond).

trials  with  the
experimental feeds (Table 4). results
reveated that there were no significant
differences among experimental groups
at the two density of fish daily feed
intake (DFI) and feed intake of crude
protein (CPI), feed conversion ratio
(FCR). feed efficiency (FE). Protein
efficiency ratios (PER) for fish fed
Azolla diets were
significanily (P<0.05) higher than those

control and
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Azolla had significantly higher values
of PER compared to fish fed 10%
Azolla diet. Whereas, Alcantara and
concluded that
nuirient digestibilities of crude protein,
difference (P<0.05) at the two tested crude fat, and crude fiber were not

affected by the level of Azolla in the

daily pain of

limiting factor,

ration, and that broilers can readily
digest the crude fiber in Azolla, so that
digestibility may not have been a

composition of Mugill fish at the end of
the feeding experiment are presented in

nonedible parts and fillet dressing (%)

were not affected by dietary treatment.

no  significant

However. the

fed 20% and 30% Azolla diets at the

first density (1000 fish/pond). however
at the second density (1500 fish/pond).
fish fed diets control. 20% and 30%

However, viscera content (%) in the
finally sampled fish was significantly
higher (P<0.05) than in the control at
the first density (1000 fish/pond)
whereas, no significant
were obtained between the fish fed the
diets with different Azolla inclusion.
However, there were no significant
differences in viscera content between
control diet and 10% Azolla containing
diets, also between 20% and 30%
Azolla containing diets.

The protein content of fish fed
different diets at the first density (1000
fish/pond) did not differ significantly
from the control,
content obtained for fish fed on 20%
Azolla diet were significantly (P<0.05)
higher than that obtained for fish on
different Azolla diets at the second
density (1500 fish/pond). The lowest
values of fat contentl were obtained with
fish fed on 20% and 30% Azolla diets.

significant (P<0.05) as compared 10 fish
fed the control and 10% Azolla diets at
the first density. Stmilar resufts were
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Table (3): Growth performance and condition factor of Mugill fish fed different
levels of Azolla meal at two densities (Mean + SE*).

Mugill 1000 fish / pond

Mugill {500 fish / pond

liems** Air dried Azolla levels Air dricd Azolia levels
Ze10 10% 20% 30% Zero 0% 20% 30%
Initial BW  71.55° 71.55 71.55° 7155 71.55° 7155 7155 7155
() +0.61 £0.61 £0.61 0.6l +0.61 +0.61 10.61 10.61
Final BW  319.08c" 32070  346.01° 330,17 32307 35119 34018  331.30°
() 22,70 £2.70 12,70 £2.70 £2.70 £2.70 22,70 £2.70
TWG () 247.53°  258.15"  274.56°  258.62"  251.52° 243.567 20863 25975
+3.39 13,39 £3.39 +3.39 £1.16 £1.16 £1.16 £1.16
DG (2) 2.06° 2.15% 2.29° L2.16* 2.10°® 2.03* 2.24° 2.16*
£0.06 +0.06 £0.06 +0.06 +0.06 £0.06 10.06 +0.06
WG% 34595 360.40°  3RLTI 361.45% 35153 34040° 37544 363.03°
.73 +(.73 +0.73 £0.73 +0.48 +0.48 +0.48 +0.48
SGR |.25° 127 L3 127 1.26* t.24" 1.30° .28
+0.07 +0.07 +0.07 +0.07 +0.03 +0.03 +0.03 +0.03
C.F 1.36° 1.40° 135 1.39° 1.33% 1.37% 1.32% 141
+0.03 +0.03 £0.03 20.03 +0.02 £0.02 +0.02 £0.02

a.b.c and d in the same row are significantdy different (P<0,05).

crror of nwans
*FAV, FBW=average final body weight, BW =body weight (g}, AV. TWG =

average total weight gain, SGR= specific growth rate, C.F =condition {factor

*SE meuns standard

Table (4); Feed utilization of Mugill fish fed diets with different levels of Azolla

meals (MeantSE*),
Item** Mugill 1000 fish / pond Mugilt 1500 fish / pond
Air dried Azolla ]eve!é Air dried Azolla levels
zero 10% 20% 30% zero 0% 20% 30%
Fl 373 396" 4417 421 ARyt 3P 4317 4,12°
©) 4025 025 025 2025 014 004 104 2014
CrPl L8t 127 142 136" 124t 127 1.38* 1.33*
(g/d) +0.08 008 +0.08 =0.08 .09 =0.09 +0,09 +.09
FCR 1.81* 184 193 195" 186" 196" 1.92° 1.91°
0,06 #0606 06 006 005 2005 (005 HLO5
PER 173" 169 161D 5% 169" 160 162" 162"
+0.03 003 =003 .03 20.02 002 +0.02 +0.02

a, b and ¢ in the same row are significantly different (P<0.05).

error of means
**Fl= daily feed intake, CPl= feed intake of crude protein, FCR= feed conversion ratio,
PER= protein efficiency ratios

FE= feed efficiency

(%]
t4d
==l

*SE means standard
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Table (5); Carcass traits and carcass composition of Mugill fish fed the experimental

diets (Mean:SE*).
Mugill 1000 fish / pond Mugill 1500 fish / pend
Item Air dried Azolla levels Air dried Azolla levels

Zero 10% 20% 30% ZEero 10% 20% 30%

Edible 61.10° 60.85" 61.34° 60.64" 61.26" 60.71"° 59.85" 61.57°
parts (%) 047 2047 2047 047 064 064 064 .64
Nonedible 38.90" 39.15" 38.66"° 39.36° 38.74° 3929 40.15° 3843
parts (%) +043 043 043 2043 060 2060 060 20.60

Fillet 39.00° 36.88* 3893 36.66° 39.10° 39.0° 3864" 39.01°
Dressing =111 =1LE =L1E =11 #0034 034 034 034
(%) '

Viscera 80" 907 9.10° 940° 1095 1120 9.80° 9.22°

content +0.32 032 2032 032 042 042 042 042
(%) '

Chemical composition (on DM basis %)

DM’ 26.13° 27.33% 2881° 2895 25605 27.00° 28.13° 28.66°
2024 2024 024 024 2032 032 2032 032
CP? 61.85° 63.50° 64.11° 63.76° 62.07° 61.80% 63.15° 61.03°
031 031 031 031 2030 030 030 030
FAT 2251° 23717 2083 2033 22707 23.66° 22.40" 22.15°

+038 =038 =038 038 045 2045 045 045

a, b and ¢ in the same row are significantly different (P<0.05). *SE means standard
error of means

1=dry matter 2=crude protein

L
L
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obtained by Micha et al, (1988) who
found that fresh Azolla in the diets for
O. nmiloticus and T. rendalli fingerlings
reduced drastically the lipid content of
body tissues for both species of fish
whereas crude protein content was not
affected.

Generally, the present study agrees
with Santiago et al. (1987} who
reported that Azolla should not
absolutely be rejected from fish culture
diet and Shaker er al. (2000) who
reported that growth performance
parameters up to 20% Azolla can
replace fish diet containing fish meal,
whereas, on body composition of fish,
up to 10% Azolla are recommended.

CONCLUSIOIN

Results of these trial indicated that
Azolla can partially replace dietary
protein up to a level of about 20% of
the total crude protein in mugill fish
diets under tow stocking densities
{1000 and 1500 fish\pond) without any
problems and with no adverse effects
on growth rate. Thus it can be
concluded that azolla can effectively
replace up to 20 % of the normai level
of total crude protein with no reduction
in growth.
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