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ABSTRACT

One hundred-sixty eight, 24-weeks old, Bovans Brown commercial egg-type
laying hens were randomly and equally divided into saven groups (8 replicales per
group, each of 3 birds). These groups were randomly assigned on 7 experimental
diets including a typical corn-soybean control diet and diets either containing 5, 10 or
15% dried algae (Scenedesmus aculus); or conlaining 5, 10 or 15% dried Azolla.
Each of algae and Azolla were used as a partial substitution for soybean meal of the
contral diet on an isonitrogenous basis. Hens were fed the experimental diets for 12-
weeks test period.

Either dietary algae up 10 10% or 5% dietary Azofla did not affect OM or CP
digestibility, but anly at the higher levels, digestibility was decreased. Non of dietary
trealments aflect EE. CF or NFE digestibility, excepting a decrease in EE digestibility
observed with the 15 % dietary Azolfa, and decreases in hoth CF and NFE digestibility
wilh the 10 and 15% dietary Azolla; in addition to enhancement of NFE digestibility
due {0 5 and 10% dietary algae.

Egg production and egg weight were not affected by 5% algae or Azoffa in
hen diets. However, significant decreases in both parameters were observed on the
higher levels. Feed intake was significantly reduced with 10 and 15% dietary Azolia.
Up to 10% dietary algae or 5% dietary Azolla did not affect feed conversion, but
negative effectes were observed at the higher studied levels.

Non of dietary algae or Azoffa affect both internal and external egg guality
parameters, however, significant decreases in haugh unit and atbumen were
observed on the 15% Azolla and 5% algae levels, respectively. Al levels of dietary
algal mea! iended to enhance yolk color, but only at the 15% level, Azoffa significantly
enhanced yo'k color, compared to the control.

All the tested diets increased plasma total protein, albumin, and globulin
values, except for 5% Azolla diet. Significant decrease was observed in tola! lipids on
the 15% dietary Azolfa, with significant elevations in cholesterol level occured at the
10 and 15% levels. Both algae and Azolla elevated pfasma uric acid.

These data suggest that either dried algae or Azolfa at 5% dietary tevel are
useful as partial alternatives to soybean meal in faying hen diets on an isonitrogenous
basis, for maintaining egg production and quality, but even this Jevel of aigae fend to
enhance yolk color score.
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INTRODUCTION

Poultry are an important constituent of agriculture and contribute
large part of animal protein for human consumption. Moreover, in Egypt,
many of the traditional protein sources used in laying hen diets formulation
such as soybean meal are becoming extremely expensive. Therefore, the
search for alternative protein sources has become urgent.

On the other hand. algae, which are chlorophyll-bearing organisms
having no true roots, stems or leaf-like organs are rich in protein, and low in
fiber and ash (Ali and Leeson, 1994). Algae also contain an amino acid profile
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similar to that of soybean meal and are a good source of fat and
metabolizable energy for poultry (Ali and Leeson, 1994). The nitrogen
digestibility coefficient for algae meal is 81% which is similar to most common
poultry feed ingredients, and in addition, algae are also a rich source of
xanthophylls, B-carotene, thiamine, riboflavin, pyridoxine, vitamin B12 and
vitamin C {Ail and Leeson, 1994). Breeding Japanese quail perform
satislactorily when the diet contains up to 12% algae meal, with increasing
yolk color wiiri each level of the algae (Ross and Dominy, 1990). Blue-green
algae included at 1% of the diet provide optimum yolk pigmentation in the
eggs of Japanese quail when the diet is otherwise free of xanthophyils
(Andreson et al, 1991). In addition, consumers in Egypt prefer much color in
egg yolk. Furthermore, it was reported (Lipstein and Hurwitz, 1980) that
compared to other species, the capability of poultry to excrete uric acid allows
for elevated dietary algal concentrations without the nucleic acids from the
algal biomass endangering the birds.

Azolfa is a smail aquatic fern found in aquatic habitats like ponds,
canals, and other wet /moist places ( swamp, streams, and rice fields) in
different climalic regions (Chen and Huang, 1987 and Khan, 1988).
Moreover, Ali and Leeson (1994) reported that sun-dried Azoffa is a fairly
good source of crude protein and nitrogen free extract, but is nigh in ash.
They also reported that, fresh Azolfl2 can substitute for 20% of Lie
commercial feed of chickens.

Therefore, the aim of the present investigation was to evaluate the
nutritional potential of dried aigae and Azola to provide dietary prolein for
laying hens as a partial substitution for soybean meal on an isonitregenous
basis and studing their effects on egg production and quality.

MATERIALS AND METHODS

The present work was conducted at the poultry farm, Faculty of
Agriculture Calio University. One hundred-sixty eight, 24-weeks old, Bovans
Brown commercial egg-lype laying hens were randomly and equally divided
intc sever groups {8 replicates per group, each of 3 birds). These groups
warz randomiy assigned on 7 experimental diets including a tymcal corn-
soybean control diet (diet 1) and diets either containing 5, 10 or 15% dned
aigae { Scenenesmus acutus) (diets 2, 3 and 4, respectively); or conlaining 5,
10 or 15% dried Azolla (diets 5, 6 and 7, respectively). Each of algae and
Azolfa were incorporated in their respective diets to padially replace soybean
meal of the control diet on an isonitrogenous basis. Therefore, in diets 2,3
and 4, algae represented substitution of 20.83, 41.67 and 62.50% of soybean
meal of the control diet, respectively, while in diets 5, 6 and 7, Azoffa
represented substitution of 11.17, 22.33 and 33.50% of soybean meal of the
control diet, respeclively. All diets were formulated to contain calories ranged
between {2715 to 2835 kcal ME/kg) and to be iso-nitrogenous {z:most about
18%CP) and simitar in their contents of methionine and lysine {Table 2) and
met the nutritional requirements of laying hens as recommended by NRC
(1994). Hens were fed the experimental diets for 12-weeks test period.
Chemical analysis of the tested ingredients {dried Algae and diied Azolfa) is
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found in Table 1, while feed ingredients and calculated analysis of the
experimental diets are shown in Table 2. Feed and water were freely
available all time. Hens were housed in wire cages (3 birds/cage) throughout
the experiment. Hens were provided with 18h/d photoperiod during the
experiment.

Tabte {1): The chemical composition of soybean meal, dried algae and Azoffa

as dry matter,

. Component, % Soybean* meal | Algae | Azolla
Crude protein 44.00 4490 .| 2351 |
Ether extract 0.80 520 3.41
Crude fiber 5.50 12.82 12.23
Nitrogen free extract 31.88 20.43 45.13
Ash 6.82 16.65 15.72
Calcium 0.29 0.25* 1.52*
Total phosphorus B 0.65 120* | 041

| Availabie phosphorus 0.27 1 109~ 0.30**

Lysine 2.69 2.78* 0.73"

| Methionine 0.62 ] 093" | 026

Metabolizaie energy (kcalkg) 2230 327 | 3132

* Cited to NRC (1954).

** Cited to Beeker (19785} and Ali and Leeson {1434},

“~Cited ta Qolta ef af,, {2001},

=* Calculated according to Carpenter and Clegg, 1955, by applying the equation:
ME {kcalfkg) = {35.3 x CP) + (79.5 x EE) + {40.6 x NFE) + 199

Egg number and weight and also feed intake were recorded daily for
each group. Egg productlion, egg mass and feed conversion were calculaled
in 4-weeks intervals from the start of the experiment at 24 weeks till 36 weeks
of age. Montality rate was also recorded.

At the end of each 4-weeks experimental period, 16 eggs from each
group (2 eggs per cage) were randomly taken, weighed and cracked to
determing egg quality parameters. Shape index (Carter, 1968), yolk index
(Well, 1968) and Haugh unit (Stadleman, 1877} were also determined. Shell
thickness in mm was measured, using micrometer, while yolk color was
measured by Roche color fan.

At the end of the experiment, 28 hens {4/treatment) were randomly
chosen to carry out a digestion trial to determine nutrients digestibility of each
exnerimental diet. These birds were fed the tested diets for 5 days collection
period. Chemical analyses of dried Algae, dried Azola, te='.d diets and dried
excreta were determined according to (A O.A.C., 1990) methods.

Also, at the end of experiment, blood samples were collected, via the
wing vein (3 hens from each group, chosen randomly) using EDTA as
amMticoaguiant. Blood plasma was separated immediately by centrifugation at
3000 r. p. m. for 20 minutes and stored at -20 °C until analysis {or total
protein (Henry el al., 1974), albumin (Dounas et al,, 1971), total lipids (Bligh
and Dyer,1958), cholesterol (Shen et ai., 1882), uric acid {Caraway, 1955),
ALT and AST (Reitman and Frankel, 1857), while globulin and A/G ratio
were calculeted.
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Table (2): Composition and calculated analysis of the experimental

diets.
i ) Algae Azolla

Ingredients, % Control 5 196 15 5 10 15
Yellow comn 6200 | 62.001 6200|6200 5968 | 57.35| 5503
Poultry by-preduct meal | 3.50 3.50 3.50 3.50 3.50 3.50 3.50
Soybean meal 44% 24.00 1 19.00 | 1400 | 9.00 | 21.32 | 1864 | 15.96
Algae meal - 5.00 | 10.00 | 15.00 - - -
WMzolla meal - - - - 500 | 10.00 | 15.00
Limestone 7.00 700 | 700 | 7.00 | 7.00 | 700 | 7.00
Dicalcium phosphate 3.00 3.00 3.00 3.00 3.00 | 3.00 3.00
Vit.& Min. premix® 0.25 0.25 0.25 | 0.25 025 | 0.25 0.25
NaCl) 0.23 023 | 0.23 0.23 0.23 | 0.23 0.23
DI- Methionine 0.02 002 | 0.02 0.02 .02 0.03 | 0.03
Total 100 100 100 100 100 100 100
Calculated analysis
Crude protein, % 1793 | 17.98 | 18.02 | 1807 | 17.65 | 17.36 | 17.25
ME kcal/kg 1 2718 2755 | 2795 | 2835 | 2717 | 2753 | 2772
Calcum, % 3.41 3.41 3.59 3.74 3.48 3.55 3.61
Total Phosphorus, % 0.67 070 | 0.73 075 | 067 0668 | 066
Vwvailable phosphorus, % | 0.40 045 | 050 | 0556 | 040 | 0.41 41
Lysine, % 092 | 002 | 092 { 093 | 0.87 | 0.83 | 0.70
Methionine. % 0.31 N33 1 034 0.36 0.31 | 031 [ 030

*Witamin and mineral Premix supplied the fellowing per kilogram of diet: Vit. A 12000 1J:
Vit. D, 2000 1U: Vit. E 10 mg; Vit. K, 1 mg; Vit. B, 1 mg; Vit.B; 4 mg, Vit.Bs 1.5 mg;
Pantothenic acld 10 mg; Vit. By; 0.01 mg; Folic acid 1 mg; Hiacin 20 mg: Biolin 0.05
myg; Choline chloride 500 mg; Zinc 45 mg; Copper 3 mg; ; Iron 30 mg; Selenium 0.1
mg; Manganese 40 mg; lodine 3 mg and Cobalt 0.2 mg.

Data were statistically analyzed according to the procedures
described by Steel and Torrie (1980). The significant mean differences
among groups were separated using Duncan’s Multiple Range Test (Duncan,
1955).

RESULTS AND DISSCUSION

Tre chemical composition of soybean meal, dried algae and 4zoffa is
given in Tabie {1). The inspection of this composition indicated that dried
algae {Scenedesmus acutus) had considerable amount of CP, being similar
to that of soybean meal and almost double as much as that present in dried
Azolla. Such high level of CP present in tive dried algae permit of replacing
higher portions of soybean meal CP of the control diet, as compared with the
case of dried Azolla. On the other hand, dried Azolla had ¢onsiderably higher
NFE content compared to the dried algae. In addition, both dried algae and
Azoffa had high levels of CF and ash. Ali and Leeson, (1994} mentioned that
sun-dried Azolia is a fairly good source of crude protein (15.4%) and nitrogen
free extract (47.4%), but high in ash (20.4%) on DM basis. They also reported
that Algae are rich in protein (51-63%) on a dry matter basis and low in fiber
{1-6%) and ash (6-11%), while they are aiso a good source of fat (3-8%) ard
metabolizable energy for poullry. Some reports, however (Subudhi and
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Singh, 1278) indicated that dried Azoffa contains a higher level of protein (24-
30% CP) and lower ash (10.5%). Furthermore, Abdella et al. (1998) and
Namra (2000) found that dried Azoffa contains 23.3-26.2% CP, 3-3.5% EE,
12.1-14,6% CF, 38.2-39.5% NFE and 15.8-25.3% ash, on DM basis.
However, such differences in chemical composition of algae and Azolla may
arise from many factors such as stage of growth at harvest, nutrient level of
the water media where they are grown, whether or not they are washed after
collection and season {Ali and Leeson, 1994). Protein level usually declines
while fiber and tannins content increases with increasing age of the plant.
The energy value of agquatic plants decreases sharp:y with age and this is
associated with increasing ash level. Washing after harvesting has been
shown to reduce the ash content and thus improve the concentration of
organic nutrients, thereby improving their nutritional value {Ali and Leeson,
1994},

Results of nutrients digestibility of experimentai diets by iaying hens
are shown in Tab'e (3). Inclusion of up to 10% algae or 5% Azolfa in hen diets
did not affect OM and CP digestibility, but they were significantly decreased
(P = 0.05) only at the higher levels Non of the tested diets affect EE
digestibility. with exception of a decrease observed with the 15 % dietary
Azoffa (P = 0.05). Non of the tested diets affect CF digestibility, with
exception of a decrease observed with the 10 and 15 % dietary Azolfa (P <
0.05}. NFE digestibility of hen diets was significantly decreased (P = 0.05)
with 10 or 15% levels of Azolla being significantly (P < 0.05) enhanced with 5
or 10% dietary algae compared to the control. Similar results were found by
Qota et af. (2001) who reported that nutrients digestibility by adult cocks |
were not affected by dietary Azofla up to 8%, while 12 and 16% dietary levels
impaired CP,CF and NFE digestibility. Such negative effects of the high
levels of Azolla on nutrients digestibility may be due to its high contents of
hemicellulose and lignin, which are mostly undigesled by chickens {Alcantara
and Querubin, 1584).

Table (3). Effect of feeding laying hens dried algae and Azofla at
different levels on nutrients digestibility of experimental diets.

Digestibilit Algae Azolla
coefficient, %, |Control—— S
Organic matter 816" | 82.8° [82.3" | 81.4° 819" | 78.0° | 75.7°
+0.36 | +0.07 | £0.23 | 0.19 | +0.30 | +0.34 | +0.14
Crude protein 87.7° [ 87.9° | 88.0° [ 855° [ 87.4° | 81.2° 1 79.4°
+0.15 | 20.30 | +0.21 | £0.06 | .21% | 0.59+ | 0.162
Ether extract 62.7" |63.3%7(62.57 625" | 64.7° | 50.1° | 52.4°
+0.54 | +2.30 | £1.58 | £1.95 | +1.70 | £1.49 | +0.85
Crude fiber 4777 | 46.5% [43.8™[44.77 438 | 41.2° [ 41.3°
30.24 | +1.10 | £1.93 | #1.31 | 20.66 | +0.97 | £2.27
Nitrogen free extract | 82.9° | 84.5° | 84.2° [84.0[83.56%"| 81.0° | 78.2°
+0.44 | +0.19 | £0.48 | +0.32 | +0.41 | +0.36 | +0.37 |

-B.% 9% Means in the same row with different [etters are significantly different {P < 0.05}.
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Results of laying hen performance are presented in Table {4). During
the early period of the trial {first 4-weeks), up to 10% dietary algae and also
the 5% dietary Azoffa had no significant effect on egg production, but only the
higher levels significantly (P < 0.05) reduced egg production during this early
period. Moreover, all dietary treatments significantly (P < 0.05) reduced egg
weight and egg mass, except lor the 5% dietary algae that showed similar
values to the control. Feed intake did not differ significantly among all
treatments, although it tended to decrease with feeding hens diets containing
either 10 - 15% algae, or 15% Azofia. Feed conversion (kg diet / kg egg
mass] of hens fed diets containing up to 10% dietary algae or 5% dietary
Azolla was similar to that of the control hens, but it was negatively affected
with the higher levels of both.

~.ring the 2™ 4.weeks of the trial, the same trend was continued for
all the grewvious parameters, with significant depression in feed intake
observed with the 15% level of dietary Azolfa, compared to the control.

During the final period of the tral (3rd 4-weeks), egqg production and
feed intake showed similar trends as the previous 2 periods, but with more
pronounced depression in feed intake recorded for the aroup receiving 15%
dietary Azolla as compared to the contrcl Non of the tesled diets has
significant effect on egg weight, excepting for significant decrease (P < 0.05)
observed with 10 % level of dietary Azoffa compared to the conlrol. Ur to
10% dietary algae and also the 5% dietary Azoffa had no significant effect on
egg mass, but only the higher levels significantly (P = 0.05} redursaa if during
this late period. Feed conversion did not differ significantly with all levels of
dietary algae and also with the 5% level of dietary Azolfa, but it was
negatively affected with inclusion of 10 ¢r 15% Azolla in hen diets, reflecting
the effect of low feed intake during this period.

Concerning the whole experimental period, egg production and egg
weight wer2 not significantly affected on the 5% level either of dietary algae
or Azolla, being significantly decreased with the higher studied levels of both.
Egg mass was significantly reduced with feeding either the studied levels of
dietary -zofla, or more than 5% dietary algae. Feed intake was not
significantly affzcted due o algae inclusion in hen diets at any of the studied
levels. or due to Azolla inclusion at 5% dietary leve!, nut it was significantly
decrzased with the 10 or 15 % levels of dietary Azolfa compared to the
contrcl. The decrease in feed intake was more pronounced wilh the 15 %
level. Similarly, Subudhi and Singh, (1978) found that, when dried Azoffa
was given allone to white Leghorn female chickens in various proportions of a
daily recommended feed intake of a commercial pouftrv feed as to be
provided after the chickens cconsumed their daily stated amount of this
poultry feed, they initially ate the dried 4zolla but after a few days stopped
eating. They further added that, the maturity of fresh green Azolla might affect
the platability. Furthermore, Qota et al. {2001) found that using dried Azolla
up to 8% in chicken diets did not affect feed consumption.

Up to 10% dietary algae and also the 5% dietary Azolfa had no
significant effect on feed conversion (kg diet / kg egg mass), but it was
negatively affected with the higher studied levels (P s 0.05). Mortality rate
was similar among all groups.
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Tabel (4): Effect of feeding laying hens dried algae and Azofla at
different levels on layers performnce.
Algae Azolla
i0 | 18 5 | 10 | 15

It Control
em ontro 5 ]

Egg production, %
First period 843" | 845% | 833% [ 79.4° | 828" | 77.9° | 72.5°
£0.46 | +0.65 | +0.48 | 0.93 | 1.50% | 1.40¢ | 1.04=
Second period 8757 | 88.5° | 852™ | 82.7° | 86.0™ | 76.3° | 63.6°
+0.50 | +160 | £0.97 | $0.71 | +1.02 | +1.44 | +1.67

Third period 9137 | 91.87 | 89.0° | 831" | 87.4™ | 74.1° | 58.4°
#1982 | 2187 | £2.28 | +0.93 | +0.77 | +2.02 | =1.84
Overall mean 87.7° | 883" | 859° | 81.8° | 85.4° | 76.1° | 64.77
+0.76 | +1.39 | #1.18 | +0.83 | +0.98 | #1.60 | £1.36

Average egg weight, g
First period 625° | 60.3° | 58.9™ | 58.2% | 59.0° | 56.6° | 59.3°

+84 | $1.07 | £1.15 | £0.31 | +0.48 | £0.71 | £0.71
Second period 63.17 | 1.2 | 60.4™ | 60.1° [ 61.0™ | 58.5° | 61.0™ |
+0.76 | #0.97 | $0.82 | +0.41 | +0.72 | +0.90 | 20.38

Third period 64.3° | 62.5% | 627" | 62.1° | 63.2° | 60.2° | 61.7% |
+0.85 +7.09 ( #0.57 | +0.48 | £0.77 | £+1.32 | z0.60
Overall mean 63.3° | 81.3% [ 60.7" | 601 | 6117 | 58.4° [ 60.7°

+0.80 | £1.00 | +0.78 | +0.29 | +0.60 | £0.97 | +0.55

Egg mass, kg/hen
First pericd 1.48% [ 1.43° [ 1377 | 128" [ 137° | 1.23° | 1.20°
20.02 | £0.03 | 20.02 | 20.01 | £0.01 | £0.01 | +0.01
Second period 1547 | 152%™ | 1447 [ 139° | 1477 [ 1.25° | 1.09
+0.02 | +0.04 | $0.02 | $#0.02 | *0.02 | £0.02 | »0.03

Third period 164° | 1617 | 1.56° | 144° [ 155" | 1.25° [ 1.01°
£0.05 | +0.05 | £0.03 | x0.01 | +0.02 | £0.02 | £0.02
Overall mean 1557 | 1.52% | 1.46° | 1.37° | 1.46° | 1.24° | 1.10°

#0.03 | £0.04 | +0.02 | £0.01 | #0.01 | +0.02 | £0.02

Feed intake, g/hen! day
First period 1191 119.7 | 116.4 | 116.0 | 1189 | 119.0 | 1157
+1.99 £2.24 | £3.22 | £3.42 | £351 | £3.67 | £1.85
Second period 125.8° | 122.9% [ 12237 | 118.4° 1 123.1° | 114.2° | 100.5°
+3.35 | $5.48 | 2159 | #257 | #321 | £3.94 | £3 61

Third period 13557 | 127.0° [ 12797 [ 1246° | 121.9° | 119.1° | 93.0°
461 | #7.78 | +4.88 | +6.02 | 353 | +7.43 | £7.84
Overall mean 126.8% 112327 [122.2%[119.7®[121.3% | 117.4° [ 103.4°

#235 | #4.68 | £1.95 | £2.06 | £1.31 | 22.36 | +2.67
Feed conversion (kg diet’kg egg mass) m
| First period 72265 | 235% [ 2377 [ 25, | 244" [ 2717 [ 270°
| +0.04 | +0.02 | £0.06 | 0.07 | +0.05 | $0.09 | +0.04
Second period 228° | 227° | 2.38° | 238° | 2.35° | 257° | 2.59°
+0.04 | *0.06 | +0.03 | +0.05 | +-.04 | +0.10 | £0.03

Third period 237 | 2217 [ 2307 [ 2427 | 221° | 267° | 2.60°
+0.07 | +0.08 | +0.11 | +0.11 | +0.12 | £0.13 | #0.17
Overall mean 229° | 2.28% [235™ | 2.44° | 233" | 265 | 263°
+0.03 | +0.05 | +0.04 | +0.03 | #0.04 | +0.04 | =0.05

Mortality rate, %
(whole period) 4.17 ) 417
-B.% % ¥ Means in the same row with different letters are significantly different (P  0.05).
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Similarly, Qota et a/l. (2001) found that using dried Azolfa up to 8% in chicken
diets did not affect feed conversion and montality rate. The negative effect of
the high Azoffa leveis on hen performance in the present study may be due to
the pronounced low feed intake associated with low digestibility and the high
contents of both fiber and ash. In this respect. Ali and Leeson (1994) reported
that, aguatic wesds (including algae and Azofla ) tend to be high in fiber and
ash which limits their inclusion level in poultry diets. They further added that
when fiber and ash levels of aquatic weed meal (including algae and Azofia }
are hgh, inciusion is best limited 1o less than 5% of the diet. They also
repcrted thal, poor bird performance even at modest levels of inclusion of
aigae, may be due to the poor guality of some algae meal and/or the
presence of residual alum following processing. Moreover, Becker {1978
a&hj found that total nucleic acids of algae (Scenedesmus) ranged from 4 to
6% on o1y matter basis. Therefore, microalgae cannot be used exclusively or
preponderantly to cover the protein requirements of birds because of their
puring content. Similarly, Buckingham et al. (1978) reocorted that, the negative
effect of Azofla at the higher levels may be due to the high content of adenine
in Azolla, which negatively affect the efficiency of Azolia as feedstuff by
simpie-stomached animais. Ross and Dominy (1990} found no significant
differences in egg production of Japanese quail due to inclusion of blue-green
algae (Spiruina platensisy in therr diets up to 12%.

Results of egg quality of hens fed the experimental diets are shown
in Table (5). Inclusion of dried algae or Azoffa at either of the studied levels in
hen diets did not affect each ¢f shape index, haugh uni. shcll © ickness,
shell%, yolk% or albumen%%, except tcr signifivant decrease in haugh unit
noted fer hens fed diet containing 15% Azcifa, and significant decrease in
albumen% observed in the case of birds fed the 5% algal diet. All levels of
dietary algal meal tended tc enhance yolk color (by 13.6 to 27.3%) compared
to the control, although this enhancement was not as responsive level. On
the other hand, ddietary Azoffa did not affect yoik color at the 5% lzvel, tended
to enhance yolk color {(by 9.1%) at the 10% ievel, while it significantly
enhanced yolk color (by 40.9%) at the 15% level, as compared to the control.
Yolk index was significantly higher either for all algal or Azcila treatments
versus tic control. Ross and Dominy (1990) found no significant d:flerences
“ozng qualty of Japanese quail due to inclusion of blue-nreen algae
{Spirwiii:e platensis) in their diets up to 12%, exoept for yolk color, which
increased with each level of algae compared to the control. In addition,
Andresen et al. (1991) found that inclusion of blue-green algae at 1% of the
diet provide optimum yolk pigmentation in the eggs of Japanese quail when
the diet is otherwise free of xanthophylls. Ali and Leeson {1994} reported that,
most of agquatic weeds are rich sources of xanthophylls. In this respect,
Herber-McNeill and Van Elswyk (1998} found that inclusion of marine
microalgal product in laying hen diets up to 4.8% significantly enhanced yolk
colour in a dose response manner as early as 1 wk post feeding. They further
added that, such enhancement of yolk coiour reflects the deposition of the
algal carctenoides and that the effects of dietary algae on egg yolk color
reached a plateau after 14 d, which was sustained throughout the
experiment.
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Table (5): Effect of feeding laying hens dried algae and Azolla at
different levels on egg quality characteristics during whole
period. .

Algae Azolla

5 10 15 5 10 15

‘Average egg weight, g | 60.3% | 60.3% [ 64.5% [ 62.0¥ | 658 |69.3% | 58.8

$1.89 | +1.89 | +1.19 | +1.08 | +2.25 | $4.21 | +1.11

Item Control

Shape index, % 758 | 739 | 768 | 754 | 765 | 77.2 | 75.7
$2.75 | £1.04 | $1.04 | 134 | 2.21x | 2.00% | +0.83

Yolk index, % 346° | 41.4° | 41.9° | 416° | 432° | 43.2° | 42.8°
+1.41 [ $1.34 | 041 | 3091 | 1.23¢+ | 1.272 | 20.75 |

Haugh unit 763 | 77.3% | 7556° | 7v6.0° | 78.3° | 77.37 | 7337
11,55b xo.@r 11‘1% :Oi:b 0634;- 1.03% 1.49+

Yoik colour 550° | 7.00° [6.25% [ 6.25 550° | 6.00° | 7.75°
‘Lio.zg £0.71 | 20.48 ¢0.48L 0.29+ | 0.00+ | 0.25¢

'Shell thickness, mm. 325 33.0 ) 335 | 320 328 348 | 338
+065 | x0.82 | £1.19 | +1.00 | 0.85+ | 1.89+ | +0.63

IAlbumin, % 62.0a | 61.3% | 6217 [61.77 | 60.1° |61.8° [61.9%
+0.14 | +0.65 | £0.11 | 056 | 0.53+ | 0.34% | £0.28 |

oik. % 26.2 270 | 257 | 26,0 | 276 | 26.0 | 26.0
+0.17 | +0.856 | 017 | 2049 | #0.31 | +0.23 | 0.28

'Shell, % 119 | 117 | 121 | 123 | 124 12.2 | 122
+0.28 L:D.dz +0.16 | #0.11 | +0.24 | +0.15 | +0.14

*TMeans in the same row with different Ietters are significantly different (P £ 0.05).

Resuits of blood plasma constituents of experimental laying hens are
given in Table (6). Ali the tested diets increased piasma total prolein,
albumin, and globulin concentrations, except for 5% Azolfa diet that not
affected plasma total protein or albumin. There were no significant effects of
all dietary algae or Azolfa on plasma AJ/G ratio or total hipids, with exception of
significant decreases in both parameters observed with the 15% dietary
Azolfa. Also significant elevation in plasma cholestercl levels were observed
only with the 10 and 15% dietary Azofla, but not the other tested diets.
Plasma uric acid was significantly elevated due to algal or Azolla inclusion in
hen diets excepting for the 5% level of dietary Azolla. Plasma activity of ALT
enzyme was increased with the 10% level of dietary algae and the 10 and
15% levels of dietary Azofla, while activity of AST enzyme was decreased on
the 10% dietary algae and 15% dietary Azoffa. The increase in plasma uric
acid concentration in diets included algae or Azofla may be due to high
nucleic acids and purine contents of algae as report-~d by Becker {1978 a&b)
who found that total nucleic acids of algae (Scenedesmus) ranged from 4 10 6
percent on dry matter basis, and due to the high content of adenine in Azofla
as reporied by {Buckingham et al., 1978). Furthermore, Namra el al. (2003)
found that inclusion of dried Azofla up to 10% level in broiler chickens diets
had no appreciable effect on plasma total protein, albumin, triglycerides, total
cholesterol, total lipids, uric acid, GOT and GPT.
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Table (6). Effect of feeding laying hens dried algae and Azolla at
different levels on blood plasma constituents

lter, & c Algae Azolla
m, % ontrol 3 15 1% 10 15

5
Total protein, o/GT | 3.63° | 4167 | 4227 | 396 | 3.60% | 4127 | 4.14%
] 2011 | #006 | £0.18 ' +016 | #0.08 | +0.09 | £0.10
Albumin, g/idl | 1.61° | 1.90% | 1.94% | 1.78 | 1.80° | 1.85" | 1.79%

2003 | +0.03 | +0.05 | +0.09 | £0.04 | £0.09 | 0.07¢
| 1.92° ] 228% [ 2277 | 1.8 | 199 | 2.27° | 2.35°

Globulin, grdl_ | iogg $0.05 | £0.13 | +0.07 | $0.07 | £0.02 | 20.08
084" 1 085" | 0.86™ | 0.82° | 0.91° | 0.82° | 0.77°

A/G ratio +0.02 | +0.02 | +0.03 | +0.02 | +0.04 | +0.04 | +0.04
37377 | 631.0% | 352.0% | 355.0™ | 354.3% [ 353.0% | 340.7°

h’ota! lipid= magfdl | +4.10 +8.51 +9.17 | #7.51 +7.51 | £11.59 | 2410
120.0° [ 129.7® | 117.3° [ 114.7° | 127.0% | 136.3% | 136.3°
Cholesterol. mg/dl] +4.36 | +418 | +4.33 | +549 | +520 | #4.91 | +3.84
344° | 376" | 3.76™ | 3.82 3s7m | 3.92° | 3.909°
Uric acid, mg/dl | +0.07 | 005 | +0.07 | +0.08 | +0.06 | +0.17 | +0.08
71.0° | 77.3% | 86.7° | 81.0° | 69.0° | 86.0° | 85.7°

ALT, unit/l ; $2.08 | 3498 | 2408 | 2252 | 3058 | $588 | £5.21
243% | 187® | 18.3° | 19.7% | 21.7% | 19.7% | 153°
AST, unit/! #145 | +328 | +1.76 | +0.88 | #1.45 | +4.26 | +0.88

2% Means in the same row with tifferent letters are significantly different {P < 0.05).

it is concluded that both dried algae {Scenedesmus ar rus) and
Azolfa have a nutritional potential to be utilized at 5% dietary levels as a
source of dietary CP as to provide efficient partial alternatives {0 soybean
meal In laying hen diets on an isonitrogenous basis without any adverse
effects on egg production performance or egg quality, but even this level of
algae tend to enhance yolk color score,
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