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Abstract
Background and Objective: Algae provide an alternative food source for poultry. They are considered the most important food
supplement of the 21st century as a source of proteins. The aim of study was to estimate the growth performance and health of
commercial broiler chicks with watering alga culture and alga culture after freezing and thawing. Materials and Methods: A total number
of 135 one week broilers (Cobb breed) chicks were randomly distributed into 3 treatments with 3 replicates of 15 chicks in each in a
completely randomized design. Three experimental groups were fed this diet. The 1st group as a control, 2nd and 3rd groups were treated
with 5 g of alga (Chlorella vulgaris) per L of water supplemented as freezing and thawing (T1) and as fresh (T2) and these two groups were
not treated with vaccine against lasota disease at 21 days. The data obtained were analyzed statistically using the one-way ANOVA
procedure of SPSS with Duncan’s multiple range test. Results: The results indicated that control group has the best means of body weights
but T1 has best feed conversion ratio (FCR) as compared to (T2) and the control group. Also, the results showed that birds watering freezing
alga had significantly improved performance index than birds drank fresh alga and control groups. Abdominal fat was significantly
(p<0.05) lower of treated algae groups (T1 and T2) than control. Means of the relative weights of lymphoid organs for groups showed that
the bursa and thymus were significantly increased (p<0.05) for (T1) and (T2) groups compared with the control one while, spleen had
insignificant increase. In the present study there were significant (p<0.05) decrease in blood serum concentration of cholesterol,
triglycerides, creatinine, AST, ALT of (T1) and (T2). Total protein and globulin were significantly improved for levels of serum (T1) and (T2)
compared with  the  control  group.  Economic  efficiency  of  birds  treated  with  Chlorella  alga was superior to that of the control group.
Conclusion: The result in this study demonstrated that Chlorella  alga could be safely used in broiler watering without treated with vaccine
against lasota disease at 21 days.
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INTRODUCTION

Poultry play a major role in developing countries. Poultry
are most important in increasing income and gave high
quality of proteins in the diets of rural people whose
traditional foods are rich in carbohydrate1. Meat of chicken is
healthier than others, it has high desirable monounsaturated
fats2 and containing low total fat. Poultry are important for
increased protein production and incomes for smallholder
farmers3. Consumption of poultry and fish has not been found
to be associated with increased risk of cancers4. Feed poultry
represent the major price of production. Another problem
facing the poultry consumer is chemical residue derived from
supplement component fed to broiler to fasten its growth that
can trigger many diseases for consumer5. There have interest
in evaluating alternative feed resources as substitutes for
maize, soybean meal and animal proteins. Algae provide an
alternative to the traditional sources6. Algae are valuable
sources of food and trace elements. They are considered the
most important food supplement of the 21st century as a
source of proteins, lipids, polysaccharides, minerals, vitamins
and enzymes7. Algae could have unlimited use in dried food
and feed8. Becker8 and David9 reported that algae are a good
source of fat and water soluble vitamins and pigments, such
as chlorophyll. Algae can improve pigmentation of poultry
products8. Algae upto a level of 5-10% can be used safely as
partial substitution for conventional proteins in poultry
feeding10. Components of Chlorella vulgaris  affected animals’
performance, health, reproduction and the egg quality11.
Chlorella  vulgaris  is  positively  influenced  in  the  laying
performance, increasing the number and quality of laid eggs,
as well as the hatching performance12. Selenium is a vital trace
mineral for poultry that increase burse, thymus weight and
increase  immunity  against coccidiosis in broilers13. Chlorella
is reach in selenium12 supplementation of Chlorella  to poultry
diet caused enhancement of immune system due to high
content of selenium14. Supplementation of poultry diets with
Chlorella vulgaris  has been cleared to increase microbial
diversity  in  the  digestive  tract15.  The  purpose  of  the
experiment was to study the effect of Chorella vulgaris
supplemented to the water of broiler as fresh alga (T2) and
freezing and thawing (T1) on growth performance, health,
some parameters of blood, carcass characteristics and
economical efficiency of broiler chicks.

MATERIALS AND METHODS

This study was carried out in Department of Sustainable
Development  of  Environment and  its  Projects  Management,
Environmental     Studies      and     Research     Institute   (ESRI),

University  of  Sadat  City,  Sadat  City,  Egypt  and  Department
of  Microbial  Biotechnology,  Genetic  Engineering  and
Biotechnology Research Institute (GEBRI), University of Sadat
city, Sadat city, Egypt during the period from 6/2016-8/2016
at the farm.

Alga: Green alga Chlorella vulgaris  was  taken  from
microbiology Lab., GEBRI, University of Sadat City. Alga was
grown in Kuhl medium16 for 15 days under light and dark
natural days at 25±1EC.

Determination of algal growth:  The  growth  of  alga  was
measured  by  optical  density  using  Unico  UV-2000
spectrophotometer17,  Chlorophyll  a,  b  and  carotenoids
pigments18, total carbohydrate content19, total soluble
proteins20 and lipids21.

Determination of total phenolic content (TPC) and
antioxidant activity: The total phenolic content (TPC) of
green  alga  Chlorella  vulgaris   was  determined   by  the
Folin-Ciocalteu method22, the antioxidant activity was
determine according to Al-Saman et al.23  as shown in Table 1.

Animals, diets and experimental design: A total number of
135 one week broilers (Cobb breed) chicks were randomly
distributed into 3 treatments (Control, Treatment (T1): Addition
of 5 g freezing and thawing alga Chlorella vulgaris per L of
water,  without  treated  with  vaccine  against  lasota  disease
at 21 days and treatment (T2): Five gram fresh alga
supplemented per L of water without treated with vaccine
against   lasota   disease   at   21   days   with  3   replicates  of
15 chicks in each in a completely randomized design. Housed
in separated floor pens each with chopped wheat straw litter
and provided with feeders and drinkers. Treated drinking
water of algae was freely available. Diets were formulated to
cover all recommended nutrient requirements according to
broiler nutrition guide24. All chicks were vaccinated against
Newcastle disease and against avian influenza at the 10th days
of age. The chicks were also vaccinated against Gumboro
disease (drinking water) on the 12 days of age.

Table 1: Various contents, total phenol content and antioxidant activity of green
alga Chlorella vulgaris  that was used for watering chickens

Chlorophyll a (mg mLG1) 13
Chlorophyll b (mg mLG1) 20
Carotenoids (mg mLG1) 56
Total carbohydrate mg sugar gG1 dry wt 369.5
Total soluble proteins (%) 30.4
Lipids (%) 12
TPC (mg gG1) dry wt 41
Antioxidant activity (%) 29.29
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Table 2: Composition and calculated analysis of the basal diets
Ingredients Starter diets Grower diets
Yellow corn 59 59
Soybean meal (44%) 30 25
Vegetable oil 2.0 6.0
Gluten meal (60%) 6.5 7.7
Sodium chloride 0.4 0.3
Vitamin and mineral premix1 0.3 0.3
Di calcium phosphate 1.0 1.0
Dl-methionine 0.45 0.4
Lysine 0.35 0.3
Total 100 100
Calculated analysis2

Crude protein (%) 22.4 20.10
ME (kcal kgG1) 3000 3200
Methionine 1.02 1.01
Lysine 0.92 0.88
Available phosphorus (%) 0.48 0.44
1Vitamin and mineral premix. Each 3 kg of vitamin and minerals mixture contain:
Vit A 1200 I.U., Vit. D3 2000 I.U., Vit E 40 mg, Vit K 34 mg, Vit B1 3 mg, Vit B2 6 mg,
Vit  B6  4  mg,  Vit B12 0.03 mg, Niacin 30 mg, Pantothenic acid 12 mg and Folic
acid  1.5  mg.  Biotin  0.08  mg.  Choline  chloride  700  mg.  Cu 10 mg. I 300 mg.
Fe 40 mg. Mn 80 mg. Co 0.025mg., Zn 70 mg. and Se. 0.02 mg. 2Calcaulated
according to NRC24

Data collection, sampling and analysis: Live performance
measurements, for each feeding period, were measured
and/or calculated in terms of live body weight (LBW), body
weight gain (BWG), feed intake (FI), feed conversion ratio
(FCR), growth rate (GR), performance index (PI) and mortality
rate (MR). At 6 weeks of age, four birds from each treatment
representing the average body weight of each treatment were
slaughtered. After slaughtering and complete bleeding, the
whole carcass was weighed. Giblets including liver, heart and
gizzard were calculated in relation to respective live body
weight. Blood samples were collected in dry clean centrifuge
tubes from the slaughtered birds and un-heparinized tubes.
Blood serum was then individually separated by centrifugation
at 3000 rpm for 15 min, transferred into a clean Eppendorf
vials and stored in a deep freezer at approximately -20EC until
the time of chemical determination. Values of total protein
and albumin were estimated by using commercial diagnosing
kits. The Immunization response of broiler chicks will be
determined   by    measuring    globulin,    A/G    ratio    and the
differences in weights of lymphoid organs including spleen,
bursa and thymus. To determine the economical efficiency
(EEf) of the diets for meat production, the management
factors (heating, lighting, vaccinations and medications) in all
dietary treatments were stabilized. The price of the
experimental diets were calculated according to the price of
the used ingredients of the local market at the time of the
study.  So,  the  cost  of  feed  consumed  of  each  treatment
was easy to be calculated. The EEf was calculated as the feed
cost needed to obtain 1 kg of live body weight gain (LBWG)
(Table 2).

Statistical analyses: The data obtained were analyzed
statistically using the one-way ANOVA procedure of SPSS25

(Windows Version of SPSS, release 22) with Duncan’s multiple
range test26 to identify the significant differences between the
means. All data were used to test mean differences at p<0.05.
The statistical model was as following:

Yij = µ+Ti+Eij

Where: 
Yij = The individual observation
µ = The overall mean
Ti = Treatment effect
Eij = The experimental error

RESULTS

Growth performance: Growth performance parameters,
growth rate and mortality rate of broiler chicks affected by
watering alga are shown in Table 3. Initial body weight of
chicks was nearly similar between the dietary treatments. At
the  1st  period  (1-3 weeks), body weight of chicks of (T1) and
(T2)  was  significantly (p<0.05) lower than control chicks.
Similar trend was observed in the 2nd period (4-6 weeks) and
the total period (1-6 weeks). Body weight gain of broiler chicks
at (T1) and (T2) significantly (p<0.05) decreased as compared
to the control treatment  during 1st  period  (1-3  weeks), 2nd 
period (4-6 weeks) and through total experimental periods.
While, body weight chicks of (T1) were heavier than (T2). Also,
data showed that (T1) has higher significant (p<0.05)
performance index. This related to lower feed conversion.
However, data recorded that there was no significant
differences among treatments of the total period (1-6 weeks)
of growth rate affected by green alga Chlorella vulgaris. Also,
there were significant differences among treatments affected
by green alga Chlorella vulgaris on mortality rate. 

Feed intake and feed conversion: Data of feed intake and
feed conversion are presented in Table 3. Group (T1) and (T2)
consumed significantly (p<0.05) less feed as compared to
control  group,  at  1st  period  and  2nd  period.  Also  total
feed intake for all the experiment period was significantly
(p<0.05) lower for chicks of (T1) and (T2). The feed intake of
total  period  is  4890,  4200  and 4321 g. Feed conversion were
2.58, 2.27 and 2.47 with control (T1) and (T2), respectively. The
results showed that there was no significant change in growth
rate among groups. The performance index of (T1) (chicks
treated with freezing and thawing alga) was the best.
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Table 3: Growth performance as affected by green alga Chlorella vulgaris
Treatments
------------------------------------------------------------------------------------------------------

Items Control T1 T2 Significant
Initial body weight (g) 210.4±0.35 200.3±0.29 198.9±0.30 NS
Final body weight (g) 2100.56±35.4a 2050.13±32a 1932.35±33.4b *
Body weight gain at
1-3 weeks 709.7±1.90a 589.9±1.89b 562.7±1.92b *
4-6 weeks 980.2±9.89a 849.7±8.95b 834.4±9.64b *
1-6 weeks 1890.1±29.9a 1849.9±28.8a 1747.2±27.8b *
Feed intake (g) at
1-3 weeks 1030±5.90a 918±6.01b 941±5.85b *
4-6 weeks 3860±4.65a 3100±4.71bc 3300±3.98b *
1-6 weeks 4890±56.4a 4200±57.2c 4321±55.9b *
Feed conversion at
1-3 weeks 1.45±0.08 1.55±0.07 1.62±0.04 NS
4-6 weeks 3.93±0.01 3.64±0.02 3.95±0.01 NS
1-6 weeks 2.58±0.03 2.27±0.05 2.47±0.02 NS
Growth rate at
1-3 weeks 126±0.80a 125±0.82a 123±0.65b *
4-6 weeks 53±0.98c 54±0.79a 51±0.71b *
1-6 weeks 200±0.15 199±0.13 198±0.14 NS
Performance index 81.39±0.66b 90.30±0.53a 78.7±0.64c *
Mortality rate 7.5±0.01 7.7±.02 7.1±0.02 NS
a-cMeans within the same row with different letters differ significantly (p<0.05), T1: Freezing and thawing alga, T2: Fresh alga *Significant (Means±SE)

Table 4: Carcass traits of broiler chicks affected by green alga Chlorella vulgaris
Treatments
------------------------------------------------------------------------------------------------------------

Items (%) Control T1 T2 Significant
Dressing 71.3±2.01a 68.4±2.54c 69.1±1.98b *
Breast meat 25.5±0.82c 29.1±0.91a 27.1±0.90b *
Liver 2.80±0.25 2.07±0.21 2.03±0.31 NS
Heart 0.47±0.07 0.48±0.02 0.47±0.03 NS
Gizzard 3.20±0.09 3.10±0.07 2.90±0.07 NS
Abdominal fat 3.09±0.33a 1.56±0.09b 1.89±0.06b *
Lymphoid organs
Spleen 0.23±0.05 0.24±0.03 0.24±0.08 NS
Bursa of fabricius 0.20±0.004b 0.006±0.22 a 0.005±0.22 a *
Thymus 0.49±0.06c 0.53±0.08a 0.51±0.03b *
a-c:Means within the same row with different letters differ significantly (p<0.05),  T1: Freezing and thawing algae, T2: Fresh alga, *Significant (Means±SE)

Carcass traits: The results obtained in Table 4 revealed that
there were no significant effects among three groups in liver,
heart, gizzard and spleen. Meanwhile there were significant
effects of alga (Chlorella vulgaris) on percentage of dressings
breast meat, abdominal fats, bursa of fabricius and thymus
weight. The results indicate that breast meat was the highest
in (T1) following by (T2) and control, respectively. The amount
of abdominal fats in control  (3.09%) was approximately
double that present in (T1) (1.56%) group. Alga had
significantly effects in lymphoid organs (organs that are
mostly responsible for the immunological response in chicks)
and the best effects in (T1) in comparison to (T2).

Blood parameters: Effects of Chlorella alga on some blood
parameters of broiler chicks are shown in Table 5. Chicks with
watering  Chlorella   alga  were  significantly  (p<0.05)  higher

than control group. Data showed that treatments watering
Chlorella alga decreased the serum concentration of
cholesterol, triglycerides, HDL and LDL. Also, ALT, AST and
creatinine  were  significantly  (p<0.05)  better  than  control
there is no significant effect on total protein, globulin and
albumin. 

Economic efficiency: Economic efficiency of birds treated with
Chlorella alga presented in Table 6. Economic efficiency was
superior to that of the control group. Birds were watered alga
(T1) and (T2) had the higher economic efficiency than that of
control group. The birds feed intake, feed cost and economic
efficiency were low in treated groups (T1), (T2) and the (T1)
group was more efficient than (T2) group. The percentage
relative economic efficiency of chickens was watered freezing
and thawing alga was higher than control by 38%.
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Table 5: Blood parameters of broiler chicks affected by green alga Chlorella vulgaris
Treatments
------------------------------------------------------------------------------------------------------------

Items Control T1 T2 Significant
Total protein (g dLG1) 2.90±0.10b 3.30 a±0.09a 3.10 a±0.11a *
Cholesterol (mg dLG1) 143±6.5a 131±5.98c 133±5.65b *
Triglyceride (mg dLG1) 193±8.1a 86±6.01b 82±6.20c *
Albumin (g dLG1) 1.35±0.09 1.50±0.08 1.40±0.07 NS
Globulin (g dLG1) 1.55±0.05b 1.80±0.05b 2.20±0.11a *
LDL (mg dLG1) 8.2±0.91b 10.1±0.81a 5.2±0.25c *
HDL (mg dLG1) 56±3.65a 54±4.0b 46±4.01c *
Creatinine (mg dLG1) 0.63±0.04a 0.56±0.02b 0.52±0.01c *
AST (u LG1) 60.6±2.9a 51.8±3.4c 59.3±3.2b *
ALT (u LG1) 25±0.11a 19±1.09c 23.2±2.05b *
a-cMeans within the same row with different letters differ significantly (p<0.05),  T1: Freezing and thawing algae, T2: Fresh alga, *Significant (Means±SE)

Table 6: The economic efficiency of the experimental diets
Items Control T1 T2

Final body weight (g) 2100 2050 1932
Body weight gain (g) 1890 1849 1747
Revenue from gain (L.E/bird) 37.8 36.9 34.9
Feed intake (kg) 4.89 4.2 4.321
Feed cost (L.E.) 24.45 21 21.6
1Net revenue (L.E.) 13.35 15.9 13.3
2Economic efficiency (%) 54.6 75.7 61.5
Relative economic efficiency (%) 100 138 111.7
1Net revenue = revenue from gain-feed cost, 2Economic efficiency = (net revenue/feed cost)×100, Price of Kg live body weight was 20 L.E.,  Price of one kg diet was
5 L.E.

DISCUSSION

The results of study show that the alga did not effect on
body weight, feed intake or FCR. Ross et al.27, found that no
negative effect of dietary Spirulina  on final body weight.
While, Ross and Dominy28 cleared that chicks fed dietary
Spirulina has benefit effects on productive performance.
However, Kaoud29 found  that  body  weight gain  and  body 
weight  had increased significant (p<0.05) by the diet
provided with Spirulina platensis.  Also, birds fed 0.3 and 0.2 g
Spirulina  diets showed higher means of body weights and
body weight gain that obtained by Mariey et al.30. A significant
increase in feed conversion ratio was achieved by chicks drink
alga may due to partially the improvement of viability
percentage. These results   are   similar   to   the   obtained   by 
Kaoud29   and Kharde et al.31, who reported that feed
conversion ratio significantly (p<0.05) improved by dietary
inclusion of Spirulina platensis  as compared to control. They
also reported that Spirulina platensis supplementation
significantly    decreased    mortality    rate     of   broilers.
Gruzauskas et al.32 cleared that Spirulina has improved
absorption of minerals.

The algae groups led to improved efficiency of feed
utilization. This is agreed with Mariey et al.30, who showed that
during the starter period, chicks fed 0.0 and 0.1 g kgG1

Spirulina diet consumed significantly (p<0.05) less feed as
compared  to  other  2   treatment   groups,   which  consumed

approximately equal amount of diets. During finisher period,
treatments of diets had no significant influence of feed intake
of chicks. The results indicated that breast muscle weight
significantly (p<0.05) increased of (T1) and (T2) as compared
with the control group and feed conversion ratio were also
significantly (p>0.05) increased. These results agree with Ross
and Dominy28, Kaoud29 and Kharde et al.31, who reported
dietary inclusion of Spirulina platensis  increased feed
conversion ratio as compared to the control diet. The results
revealed  that  increased  thymus   weight   in   chickens
treated  with   alga   may   be   related   to   alga  enhancement
T-cells and improves thymus  gland  function.  That  was  in 
agreement  with Qureshi et al.33, who reported that dietary
Spirulina could increase size of thymus glands for greater T-
cell production of broiler chicks. It is of amazing to note that
relative abdominal fat weight was significantly (p<0.05)
reduced by watering alga treatment.  This  reduction  may  be 
attributed  to  the reduction in   plasma  total   lipids   and  
cholesterol.  In this respect, Khan et al.34 reported that
Spirulina have shown regulatory role on lipid and 
carbohydrate  metabolism   by   exhibiting   glucose  and   lipid
profile correcting activity in animals.   Kaoud29 reported that
the  absolute  and  relative  weights  of  bursa  and  thymus
were  increased  for  all  groups fed dietary Spirulina 
compared with the control group. The chicks drank watering
algae perhaps has tolerate immunology due to be good health
groups. That is congruent to Bennett and Stephens35 reported
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that functions of bursa are half of the birds immune system
and the size of the bursa reflects the birds overall health
status. Sick or stressed birds have small bursa while, healthy
productive birds have large bursa. Bursa size is a biological
measure of how well flocks are managed and protected from
disease. The bursa of Fabricius is a lymphoid organ which
plays an important role in developing immunity against
mainly Gumboro in chickens. The results indicate that
watering chickens with alga caused reduction in triglyceride,
HDL, LDL, creatinine, AST and ALT. Moradi Kor et al.36 showed
that Chlorella microalgae at high levels had positive effects on
the serum contents of triglycerides, cholesterol, LDL and the
serum content of HDL. It seems that Chlorella alga had
hypolipidemic impacts and related to lipid metabolism. May
be most important substance in Chlorella  is $-1, 3-glucan,
which is an active free radical scavenger and a reducer of
blood lipids37. An improvement in lipid profile may be a result
of chemical composition of Chlorella microalgae. As
mentioned before, biochemical and physiological events
correlated with hyperthermia can potentially stimulate
reactive oxygen species (ROS) production38. Harsini et al.39

showed that antioxidants play main action in protecting cells
from ROS by decreasing free radicals and inhibiting the
peroxidation of lipids. In human study Tsuchida et al.40,
indicated that a hypolipidemic effect of Chlorella in
hypertensive    patients.     Baojiang41     reported   that
Spirulina  polysaccharide (as a type of algae) acts similarly to
phycocayanin. It improves the immune system's ability to
detect and destroy foreign microbes or eliminate toxins.

CONCLUSION

The results of this study have revealed that broiler chicken
watered with culture of Chlorella vulgaris (freezing and
thawing) had less consumption of food, highest percentage of
performance index, relative economic efficiency and breast
meat. There was also reduction in abdominal fat, triglyceride,
creatinine, AST and AlT. The present study showed the ability
to produce a healthy broiler for consumer by using Chlorella
alga in watering of broiler with no vaccine against lasota
disease at 21 days.

SIGNIFICANCE STATEMENT

This  study  shows  that  Chlorella vulgaris  positively
influenced in the broiler performance and contributes to the
effective role of aquatic environment and produce healthy
broiler for consumer.

REFERENCES

1. Mengesha, M., 2013. Biophysical and the socio-economics of
chicken production. Afr. J. Agric. Res., 8: 1828-1836.

2. FAO., 2010. Agribusiness Handbook: Poultry Meat and Eggs.
Food and Agriculture Organization, Rome, Italy, Pages: 77.

3. Muchenje, V., M.M. Manzini, S. Sibanda and S.M. Makuza,
2001. Socio-economic and biological issues to consider in
smallholder poultry development and research in Southern
Africa in the new millennium. Proceedings of the Regional
Conference on Sustainable Animal Agriculture and Crisis
Mitigation in Livestock-Dependent Systems in Southern
Africa, October 30-November 1, 2000, Malawi Institute of
Management, Lilongwe, Malawi.

4. Pisulewski, P.M., 2005. Nutritional potential for improving
meat quality in poultry. Anim. Sci. Pap. Rep., 23: 303-315.

5. Salvia, Mirzah, Y. Marlida and E. Purwati, 2014. The optimizing
of growth and quality of Chlorella vulgaris as ASUH feed
supplement for broiler. Int. J. Adv. Sci. Eng. Inform. Technol.,
4: 90-93.

6. Schiavone, A., R. Chiarini, M. Marzoni, A. Castillo, S. Tassone
and I. Romboli, 2007. Breast meat traits of Muscovy ducks fed
on a microalga (Crypthecodinium cohnii) meal supplemented
diet. Br. Poult. Sci., 48: 573-579.

7. Rimber, I.I., 2007. Why is seaweed so important? M.Sc. Thesis,
Faculty of Fisheries and Marine Sciences, Sam Ratulangi
University, Jln. Kampus Bahu, Manado, Indonesia.

8. Becker, W., 2004. Microalgae in Human and Animal Nutrition.
In: Handbook of Microalgal Culture Biotechnology and
Applied  Phycology,  Richmond,  A.  (Ed.).  Blackwell,  Oxford,
pp: 312-351.

9. David, W., 2001. Overview of sea vegetable chemical
composition.         http://surialink.seaplant.net/
infomedia/Monographs/comp_veg.htm

10. Spolaore, P., C. Joannis-Cassan, E. Duran and A. Isambert,
2006. Commercial applications of microalgae. J. Biosci.
Bioeng., 101: 87-96.

11. Arakawa, S., N. Tsurumi, K. Murakami, S. Muto, J. Hoshino and
T. Yagi, 1960. Experimental breeding of white leghorn with
the  Chlorella-added  combined   feed.   Jpn.   J.   Exp.  Med.,
30: 185-192.

12. Halle, I., P. Janczyk, G. Freyer and W.B. Souffrant, 2009. Effect
of microalgae Chlorella vulgaris  on laying hen performance.
Arch. Zootechnica, 12: 5-13.

13. Hussain, M.I., S.A. Khan, Z.I. Chaudhary, A. Aslam, K. Ashraf and
M.F. Rai, 2004. Effect of organic and inorganic selenium with
and without vitamine E on immune system of broilers. Pak.
Vet. J., 24: 1-4.

14. Rezvani, M., M. Shivazad, M. Zaghari and H. Moravej, 2012. A
survey on Chlorella vulgaris effect's on performance and
cellular immunity in broilers. Int. J. Agric. Sci. Res., 3: 9-15.

62



Asian J. Poult. Sci., 11 (2): 57-63, 2017

15. Janczyk, P., B. Halle and W.B. Souffrant, 2009. Microbial
community composition of the crop and ceca contents of
laying hens fed diets supplemented with Chlorella vulgaris.
Poult. Sci., 88: 2324-2332.

16. Kuhl, A., 1962. The physics of the storage of condensed
inorganic phosphates in Chlorella. Vortr. Bot. Hrsg. Deut.
Botan. Ges., 1: 157-166.

17. Wetherell, D.F., 1961. Culture of fresh water algae in enriched
natural sea water. Physiol. Planta, 14: 1-6.

18. Hamouda, R.A.E.F., N.M. Sorour and D.S. Yeheia, 2016.
Biodegradation of crude oil by Anabaena oryzae, Chlorella
kessleri and its consortium under mixotrophic conditions. Int.
Biodeterior. Biodegr., 112: 128-134.

19. Krishnaveni, S., T. Balasubramanian and S. Sadasivam, 1984.
Sugar  distribution  in  sweet  stalk  sorghum.   Food  Chem.,
15: 229-232.

20. Lowry, O.H., N.J. Rosebrough, A.L. Farr and R.J. Randall, 1951.
Protein measurement with the folin phenol reagent. J. Biol.
Chem., 193: 265-275.

21. El-Sheekh, M.M. and R.A. Hamouda, 2016. Lipids extraction
from the green alga Ankistrodesmus falcatus using different
methods. Rendiconti Lincei, 27: 589-595.

22. Singleton, V.L. and J.A. Rossi, 1965. Colorimetry of total
phenolics with phosphomolybdic-phosphotungstic acid
reagents. Am. J. Enol. Viticult., 16: 144-158.

23. Al-Saman, M.A., S.A. Farfour and R.A. Hamouda, 2015. Effects
of some red Algae on antioxidant and phytochemical
contents  of  Maize  (Zea  mays  L.)  plants.  Int.  J.  Agric.  Sci.,
5: 393-398.

24. NRC.,  1994.  Nutrient  Requirements  of  Poultry.  9th  Edn.,
National    Academy     Press,     Washington,     DC.,   USA.,
ISBN-13: 9780309048927, Pages: 155.

25. SPSS., 2013. SPSS Statistics for Windows, Release 22.0. SPSS
Inc., Chicago, IL., USA.

26. Duncan, D.B., 1955. Multiple range and multiple F tests.
Biometrics, 11: 1-42.

27. Ross, E., D.P. Puapong, F.P. Cepeda and P.H. Patterson, 1994.
Comparison of freeze-dried and extruded Spirulina platensis
as yolk pigmenting agents. Poult. Sci., 73: 1282-1289.

28. Ross, E. and W. Dominy, 1990. The nutritional value of
dehydrated, blue-green algae (Spirulina platensis) for poultry.
Poult. Sci., 69: 794-800.

29. Kaoud, H.A., 2012. Effect of Spirulina platensis as a dietary
supplement on broiler performance in comparison with
prebiotics. Scient. J. Applied Res., 1: 44-48.

30. Mariey, Y.A., H.R. Samak, H.A. Abou-Khashba, M.A.M. Sayed
and A.E. Abou-Zeid, 2014. Effect of using Spirulina platensis
algae as a feed additives for poultry diets: 2-productive
performance of broiler. Egypt. Poult. Sci., 34: 245-258.

31. Kharde, S.D., R.N. Shirbhate, K.B. Bahiram and S.F. Nipane,
2012. Effect of Spirulina supplementation on growth
performance of broilers. Indian J. Vet. Res., 21: 66-69.

32. Gruzauskas,  R.,   R.   Lekavicius,   A.R.   Stupeliene,   V.  Sasyte,
V. Tevelis and G.J. Svirmickas, 2004. [The use of simbiotics
preparations for the optimization of digestive processes of
broiler  chickens].    Vet.     Med.     Zootechnics,     28:   51-56,
(In Lithuanian).

33. Qureshi, M.A., D. Garlich, M.T. Kidd and R.A. Ali, 1994. Immune
enhancement potential of Spirulina platensis in chickens.
Poult. Sci., 73: 46-46.

34. Khan,   M.,    J.C.   Shobha,   I.K.   Mohan,   M.U.R.   Naidu  and
C. Sundaram et al., 2005. Protective effect of Spirulina  against
doxorubicin-induced     cardiotoxicity.        Phytother.     Res.,
19: 1030-1037.

35. Bennett, C. and S. Stephens, 2006. The survey of bursa size
commercial broiler flocks. University of Saskatchewan,
Canada.

36. Moradi Kor, N., M. Akbari and A. Olfati, 2016. The effects of
different levels of Chlorella microalgae  on blood biochemical
parameters and trace mineral concentrations of laying hens
reared  under  heat  stress  condition.   Int.   J.  Biometeorol.,
60: 757-762.

37. Grima,  E.M.,  E.H.  Belarbi,  F.G.A.  Fernandez,  A.R.  Medina
and Y. Chisti, 2003. Recovery of microalgal biomass and
metabolites: Process options and economics. Biotechnol.
Adv., 20: 491-515.

38. Azad,  M.A.K.,  M.  Kikusato,  T.  Maekawa,  H.  Shirakawa  and
M. Toyomizu, 2010. Metabolic characteristics and oxidative
damage to skeletal muscle in broiler chickens exposed to
chronic heat stress. Comp. Biochem. Physiol. Part A: Mol.
Integr. Physiol., 155: 401-406.

39. Harsini,    S.G.,      M.      Habibiyan,      M.M.       Moeini    and
A.R. Abdolmohammadi, 2012. Effects of dietary selenium,
vitamin E and their combination on growth, serum
metabolites and antioxidant defense system in skeletal
muscle of broilers under heat stress. Biol. Trace Elem. Res.,
148: 322-330.

40. Tsuchida,   T.,   K.   Mashiko,   K.   Yamada,   H.   Hiratsuka  and
T.  Shimada  et al., 2003. [Clinical study of (-aminobutyric
acid-rich Chlorella for subjects with high-normal blood
pressure and mild hypertension]. J. Jpn. Soc. Nutr. Food Sci.,
56: 97-102, (In Japanese).

41. Baojiang, G., 1994. Study on effect and mechanism of
polysaccharides of Spirulina on body immune function
improvement. Proceedings of the 2nd Asia-Pacific
Conference on Algal Biotechnology: Trends and
Opportunities, April 25-27, 1994, Rasa Sentosa Resort,
Singapore, pp: 33-38.

63


	AJPSAJ.pdf
	ajpoultry.pdf
	Page 1





