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ABSTRACT 
Using microalgal biomass in animal diets has been studied recently. Many species of cultivated algae were found 

effective in maintaining animal growth performance, and in improving body weight. Using of microalgae collected 

from high rate algal ponds (HRAP) as a feed additive to broilers ration was studied. One hundred and twenty broiler 

chicks were divided into 6 groups of 20 birds, three of them have fed on balanced broiler ration supplied with 1% 

weight per weight (W/W) of microalgae biomass and have variable vaccination schemes of live attenuated and 

inactivated Newcastle disease virus (NDV) vaccines genotype II or either non-vaccinated control. In addition, the 

other 3 groups have fed on free microalgae biomass balanced ration with the same vaccination treatment. 

Furthermore, weight gain, antibody response, mortalities, viral shedding and normal viability of chickens were 

estimated in order to assess the efficiency of microalgae as a feed additive. The results showed that the microalgae 

have no hazard effect on feed and water intake as well as enhanced viability of chickens. And in regards to immune 

function and body weight, they have similar effect with the free microalgae groups in normal serological response 

and viral shedding post vaccination with NDV vaccines as well as similar protection rate and body weight gain. In 

conclusion, microalgae can be used in broiler ration with no deleterious effect on growth rate, weight gain, poultry 

viability and immune response. In conclusion dried microalgal biomass harvested from HRAP can be used in broiler 

ration with no deleterious effect on growth rate, weight gain, poultry viability and immune response. Furthermore, 

future studies should be applied with increasing microalgae percent in poultry feed up to 5, 10 or 20% (W/W) in 

order to assess better performance on poultry production. 
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INTRODUCTION 
 

Microalgae considered as a good source of a wide range of 

metabolites that are suitable for animal feed. These 

metabolites include protein, carbohydrate, fat, vitamins, 

minerals, and other organic compounds (Abdelnour et al., 

2019; Andrade et al., 2018). Microalgae are identified as 

microscopic, unicellular and photosynthetic organisms and 

can grow in saline and fresh water which are rich source of 

nutrients and biologically active compounds, including 

proteins, amino acids, polyunsaturated fatty acids 

(LCPUFA n-3), microelements, vitamins, antioxidants, as 

well as carotenoids which have a long history of 

application as a food for human
 
(Belay et al., 1996). 

Microalgae of different species can be successfully 

included into poultry diets, for example as a defatted 

biomass byproduct from biofuel production, which can 

have a beneficial influence on birds’ health, performance, 

and the quality of meat and egg (Abdelnour et al., 2019). 

Especially important for the poultry industry are recent 

studies where microalgal biomass was efficiently used in 

the production of eggs containing health-promoting lipids, 

i.e. eggs enriched with health promoting long-chain n-3 

polyunsaturated fatty acids (LCPUFAs n-3) (Wu et al., 

2012). Microalgae has many advantages including high 

growth rates, growth potential during the year and minimal 

land and water requirements compared to crop plants 

(Rawat et al., 2011). Furthermore, the high capital costs 

for large scale production of microalgal biofuel currently 
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precludes this when coupled with wastewater treatment, it 

may become viable in the future
 
(Rawat et al., 2011; 

Benemann, 2008).  

High Rate Algal Ponds (HRAP) is an advanced open 

pond system that was found to offer more effective 

wastewater treatment technologies, since it performs high 

removal rates for nutrients, in addition to lower capital and 

operation costs, in comparison with traditional treatment 

ponds
 
(Sutherland et al., 2014; Craggs et al., 2014). HRAP 

systems have the added advantage for resource recovery 

from the wastewater, via algal biomass, using as fertilizer, 

feed or as a feedstock for biofuel production, with the later 

use receiving considerable attention in recent years
 

(Craggs et al., 2014; Park and Craggs, 2011). 

Newcastle Disease Virus (NDV) causes one of the 

most important infectious diseases of poultry, Newcastle 

Disease (ND) found worldwide and causes losses from 

mortality and condemnation of carcasses
 

(OIE, 2012). 

There are many countries that have endemic NDV, with 

increasing occurring year after year. Also known as avian 

paramyxovirus serotype-1 virus, NDV is a member of the 

genus Avulavirus in the Paramyxoviridae family
 
(Mayo, 

2002). Feeding of β-glucan derived from micro algae 

resulted asignificant increase in the antibody titer against 

NDV and Infectious Bronchitis Virus (IBV). It was 

suggested that dietary β-glucan and BA-pro might be 

useful in treating against viral diseases because of 

immunostimulating activity as reported by An et al. 

(2008). 

The objective of the present study was to investigate 

the dietary effects of micro-algae biomass on growth 

performance, humoral immunity and viral shedding 

against challenge with velogenic NDV (VDNV) genotype 

VII in broiler chicks. 

 

MATERIALS AND METHODS 

 

Ethical approval 

The animal experiment was conducted in strict 

accordance with and adherence to the relevant policies 

regarding animal handling as mandated under international 

national, and /or institutional guidelines for the care of 

animals and was approved by the research ethical 

committee at the national research centre, Cairo, Egypt. 

 

Algal biomass dominated by Microcystis sp.  

Race way-type pond (HRAP) made of glass-fiber 

reinforced plastics material, with 6.5 m
3
 capacity without 

connection or separation. Its dimensions are 7m length × 

3m width × 40cm depth and the effective wastewater 

depth is 0.3 m. The HRAP was constructed and installed 

in Zenin wastewater treatment plant- Giza Company for 

water and wastewater (Figure 1). Algal biomass collected 

from HRAP (1 m
3
) is  harvested biweekly and precipitated 

by cationic starch. Algal biomass was dried (using sun 

drier) and grinded to fine particles (0.1 mm). 

 

Figure 1. High rate algal pond system used for water 

treatment an algal biomass production  

 

Identification of algal community contained in the 

algal biomass 

Along one year, samples were collected twice a 

week and subsamples were dispensed into glass 

Sedgewick-Rafter cells and examined using OLYMPUS 

CX41
®
 microscope (20×power). Species composition and 

dominance in the samples were determined semi-

quantitatively. Algal identification has been done 

according to the main references used in phytoplankton 

identification
 
(Streble and Krauter, 2006).  

 

Toxicity study for coagulants used in the 

precipitation of algae 

Animals 

Thirty Swiss mice with 25g average body weight 

were housed in standard cages (six rats), under specific 

pathogen-free conditions in facilities maintained at 

controlled room temperature (21-24°C) with a 40-60% 

relative humidity and under normal environmental dark– 

light cycles (from November to March, 7-9 hours of light 

and from April to October 9-12 hours of Light in Cairo, 

Egypt). All animals had free access to rat chow diet and 

water ad libitum and were acclimated for two weeks prior 

to initiation of the experiment in the laboratory of in the 

national research centre.  

 Acute toxicity study. Selected thirty mice of uniform 

weight are taken and divided into five groups each of six. 

The coagulants (cationic starches 1, 2, 3 and 4) and 

aluminum sulfate were dissolved in distilled water then 

given orally to four groups of mice in graded doses (1gm, 

2gm, 3gm 4gm) up to 5 g/kg (El Naggar et al., 2018). In 
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addition, the Non-Polar Fraction of dried Algal biomass 

(NPFA) was suspended in distilled water then given orally 

to rats in graded doses up to 5 g/kg. The control group 

received the same volumes of distilled water. The 

percentage mortality for extracts was recorded 24 hours 

later (Desoukey et al., 2016). Observation of rats for 14 

days, for any changes in the skin and fur, respiratory, 

circulatory, autonomic, central nervous systems, 

somatomotor activity and behavior pattern. Particular 

observation for tremors, convulsions, salivation, diarrhea, 

lethargy, sleep, and coma were done (El Naggar et al., 

2018). 

 

Table 1. Composition of the experimental diets applied in 

broiler feed 

Item 
Starter 

(1 to 21 day) 

Grower 

(22 to 40 day) 

Ingredient (%)  

Corn 59.2 64.65 

Soybean meal 30.0 24.0 

Corn gluten meal 2.5 3.0 

Soybean oil 2.8 3.0 

Limestone 1.2 1.2 

Dicalcium phosphate 1.7 1.6 

Vitamin-mineral premix* 1.0 1.0 

Salt 0.3 0.3 

l-Lysine 0.15 0.15 

dl-Methionine 0.15 0.1 

Algae 1.0 1.0 

Analyzed chemical composition 

ME (kcal/kg) 3,122 3,188 

CP (%) 20.72 18.93 

Ether extract (%) 4.14 5.79 

DM (%) 89.1 88.4 

Lysine (%) 1.17 1.0 

Methionine (%) 0.5 0.41 

Methionine + cysteine (%) 0.65 0.6 

Threonine (%) 0.7 0.6 

Tryptophan (%) 0.17 0.16 

Calcium (%) 0.9 0.84 

Phosphorus (%) 0.6 0.5 
* Vitamin-mineral mix (per kilogram of diet): vitamin A: (10000 IU/g) 

8000 IU, vitamin D3: (200000 IU/g) 1600 IU, vitamin E: (20000I U/g) 

11 mg, rboflavin: (53 mg/g) 9 mg, α calcium pantothenate: (80 g/lb), 
vitamin B12: (60 mg/g) 13 mg, niacin: 26 mg; choline chloride: (50%) 

(74% choline) 900 mg, vitamin K: (Hetrazeen 35.27 mg/g) 1.5 mg, folic 

acid: (13.23 mg/g) 1.5 mg, biotin: (2%) 0.2 mg, santoquin: (25%) 125 
mg, manganous oxide: (56% Mn) 55 mg, selenium premix: (200 mg/kg) 

0.1 mg, zinc oxide: (80% Zn) 50 mg, copper sulfate: (25% Cu) 5 mg, 

ferrous oxide: (69.94% Fe)30 mg, ME: (kcal/kg) metabolizable energy 

(kilocalorie per kilogram), CP: crude protein, DM: Dry matter 

Determination of carbohydrates content 

Total carbohydrate content  of algal biomass was 

determined where 0.1g of sample was treated with 25ml 

of 1 normal  sulfuric acid (1N H2SO4) was added and the 

mixture was hydrolyzed for two hours on a boiling water 

bath. At the end of hydrolysis, a flocculent precipitate 

was noticed. This was freed of sulphate by precipitation 

with barium carbonate. The mixture was filtrated and 

completed to 100ml. one ml of  the filtrate mixed with 

one ml 5% phenol and 5 ml concentrated H2SO4 (sulfuric 

acid). The absorbance was measured spectrophoto-

metrically at wave length at 485nm  (Albalasmeh et al.,   

2013). 

 

Determination of total protein content 

Total protein content was determined by kjeldahl 

method and then multiplied with a factor of 6.25 to 

convert total measured organic nitrogen to total Protein 

to give the total protein
 
(Stephen et al., 2013). 

 

Viruses and vaccines 

Challenge virus. Very Virulent (vv) NDV used in 

the challenge was kindly supplied by poultry diseases 

department, veterinary research division, National 

Research Centre, Dokki, Egypt, characterized by 

sequencing as vvNDV genotype VIId designated as 

NDV/Chicken/EG-MN/NRC/2015 under accession 

number (MF418020.1) on gene bank. The virus challenge 

dose equal 6-Log-10 EID50 given 0.5 ml / bird via 

Intramuscular route (IM) (OIE, 2012). 

Live NDV vaccine. Freeze-dried vaccine containing 

live NDV LaSota strain (Jovac ND LaSota 
® 

1000 doses, 

Jordan) supplied by local agency. The vaccinal dose equal 

6-Log
-10

 EID50/ bird was given via occulonasal route as 

recommended by manufacturer.  

Inactivated NDV genotype II vaccine. Inactivated 

NDV genotype II vaccine (Boehringer Ingelheim® AI ND 

1000 doses, Germany) supplied by local agency. The 

vaccinal dose equal 8.2-Log-10 EID50 given 0.5ml / bird 

via subcutaneous route (SC) as recommended by 

manufacturer. 

 

Serology 

Blood was collected pre and post challenge from all 

birds at 14, 21, 28 and 35 days of age, serum was extracted 

then tested by Hemagglutination Inhibition (HI) assay. 

The HI assay was performed using LaSota NDV antigen 
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according to standard procedures with four haema-

gglutination units virus/antigen in 0.025 ml (OIE, 2012).  

 

Virus shedding 

Virus Isolation (VI) was performed to identify virus 

shedding conducted on oral and cloacal swabs as All VI-

positive swabs were titrated in 9–11 days old specific 

pathogen free embryonated chicken eggs. Virus titers were 

calculated reported as mean embryo infectious dose 

(EID50/ 0.1 ml) on a Log 10 scale (OIE, 2012). 

 

Experimental design 

One hundred and twenty broiler chicks (Cobb 500®) 

one day-old supplied from commercial hatchery, were 

divided into six groups of 20 birds in separate units with 

strict biosecurity level. Conventional animal welfare 

regulations and food standards were taken into account 

(Table 2).  

 

Table 2. Experimental design for usages of microalgae biomass in Broilers diet treated with different vaccines of Newcastle 

disease against velogenic Newcastle disease virus challenge 

Group 

no. 

Birds  

no. 

Vaccination regime Microalgae 

Addition with 1% 

In feed 

Challenge at age / day c 
Type Age / days 

1 20 Live GII a 5 and 18 

 
+ 28 

2 20 
Live. GII 

Inact.NDV.GII b 

5 and 18 

7 
+ 28 

3 20 None None + 28 

4 20 Live GII 5 and 18 None 28 

5 20 
Live. GII 

Inact.NDV GII 

5  and 18 

7 
None 28 

6 20 None None None 28 
a Live NDV vaccine  genotype II (LaSota strain) . The vaccinal dose equal 6-log-10 EID50 / bird given via occulonasal route, b Inactivated oil emulsion NDV 

vaccine genotype II (LaSota strain). The vaccinal dose equal 8.2-Log-10 EID50 given 0.5 ml / bird via SC route, c Challenge with velogenic Newcastle disease 

virus (genotype VII). The virus challenge dose equal 6-Log-10 EID50 given 0.5 ml/bird via IM route. no: number 

 
 

RESULTS 

 

Algal dynamics and predominance in the high 

rate algal pond 

The high rate algal pond operation started on 30 

June 2017 (summer months) which lead to the 

predominance of Microcystis flos aquae, Microcystis 

aeruginosa and other species of Microcystis. Always, 

different Microcystis sp. represent the upper most layer, 

while near the bottom layer of the pond different green 

and diatoms group are present. Many species include 

Scenedesmus obliquus and Scenedesmus quadricauda, 

Ankistrodesmus, Coelastrum microporum, Selenastrum 

and Micractinium pusillum (green algae group), 

Oscillatoria limnetica (blue green algae group) and 

Nitzschia linearis (diatoms group) was the most pre 

dominant species. Since the beginning of November 

2017, the community structure of HRAP completely 

changed where the Microcystis sp. disappeared and the 

dominance of different algal species took place. In 

addition, all algal species mixed and floated in pond 

water column. The predominant algal species are 

Scenedesmus obliquus, Scenedesmus quadricauda, 

Ankistrodesmus, Coelastrum microporum, Selenastrum, 

Oocystis parva, Dictyosphaerium pulchellum, 

Coelastrum reticulatum, Pediastrum gracillimum, 

Siderocells elegans, Eudorina elegans, Clamydomonas 

reinhardi and Micractinium pusillum (green algae 

group), Euglena sp. (Euglenophyta), Oscillatoria 

limnetica (blue-green algae group) and Nitzschia linearis 

(diatoms group) by microscopical examination. 

Along one year, algal biomass (from inside the 

algal pond) were harvested biweekly and precipitated 

using cationic starch and then dried. The dried algal 

biomass grinded to fine particles (0.1mm) and mixed 

thoroughly.  

 

Acute toxicity study 

The results obtained no mortality after 24h of oral 

administration of NPFA at increasing doses up to a 5 g/kg. 

Also, after 15 days of single oral administration of cationic 

starch as well as NPFA, the results revealed that no 
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obvious changes were detected in skin and fur, respiratory, 

circulatory, autonomic, central nervous systems, as well as 

somatomotor activity and behavioral pattern were 

apparently normal. 

Proteins and carbohydrates content were detected in 

order to evaluate the possibility of using the biomass for 

feeding properties. Total protein content detected was 

ranging from 232.1 to 371.3 mg/gm. Referring to 

carbohydrates content, total carbohydrates content was 

ranged from 100-138 mg/gm. Microalgae was reported to 

have high percentage of proteins, lipids and carbohydrates 

and could be used in the manufacture of different 

products. Microalgae can be grown in open ponds or 

closed photobioreactors
 

(Kit et al., 2017; Koopmans, 

2013). 

 

Serological response and hemagglutination 

inhibition assay 

Similar immunological response was detected 

between treated and non-treated algae groups. HI 

geometric means titers were ranged from 2.81 to 5.43 

versus 2.83 to 5.23 HI titers in G1 and G4, respectively. 

While, ranged from 3.93 to 6.64 versus 3.86 to 6.61 HI 

titers in G2 and G5, respectively. Whereas, non- 

vaccinated infected controls G3 and G6 were, 1.73 to 1.91 

HI titers against 1.36 to 1.86 HI titers, respectively before 

and after challenge (Table 3).  

Table 3. Serological response of different vaccines against velogenic Newcastle disease virus challenge after algal biomass 

addition in broilers diet  

Group 

no. 

Birds 

no. 

Vaccination regime Microalgae 

Addition with 

1% In feed 

Challenge at 

age/day c 

HI d titre means Log-2 at age/days 

(N = 5) 

Type age/days 
14 21 28 35 

1 20 Live GII a 5 and 18 + 28 2.81 3.56 4.42 5.43 

2 20 
Live GII 

Inact.NDV GII b 

5 and 18 

7 
+ 28 3.93 4.86 5.21 6.64 

3 20 None None + 28 1.73 1.61 1.91 NT 

4 20 Live GII 5 and 18 None 28 2.83 3.61 4.33 5.23 

5 20 
Live GII 

Inact.NDV GII 

5 & 18 

7 
None 28 3.86 4.52 5.36 6.61 

6 20 None None None 28 1.36 1.65 1.86 NT 
a Live NDV vaccine LaSota strain. The vaccinal dose equal 6-log-10 EID50/bird given via occulonasal route. b Inactivated oil emulsion NDV vaccine genotype 

II. The vaccinal dose equal 8.2-Log-10 EID50 given 0.5 ml/bird via SC route.  c Challenge with velogenic Newcastle disease virus (genotype VII) and The virus 
challenge dose equal 6-Log-10 EID50 given 0.5 ml/bird via IM route. dHI titre ≤ 2 Log- 2 considered negative (OIE, 2012). N:  Number of tested samples. no: 

Number, NT: None tested. 

 

Protection from clinical disease and post-mortem 

gross lesions 

The objective of this study was to estimate the effect 

of microalgae in poultry feed on viability, weight gain and 

enhancement of immune response and lesser shedding of 

viral infection that already circulated in field. Accordingly, 

chickens in all groups were monitored for one-week Post-

Challenge (PCH). Vaccinated-challenged groups (G1, G2, 

G4 and G5 either with or without algae in feed, 

respectively) indicated similar degree of protection against 

clinical disease in the form of mild respiratory signs, dull 

appearance and decreased in feed and water intakes for 

three days of PCH. While non-vaccinated-challenged 

groups (G3 and G6 with or without algae in feed, 

respectively) showed more severe signs of foamy 

conjunctivitis, swollen eye lids, respiratory sounds, slight 

depression and marked decrease in feed and water intake. 

Obvious greenish diarrhea, marked depression with sleepy 

appearance at three days PCH. Severe respiratory sounds, 

conjunctivitis, nasal discharge four days PCH, and paresis 

ended by nervous signs (torticollis) seven days PCH. 

On the other side, all dead birds were necropsied for 

Post-Mortem (pm) gross lesions assays revealed that, 

vaccinated-challenged birds showed mottled and enlarged 

spleens with either hemorrhagic spots and/or petechial 

hemorrhages on the proventricular glands (Figure 2). 

While non-vaccinated infected controls had severe pm 

gross lesions including severe congestion in the trachea, 

necrosis and congestion of liver, mottled and enlarged 

spleen, either hemorrhagic spots and/or petechial 

hemorrhages on the proventricular glands and enteritis 

with greenish intestinal contents (Figure 2). 

 

Body weight value of microalgae 

Since the nutritional value of microalgae varies 

considerably with the species used, 1% treated algae ration 

was not enough to add value in compare with non-treated 

groups (Table 4). The G1 average Body Weight (BW) in 
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compared with G4 was 1.43 kg versus 1.46 kg, 

respectively. Whereas, G2 in compared with G5 was 1.41 

versus 1.42 kg, respectively. Furthermore, non-vaccinated 

controls G3 1.3 versus G6 1.25 kg, respectively all at 28 

days of age. In addition to, viability of chickens and rate of 

feed and water consumption was nearly equal and in 

normal if comparing algae and non-algae treated groups.  

 

Protection against mortalities 

One of the major purposes of this study was to 

determine the role of micro algae treated ration in 

enhancement of better viability and fair protection against 

mortalities when challenge birds with vvNDV post 

vaccination regimes. Table 5 indicates 95% of non-

vaccinated infected controls were dead at one week PCH 

in both G3 and G6. While, mortalities in G1 compared 

with G4 was 60% versus 55%, respectively. Furthermore, 

was 25% in both G2 and G5 one week PCH. 

 

Virus shedding 

Viral shedding is one of the most relevant parameter 

in judgment of vaccine efficacy in correlation with the 

differences in immunological response obtained from 

microalgae supplement. Accordingly, No obvious 

differences were detected in bio-algae feeded groups in 

compared with non-feeded ones. Viral titers (Log 10) 

expressed as mean embryo infectious doses per 0.1 ml in 

G1 against G4 were 4.1 and 5.7 versus 4.2 and 5.6, 

respectively at three and seven days PCH. While, in G2 

and G5 were 2.9 and 4.1 versus 2.8 and 4.2, respectively at 

three and seven days PCH. In addition, viral titer was 6.5 

in both non-vaccinated challenged controls (G3 and G6) 

three days PCH (Table 6 and Figure 4). 

 

 

Table 4. Weight gain after algal biomass addition in broilers diet treated with different vaccines against velogenic Newcastle 

disease virus challenge 

Group 

no. 
Birds no. 

Vaccination regime Microalgae 

Addition with  

1% In feed 

Challenge at  

age / day c 

Average BW in 

kilograms at 28     

days of age Type Age / days 

1 20 Live GII a 5 and 18 

 
+ 28 1.43 

2 20 
Live GII 

Inactivated NDV GII b 

5 and 18 

7 
+ 28 1.41 

3 20 None None + 28 1.3 

4 20 Live GII 5 and 18 None 28 1.46 

5 20 
Live GII 

Inactivated .NDV GII 

5 and 18 

7 
None 28 1.42 

6 20 None None None 28 1.25 
a Live NDV vaccine LaSota strain. The vaccinal dose equal 6-log-10 EID50 /bird given via occulonasal route. b Inactivated oil emulsion NDV vaccine genotype 

II. The vaccinal dose equal 8.2-Log-10 EID50 given 0.5 ml / bird via SC route. c Challenge with velogenic Newcastle disease virus (genotype VII), The virus 
challenge dose equal 6-Log-10 EID50 given 0.5 ml / bird via intramuscular route. BW: body weight; no: Number. 

 

 

Table 5. Mortality percent after algal biomass addition in broilers diet treated with different vaccines against velogenic 

Newcastle disease virus challenge 

Group 

no. 

Birds 

no. 

Vaccination regime Microalgae 

Addition with 

1% In feed 

Challenge at 

age/day c 

Mortalities one week 

PCH 

Type age/days 
no. % 

1 20 Live GII a 5 and 18 + 28 12 60 

2 20 
Live GII 

Inactivated NDV GII b 

5 and 18 

7 
+ 28 5 25 

3 20 None None + 28 19 95 

4 20 Live GII 5 and 18 None 28 11 55 

5 20 
Live GII 

Inact.NDV GII 

5 & 18 

7 
None 28 5 25 
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6 20 None None None 28 19 95 
aLive NDV vaccine LaSota strain. The vaccinal dose equal 6-log-10 EID50/bird given via occulonasal route. bInactivated oil emulsion NDV vaccine genotype 

II. The vaccinal dose equal 8.2-Log-10 EID50 given 0.5 ml / bird via subcutaneous route (S/C). cChallenge with velogenic Newcastle disease virus (genotype 
VII). The virus challenge dose equal 6-Log-10 EID50 given 0.5 ml / bird via intramuscular route. PCH: post challenge, no: Number. 

Table 6. Viral shedding after algal biomass addition in broilers diet treated with different vaccines against velogenic 

Newcastle disease virus challenge 

Group 

no. 

Birds 

no. 

Vaccination regime 
Microalgae 

Addition with 

1% In feed 

Challenge at 

age/day c 

d Shedding at days post- 

challenge  

Type age/days 3 days 

(OP swabs) 

7 days 

(CL swabs) 

1 20 Live GII a 5 and 18 + 28 4.1 5.7 

2 20 
Live GII 

Inactivated NDV GII b 

5 and 18 

7 
+ 28 2.9 4.1 

3 20 None None + 28 6.5 NT 

4 20 Live GII 5 and 18 None 28 4.2 5.6 

5 20 
Live GII 

Inact.NDV GII 

5 & 18 

7 
None 28 4.8 4.2 

6 20 None None None 28 6.5 NT 
a Live NDV vaccine LaSota strain. The vaccinal dose equal 6-log-10 EID50 / bird given via occulonasal route, b Inactivated oil emulsion NDV vaccine 
genotype II. The vaccinal dose equal 8.2-Log-10 EID50 given 0.5 ml / bird via subcutaneous route, c Challenge with velogenic Newcastle disease virus 

(genotype VII). The virus challenge dose equal 6-Log-10 EID50 given 0.5 ml/bird via intramuscular route, d Viral titers (log10) expressed as mean embryo 

infectious doses per 0.1 ml from oral and cloacal swabs taken at day 3 and 7 post-challenge from the challenged birds. OP: oropharyngeal, CL: cloacal, NT: 
None tested, no: number of birds in each group.  
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Figure 2. The post mortem lesions in broiler chickens treated with different vaccines of Newcastle disease against velogenic 

Newcastle disease virus challenge. A and B: Petechial hemorrhage on proventricular glands of infected controls Groups 3 and 6, 

respectively at 4 days after challenge. C and D: petechial hemorrhage on proventricular glands of infected vaccinates Groups 2 and 5, 

respectively at 5 days after challenge. E and F: mottled and enlarged spleen of infected vaccinates groups 1 and 4, respectively at 5 days 

after challenge. 
 

 
Figure 3. Serological response evaluation after 

microalgae biomass application in commercial broilers 

feed and received different Newcastle disease virus 

vaccination schemes against velogenic Newcastle disease 

virus challenge at 14, 21, 28 and 35 days post challenge 

with haemagglutination titers of the same rang of both 

algae-treated groups or no-algae feeded ones either 

challenged or non-infected controls. 

 

 

 
Figure 4.  Viral shedding after velogenic Newcastle 

disease virus challenge at 3 and 7 days from 

oropharyngeal and cloacal swabs for evaluation of 

microalgae biomass application effect in commercial 

broilers feed treated with different Newcastle disease 

virus vaccination schemes. Showing viral titers of the 

same rang of both algae-treated groups or no-algae feeded 

ones either challenged or non-infected controls. 

 

DISCUSSION 

 

Using microalgal biomass in feeding animals has recently 

applied in poultry as Microalgae improve skin color, 

shanks and egg yolks. Numerous nutritional and 

toxicological evaluations revealed the appropriateness of 

algal biomass as a valuable feed supplement or used 

instead of conventional protein sources (soybean meal, 

fish meal, rice bran, etc.)
 
(Becker, 2007). In addition to, 

using algae as a protein source for livestock, many were 

used for health benefits (i.e. improved immune response, 

improved fertility, better weight control, healthier skin and 

a lustrous coat)
 
(Pulz and Gross, 2004). 

This study aims to explore the effects of dietary 

micro algae supplementation in broiler chicks as enhancer 

of BW and immune status in broilers in a challenged 

setting. No considerable differences were found in BW 

among the treatment groups with 1% bioalgae supplement 

(Andrade, 2018; Abdelnour et al., 2019). Nonetheless 

earlier studies have reported changeable results debating 

the effects of micro algae on performance in poultry. 

Zhang et al. (2008)
 
found that β-glucans extracted from the 

algae at the percentage of 50 and 75 mg/kg in the diet 

increased BW. In a similar work, (Rathgeber et al., 2008) 

observed higher BW in broilers that fed on β-glucan 

during the growth phase. On the other hand, other 

researchers reported low performance after B-glucan 

supplementation in chickens
 

(Huff et al., 2006). In 

harmony with our findings, several cases reported no 

significant effects of micro algae on growth performance 

where algae feeding do not negatively affect performance 

in either non-challenged reports
 
(Cheng et al., 2004; Chae 

et al., 2006; Morales-Lopez et al., 2009) or challenged 

settings
 

(Chen et al., 2006; Chen et al., 2008). The 

conflicting results found in those studies could be due to 

differences in the source of the algae or the presence and 

type of challenge used, or both.  

The use of live and inactivated vaccines has been 

used in the prevention and control of NDV (Zhao et al., 

2014). Vaccines induce antibody production of IgA, IgG, 

and IgM to high levels of vaccinated chicks
 
(Russell and 

Ezeifka, 1995). Because micro algae can play a role in 

stimulating these immune responses, the use of algae 

products in poultry vaccinated with NDV has been 

studied. In a study by An et al. (2008), algal B-glucan was 

fed to NDV vaccinated broilers at levels of 0, 0.025, and 

0.1% for 35 days. The inclusion of algal B -glucan 
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significantly increased (P<0.05) at day 35 BW of NDV 

vaccinated broilers than control. Additionally, NDV 

specific antibody titers were elevated through the 

supplementation of algal B-glucan at 0.1%. The cell 

mediated immune response was suggested by (Cheng et 

al., 2004)
 

to be improved by algal β-glucan through 

modulating macrophage activity. These observations are 

supported by (An et al., 2008) who also observed an 

increase in day 35 Newcastle virus antibody titers when 

feeding algal B-glucan at 0.05 and 0.1%, suggesting 

dosage level of β-glucan impacted the increase in antibody 

titers. These data confirm that an algal supplement can 

improve early performance parameters in a non-challenge 

setting, increase Newcastle virus specific antibody titers, 

and eliminate growth performance reductions in Eimeria 

challenged broilers. These data also confirm that dosage 

level of algae plays a significant role in performance 

effects in both non-challenged and challenged settings. 

These three experiments demonstrate the effectiveness of 

micro algae in poultry production although additional 

research must be conducted to further confirm proper 

dosage level. The results of Morales-Lopez et al. (2009) 

supporting our results, revealing that no benefits to 

performance or NDV specific antibody titers of a purified 

algae when fed to NDV vaccinated broilers. 

In recent work and in agreement with our study 

Evans et al. (2015) showed that the incorporation of 16% 

of dried algae into a broiler diet has no negative effects on 

the performance of chicks. In addition, (Ross and Dominy, 

1990) showed similar results in his work where found that 

no significant differences in performance of broilers fed a 

diet containing 1.5, 3, 6 or 12% dehydrated algae in feed. 

As well as, (Raach-Moujahed et al., 2011) also
 
reported 

that fed with or without 4 or 8% of algal biomass in the 

diet has no difference in growth performance of broilers. 

In contrast, (Shanmugapriya et al., 2015) recently 

observed improvement in body weight gain and food 

conversion rate in broilers when fed a diet with algal 

biomass. Furthermore, Mariey et al. (2012)
 
reported that 

including algal biomass in low concentration (0.02 or 

0.03%) not only improved performance in broilers, but 

also increased dressing percentage, meat color score, 

blood morphology was improved and relative abdominal 

fat weight was decreased. 

A lot of projects in many countries are going on 

since the algal biomass production has concerned, 

currently there are lot of projects going on in many 

countries. We concluded that, the present study has 

established the safety and acceptability of micro algae 

biomass as poultry feed up to 1% replacement and may be 

incorporated into practical broiler diets that utilized by 

broiler chicks without causing detriment to performance, 

immunity or either viability and body weight gain. So as 

to, further research is required to identify the optimal 

dosage of microalgal biomass supplementation for 

consistent favorable results in poultry. 
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