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Increase in drug resistance as well as ineffective immunization efforts against

various pathogens (viruses, bacteria and fungi) pose a significant threat to the

poultry industry. Spirulina is one of the most widely used natural ingredients which

is becoming popular as a nutritional supplement in humans, animals, poultry and

aquaculture. It contains protein, vitamins, minerals, fatty acids, pigments, and

essential amino acids. Moreover, it also has considerable quantities of unique

natural antioxidants including polyphenols, carotenoids, and phycocyanin. Dietary

supplementation of Spirulina can beneficially affect gut microbial population,

serum biochemical parameters, and growth performance of chicken.

Additionally, it contains polyphenolic contents having antibacterial effects.

Spirulina extracts might inhibit bacterial motility, invasion, biofilm formation, and

quorum sensing in addition to acting directly on the bacterium by weakening and

making the bacterial cell walls more porous, subsequently resulting in cytoplasmic

content leakage. Additionally, Spirulina has shown antiviral activities against certain

common human or animal viruses and this capability can be considered to exhibit

potential benefits against avian viruses also. Spirulan, a calcium-rich internal

polysaccharide of Spirulina, is potentially responsible for its antiviral effect

through inhibiting the entry of several viruses into the host cells, boosting the

production of nitric oxide in macrophages, and stimulating the generation of

cytokines. Comparatively a greater emphasis has been given to the immune

modulatory effects of Spirulina as a feed additive in chicken which might boost

disease resistance and improve survival and growth rates, particularly under stress

conditions. This manuscript reviews biological activities and immune-stimulating
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properties of Spirulina and its potential use as a dietary supplement in poultry to

enhance growth, gut health and disease resistance.
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Introduction

Numerous diseases continue to occur in the poultry industry

despite the widespread use of vaccines and medications, resulting in

financial losses. For instance, avian viral infections such as avian

influenza (AI), infectious bronchitis (IB), infectious bursal disease

(IBD), and Newcastle disease (ND) lead to significant economic

losses, particularly in broilers, due to respiratory distress, increased

mortality, reduced growth, and immunological suppression (1). The

same is true for coccidiosis and bacterial infections like Salmonella, E.

coli, etc. Until the emergence of resistant strains, chemical

antimicrobials and antiprotozoals successfully inhibited and

suppressed bacteria and protozoa. So there is a persistent need to use

natural substances to address this issue. Algae, for instance, is a source

of vital biological useful components, making the use of natural habitats

as a source of these chemicals a viable strategy for creating innovative

cuisines (2, 3). One of the greatest sources for organic nutrients among

edible algae is the microscopic blue-green alga Spirulina (Arthrospira),

which is used as a nutritional supplement for both human and animal

feed globally (4). Spirulina platensis is a filamentous commercial

cyanobacterium that is utilized as dietary and feed supplement in

humans, aquaculture, livestock and poultry industry. Spirulina can

grow in both saline and fresh water, and it is semi- and mass-cultivated

in several countries. Dried spirulina is a rich nutritional source, with a

high protein content (260-770 g/kg) representing 70% dry weight and a

large fat content (10-140 g/kg) (5–7). Additionally, it has been observed

that these microalgae have a high nutrient digestibility that was superior

or equivalent to that of other vegetable diets and feeds (6, 8). Therefore,

Spirulina has the potential to partially replace the traditional protein

sources, particularly soybean meal (9). Oleic acid, linoleic acid, gamma-

linolenic acid, docosahexaenoic acid (DHA), sulfolipids, and glycolipids

are among the many polyunsaturated fatty acids found in spirulina, in

addition to Omega-3 and -6 polyunsaturated fatty acids that are

abundant in spirulina (25% and 60% of the total fatty acids) (5, 10).

Spirulina also contains pigments, such as carotenoids (4000 mg/kg),

which include b-carotene and zeaxanthin (10, 11), and chlorophyll

pigments (12–14). Phycobiliproteins (15), vitamins (16), and macro-

and micromineral components like calcium, iron, magnesium,

manganese, potassium, zinc, and selenium are also found in spirulina

(10, 17). Moreover, polysaccharides, pro-vitamin A, vitamin E, vitamin

K and various B vitamins (10) as well as antioxidants are also important

constituents of spirulina (18).

Spirulina is used as a dietary additive in a wide variety of food

products due to its exceptional and impressive nutrient composition.

This helps to improve the nutritional qualities of the products, as well
02
as their potential to improve reproductive and productive

performance, general health, and the symptoms of various animal

diseases like arthritis, diabetes, anaemia, hypertension, and

cardiovascular disorders. Spirulina are strong contenders as an

alternative to antibiotics in chicken feed. These substances exhibited

potential medicinal properties like antimicrobial, antioxidant, anti-

cancer, anti-inflammatory, immune-enhancing, and colourants (18–

20) in addition to their metalloprotective, radioprotective, and

hypocholesterolemic effects (4, 10). Additionally, Spirulina (SPA)

with antiviral properties has shown to strengthen the immune

system, and its rich nutritional profile promoted growth

performance by improving the intestinal villi length and number of

the epithelial cells particlulary goblet cells (21). For a sustainable and

feasible future of food security, spirulina is becoming a more

affordable method of increasing poultry output (9). Here,

therapeutic and immune-stimulating benefits of Spirulina were

reviewed from another angle in case they could actually be used as

nutritional supplement with antibiotic or vaccine to fight off various

diseases of chicken (Figure 1).
Effects of Spirulina platensis on
productive performance

Numerous studies have supported spirulina’s ability to promote

growth. From the embryonic stage until the egg is laid, spirulina can

be supplemented in poultry diets. Spirulina platensis in ovo injection

enhanced the expression of genes associated to immunity,

antioxidants, and hatchability in quail chicks (22). Ibrahim et al.

(23) reported that spirulina in drinking water for 4 weeks at levels of

0.5, 1 and 2 g/Liter significantly increased the average body weight

gain, health, with the highest chick viability percent, best significant

feed conversion ratio (FCR), feed efficiency, European Production

Efficiency values, increase in the relative weights of carcass and

internal organs with the significantly lowesr abdominal fat.

Spirulina supplemented (1 or 2 g/kg diet) in diets containing

vegetable and animal protein in Japanese quails improved the

growth performance without affecting meat quality or gut flora in

quails fed with vegetable protein source but no effect was observed in

animal protein based diet (24).

K-strain White Cornell Leghorns and broiler chicks grown to ages

of seven and three weeks, respectively, on diets containing varied

concentrations (10, 100, 1,000, and 10,000 ppm) of Spirulina platensis

exhibited higher body weights than control birds (25). With 0.7 and

0.9 g of Spirulina platensis per kg of feed, Cobb broiler chickens’
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growth performance, blood parameters, biochemical changes in

serum, and microbial load could all be improved (26).

Dietary supplementation of Spirulina at 10g/kg of diet showed

significantly higher body weight gain and, consequently, linear

improvements in FCR was observed in Cobb broilers during 35

days experimental period. Additionally, dietary Spirulina levels

resulted in a rise in intestine Lactobacillus sp. while decreasing

Escherichia coli populations (27).

Hajati and Zaghari (28) advocate utilizing Spirulina at dosages of

5 and 3 g/kg food during the Japanese quail’s growth and laying

periods, respectively, using a range of varied doses. During the first 35

days of life, a diet of 5 g/kg induced a significant increase in body

weight gain, breast percentage, and European production efficiency

factor. When added to the diet of layers, Spirulina at a level of 3 g/kg

considerably reduced the amount of cholesterol per gram of yolk

while also improving the color of the egg yolks.

However, daily feed intake, FCR, the percentage of broken eggs,

eggshell thickness, albumen height, Haugh unit, and egg weight were

unaffected by dietary Spirulina up to 0.9%. When compared to non-

supplemented birds, 0.6% algae significantly increased egg mass and

production as well as egg yolk colour in laying chickens between 26

and 37 weeks of age (29).

For improved reproductive and productive performance,

Mobarez et al. (30) suggested adding Spirulina to Golden

Montazah layer diets. When given the basic diet with 2 or 3 g

Spirulina/kg diet during the laying period from 29 to 40 weeks of

age, hens and cocks had significantly improved FCR compared to

the control group. Additionally, chickens fed a diet containing 3 g

of Spirulina/kg had the highest levels of high-density lipoprotein

(HDL), total antioxidant capacity (TAOC), glutathione peroxidase

(GPx), egg quantity, egg weight, and hatchability percentage.

Blood cholesterol, total lipids, and low-density lipoprotein (LDL)
Frontiers in Immunology 03
were all significantly reduced with Spirulina administration at

both dosages.

Microalgae in quail diets (5%, 10%, and 15%) increased egg

quality and provided benefits to consumer health by functioning as

an immune-stimulant and antioxidant (31). However, they had no

effect on egg production. This was because it boosted amounts of

monounsaturated fatty acids, which are good for consumer health,

and decreased levels of harmful saturated fatty acids. Additionally, egg

yolk antioxidant levels increased, which reduced lipid peroxidation.

On the other hand, 32 reported a lower performance of broiler

chickens supplemented with Spirulina by 15%, for 2 weeks period

(21st -35th day old), compared to non-supplemented birds. They

attributed this negative effect to the high digesta viscosity induced by

the gelation of indigestible proteins of Spirulina. Even addition of

exogenous enzymes like lysozyme or Rovabio Excel AP resulted in the

same worse findings, although lysozyme succeeded in breaking

Spirulina’ cell wall. Pestana and hos co-authors suggested that this

microalga’s proteins may be more easily digested and prevented from

harmfully gelling if lysozyme and an exogenous specialised peptidase

were combined.
Effects of Spirulina platensis on the
immune system

Supplementing with spirulina boosts many immune processes.

Spirulina has shown a specific action on monocytes and natural killer

(NK) cells, which are essential components of the innate immune

system. Administration of Spirulina exhibited to enhance

macrophage phagocytic response and activity of NK cells in chicken

and humans (25, 33, 34). The phagocytic activity of macrophages

isolated from cats was also found to be increased in response to
FIGURE 1

Overall applications and effects of Spirulina on poultry performance and health.
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antigen exposure in the presence of Spirulina (25). A polysaccharide

extract of Spirulina platensis has hsown to increase white blood cells

in a haematopoietic system damaged by irradiation (35). Oral

administration of Spirulina platensis in healthy male volunteers

increased IFN-g production and phagocytic activity of isolated NK

cells stimulated with IL-12/18. Beside this, Spirulina also enhanced

Toll like receptor (TLR)-2 and 4 mediated production of IL-12 from

peripheral blood mononuclear cells, thus indicating Spirulina first

activates monocytes and macrophages to produce cytokines that

stimulate NK cells (34). An action through TLR-2 or -4, leading to

NF-kB activation, has been suggested in studies in human monocytes

(36, 37).

Spirulina’s immune-modulatory action on mice through

increased IL-1 antibody production was observed in 1994 for the

first time (38). In this regard, Kaoud (39) found that chicken groups

fed diets containing spirulina had higher relative and absolute thymus

and bursa weights than the control group. Similarly, in comparison to

the untreated control, the addition of S. platensis at levels of 0.7 and

0.9 g/kg broiler diet resulted in a considerable rise in the weights of the

bursa, thymus, and spleen (26). However, broilers and K-strain chicks

given Spirulina (0, 10, 100, 1,000, and 10,000 ppm) did not change in

bursal or splenic weight, but the K-strain chicks had significant larger

thymuses than the controls (25).

A considerable rise in white blood cell count and increased

macrophage phagocytic activity in broilers treated with S. platensis

algae suggested that the immune system of the animals was

strengthened (40).

According to Al-Batshan et al. (33) feeding Spirulina platensis

increases macrophage phagocytic activity in terms of the average

number of sheep red blood cells (SRBC) per phagocytic macrophage

(range = 2.2 to 3.6 versus 1.8 to 2.5 in the basal group) and the overall

phagocytic percentage (range = 28 to 39% versus 24 to 25% in the

basal group). Over the course of the three developmental ages,

Escherichia coli lipopolysaccharides-induced nitrite levels in

macrophages (increased nitric oxide synthase activity) ranged from

60 to 278 microM in the basal diet group, but they were significantly

higher in all Spirulina dietary groups (0.5% group range = 198 to 457

microM; 1.0% group range = 161 to 359 microM; and 2.0% group

range = 204 to 420 microM).

Spirulina supplementation at 10000 ppm of diet also doubled the

activity of NK cells and showed a greater PHA-P-mediated

lymphoproliferative response compared to controls. All Spirulina

groups (10, 100, 1000, 10000 ppm) demonstrated greater

macrophages phagocytic capacity than the 0 ppm group in K-strain

and broilers (25).

When compared to 1 g Spirulina/kg, laying Japanese quails given

3 or 5 g Spirulina/kg had significantly enhanced cutaneous basophil

hypersensitivity after 12 or 24 hours of phytohemagglutinin injection

(28). A substantially less heterophil and more lymphocytes than the

control treatment were obtained by 1, 1.5, and 2 g spirulina/kg fed to

broilers for 42 days (21). It has been demonstrated to increase the

potential for disease resistance in chicken by activating their

mononuclear phagocytic system (41). Improvement in cellular

immunity observed in response to dietary supplementation of

Sprirulina might be attributed to higher Zn concentration in

spirulina like this (42, 43).
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In Cornell K-strain White Leghorns and broiler chicks fed to 7

and 3 weeks of age, respectively, with meals containing varying

amounts of Spirulina platensis (0, 10, 100, 1,000, and 10,000 ppm),

anti-sheep red blood cell antibodies were not different throughout the

initial reaction. However, all Spirulina-dietary groups with K-strain

chicks exhibited greater total anti-SRBC titers during the secondary

response, with the 10,000-ppm group having the highest (6.8 Log2)

compared to the 0 ppm (5.5 Log2) group (25). In laying Japanese

quails, different concentrations of Spirulina (1, 3 or 5 g/kg food)

resulted in significantly greater levels of total antibody against SRBC

and IgG titers (28).

Khan et al. (21) showed that the use of spirulina considerably

enhanced growth performance, gut integrity, and immunity in broiler

production while also providing better economics and supplementing

with spirulina significantly affected the antibody titer against the

ND vaccination.

In growing Japanese quail chicks, adding Spirulina at

concentrations of 0.5, 1 and 2 g/Liter significantly raised the

amount of serum antibodies against the Newcastle virus (NDV)

and the plasma total protein profile (23).

Additionally, Golden Montazah laying hens and cocks

supplemented with 3 g Spirulina/kg diet during the laying period

recorded significantly higher antibody titers against NDV, Avian

Influenza (AI), antibody against SRBC, and Interferon proteins (IFN-

g) concentration (30). Similarly Nia et al. (29) revealed that Spirulina by

levels 0.3%, 0.6% or 0.9% in Lohmann Selected Leghorn (LSL) laying

hens between the ages of 26 and 37 weeks had a substantial impact on

the antibody titer in birds that had received the Newcastle vaccine.

However, the ratio of heterophiles to lymphocytes, humoral immunity

against SRBC, cell-mediated immunity response to PHA injection, and

the relative weight of the bursa and spleen were not significantly

affected by this dietary Spirulina.

Additionally, the immunosuppressive effects of diclofenac

sodium, which were manifested by decreased phagocytic activity,

phagocytic index, and a significant decrease in the titer of antibodies

formed against NDV were significantly reversed by oral

supplementation of broiler chicks with Spirulina at a dose of 10

gm/kg in their diet, either on therapeutic or preventive regimes (44).
Antioxidant effects and Spirulina
platensis’s impact on meat quality

Because microalgae are a significant source of C-phycocyanin, an

antioxidant pigment with hypolipidemic activity, birds fed Spirulina

showed improved antioxidant activity, which is another benefit of

Spirulina feed (45, 46). Phycocyanin, carotene, and xanthophyll

phytopigments, tocopherols, linolenic acid, and phenolic

compounds are some examples of naturally occurring components

in Spirulina that have been demonstrated to have strong antioxidant

properties and potent scavenging activities against Reactive Oxygen

Species like superoxide and hydrogen peroxide radicals (4).

Abdelkhalek et al. (47) reported that spirulina dramatically

stimulates the activity of antioxidant enzymes preventing lipid

peroxidation, DNA damage, and free radical scavenging. The total

antioxidant capacity and thyroxin (T4) content were dramatically
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enhanced in growing Japanese quail chicks when Spirulina levels of

0.5, 1 and 2 g/Liter were used. Plasma cholesterol, total lipids, ALP,

ALT, and AST activity, however, had significantly lower levels (23).

Additionally, in ovo injections of Arthrospira (Spirulina) platensis

at doses of 0.75–3.5 mg/egg in Japanese quails and 25–35 mg/egg in

broiler breeders enhanced chick hatchability and IFN-gamma

expression. In quails, 2.5 or 3.5 mg Spirulina dramatically reduced

expression of HSP70 and considerably boosted Catalase activity and

GPX gene expression in hatchlings. The lowest HSP70 in chicks was

induced by in ovo injection of 25 or 35 mg Spirulina in broiler

breeders (22).

Moreover, spirulina inclusion in the poultry feed affects meat

quality parameters like color, flavor, polyunsaturated fatty acids

composition, and oxidative stability. Therefore, in terms of

oxidative stability and the enhancement of omega-3 fatty acids

like those of linolenic and docosahexaenoic acid by Spirulina

feeding, 1.5% fed to Cobb 500 broiler chicks for 5 weeks could

be potential functional ingredients to generate value-added broiler

meat (breast and thigh meat) (48). Similarly, Abbas et al. (49)

demonstrated that 3% and 4% of dietary Spirulina significantly

increased the content of oleic acid, palmitic acid, docosahexaenoic

acid, and linoleic acid in broiler carcass. Additionally, throughout

the 30-day storage period, 4% Spirulina considerably decreased the

value of peroxide. For the 60-day storage period, both Spirulina

treatments significantly reduced the oxidation indices of total

volatile nitrogen (TVN) and thiobarbituric acid (TBA), while the

sensory evaluation ratings for the chest and thigh slices did not

change. 50 reported an unchange of the amount of gamma-

linolenic acid or omega-3 in the intramuscular fat by 75% and

50% Soy bean replacement by Spirulina in starter and grower feed,

respectively, although the richness of Spirulina with poly

unsaturated fatty acids. Moreover, when Spirulina-based meat

samples were wrapped in highly oxygenated modified

environment packaging, they showed higher rates of lipid

oxidation than soybean meal-based meat samples (50). On

another side, color of meat was improved by inclusion of

spirulina at high doses in the feed that may be due to high level

of carotenoids. Altmann et al. (51) found that when Spirulina

replaces 50% of the soy protein in broiler diets, meat color could be

increased to be dark reddish-yellowish flesh. Similarly, Altmann

et al. (50) observed a more intensive color (higher red (a*) and

yellow (b*)) for breast and thigh meat as well as an increased

umami and chicken flavor were reported for broiler meat. 51

reported a positive effect of Spirulina on flavour breast filets

through decreasing the score of metallic flavor (off-flovor) of

breast meat, besides increasing pH value after 24 hours after

death that was associated with softness and tenderness of breast

filets. Feeding broiler chickens with Spirulina 15% for two, the

breast and thighs exhibited higher values of yellowness (b*)

compared to the control, as well as total carotenoids and

saturated fatty acids were increased, but levels of n-3

polyunsaturated fatty acids and a-tocopherol were reduced (32).

Neverthless, Park et al. (52) found that the quality of the breast

meat of broilers fed Spirulina diets (0.25, 0.5, 0.75, or 1.0%) for 35

days was not substantially altered while seven-day drip loss was

linearly reduced.
Frontiers in Immunology 05
Anti-pathogenic effects of
Spirulina platensis
Dietary spirulina have shown good response in several infections

in vivo in poultry (Table 1). A wide variety of influenza viruses,

including oseltamivir-resistant strains, were blocked by the cold-

water Spirulina extract from forming viral plaques. Inhibition of

influenza hemagglutination was revealed to be one of the ways by

which spirulina extract acts early in the course of infection to lower

viral production in cells and increase survival in influenza-infected

mice (58). The ethanol extract of Spirulina platensis had an antiviral

effect in vitro, decreasing the infectious units of adenovirus types 7,

Coxsackievirus B4, astrovirus types 1, rotavirus Wa strain, and

adenovirus types 40 by respective amounts of 53.3%, 66.7%, 76.7%,

56.7%, and 50% (59).

It was reported that a calcium-rich intracellular polysaccharide

called spirulan found in Spirulina platensis prevents multiple viruses

from replicating in vitro by preventing the virus’ entry into the

various host cells that are being utilized (60, 61), increases

macrophage nitric oxide synthesis and stimulates cytokine

production (62). Broiler hens infected with the H5N1 Avian

Influenza virus had cardiac necrosis, although 20% of spirulina had

no discernible effect on this. However, it boosted leukocytes

associated with an immune function, which prevented mortality vs

30% death in the non-supplemented group (41).

Regarding Newcastle disease, most investigations such as (53, 54)

found that Spirulina had an impact on viral challenge in birds that

had received live, attenuated, and/or inactivated vaccinations. As a

result, the effect of Spirulina supplementation was seen as an

immune-stimulating effect that dramatically improved clinical

protection against heterologous strains and the capacity to decrease

NDV shedding. In 2019, Kumari et al. discussed an indirect benefit of

spirulina on infectious bursal disease. The decreasing effect of

intermediate plus vaccine (hot strain given at the age of 17 days) on

serum total protein concentration was greatly reduced by spirulina

supplementation at 1.0% in feed from 10 to 20 days of age.

Cyanobacteria might be considered a suitable source for the

manufacturing of antimicrobial agents as purified antimicrobial

compound produced by S. platensis were more effective against

Gram positive, Gram negative, and C. albicans, a unicellular fungus.

Organic and aqueous extracts of S. platensis were tested in vitro and

demonstrated broad-spectrum antibacterial and antifungal action. 63

showed that the highest biological activity of them was against

Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis and

Aspergillus niger. Compared to ethanol or aqueous extracts,

methanol extract exhibited superior antibacterial activity against all

tested bacterial strains (Gram positive bacteria, Gram negative

bacteria, and Candida sp.), particularly against Gram positive

bacteria (Staphylococcus aureus, Streptococcus pneumoniae,

Bacillus cereus, and Enterococcus faecalis). For the various strains

examined, the lowest inhibitory concentration value of ethanol and

methanol extract ranged between 5-100 mg/mL (64). Similarly,

compared to other extracts, the methanolic extract of Spirulina

showed a larger total phenolic content and more antibacterial

activity (65, 66).
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TABLE 1 Efficacy of Spirulina platensis (SP) supplementation in cases of various infectious diseases in poultry.

Algae/dose Route of
administration/

duration

Birds Vaccination/
Age

Infectious
challenge/
Age/dose/

route

Main results Reference

Avian Influenza

S. platensis 0%, 10%, 20% Drinking water/7th

day to 32nd day
Broiler
chickens

No vaccine Avian
Influenza
H5N1/26 days
old/0.1 ml
inoculum
containing 107

EID50/nose
drops

Myocardial necrosis did not
differ significantly from either
group.
Comparing SP 10% and 20%
to a control therapy without
it, more leukocytes were
produced.
20% SP showed no mortality,
but 0% and 10% spirulina
revealed 30% mortality.

(41)

New Castle disease

S. platensis 0, 0.5, 1, 1.5 and 2 g/kg of ration Feed at 7 days of
age

SPF
chickens

Commercial
inactivated
Newcastle
disease (ND)
vaccine at 21
days of age

NDV
genotype VII/
28 days post-
vaccination/
0.5 mL/bird
containing 106

EID50/
intramuscular
(I/M)

Compared to untreated
vaccinated hens, offered
adequate protection against
heterologous challenge virus
(90%, 100%, 100%, and
100%, respectively).
Compared to the untreated
group (46%), treated
vaccinated hens excreted
fewer viruses (55%, 65%,
76%, and 87%).

(53)

0, 1% of Microalgae (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)

Feed (1st -40th day
of age)

Broiler
chickens

▪live NDV La
Sota strain by
oculo-nasal
route at 5th day
and/or
▪Inactivated
NDV genotype
II vaccine S/C
at 18th day

vvNDV
genotype
VIId/6-Log-10
EID50 given
0.5 ml/bird
via I/M at
28th day

The serological response,
viral shedding after viral
challenge, protection rate,
and body weight increase of
the chicken groups that
received either a microalgae-
free diet or one that included
microalgae were comparable.

(54)

Infectious bursal disease

Probiotic S. platensis
0, 1%

Feed (10th -20th

day)
chickens IBDV

intermediate
plus strain
vaccine (hot
strain)/17 days

– The adverse effects of the
IBD vaccine’s hot strain on
blood total protein and
albumin levels could be
slightly mitigated by SP
supplementation.

(55)

Salmonellosis

S. platensis at 0, 1, and 2 g/kg diet Feed (7th day–
experimental end)

quail – S. enteritidis/
orally/21st

day/1ml of
1.00x107)

SP dramatically increased IL-
10, antioxidant and serum
biochemical markers, and
growth performance.
It decreased the post-
challenge death rate from
23.33% in the untreated
group to 10% in the groups
who received both doses of
treatment and had
significantly lower clinical
symptoms.
It considerably decreased
organ colonization (liver,
heart, spleen, caecum).
The expression of the genes
for serum amyloid and the
pro-inflammatory IL-6, IL1 ß,

(56)

(Continued)
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Kaushik and Chauhan (67) reported that the minimum inhibitory

concentrations (MIC) of the methanol extract against S. aureus and E.

coli were 128 g/ml and 256 g/ml, respectively while it had no effect

was against Klebsiella pneumoniae. Nevertheless, Spirulina acetone

extract shown strong biological activity against Klebsiella

pneumoniae and modest activity against Salmonella typhi and

Pseudomonas aeruginosa (68). By using an ethanol extract of

Spirulina platensis, inhibitory zones against Enterococcus faecalis

and Candida albicans were seen using the disc diffusion technique

(59). The effectiveness of Spirulina’s antibacterial actions in vivo was

assessed by Abd El-Dayem et al. (56) as adding 1 and 2 g of spirulina

per kg of diet significantly increased growth performance, antioxidant

levels, and the production of the anti-inflammatory cytokine (IL-10)

while reducing organ colonization and gene expressions of IL-6, IL-

1ß, and TNF-a as compared to positive and negative control groups.

According to 69, pathogens use the same adhesion and invasion

mechanisms to invade the guts of both people and animals, and the

antibacterial action of spirulina might be attributed to its ability to

prevent pathogen motility, invasion, biofilm formation, and quorum

sensing. In addition, Spirulina’s bioactive ingredients have shown to

weaken bacterial cell walls making it more permeable, that

subsequently led to leakage of cytoplasmic contents (65).

Furthermore, when broilers were given the 10X Coccivac-B52

vaccine orally while being fed microalgae-derived feed components,

the intestinal integrity of the birds during coccidiosis was conserved,

and the jejunal villus height was protected as early as 7 days after the

challenge (57). However, the algal element changed the immune

response (splenic T cells) in a way that decreased recruitment from

secondary lymphoid organs (57).

Spirulina was also a powerful binder for aflatoxins in broiler

breeders (70). The negative effect of 300 ppb aflatoxin on broiler

chicken growth rate and lymphoid organ weights might be partially

mitigated by the addition of spirulina at a level of (0.05%) although
Frontiers in Immunology 07
there was no positive impact on feed consumption, the serum protein

concentration, liver weights, or cholesterol levels (71). Likewise,

Spirulina inclusion (0.02%) in feed had positive effects on growth,

ready to cook yields, bursa weight, and cellular immune response in

chicks fed aflatoxin (300 ppb) although there was no effect of

Spirulina on feed intake, feed conversion efficiency, leg abnormality

scores, SRBC response, and weights of the liver, giblets, spleen, and

abdominal fat (72). Dietary inclusion of Spirulina is also

recommended to protect against other toxins as shown in Table 1.
Effects of Spirulina on the
managemental and nutritional
shortages
A crucial component of broiler productivity, especially with

the use of antibiotics being reduced, is immune system health.

Natural antibiotic alternatives and nutritional factors like crude

protein % are being studied to understand how they affect

immunity. The positive benefits of Spirulina in reversing the

management and nutrient deficits in poultry were displayed in

Table 2. A promising development for reducing feed costs without

compromising the health of the bird is the ability of natural feed

additives to counteract the negative effects that low crude protein

has on immunity in birds (74). Spirulina is an alternative protein-

containing component that manufacturers are considering

because of both its great nutritional value and its capacity to

strengthen the immune system. For instance, the addition of

spirulina to low protein chicken diets resulted in reduction of

systemic inflammation and bacterial translocation indicating its

suitability as a alternative protein source (73). Additionally, the

low crude protein (LCP) diet-Spirulina supplemented reversed the
TABLE 1 Continued

Algae/dose Route of
administration/

duration

Birds Vaccination/
Age

Infectious
challenge/
Age/dose/

route

Main results Reference

and TNF-a in the cecum was
considerably downregulated.

Coccidiosis

Microalgae-derived feed ingredients at 0.175% Feed up to 42 days
old

Ross
308
broilers

– 10X Coccivac-
B52 vaccine/
orally/at 14th

day of age

Birds fed algae shed 2.3 times
more oocysts than birds fed
the control diet.
Algal inclusion had no
impact on the rate of growth
and did not shield birds that
had been injected with
Eimeria from the
modifications that Eimeria
caused to their splenic T
cells.
However, algae significantly
protected jejunal villus height
as early as 7 day post
infection and maintained
intestinal integrity during
coccidiosis.

(57)
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TABLE 2 Efficacy of Spirulina platensis (SP) in cases of nutritional deficiencies and managemental defects in poultry.

Algae/dose route of
administration/

duration

Birds Nutritional or
managemental

defect

Main results Reference

Low protein diet

S. platensis at 0, 100
g/kg

Feed/14th -37th day
of age

Ross 708
male broiler
chickens

Low protein diet (LCP)
(17%) compared to basal
diet (21%)/14th -37th day of
age

SP decreased hepatic bacterial translocation brought on by a
LCP and systemic inflammation based on the percentage of
basophils. Birds were given the SP had significantly reduced
levels of circulating pro-inflammatory cytokines (IL-3, IL-6,
IL-4, IL-18, and tumour necrosis factor), chemokines (CCL-
20), and NOD-like receptor family pyrin domain containing
3 inflammasome than birds given the control diet.

(73)

S. platensis at 0, 100
g/kg

Feed/14th -37th day
of age

Ross 708
male broiler
chickens

LCP (17%) compared to
basal diet (21%)/14th -37th

day of age

The LCP-SP diet lessened the effects of the LCP diet,
resulting in levels and ratios of monocytes that were similar
to those of the control diet.

(74)

S. platensis at 0,
10%

Feed/15th day-35th

day of age
Ross 708
female
broiler
chickens

Low protein diet (LCP)
(17%)/15th day-35th day of
age compared to basal diet
(20%)/

Broilers fed SP in their diets saw considerably lower body
weight gain but considerably higher feed conversion ratio
compared to the other two treatments

(75)

Mycotoxins and other toxins

S. platensis at 0,
0.02%

Feed/10th day-45th

day of age
Commercial
Broiler
chickens

Aflatoxin (300 ppb)/10th

day-45th day of age
SP fed to chicks who had been exposed to aflatoxin had
positive benefits on their development, ready-to-cook yields,
bursa weight, and cellular immune response, but SP had no
impact on feed intake, feed conversion efficiency, leg
abnormality scores, SRBC reaction, or the weights of the
liver, giblets, spleen, or abdominal fat.

(72)

S. platensis at 0,
0.05%

Feed/8th day – 42nd

day of age
Commercial
Broiler
chickens

Aflatoxin 0, 300 ppb B1/8
th

-42nd day of age
SP slightly mitigated the adverse effects of aflatoxin on body
weight gain and the weights of the thymus and spleen, but
not on the weights of the liver and kidney, proteins in the
serum, or cholesterol.

(71)

S. platensis at 0 and
0.1%

Feed for three
periods of 21 days
each starting from
28th week.

Broiler
breeder hens

Aflatoxin 0, 300, 400 and
500 ppb for three periods,
each with duration of three
weeks in broiler breeders
from 28 to 36 weeks of age.

SP did not change the weights of the liver or the levels of
kidney, proventriculus, or gizzard lesions in groups that were
either fed alone or in conjunction with various amounts of
AF.

(70)

S. platensis at 20 g/
kg

Feed for 35 days Cobb broiler
chickens

-Deltamethrin/300 mg/kg
diet for 35 days

Deltamethrin levels in meat, skin, and liver were all
significantly lowered by SP, falling by 63.01, 63.00, and
62.90%, respectively. When compared to the group that got
Deltamethrin, Sp increased protein and significantly lowered
fat, cholesterol, and triglycerides.

(76)

S. platensis at 30, 60
and 120 mg/L

in drinking water
daily for 90 days
starting from day
15

Male
ducklings

Arsenic trioxide:100 mg/L
drinking water daily for 90
days

The not gained body weight in ducks was better in the
arsenic and SP-treated groups (4.08-11.26%) than in the
arsenic-only (14.93%).
The drop in Total Erythrocyte Count, Hb, and PCV was less
in the arsenic plus SP-treated groups than in the arsenic
treated groups.

(77)

S. platensis at dose
(10 gm/kg of diet)

in diet for two
weeks after
treatment
(therapeutic) or
before the
treatment
(preventive)

Broiler
chicks

Hepatotoxic effect of
diclofenac sodium: (2.5 mg/
kg.b.wt., i.m)/at 21 days of
age old for 3 days

In the preventative and treatment groups, the death rate
dropped from 64% in the control birds to 8% and 32%,
respectively.
Preventive treatment improved lower haematological
parameters, WBCs, absolute lymphocyte, eosinophil, and
monocyte counts as well as decreased AST, ALP, uric acid,
and cholesterol, as well as oxidative stress better than
therapeutic group.
Both SP-treated groups dramatically enhanced phagocytic
activity, phagocytic index, and HI antibody against NDV

(44)

Heat stress

S. platensis at 0, 0.5
and 1 g/kg diet

Feed from 4th week
– 14th week of age

Gimmizah
local
Egyptian
strain chicks

Chronic heat stress
condition (38°C ± 1; 55-
65% RH)/3 days per week
from 11.00 am to 15.00 pm/

Without affecting body weight gain or FCR, different
Spirulina concentrations dramatically reduced the negative
effects of heat stress on feed intake, the immune system, total
lipids, LDL, WBCs, RBCs, albumin, globulin, creatinine, and
liver enzymes (ALT, AST.

(78)
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effects of the LCP diet, causing the monocyte proportions and

concentrations in Ross 708 old male broilers to be similar

statistically to those of the control base diet (74). However,

compared to 20% crude protein without Spirulina, using a diet

of 17% crude protein with 10% S. platensis for Ross 708 broiler

females exhibited no detrimental effects on the health of broilers

but substantial reduction in body weight in supplemented group

led to economoic losses (75).

Dietary supplementation of S. platensis in broiler hens has shown

to alleviate the adverse effects of high ambient temperature, including

impaired enzymatic antioxidant system, raised stress hormone, and

altered lipid profile (84). There was a dose-related modification of

productivity, physiological, and immunological parameters when

chickens under heat stress were given Spirulina in drinking water

or feed (78, 82). Additionally, in ovo injection of S. platensis improved

the broiler embryo’s ability to tolerate heat in the last days of

incubation (22).
Frontiers in Immunology 09
Limitations of Spirulina as a
feed additive and future directions
for its use

Spirulina as a feed additive can have implications for productivity

and end product quality, depending on the system of animal

production. Both swine growth performance and product quality

were not negatively affected in response to dietary supplementation

with spirulina which might be attributed to lower protein requirements

in finishing diets. However, Spirulina negatively affected chicken and

fish production performance besides altering product quality,

particularly meat color, according to the consumer’s opinions (85).

One of major challenges regarding use of Spirulina as a feed addtitve at

high level is that the gelation of its indigestible proteins causing birds to

perform worse due to the increased digesta viscosity (32). Therefore the

golden standard level of Spirulina inclusion into the feed should be
TABLE 2 Continued

Algae/dose route of
administration/

duration

Birds Nutritional or
managemental

defect

Main results Reference

(4 weeks of
age)

from 4th week – 14th week
of age

S. platensis at 0, 0.5
and 1%

Feed from 17th day
to 45th day of age

Cobb 500
Broiler
chickens

Heat stress (36°C for 6 h/d)
from 38th to 44th day of age

Spirulina supplementation increased humoral immunity
response and elevated antioxidant status while decreasing
concentrations of stress hormone and several serum lipid
markers.
However, it had no appreciable impact on performance
traits.

(79)

S. platensis at 0, 0.1,
0.3, and 0.5%

Feed for 6 weeks laying
Japanese
quails (98
days old)

Heat stress (8h of 34 ± 1°C;
60-70% RH) for 6 days

Different Spirulina concentrations had no appreciable impact
on feed intake, FCR, egg weight, and hen day egg production
percentage.
The lowest ileal E. coli count, blood MDA, heterophil, and
H/L ratio was obtained significantly by SP at 0.5%.

(80)

S. platensis at 0, 0.5,
1 or 1.5%.

Feed from 21st day
to 42nd day of age

Cobb-500
broiler
chicks

Cyclic heat stress (34 ± 1°C
for 8 h per day)

SP reduced the deleterious effects of heat stress on the final
average daily increase, body weight, and FCR, with the
chickens given 1% Spirulina showing the highest results.
SP raised Hb, hematocrit and HDL levels and markedly
reduced LDL and lipid peroxidation levels compared to
stressed non-supplemented group.
SP 0.5 or 1% enhanced carcass dressing, breast, and leg %

(81)

S. platensis at 5, 10,
15 and 20 g/L

Drinking water/in
the morning
(06:00–12:00 PM)
for 6 weeks

White
broilers

The experiment was
conducted using a deep
litter rearing system during
the hot, humid summer
months (for 6 weeks)

It had neither negative nor positive effects on the
performance of broilers but had a considerable impact on
Hb, RBCs, and shank pigmentation.
SP by 15 and 20 g/L raised blood protein concentration and
reduced serum fat content and transaminases.
SP by 20 g/L significantly improved humoral immunity
against ND vaccination and cell-mediated immunity to
phytohemagglutinin-P.

(82)

S. platensis at levels
of 0, 5, and 10 g kg-
1 individually and
in combination with
selenium
nanoparticles
(SeNPs) at 0, 0.1,
and 0.2 mg.kg-1

Feed for 5 weeks Ross-308
broiler
chicks

Heat stress (34 ± 2°C for
24 h for first 14 days. Then,
34 ± 2°C for 12 h (from
9:00 to 18:00) for three
consecutive days a week
and then 25 ± 2°C during
the remaining experimental
period).

Significant improvements were made in growth performance,
blood lipid profile, carcass dressing, and carcass yield
percentages thanks to SP and SeNPs combinations.
Both supplements induced greater levels of the IgG, IgM, and
IgA and rose antibody titers to IBD, AI, and ND
quantitatively compared to the control group.
All groups, except SP 5g, had elevated levels of glutathione
peroxidase, superoxide dismutase, and blood
triiodothyronine.
The greatest favourable effects were obtained by SP 5g plus
SeNPs 0.2 mg kg-1 and SP 10 g plus SeNPs 0.1 mg kg-1.

(83)
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highlighted and interpreted to be applied in the field. In addition, trials

to increase digistability of Spirulina should be rescearced. Another

major challenge regarding use of Spirulina as a feed addtitve is its quite

higher cost compared to other protein ingredients such as soybean meal

(58, 86). However, improving production efficiency and using waste

streams as culture media, spirulina could replace fishmeal by becoming

competitive for fish feed due to higher cost of fishmeal (86). Second

major challenge with spirulina is limitation of its large scale production

as presently it is produced at a smaller scale primarily for the nutritional

supplement sector with few exceptions (58). Third challenge is with

sustainable production of spirulina as compared to the other protein

ingredients like soybean which is mainly attributed to the sensitivity of

spirulina to the production system and regional climate (87). Therefore

serious research and development efforts are required to improve yield

of spriulina and make its production more sustainable. For example

some research initiative targeted to improve sustainability of

production by using biogas effluent (88) or wastewater (89) as

production media. Additionally, waste heat sources (e.g. heat

produced during biogas production) can be integrated as spirulina

requires warm temperature (35–37°C) for cultivation (5, 90).

Consequently, above mentioned challenges could be overcomed by

upscaling and optimizing production of spirulina. Moreover, advanced

techniques can also fascilitate improvement in yield and protein quality

of spirulina through breeding and Finally, although spirulina has a high

proportion of crude protein, improvements to protein quality could be

possible through breeding and nutrition/production research (91).

Therefore, future research focused on sustainable production and

product processing and acceptance should investigate the trade-offs

of incorporating spirulina into poultry diets.
Conclusion

Bioactive metabolites are abundant in natural products and have

been used for their medicinal properties. Spirulina that was regarded

as a blue-green filamentous algae with a spiral shape, it has been

identified as a genus of photosynthetic bacteria (Arthrospira) more

recently. It is a highly nutritious and antioxidant natural product and

having the ability to improve production performance either growth,

hatchability, or egg production. The cell-mediated and humoral

immune response as well as antimicrobial activities of spirulina

promoted disease resistance and improved survival and growth

rates in chicken. However, further studies on optimum dose of

Spirulina for different poultry species, age groups, and production
Frontiers in Immunology 10
systems as well as the type of used Spirulina extract, organic or

aqueous are required.
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89. Olguıń EJ, Galicia S, Mercado G, Pérez T. Annual productivity of spirulina
(Arthrospira) and nutrient removal in a pig wastewater recycling process under
tropical conditions. J Appl Phycol (2003) 15:249–57. doi: 10.1016/j.anifeedsci.2016.05.003

90. Taelman SE, De Meester S, Van Dijk W, da Silva V, Dewulf J. Environmental
sustainability analysis of a protein-rich livestock feed ingredient in the Netherlands:
Microalgae production versus soybean import. Resour Conserv Recycl (2015) 101:61–72.
doi: 10.1016/j.biotechadv.2006.11.002

91. Stein HH, Lagos LV, Casas GA. Nutritional value of feed ingredients of plant origin
fed to pigs. anim. Feed Sci Technol (2016) 218:33–69. doi: 10.1021/np960017o
frontiersin.org

https://doi.org/10.35943/mvmj.2021.66416.1040
https://doi.org/10.1016/j.psj.2021.101369
https://doi.org/10.1038/srep24253
https://doi.org/10.7324/JAPS.2013.31209
https://doi.org/10.1016/j.intimp.2005.09.009
https://doi.org/10.1089/aid.1996.12.1463
https://doi.org/10.1016/j.intimp.2005.09.009
https://doi.org/10.15515/abr.0976-4585.8.6.96101
https://doi.org/10.15515/abr.0976-4585.8.6.96101
https://doi.org/10.1016/j.sjbs.2021.09.046
https://doi.org/10.1590/0001-3765202020190934
https://doi.org/10.1007/s12088-008-0043-0
https://doi.org/10.3390/ani11010083
https://doi.org/10.3389/fvets.2021.640968
https://doi.org/10.3389/fvets.2021.640968
https://doi.org/10.1007/s11356-021-14617-8
https://doi.org/10.1007/s11356-021-14617-8
https://scholarworks.uark.edu/anscuht/42
https://doi.org/10.1007/s11356-021-14617-8
https://doi.org/10.5713/ajas.17.0483
https://doi.org/10.1590/1806-9061-2018-0977
https://doi.org/10.1590/1806-9061-2018-0977
https://doi.org/10.5713/ajas.17.0483
https://doi.org/10.1016/j.jtherbio.2021.103100
https://doi.org/10.3390/ani11051243
https://doi.org/10.3390/ani11051243
https://doi.org/10.1016/j.jtherbio.2021.103100
https://doi.org/10.1016/j.jtherbio.2021.103100
https://doi.org/10.1007/s12011-021-02662-w
https://doi.org/10.5713/ajas.17.0483
https://doi.org/10.3390/foods11070965
https://doi.org/10.1007/s00449-016-1726-2
https://doi.org/10.1023/A:1023856702544
https://doi.org/10.1016/j.resconrec.2015.05.013
https://doi.org/10.1016/j.anifeedsci.2016.05.003
https://doi.org/10.1016/j.biotechadv.2006.11.002
https://doi.org/10.1021/np960017o
https://doi.org/10.3389/fimmu.2023.1072787
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Potential of Spirulina platensis as a feed supplement for poultry to enhance growth performance and immune modulation
	Introduction
	Effects of Spirulina platensis on productive performance
	Effects of Spirulina platensis on the immune system
	Antioxidant effects and Spirulina platensis’s impact on meat quality
	Anti-pathogenic effects of Spirulina platensis
	Effects of Spirulina on the managemental and nutritional shortages
	Limitations of Spirulina as a feed additive and future directions for its use
	Conclusion
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


