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ABSTRACT

Seven cyancbacteria groups recorded in Wadi-EL-Natrun lakes included five
genera (two Spirulina, two Oscillatonia , one Nostoc, one Chiorelfa and one Navicuis) .

Spirulina was isolated from El-Khadra lake , Beheira, Egynt. The alga was
identified as Spirutina plafensis, and purified as axenic strain. Effect of anfibiotic
treatment on the Spirulina platensis was studied. Bacterioplankion were different in
their antibiotic sensitivity, ampicillin was more effective. Axenic Spirufina platensis
strain (bacteria free) was culttvatled on a large-scale. The dry biomass algai yield
contains as high as 80 % crude protein, Spirufina dry bicmass added to the diet of
Rahmany male sheep in the rate of 50g/Kg significantly increased Ca, P, Mg and Cu
concentrations in the blood serum of the animals. This treatment reduced the period
to puberty and sexual maturity to 69 % of that in control animals. Moreover, addition of
Spirufina to the diet significantly increased semen valume, semen activity and number
of sperms in unit volume. As Spirulina could optimize the blood picture and
accelerates growth of male sheep, it could be recommended as growth promoter in
the diet of sheep and similar animals.
Keywords: Spiruiina, isolation, identification, toxicity, sheep promoter

INTRODUCTION

Phylogentically algae, especially micro algae, beleng to the oldest

and ecologically most variable group of organisms on the earth.
The health promoting effect of marine algae has been early described in
Chinese references from 2700 BC, this case for micro algae. In Asia,
cyancbacteria extracts prepared by boiling are used as beauty for skin and
hair care .

Use of micro algae as food is not widespread. Human consumption
of cyanobacteria of the genus Nostoc is reported from Mongolia, China,
Japan, and Peru and seems to be valid for other Asian countries like
Myanmar . Legendary are the descriptions of the natural mass cultures of
Mexican and African Spirulina and their use by local populations'as heaith
praomoting food {Piccardi et a/,1399).

Nobora { 1991) announced the efficient role of Spirulina platensis in
prevention and treatment of heratites and cirrhosis. He mentioned that
Spirtlina is the way to save and clean the "medicine pickled" liver of the
Japanese people.

Cyanobacteria known as Spirulina is protein-rich agueous organism.
As marine algae, Spirulina grown under different climatic conditions and used
as a human diet in some poor African countries as protein-rich alga
(Carbcnera et al., 1980). In addition Spirulina powder contains valuabie ratios
of carbochydrates, fats, and minerals {Hendrickson, 1989). A recent attention
is given to Spirufina as a human health food. Its preducts are sold as powder,
flakes or tablets as natural source of energy, thiamin, riboflavin and vitarnin
B,; (Hendrickson, 1989).Many studies were done to test Spirulina as anirnal
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feed. Dehydrated Spirulina was used for protein repfacement in swine starting
diet (Hugh et al., 1985), poultry diet (Mokadey ef al., 1979) silkworms (Hou
and Chen, 1981) and fish (Granoth and Porath, 1984),

Sheep are important source for meat, milk, wool and manure.
Rahmany sheep is wide spread as short breeding cycle sheep (Omar, 1998).
Improving their growth and fertility through optimizing serum and semen
parameters can positively affect puberty and sexuat maturity.

The present work objected :

= Isolation, purification and lIdentification of the collected strains of
cyancbacterial is dates from the different locations under study .

= Cultivation of the highly bioactive cyanobacteria to select the best isolates
of these bacteria using synthetic media.

m Study the effect of antibiotic treatment on the bacterial load.

= Purification tha isolated Spirufina as bacteria free strain {(axenic strain).

w Determination of the physical and chemical composition of the isolated
Spirufina:;

= Use of cyanobacteria as food for Rahmany male-sheep and study its
effect on puberty and sexual maturity.

MATERIALS AND METHODS

Morphology a nd Taxanomy :

Water samples were taken from different depths in four lakes (El-
Khadra, El-hamra, El-Baida and El-Gaar Lake) at Wadi EI-Natrone, Beheira,
Egypt to determine their monthly mass production. At the heaviest growth
period, algae floating on the water surface were collected in transparent
bottles.

A part of the collected bio mass was grown on liquid media
according to Aiba and Ogawa, 1977 for 12 days. About 20 mi of each culture
was then centrifuged at 1500 rpm for 10 minutes. The slurry was washed with
distilled water and examined under microscope.

The different types of Micro algae found in Wadi - EL- Natron lakes
were identified microscopically according to Holmes and Whitton ( 1981 )
described by Salwa and Bader (1980)

The scheme of idintification was based on the colour of the living
cells and their dimensions under microscope . Diameters and length of 100
vegetative cells, 100 hetero-cysts and a kinetes were measured. In the case
of flamentous algae, the diameters and length of basel, median , and asppical
pant of the vegetative flamentous were also measured .

Growth condition:

Spirulina was cultivated in batch culture under sterile conditions in
Zarouk’s medium at pH 500 (Van shak1986). The sodium content of the
medium was 250 mM, most of it as sodium bicarbonate {13 grams per liter),
The flasks were kept on a rotary shaker at 30 C° and continuously illuminated
with cool white fluorescent lamps providing 80 Umole photons /m?at the
surface of the flasks.
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Purification of Splrulina platensis as axenic strain :

Cultures of S. platensis grown were filtered through sterilized
Whattman 41 filter paper and Washed three times with modified Zarouk
medium. The washed filaments were suspended in Zarouk medium covered
with aluminum foil and kept in the dark at 35 C for 2.5 h. To this suspension,
the following ingredients ( final concentration } were added . glucose {1 %).
peptone (0.5 % ). yeast extract (0.3 % ), Nacl(0.5% ). In previous studies
(Nobaru 1998) the optimeen antibiotics consantration which did not barn
Spirulina alga was 100 Mg/ ml so in the present study we used this
concentration to control the bacterio-plankton Antibiotics i.e. ampicillin
(100Mg / ml ), Cefoxitin (100Mg/ml) and imipenen { 100Mg / mi ) were added
separately to Spirulina cultures . These cultures were incubated at 35 c? for
48 h. in the dark , filtered and washed six times and suspended in zarouk
media . Ferris and Hirsch.( 1991 } Algal filament and heterotrophic bacteria
counts of this suspension were obtained. .

Mass cultivation:

A basin of 1000 Liter volume was constructed beside El-Kadra lake
for alga mass production. A plastic pipe was connected from the lake to the
basin ended by a filter to remove impurities. The basin water was inoculated
with the purified isolate (axenic strain) prepared in the [aboratory. Ten days
later, the floated algae was harvested and air dried for further studies.

Determinations:

- Crude protein content of the algae was determined as total N x 6.25

- Lipid content was determined as ether extract according to A.O.A.C. (1965)

- Total carbohydrate, and total minerais contents were determined according
to Dubois ef a/. (1965).

- Moisture content was calculated on the base of difference between weight
of the sun-dried biomass and that oven dried at 105° C.

Toxicity tests:
Toxicity testes were carried out using mice tolerant to different doses

of treated algae as follows:

- Fresh mass of the isolated algae was homogenized and centrifuged.
Different doses of the suspension were injected interpreteneal to mice.

- Other part of the slury was washed several times with distilled water. Then
the slury was homogenized and centrifuged. Different doses of the
suspension were inter pretoneally injected to experimental mice.

Male-sheep growth and fertility promoter experiment:
Two Rahmany male-sheep groups were used. Each group consists
of 5 animals in the same age (one month) was treated as follows:
Group 1(control): fed daily with 3.0 Kg Bovine-milk without any additions
Group 2: fed daily with 3.0 kg Bovine - milk + 150 g algae powder
- Age of puberty was determined depending on the complete appearance of
the exterior portion of penis.
- Semen was collecled by artificial vagina (Omar (1998))
- Age of sexual maturity was determined after spermatozoa become distict
inside the seminiferous tubules.
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- Serum testosterone was assayed using radioactive kits according(Yallow
and Berscn, 1971).

- Serum calcium was colorimetrically determined according to Tietz (1970)

- Serum incrganic phosphorus was determined.

- Serum magnesium, iron, copper and zinc were determined by using atomic
absorption spectrophotometer according to(Omar (1998)).

RESULTS AND DISCUSSIONS

Algae identification and characteristics:

The seven cyanobacteria groups recorded in Wadi-EL-Natrun lakes
were included five genera (two Spirufina, two Oscillatoria , cne Nostoc, one
Chiorefla and one Naviculs) .

Spirufina is a multiceilular , filamentous Cyancbacteria, under the
microscope, it appears as blue-green filaments composed of cylindrical cells
arranged in unbranched ,helicoidally trichomas, The diameter of the cells
ranges from 4 to 6 um in Spirulina platensis. The most externai or other
membrane layer is composed of material arranged linearly in parallel with the
trichome axis and is considered analogous to that present in the cell wall of
gram-negative hacteria.

The diameter of the cells ranges from 1 to 3 Mm in the smaller
species {S. Caldaria) and from 3 to 12 Mm in the larger one ( S. platensis )
diameter 6 to 8 mm. S. platensis have a granular ¢cytoplasm containing gas
vacules and easily visible septa - Under certain conditions trichomes of S.
platensis is as long as 20mm have been observed .

The taxonomy of cyanobacteria is extremely difficult due to the
paucity of morphological characteristics. Thus, names of genera have
changed frequently and a number of subspecies are known.

Only unicellular and filamentous cyanobacteria are known, the fatter
being dominant, either branched or unbranched. None of these forms are flag
elated , but some species are able to glide, e. g. Oscillatoria .

Many species are imbedded in a thick layer of extra celluar poly
saccharides .

Cyanobacteia are gram negative with a typical peptidoglucan cell
wall. (Tsuzuki and Miyachi, 1991 ). .

Spirutina platensis and spirulina caldaria were dominant in EL Khadra
lake fig (1 & 2) Chlorella vulgaris and Naviculs canalis were dominant in EL
GAAR lake shawn in fig ( 3 & 4 ). Oscillatoria okeni and Qscillatoria. willei
were dominant in El Beida Lake shown in fig { 5 & 6 ) Nostoc sp. was
dominant in El Hamra Lake shown in fig. 7.

At present spirulina is given clinically to patients recuperating from
surgery and patients with damaged livers. It is unfortunate we are still in the
observation stage so that the statistics have not yet heen completeiy
gathered, but insorfa as we have been abie to observe it appears that there
has been great improvement {Gerwick, 1994; Sirenko et al. 1999).

Because of its exceptional nutrition properties, Spirulina is particularly
interesting. Currently available spirufina isolated from natural lake (El-
Khartoum) as well as from culture collection centers are not free of bacteria.
The cohabiting bacteria are well adapted to the spirufina culture conditions.
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Where they grow embedded in the mucilaginous sheath secreted by
spirulina, therefore, their physical separation from spirufina is very important
while we have been succeeded to get axenic cultures of spirufina platensis by
the method we applyied

Spirulina platensis isolated, have some naturally cohabiting bacteria.
In our collection we observed that these bacteria are embedded in the
mucilageinous sheath covering the spirulina filamentus (bacterioplanktons).
Thus simple differential filtration was not sufficient to obtain axenic spirufina
cultures.
Table {1):Effect of antibiotic treatment cn S. platensis and its bacterio-plancten

content.
Treatment Bacteria (CFU/ml) Spirulina platensis (fitament / ml)
Ampicillin {100Mg/ml} 101 x 10° 101 x 10°
Cefoxitin  (100Mg/ml) 2.8 x 10 39x10°
Imipenen {100Mg/mi} 0.0 x10* a87x10

The bacterioplanktons did not have similar antibiotic sensitivity as
shown in table 1. Moreover, even eliminate the sensitive bacteria. This is
perhaps due to the poor permeability of the spirtfina sheath to the antibictics
used or to an unknown mechanism of protection of the bacteria by the
spirulina fllaments. Hence, to eliminate the cohabiting bacteria load in
spirulina cultures sufficiently so that upon dilution and distribution of the
culture some filaments of spirulina free of bacteria could be isolated.

The alga isolated from El-Kadra lake was identified as axenic
Spirulina piatensis (PhotoT). In addition to its nutritional value as food and
feed, ability of Spirulina species to grow on a wide range of environments e.g.
soil, marches, brackish water, fresh and seawater (Soong, 1980) raise the
interest of using them as diet for domestic animals.

Photo 1: Morphology of axenic Spirulina platensis
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Physical and chemical composition of the isolated Spirulina:

The major chemical composition of the isolated Spirulina platensis is
shown in Table 2. It is obvious that the alga contains high protein percentage
compzarad 0 other conventional protein sources. On the other hand, its low
fat and relatively high mineral content put Spirulina biomass among the
healthy diets.

Table 2: Major physical properties, minerals and chemical composition
of the isolated Spirulina platensis dry biomass

t Chemical compaosition Physical properties
Component Value (%) Composition 160% Spirulina
C:JLtJ:Ie"pircc’);eln 60.0 Appearance fine powder
otal P 5.00 Color dark blue-green
"y © 200 Odor and taste | mild like seawesd
Mﬁ;‘;ﬁg?’sdrates 7.00 Bulk density | 0.35 to 55 kg litre
Moisture 5.00 Partial size L64 mesh trough
Minerais ( per 10 grams)
irsrn']c:um :g nmwg Copper 110 mg
Chloride nil
pI:quphorus 78 Tg Potassium 130 mg
iodine ni '
ine I 04m | sodium 90 mg

Moreover, protein of Spirulina platensis is rich In essential amino
acids (Paoletti et al., 1971), which renders its use as non-conventional protein
source in the animal diet.

Biomass of spirulina as powder was produced from axenic culture of
spirulina platensis, we managed to produce 750 grams through our study by
cultivation of spirulina platensis axenic culture, harvesting cells or filaments
from solution (10-20% d.w.) and dehydrating it.

Toxicity:

Remakes of the toxicity test declared that mice intra pretonelly
injected with Spirulina suspension hefore washing of the biomass were died
after 1.58 seconds. Meanwhile, others injected with the suspension of the
washed biomass stilf healthy survived. It was discovered that the biomass
before washing contains a high concentration of H,S, which is toxic to mice.
Thus, it is recommended that Spirufina platensis biomass must be washed
before drying and use as diet.

Using the isolated Spirulina as promoter for Rahmany male-sheep:
Highly significant shortening {P<0.01} of ages of puberty and sexual
maturity which means early starting of the animal reproductive life or sheep
breeding cycles were observed in treated group as compared to control,
Spirulina had a magic importance to convert nitrogen and nitrogenous
material to protein in the rumen (Paterson at al, 1983) which improves the
nutrients level in the low protein level ration. These reésuits were in
accordance to Hugh et al, (1985) and Becker and Van shak ( 1988)
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Spirulina which discovered in National Research Centre were better
than the other commercials promoters. It is of great interest that the most
superior growth or fertility promoter or functional proboscis was the hot air
dried Spirulina platensis, not only for shortening (P<0.0l) both ages of
puberty and sexual maturity; but also improving the levels of all semen
characteristics, testosterone hormone levels as well as both minerals
(calcium, inorganic phosphorus and magnesium) and trace elements (iron ;
cupper and zinc) as shown in table (2)

Addition of Spirulina powder ta the diet of Rahmany Male-sheep was
found to significantly increase calcium, phosphorus magnesium and cupper in
the blood serum of the animals (Table 3}.

Table 3: Ages of puberty and sexual maturity, testosterone level, semen
picture and nutrient concentrations in the blood serum of
Rahmany maie-sheep fed with Spirulina additives in the diet
compared to control animals

Character Control animals isr;::t;:i;ig :;";h d‘itty

iAge of puberty (days) 185 b 150 a
Testosterone {ng/mi) 11.88+07 a 14.79+092 a
Age of sexual maturity (days) 285b 197 a
Semen picture:
NVolume {mf) 05801 a 092008 b
FH 65602 a 660+£003 a
Mass activity 36+.08 a 452013 b
Motility 856+752 a 0485+ 11.52 a
Sperm number (million/ml} 2362+87 a 2994 + 89 b

bnormal sperms (%) 843101 a 582x042 a
Dead sperms (%) 742098 a 582+0682 a
iSerum nutrient concentrations;
ICa (mg/100 mi) 682118 a 18.31+181 b
P (mg/100 mi) 632052 a 8111861 b
Mg (mg/100 mi) 139003 a 10.82+0.05 b
Fe (mg/l) 149031 a 198023 a
Cu {mgM) 1.79+038 a 229031 b
Zn_{mg/l) 13206 a 201022 a

Character with the same letters are not significantly different, P<0.01

In addition, containing of Spirufina on high protein percentage of high
efficiency ratio (Mokady et al., 1979) and rich in essential amino acids
(Paoletti et af., 1971, Ladygina and Gurevich, 2000), pigments and vitamins
(Hendrickson, 1989) can accelerate the physiclogical processes leadto a
faster growth. As a response to the optimization of blood characteristics
occurred by Spirufina in male-sheep diet, age of puberty and age of sexual
maturity were significantly shortened (P < 0.01). Both parameters were
reduced compared to the control animals. It was found also that semen
picture of this group was improved, where semen volume, mass activity and
numbers of sperms were significantly increased, which ascertain fertility
increase of the animals.
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CONCLUSIONS

From the present work, it can be concluded that:

- The isolated alga is protein-rich and can be used as unconventional protein
source for animal feeding. However, the harvested slurry rnust be washed
several times before drying to avoid animal toxicity.

- Addition of Spirulina dry biomass to Rahmany male-sheep diet led to
optimization of the blood characteristics, improvement of semen picture
and reduction in the periods to puberty and sexual maturity compared to
control animals.
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