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ABSTRACT

Spirufina was isolated from Ei-Khadra lake Wadi EIl-Natroun, Beheira, Egypt.
The alga was identified as Spirulina platensis. The isolated algae were cuitivated on a
large-scale in a basin constructed near the lake. The dry biomass analysis showed
that the algae biomass contains as high as 60 % crude .protein, 5% fats, 20 %
carbohydrates, 7 % minerals and 5§ % moisture. Unwashed biomass was found to be
toxic to mice, while mice injected with washed biomass suspension still healthy
survived. Spirufina dry biomass added to the diet of Rahmany male sheep in the rate
of $0g/Kg significantly increased Ca, P, Mg and Cu concentrations in the blood serum
of the animals. The treatment also reduced the period to puberty and sexual maturity
to 62 % of that of control animals. Addition of Spirulina to the diet significantly
increased semen volume, semen mass activity and number of sperms in unite
volume. The effect of Spirulina biomass and/or crude extract on dominant rumen
bacteria (13 isolates} was studied.
Keywords: Spirulina, isclation, identification, toxicity, sheep promoter

INTRODUCTION

Cyanobacteria known as Spirulina is protein-rich aqueous organism.
As marine aigae, Spirulina grown in different climates and used as a human
diet in some poor African countries. Spirulina is protein-rich alga (Carbonera
et al., 1982). In addition Spirulina powder contains valuable ratios of
carbohydrates, fats, and minerals (Hendrickson, 1989). A recent attention is
given to Spirulina as a human health food. Its products are selling as powder,
flakes or tablets as natural source of energy, thiamin, riboflavin and vitamin
By, (Hendrickson, 1989).

Many studies were done to test Spirulina as animal feed. Dehydrated
Spirulina was used for protein replacement in swine starting diet (Hugh et a/.,
1985), poultry diet (Mokadey et 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 animal (Omar, 1998). Improving
their growth and fertility through optimizing serum and semen parameters can
positively affect puberty and sexual maturity.

The microbial population in the rumen is enormous amounting up to
10" cells/ml {Stanier, 1986). The full details of their biochemical activities are
not yet totally understood. These microbes play role in the fast digestion of
the plant materials in the diet. The net effect is clear: the cellulose and other
complex carbohydrates are broken down to fatty and organic acids which is
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absorbed in blood stream to various animal tissues and used in respiration to
generate energy. These bacteria also take important part in the synthesis of
essential amino acids and other valuable organic compounds (Stanier, 1286).

The present work objected to isolate Spirulina from El-Khadra take
and study its characteristics to investigate whether its dry material can be
used as diet promoter to shorten the periods to puberty and accelerate sexual
maturity of Rahmany sheep.

MATERIALS AND METHODS

Algal isolation: .

Samples were taken from different locations and different depths of
El-Khadra Lake, Wadi El-Natrone, Beheira, Egypt to determine their monthly
mass production. At the heaviest growth period, algae fioating on the water
surface were collected in transparent bottles.

A part of the collection was grown on liquid media according to Aiba
and Ogawa, 1977 for about 12 days. About 20 ml of each culture was then
centrifuged at 1500 rpm for 10 minutes. The slurry was washed with distilied
water examined and re-inoculated under microscope on algal peptone and/or
yeast extract solid media. This process was repeated till obtaining an axenic
culture.

Crganism and growth condition:

The strain was cultivated in batch under sterile conditions in
Zarouuk's medium pH 9.00 (Van shak1986). The scdium content of the
medium was 250 mM, most of it as sodium bicarbenate. The flasks were kept
on a ratory shaker at 306 C° and continuously illuminated with coo! white
fluorescent lambs providing 80 Umole photons m? at the surface of the flasks.
Mass cuitivation:

A basin of 1000 Liter volume was constructed near El-Kadra lake for
alga mass production. A plastic pipe was connected from the lake to the
basin ended by a filter to remove large objects. The basin water was
inoculated with the pure isolated algae prepared in the laboratory. Ten days
iater, the fioated algae were harvested and sun dried.

Algal constituents:
- 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. (1565)
-Total carbohydrate, total minerals content was determined according to
Dubois et al. (1956).
- Moisture content was calculated on the base of difference between weight
of the sun-dried biomass that oven dried at 105° C.
Toxicity tests:
Toxicity testes on mice were done:
- Fresh mass of the isolated algae was homogenized and centrifuged.
Different doses of the suspension were injected interpretoneal to mice.
- Other part of the slurry was washed several times with distilled water. Then
the sturry was homogenized and centrifuged. Different doses of the
suspension were injected to mice.
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Male-sheep growth and fertility promoter experiment:
Two Rahmany male-shaep groups were used. Each group consisted

of 3 animals in the same age (month) treated as follows:

Group 1{control): fed daily with 3.0 Kg Bovine-milk without any additions

Group 2: fed daily with 3.0 Bovine- milk + 150 g algae powder

-Age of puberty was determined depending ¢n the complete appearance of
the interior portion of penis.

-Semen was collected by artificial vagina parameters were determined
(Omar and Younis (1985)

-Age of sexual maturity was determined after spermatozoa inside the
seminiferous tubules.

-Serum testosterone was assayed using radioactive Kits according (Yallow
and Berson, 1971).

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

-Serum inorganic phosphorus was determined.

-Serum magnésium, iron, copper and zinc were determined by using atomic
absorption spectrophotometer according to Varley {1976).

Sampling of ruminant bacterla
Rahmany sheep feces samples were collected from around the place
when the sheep were ranching using sterilized plastic bags.

The morphology and gram stain of isolates

The serial dilutions plate count method according to Allen (1953) the
obtained isolates were. kept on nutrient slants agar. The morphology and
gram stain tests were done on 5 days cultures grown an either slants or
nutrients broth,

Preparing Spirulina crude extract

The crude extract of Spirulina was obtained by extracting 50g of
Spirutina powder for 3 hours in 80% of ethancl. The extraction was repeated
three times using the same ethanol concentration. The filtrate extract was
ther concenrtrated under reduced pressure 0.1 ml.

Preparing Spirulina suspension

The Spirutina suspension was done by adding 60 mg of dry Spirulina
biomass powder to 1000 ml of sterile distilied water. To test the stimulation or
inhibitory effect of both Spirufina crude extract and 60 mg of dry Spirufina
biomass. 0.1 ml of each was loaded on sterile filter paper after putting it on
the surface of agar plates with nutrient agar medium.

RESULTS AND DISCUSSIONS

Morphology and Taxonomy:

Spirutina is a multicellular, filamentous cyanobacteria under the
microscope, spirulina appears as blue-green fitaments composed of
cylindrical cells arranged in unbranched, helicoidally trichomas. The most
external 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 bacteria.
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Algae identification and characteristics:

The alga isolated from Ei-Kadra iake was identified as Spirulina platensis
Fig.1). according to the taxonomic shewa of Rippka et af ( 1979 ) , Spriutina
cell type and reproductive is a filamitovs trachomue containts vegetative cell,
‘n dud uoled in G + OC rang il ( 40 - 678 ) kb and its G+ C chromosomal
Content genera is 44 — 54 % Kb /n addition to its nutritiona! value as food and
feed, ability of Spirufina 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 supplementary diet for domestic animals.

Fig 1: Morphology of the isolated Spirufina platensis 1000 X

Table 1: Major physical properties, minerals and chemical composition
of the isolated Spirufina platensis dry biomass

Chemical composition Physical properties
Component Value (%) Composition 100% Spirulina
rude protein 60.0 Appearance fine powder
ofal lipids 5.00 Color dark blue-grecn
olal carbohydrates 20.0 Odor and taste mild like seaweed
inerals 7.00 Butk density 0.35 10 55 kg! litre
oisture 500 Partial size 64 mesh trough
' - Minerals { per 10 grams)_
alcium 79mg Copper 110 mg
ron 18 mg Chloride il
hosphorus 78 mg Potassium 130 mg
iodine nil sodium 90 mg
Einc 0.4 mg
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Physical and chemical composition of the Isolated Spirulina:

Major chemical composition of the isolated Spirufina platensis is
shown in Table 1. It is obvious that the alga contains high protein percentage
compared to other conventional protein sources. On the other hand, its low
fat and relatively high mineral content put Spirulina biomass among the
healthy diets.

Moreover, protein of Spirulina platensis is rich in essential amino
acids {Paoletti et af, 1871), which renders its use as non-conventional protein
source in the animal diet.

Toxicity:

The toxicity test declared that mice intra pretonaily injected with
Spirutina suspension before washing of the biomass were died after very
short time (seconds). Meanwhile, others injected with the suspension of the
washed biomass still healthy survived, It was found that the biomass before
washing contains a high concentration of H,S, which is toxic to mice. Thus, it
is reccmended that Spirulina platensis biomass must be washed before
drying and used as diet.

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 Spirufina fed group as compared to control.

Spirvlina was reported to convert nitrogen and nitrogenous material
to protein in the rumen {Paterson Ct af, 1983) which improves the nutrients
level in the low protein level ration, These results were in accordance to Hugh
¢t al, (1995) and Becker and Venkarar~ {1985),

Hot air dried Spirulina platensis, was found to be better than the other
commercial promoters. It is interest than the most superior growth or fertility
promoter or functional proboscis was the hot air dried Spirufina platensis, not
only for shortening (P<0.01) both ages of puberty and sexual maturity; but
also for improving the levels of all semen characteristics, testosterone
hormone levels as well as both minerals {calcium, inorganic phesphorus and
magnesium) and trace elements (iron; cupper and zin¢) as shown in Table
(2).

Interaction between Spirufina and ruminant bacteria

It is expected that the very high density of microbes in the rumen of the
animal may have positive or negative interaction between each other while
they are competing for nutrients. Among these interactions the inhibititory and
stimulatory effects on beneficial and pathogenic microflora can take piace:
This can enhance the production of microbial products of significance to
animal growth and reproduction. The inhibition of certain ruminant microbes
can also play important role in the killing the pathogens in the rumen. The 13
isolates from the sheep feces (4 of gram negative and 9 gram positive
bacteria) were found to be stimulated or inhibited by the addition of the
Spirulina to the animal feed.

Table 1t shows the morphology and gram staining of 13 isolates from
the feces of Rahmany sheep. Among the isclates the cocci bacteria were
dominaling (11 isolates) and the other two isolates were short and long rods.
Bacleria of the genus Ruminococcus were described in Bergey's (1994) to
inhabit the rumen, large bowel, and cecum of mammals. The effect of
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Spiruling on the dominant ruminant bacteria from Rahmany sheep is
presented in Fig (2). . The resuits show that four isolates were stimulated by
the Spirulina nonliving cell suspension whereas: the other nine isolates were
inhibited by the same treatment with the algae nontiving cell suspension. The
intensity of the stimulation or inhibition was dependent on the incubation
period, being higher with the extended duration of incubation (6 days). The
inhibitory effect was much higher with using Spirufina crude extract (Fig 3) as
compared with Spirufina non-living cell. One isolate (number 15) was
stimulated with the crude extract, whereas the rest of the isolates were
inhibited. The degree of inhibition by the crude extract was much higher with
several isolates (4,6, 7, 8, 10 and 11). These data show that the biomass of
Spirufina and its crude ‘extract exert effect on the bacteria densely populating
the digestive system of the sheep. The stimulation or inhibition of these
bacteria may have general effect on the animal productivity and reproduction
through- the transformations of feed in the rumen and enriching it with
necessary amino acids, vitamins and other compounds; and or through
controlling pathogenic bacteria which many adversely affect the animal
growth. Several authors found that the biological agents including ruminant
bacteria and protozoa play role in modification of nutritiona! status of feed
{Anna and Ung, 1984; Ushida et a/., 1984; Veira et al., 1984),
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This clearly shows that the presence of the Spirufina in the feed can
exert noticeable effect in composition of ruminant bacteria through simulative
and/or inhibition effect on the bacteria. The change in ruminant microflora
composition may change the growth and reproduction of the animal through
the secretion of growth promoting substances and release of minerals from
the complex organic.

This is in agreement with Akin 1884 who stated that the population of
rumen microorganisms is itself diverse, and variations exist in the manner in
which microbial types attack the plant cell walls and convert the forages.
Therefore, complexity in the utilization of forages is braught about by diversity
among the forage plants, diversity in the microbial population, and
interactions between the plants and microgrganisms.

Using the isolated Spiruilna as promoter for Rahmany male-sheep:
Addition of Spirviina powder to 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). In addition, containing of Spirufina
on a high protein percentage of high efficiency ratio (Mokady et af., 1979) and
rich in essential amino acids (Paoletti ef al, 1971, Ladygina and Gurevich,

2000), pigments and vitamins (Hendrickson, 1989) can accelerate the

physiclogical processes lead to a faster growth. As a response lo the

optimization of blood characteristics occurred by Spiruling in male-sheep diet,
age of puberty and age of sexual maturity were significantly shortened (P <

0.01). Both parameters were reduced by 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.

Table 2: Ages of puberty and sexual maturity, testosterone level, semen plcture
and nutrient concentrations in the biood serum of Rahmany mala-sheep
fed with Spirulina additives In the diet compared to control animals
{character with the samae letters are not significantly different, P<0.01

Animals fed with dry Spirulina
Character Control animals in the diet
Age of puberty (days) 185b 150 a
Testosterone {ng/ml) 1189+ 0.7 a 14792092 @
Age of sexual maturity (days) 285b 197 a
Semen picture:
Volume (ml) 058201 a2 0922008 b
PH 656+02 a §60+003 a
Mass activity 36+.08 a 452£013 b
Motility 856+7.52 a 9485+ 11.52 a
Sperm number  (millian/ml} 236267 a 2994 £ 89 b
Abnommal sperms (%) 843+1.01 a 5824042 2
Dead sperms (%) 7.42+08 a 582£062 3
ISerum nutrient concentrations:
Ca (mg/100 ml) 682+118 a 18312161 b
P (mg/100 mi) 6322052 a 8.111 1.64 b
Mg {mg/100 mlI) 1392003 a 10822005 b
Fe {mg/} 1492031 a 1982023 a
Cu (mg/) 1.79+0.38 a 2.28+031 b
Zn {mg/l) 1321086 a 201022 a
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Table {3): Morphology and Gram staining of isolated ruminant bacteria

Isolate numbers Cell shape Gram staining
3 Cocci +
4 Cocci +
5 Short rod -
6] . Cocci +
7 Cocci +
8 Cacci +
e Cocci +
10 - Cocci +
11 . Cocci -
12 . Cocoi -
13 Cocci .
15 Cocci _
16 Long rod + J
Las |

CONCLUSION
From the present work, it can be concluded that:

Addition of Spirufina dry biomass fo Rahmany male-sheep diet led for
improving the blood characteristics, semen picture and reduction in the
periods to puberty and sexual maturity compared to control animals. The
Spirulina extract and the biomass were found to stimulate several isolates of
ruminant bacteria. Other group of isolates was found to be inhibited by
Spirufina. This may have effect on the bacteriai composition of ruminant
microfiora and in turn on the nutritive value of feed amended with Spirtdina.
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