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ABSTRACT: A study was carried out to evaluate the nutritional value of spirulina (Arthrospira platensis) to
determine its potential use for feeding livestock in Oman. Spirulina was grown in wooden cubicles and harvested after
10 days. One batch of spirulina was dried by centrifugation (CS) and the other was dried in an oven without
centrifugation (NCS). Samples were analyzed for dry matter (DM) and proximate chemical components. An in vitro
assessment was carried out to measure gas production and in vitro DM degradability of spirulina. The DM was 56.1
and 57.1% in CS and NCS, respectively. The proximate composition for CS and NCS as a percentage of DM,
respectively was: 60.8 and 62.5 for crude protein (CP); 0.97 and 1.05 for Ether extract (EE); 6.35 and 7.55 for ash. The
CS and NCS contained: 0.25 and 0.37% DM Acid Detergent Fiber (ADF) and 1.03 and 1.92 % DM Neutral Detergent
Fiber (NDF), respectively. The gross energy (cal/g DM) was 5730 and 5629 in CS and NCS, respectively. The CS
produced more in vitro gas (73 and 71 ml/200mg DM) from 12 hr until the end of the experimental period (96 hr)
compared to the NCS (51 and 48 ml1/200mg DM), respectively. The CS had significantly higher metabolizable energy
(ME) (approximately 12 MJ/kg DM) than NCS (about 9 MJ/kg DM). CS had significantly higher (81 and 79%)
Organic Matter Digestibility (OMD) than NCS (61 and 58%). The CS had significantly higher Short Chain Fatty Acids
(SCFA) (1.7 and 1.6 pmol) than NCS (1.2 and 1.1 pumol). It was concluded that spirulina is an excellent source of
protein and can be used after drying as a potential animal feed. There was little effect of the method of drying of
spirulina on its chemical composition or digestibility.
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1. Introduction

pirulina (Arthrospira platensis) as named by Stizenberger in 1852 is a prokaryotic cell-type blue green algae

presently classified under the genus Arthrospira [1]. Arthrospira platensis’s cells are transparent and connected to
one another forming a filament in non-heterocyte spiral form. The cell walls are easily digested in a moist environment
or in the presence of certain enzymes. This is because the thick gelatinous cell walls are made of complex structure
sugars. The cell walls have a diameter ranging between 1-12 mm and their length ranges between 3 to 20 mm [2].

Spirulina can grow in a variety of habitats like brackish water, hot springs, freshwater, desert, and seawater.
Richmond [3] reported that spirulina can grow well in fresh water with an alkaline pH in hot springs and lakes.
Nutrient uptake by microalgae such as spirulina does not depend only on the nutrients distributed within the growth
medium but also on the physical factors affecting their growth such as salinity [4]; pH [5]; light intensity and
temperature [6]. It also depends on biotic factors such as initial density, which is a major factor influencing growth. If
the initial density is set up higher, the higher growth can be achieved and the more nutrient removal takes place [7].
Spirulina platensis has been considered a suitable natural antioxidant and immune-stimulant for humans and animals
with few side effects [8-10].

Spirulina is edible and a highly nutritious potential feed resource for several animal species. It contains a high
level of protein [9] and all essential amino acids, vitamins, minerals, carotenoids and fatty acids [11]. Although
spirulina did not produce consistent positive effects on growth in chickens, with high levels resulting in declined
growth, it can be used for vitamin and mineral supplementation and lowering egg cholesterol [11].

Spirulina can compose up to 20% ruminants’ diets due to their ability to digest unprocessed algae especially as a
suspension in water [11, 12]. It increases microbial protein production and by-pass protein by reducing protein rumen
degradability [11]. Spirulina feeding improved body condition score and increased milk yield in dairy cows [13, 14].
Panjaitan et al. [15] found out that spirulina improved microbial crude protein production, efficiency of microbial
crude protein and feed intake of cattle consuming low protein forage and that it could also be fed safely at higher levels
of nitrogen intake.

Bezerra et al. [16] reported that spirulina feeding produced higher live weights and average daily gains in lambs.
Holman et al. [11] also reported that dietary spirulina supplementation increased lamb live weight and improved body
condition and conformation, although the difference in average daily gain was not statistically different. EI-Sabagh
[17] reported that spirulina supplementation improved final live body weight, daily live weight gain, feed intake and
feed conversion ratio in lambs. They recommended that spirulina could be incorporated in fattening lamb’s diets as an
antioxidant, immune-stimulant and growth promoter feed additive. Shimkiene et al. [18] have shown that pregnhant
ewes receiving spirulina deliver up to 4% heavier lambs with subsequent higher weight gains compared to pregnant
ewes receiving no spirulina.

The current study aimed to evaluate the nutritional value of spirulina species as a livestock feed. This was
achieved by determining the chemical composition and in vitro digestibility of spirulina.

2. Materials and Methods

2.1 Growing spirulina

The experiment was conducted in an open area in the Agricultural Experimental Station (AES) of Sultan Qaboos
University, Muscat, Oman by culturing spirulina in wooden tanks (400 x 400 cm by 15 cm deep) lined with clear
polythene sheets (Figure 1A). Kosaric medium used as a control was prepared [19] with minor modification using
commercial fertilizer (g L‘l): 5.0 NaHCO3, 0.25 NaCl, 0.1 CaCl,, 0.2 MgS0,.7H,0, 0.221 Urea, 0.07 HsPO,, 0.242
KOH, 0.02 FeS0O,.7H,0 and 0.5 mIL™ of trace metals solution composed of the following (g L™): 2.86 H;BO,, 1.81
MnCl,.4H,0, 0.22 ZnS0,.7H,0, 0.08 CuS0O,.5H,0, 0.01 M00O3;, and 0.01 COCl,.6H,0 (Sukumaran et al., 2014). Urea
was added to the culture medium using fed-batch methods (pulse fertilization) [20]. The fed batch methods were
invented to feed the culture with from smaller to increasingly larger amounts. At the premature period, the fed batch
method is known to introduce and adapt the culture slowly to the specific nutrient. Without this step, the culture could
collapse due to medium stress. Spirulina culture was added after the chemicals had been added to the water. The
spirulina was harvested after 10 days when it had reached its highest density. The spirulina was harvested by the
filtration method by using nylon cloth (Figure 1B). The cells on the cloth were rinsed several times in tap water to
remove traces of growth medium prior to drying.

2.2 Invitro Gas production

Rumen liquor was collected into a pre-warmed thermo flask at 39 °C from a fistulated goat before it was offered
the morning feed and strained using a cheese cloth. The incubation procedure was carried out as reported by Menke
and Steingass [24] using 120 ml calibrated transparent glass syringes fitted with silicon tubes. The 200 mg (n=3)
samples were carefully dropped into syringes and thereafter, 30 ml inoculums containing strained rumen liquor and
buffer. The buffer (g/l) containing 9.8 NaHCO; + 2.77 Na,HPO, + 0.57 KCI + 0.47 NaCl + 2.16 MgSO; 7H,0 + 16
CaCl,. 2H,0 (1:4 v/v) was dispensed under continuous flushing with CO,. Incubation was carried out at 39+1°C and
the volume of the gas production was measured at 3, 6, 9, 12, 15, 18, 21, 24, 48, 72, and 96 hr. The average volume of
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gas produced from the blanks was deducted from the volume of gas produced per sample against the incubation time
and from the graph. Metabolizable energy (ME) and Organic Matter Digestibility (OMD) were calculated according
to the methods of Menke and Steingass [24] as: ME (MJ/kg DM) = 2.20 + 0.136*GV + 0.057*CP + 0.0029*CF; OMD
(%)= 14.88 + 0.889*GV + 0.45*CP + 0.651*CF. The Short Chain Fatty Acids (umol) was estimated according to the
equation of Getachew et al. [25] as: 0.0239*GV -0.0601.

2.3 Statistical analysis

Data obtained on in vivo digestibility and in vitro gas production parameters were subjected to one-way
analysis of variance using the analysis of variation model in SPSS [26] PC package. Multiple comparison tests used
Tukey’s multiple-range test on SPSS [26].

3. Results and Discussion

3.1 Spirulina cultivation

The current experiment proved that spirulina could be cultivated very well under Oman’s weather conditions.
Spirulina grew well and reached a high density after 10 days. The open system used in the current study appeared to be
suitable for growing spirulina under local conditions. The requirements for growing spirulina are within reach and the
procedures may be adopted by Omani farmers. Therefore, spirulina offers an excellent potential high protein source for
feeding livestock in Oman. It will be an excellent product under saline conditions. This is of significant national
importance as large areas of Omani land and water resources are becoming progressively salinized especially in the Al
Batinah plains due to low rainfall and sea water seepage.

3.2 Chemical composition of dried spirulina

The proximate chemical analyses of the CS and NCS are given in Table 1 with the contents expressed as a % of
DM. The DM for both spirulina species ranged between 56 and 57%. The high moisture contents in spirulina should be
taken into consideration during storage and processing. Drying would be an excellent option of processing to reduce
moisture for better storage and incorporation of livestock feeds.

Figure 1. Growing (A) and collecting (B) spirulina in wooden frames at the Agricultural Experiment Station in Sultan
Qaboos University.

3.3 Chemical analyses of spirulina

The spirulina samples were dried in two ways: by centrifugation at 7,500 rpm (CS) and without centrifugation in
(NCS). The dried spirulina was analyzed according to the standard methods of the AOAC [21]. Dry matter was
determined by drying in an oven for 24 h at 80 °C (Method 934.01). Crude protein (CP) was determined using a Foss
Tecator Kjeltec 2300 Nitrogen/Protein Analyzer (Method 976.05). Lipids (Essential fatty acids and Photosynthetic
pigments) and Ether extract (EE) were determined by Soxhlet extraction of the dry sample, using petroleum ether
(Method 920.39). Ash was determined by ashing samples in a muffle furnace at 500 °C for 24 hr (Method 942.05).
Acid detergent fiber (ADF) was determined using cetyltrimethyl ammonium bromide (CTAB) and 1N H,SO, as
described by Roberston and Van Soest [22]. Neutral detergent fiber (NDF) was determined using sodium sulphite and

73



MAHGOUB, O. ET AL

sodium lauryl sulphate as described by Van Soest et al. [23]. ADF was expressed with ash whereas NDF was
expressed without ash. Gross energy (GE) was measured using a bomb calorimeter.

Table 1. Chemical composition of spirulina dried in two different ways.

Spirulina DM CP EE Ash ADF NDF Gross
(%) (%DM)  (%DM) (%DM)  (%DM) (%DM) Energy
(callg)
Centrifuged 56.08 6084+ 097% 6.35+ 0.25% 1.03+ 5730
Spirulina (CS) 0.25 0.06 0.03 0.30 0.15
Non-centrifuged  57.06 6248+ 1.05% 7.55+ 037+ 1.92 + 5629
Spirulina (NCS) 1.25 0.00 0.06 0.36 0.18

The CP content was 61% for CS and 62% for NCS. This value falls within the range of 60-70% of CP reported
by Holman and Malau-Aduli [11]. This CP content in spirulina is excellent compared to other plant sources such as
SBM (44%) and animal sources such as fish meal (60%). Spirulina is more edible compared to fish meal and contains
all essential amino acids, vitamins, minerals, carotenoids, fatty acids [11]. It is readily digestible by ruminants and it
increases microbial protein production and by-pass protein by reducing protein rumen degradability [27, 11].
Moreover, spirulina protein contains a balanced composition of amino acids with concentrations of essential amino
acids such as methionine and tryptophan similar to that of casein, depending on the culture used [27].

The lipid (EE) contents in CS and NCS were 0.97 and 1.05%. This level is very low compared to the 4-16% DM
reported by Habib et al. [27] and Holman and Malau-Aduli [11]. The reason behind this low lipid content compared
with reports in the literature was explained by Vonshak et al. [4], in that salt-adapted cells had a modified biochemical
composition with a reduced chlorophyll content, and increased carbohydrate content which might affect lipid levels.
However, low fat levels are recommended for ruminant rations as high fat levels negatively influence rumen
fermentation.

The ash content was 6.4 and 7.6%, for CS and NCS, respectively. Habib et al. [27] and Holman and Malau-Aduli
[11] reported a comparable range of 3-11% DM. Spirulina's ash was reported to contain all the essential minerals
(about 7% of total weight) depending on the media. It should be noted that high ash content in non-conventional feeds
poses a problem for using them in high proportions in mixed pelleted feeds.

CS and NCS had an ADF content of 0.25 and 0.37% DM and an NDF content of 1.03 and 1.92% DM in the CS
and NCS, respectively (Table 1). A special value of spirulina is that it is readily digested due to its low fiber content or
absence of cellulose in its cell walls [27]. About 85% of its protein is digested or assimilated after 18 hours [28]. This
explains the low level of energy in spirulina. The gross energy (cal/g DM) in the current study was 5730 and 5629 for
CS and NCS, respectively. Holman and Malau-Aduli [11] reported a gross energy of 1504 kj/100 g. This implies that
spirulina should be used mainly as a protein supplement to a high fiber diet for ruminants due to its extremely low fiber
content.

3.4 Invitro digestion of spirulina

The gas volume produced by spirulina over 96 hr is given in Figure 2. The centrifuged spirulina produced a total
in vitro gas of 39.7 ml whereas the non-centrifuged spirulina produced a total of 31.2 ml (Figure 2). The difference
between the two types started to be significant from 12 hr and continued until the end of the experimental period at 96
h. This total gas production is very low compared to that of forages. For instance, Kamalak et al. [29] reported much
higher gas volumes (40-80 ml at 96 hr) for wheat straw, barley straw, alfalfa hay and maize silage. Gas production by
fermentation largely arises from the carbohydrate fraction of forage. This is because ash and fat produce no gas and
protein produces very little [30].

Drying spirulina by centrifugation resulted in higher gas production indicating that spirulina dried by this method
is more digestible. This may be explained by its cell walls being easily digested in a moist environment or in the
presence of certain enzymes. This is because of the lack of cellulose in its thick gelatinous cell walls which are made of
complex structure sugars. The cell walls have a diameter ranging between 1-12 mm and their length ranges between 3
and 20 mm [2].

The CS in the current study had significantly higher ME (9.13 MJ/kg DM) than the NCS (8.25 MJ/kg DM)
(Table 2). High energy levels in spirulina indicate its excellent potential as a livestock feed. Tobias Marino et al. [31]
reported that ME levels followed the same pattern of gas production which is similar to the findings of the current
study.
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Figure 2. In vitro gas production pattern from spirulina dried by CS or NCS.

The CS had higher ODM (67.86%) than NCS (61.37%) and ME (9.1 and 8.25 MJ/kg) (Table 2). Calculations
indicated that the CS had higher short chain fatty acids (SCFA) than NCS (0.59 and 0.41 umol), respectively (Table 2).
This adds to the value of spirulina as a potential livestock feed if it has been properly processed.

Table 2. Gas production parameters of spirulina dried by centrifugation (CS) and non-centrifuged spirulina (NCS).

Parameter CS NCS

Mean SD Mean SD
Total gas (ml) 39.7 165 312 165
ME (MJ/kg) 9.13 0.275 8.25 0.079
ODM (%) 67.86 1796 61.34 1.119
SCFA (umol) 059 0.048 0.41 0.030

ME (Metabolizable energy) = 2.20 + 0.136*GV + 0.057*CP + 0.0029*CF (Menke & Steingass, 1988)
OMD (Organic Matter Digestibility) = 14.88 + 0.889*GV + 0.45*CP + 0.651*CF (Menke & Steingass, 1988)
SCFA (Short Chain Fatty Acids) = 0.0239*GV -0.0601 (Getachew et al., 1999)
Means on the same row with similar denoting letters do not differ significantly (P>0.05)
Conclusion
In general, the findings of the current study supported published reports that, based on chemical composition and
digestibility, spirulina proves to be an excellent non-conventional feedstuff especially as a protein source. Drying of
spirulina by centrifugation improved its quality.
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