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Abstract

The Australian dairy industry is heavily reliant on pasture as the main feed base for milk production. However,
dietary energy intake is limited in pasture-based dairy systems and lactating cows tend to suffer from negative energy
balance due to insufficient dry matter intake. As a result, low milk production and reproduction performances occur later
on in the cow’s life-cycle. Spirulina is a highly nutritious feed source rich in proteins, lipids, minerals and vitamins, thus
meeting the criteria as a potential and novel alternative feed source for the dairy industry. To our current knowledge,
experimental and anecdotal information on the productive response of pasture-based dairy cows to the inclusion of
Spirulina to lactating diets is lacking and warrants further elucidation. There is the need to understand the influence of
Spirulina inclusion in a lactating cow’s diet on lactation and Live-weight parameters. This paper reviews the past and
present research results on the effect of supplementation with Spirulina on animal production outcomes, summarises

identified knowledge gaps and highlights future directions for research in the dairy industry.
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Introduction

Dairy cows are globally emerging as the most economically
important species of domesticated livestock for producing milk and
milk products for human consumption [1]. The world demand for milk
and milk products is on the rise because of the constant increasing quest
for animal protein and the expanding market for milk products [2].
Traditionally, Australian dairy farmers rely on pasture as the main feed
source for sustaining peak milk production. A major drawback is that
pasture has limited and insufficient energy to sustain lactation length
and consistent milk yield [3]. Also, milk fat content of solely pasture-
based cows lacks desirable nutritive qualities. Therefore, alternative
nutrient-rich dietary supplements that complement the traditional
pasture feed base should be explored. Ideally, a rich feed source should
be energy dense, highly digestible, nutritious and cost effective, and
has no known negative impact on livestock and the environment [4].
In this context, Spirulina platensis fits the bill as a viable option for a
novel, future feed source for dairy cows [5].

Spirulina platensis (Arthrospira sp.) is an edible cyanobacterial
alga with a nutrient-rich chemical composition. It contains between
66-70% protein with an enviable profile of essential amino acids,
polyunsaturated fatty acids, vitamins, minerals and carotenoids [6-
10]. Spirulina has been evaluated as a feed additive for sheep, poultry,
rabbits, and fish [7,11,12]. However, its application in cow diets
within the dairy industry has neither been previously reported nor
comprehensively studied, and represents a major knowledge gap.

Therefore, the main objective of this review is to provide an overview
of previous studies on the effects of Spirulina supplementation on
lactation and Live-weight parameters in important agricultural animals
with an emphasis on dairy cattle. This review also summarises the
identified knowledge gaps and highlights fruitful directions for future
research aimed at unravelling the potential utilisation of Spirulina
platensis as a dietary supplement in the dairy industry.

Spirulina platensis (Arthrospira spp.): Nutrient
Composition, Production, Biological Processes and
Utilisation

Nutrient composition of Spirulina

Spirulina contains between 7-11% lipids with 83% saponifiable
fraction and 17% non-saponiofiable fraction [13]. In addition,
Spirulina also have rich source of oleic, linoleic, linolenic acid [14].
Spirulina platensis (Arthrospira spp.) is a novel feed source that can
provide adequate proteins, minerals, vitamins and essential fatty acids
to lactating cows. It contains docosahexaenoic acid (DHA, 22:6) a long
chain w-3 polyunsaturated fattyacid (PUFA),and y-linolenicacid (GLA)
[15]. There is a range of 60-70% protein concentration in Spirulina with
high bioavailability [15,16]. Adequate proportions of vitamins A and
B,, have also been reported [12] along with macronutrients (Na, K, Ca
and Mg) and micronutrients (Fe, Zn, Mn and Cu) [17]. Currently, there
is limited production of Spirulina in Australia due to the associated
high cost of production and a general lack of understanding on its
potential use in the dairy industry and other livestock farming sectors.
There is currently a high demand for Spirulina products for human
consumption, and this has caused resurgence in the price of Spirulina
[18]. However, animals can consume the same product in a powdered
form, but it has an unpleasant odour which makes it undesirable to
animals [16] (Table 1).
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Nutrient % Composition Details
Proteins 65

Carbohydrates 15

All 8 essential amino acids: isoleucine, leucine, methionine, phenylalanine, threonine, tryptophan and valine.

10 non-essential amino acids: alanine, arginine, aspartic acid, cystine, glutamic acid, glycine, histidine,
proline, serine and tyrosine.

Gamma-linolenic acid (GLA), alpha-linolenic acid (ALA), linoleic acid (LA), stearidonic acid (SDA),

eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and arachidonic acid (AA).

thiamine (B1), riboflavin (B2), niacin (B3), pyridoxine (B6), folic acid (B9), cyanocobalamin (B12), biotin (B7),

vitamin D, pantothenic acid (B5), vitamin E (tocopherol), inositol.

Lipids 6
Vitamins 0.75
Minerals 8

Carotenoids 346 mg/100 g (variation noticed

according to the processing methods)

Potassium, calcium, chromium, copper, iron, magnesium, manganese, phosphorus, selenium, sodium, and zinc

Alpha-carotene, beta-carotene, xanthophylis, cryptoxanthin, echinenone, zeaxanthin and lutein.

Table 1: The major nutrients and compositions of Spirulina platensis.

Production of Spirulina platensis

Originally, Spirulina was found mainly in tropical regions of
Central/South America and Africa, characterised by high bicarbonate,
minerals and pH [19]. Spirulina was rediscovered in the 1960s by
Leonard and Compere when they found that African tribes from
Chad consumed Spirulina as food [20]. Since its rediscovery, mass
production has occurred to fulfil the demands for human consumption
and the aquaculture industry [20]. Previous reports have shown that
Spirulina species can out-produce barley, wheat and corn, which are
the traditional dairy feed supplements [21]. The promising attributes
of Spirulina platensis indicate a need to increase its production in
Australia. Peiretti and Meineri [11], Raoof et al. [22] and Shimamatsu
[23] have suggested that increasing the nutrient luse efficiency and
growth rate in a low-cost growing medium should increase the
production of Spirulina.

The biological processes of growing Spirulina platensis

Spirulina platensis grows by the biological process of simple cell
division [20]. Spirulina platensis like many other photoautotrophs,
depends on light for growth and photosynthesis. The stimulation of
Spirulina growth has been reported to be affected by axenic culture
inculcated with media containing saline, bicarbonates, peptones,
minerals and glucose [24]. Spirulina platensis is a cyanobacterium
that depends on the metabolic process of photosynthesis to obtain its
chemical energy as shown below [19].

6CO,+12H,0 >C H,,0,+60,+6H,0

Spirulina platensis contains pigments such as chlorophyll,
carotenoids and phycocyanobilin which are used to harvest radiations
at different light spectra for photosynthesis [20]. Spirulina also contains
another specialised pigmented protein called phycobilisome [25,26].
Phycobilisome combines with the other pigments to absorb light energy
(550 nm-650 nm) where Chlorophyll-a cannot [19]. Most importantly,
the harvested energy is directly channelled to the reaction centre in
the thylakoid membrane where photosynthesis occurs. The presence
of phycobilisome in combination with the other chromophores makes
Spirulina an ordered and structured photosynthetic machinery which
enables an efficient photosynthetic process that allows for faster growth
and development of Spirulina platensis [19].

Spirulina platensis as a lipid source

High producing and early-lactating cows are supplemented with
lipids to increase the energy density of the ration [27]. Spirulina is a
rich source of fat (7-11%) which can be utilised to increase energy
intake of lactating cows. Lipids contain 2.5 times more energy that
carbohydrates and proteins, and this could be essential for meeting the
energy requirements of early lactating cows for milk production [28].

However, the downside to feeding fat to dairy cows is the unfavourable
effect on rumen fermentation. The inclusion of fat in ruminant diets
affects rumen fermentation and reduces digestibility. It is estimated
that up-to 50% of structural carbohydrates is not digested when 10%
fat is included in the diet of cows [29]. As a result, methane, hydrogen,
volatile fatty acids production is reduced [29]. Reduced methane
and hydrogen could be a good outcome because of climate change,
but the same effect on volatile fatty acids would impact negatively
on milk production. In addition, shortly after consumption, lipids
are extensively hydrolysed and bio hydrogenated by lipase bacteria
into different fatty acid intermediates in ruminants [30]. To combat
the effect of bio hydrogenation, research on developing encapsulated
rumen by-pass fat has been on-going [31]. Encapsulated fats can
avoid bio hydrogenation and facilitate post-ruminal deposition of
essential fatty acids [32]. The negative effect of bio hydrogenation is
that an intermediate fatty acid, trans-10 cis-12 conjugated linoleic
acid is produced and causes a coordinated reduction of mRNA in
the mammary gland that affects fat synthesis [33-35]. This in return,
causes reduced milk fat. Another effect of rumen biohydrogenation
is the production of trans-fatty acid intermediates which function as
saturated fats.

Research on lactating cows on the impact of supplementary fat
on milk fat and milk protein in dairy cows abounds in the published
literature. For instance, Lunsin et al. [27], Moghadam et al. [36], Lee et
al. [37] and Resende et al. [38] found that dietary fat in lactating cow
rations decreased milk fat and protein yields. However, encapsulation
of dietary fat is an effective method of avoiding the impact of rumen
biohydrogenation on milk composition and to improve the efficacy
of fat supplementation within the dairy industry. Severe effects of
rumen biohydrogenation on milk fat depression may be economically
undesirable to dairy farmers because of its contribution to total milk
solids upon which milk prices are based. Therefore, further studies in
different dairy production systems are required to enable informed
choices and tailored decisions when feeding lactating cows with specific
dietary fat supplements.

Research Findings

Live-weight and body condition score

Live-weight and body condition score of a herd are intrinsically
dependent on the quantity and quality of nutrition, which in-turn
affects productivity and profitability of a farm. Live-weight traits are
regularly used in the dairy industry to estimate the energy status of a
cow during gestation, lactation and dry-oft periods [39,40]. Most of
the previous Spirulina studies conducted on Live-weight traits and
gene expression patterns have mostly focussed on meat producing
animals [6,8-10,41,42] without deliberation on milk animals [7]. Most
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pasture-based dairy system around the world is heavily reliance on
pasture/forage as the main feed source [40]. Pasture-based system is
where energy is most limiting. Limitation of energy intake has direct
effect on Live-weight traits [3,43]. These physiological changes will
influence Live-weight and body condition score of the cow. Therefore,
to maintain a cow in good condition, it is important that they consume
abundant energy dense diet adequate in protein, minerals, vitamins
and essential fatty acid. Poultry, pigs and rabbits have been extensively
studied to assess the beneficial effect of Spirulina supplement on Live-
weight traits [7,11,12]. Little attention has been paid to dairy cattle.
However, previous studies conducted into livestock growth responses
to dietary supplementation with Spirulina have been consistently
positive (Table 2).

In pig growth, trial with inclusion of 20 gkg! of Spirulina platensis
increased the average daily gain significantly compared to the control
[44]. A feeding trial with rabbits reported that an inclusion level of 10%
Spirulina in the diet increased feed intake but no differences in final
weight, weight gain and feed conversion efficiency [45]. In a study by
Holman et al. [46], it was found that lambs supplemented with Spirulina
were heavier and in better condition than the control. Lactating cows
became fatter (8.5-11%) when supplemented with 200 g of Spirulina
platensis daily [21]. Spirulina supplementation trial in bigmouth buffalo
(Ictiobus cyprinellus) yielded positive daily growth and feed conversion
efficiency outcomes [47]. From the review of these previous studies,
there is a general tendency for Spirulina platensis to improve Live-

Authors
Holman et al. [6]

Species Result
Sheep
the experiment

Peiretti and Meineri [11] Rabbit
only 2983 + 138 g after 31 days

Grinstead et al. [44] Pig
Stanley and Jones [47]
Ictiobus cyprinellus)

Kulpys et al. [21] Cattle

weight and body condition score of livestock with marked differences
in dosage. Therefore, there is the need for further investigation into the
effect of Spirulina platensis on Live-weight and body condition score of
high merit cows with different dosages in a pasture-based production
system to enable informed choices and tailored decisions.

Spirulina and milk composition

Milk is an aqueous substance that is synthesised by the secretory
epithelial cells of the mammary gland of a cow postpartum [48]. Milk is
composed of water (87.3%), fat (3.9%), protein (4%) and solids non-fat
(8.8%) [49]. Milk fat and proteins are the most important milk solids
required by most milk payment schemes in Australia. Milk fats and
proteins are affected mainly by nutrition and stage of lactation of the
cow. Low milk fat and proteins are usually prominent in seasonally
calving herds where adequate dry matter and energy intakes are
limiting [50]. Therefore, the incorporation of energy-dense, nutrient-
rich supplements into the lactating ration of a cow in a seasonal calving
production system is essential (Figure 1).

Milk yield: The primary factors affecting milk yield and its
constituents in grazing cows are nutrition and energy intake. Milk
yield response to lipid and protein supplements is dependent on the
energy density of the diet [51] and Spirulina being a rich source of
energy with adequate nutrients, is a suitable and apt supplement in a
cow’s ration to increase milk yield. Kulpys et al. [21] found that dairy
cows supplemented with 200 g of Spirulina platensis produced 6 kg

Lambs consuming 10% Spirulina were heavier (41.9 + 0.7 kg) than the control group (40.6 + 0.7 kg) after 9 weeks of
The mean slaughter weight of rabbits feeding on 100 g/kg Spirulina was 3184 + 73 g compared to the control group

Pigs fed 20 g SP kg™ had greater ADG than pigs fed the control diet

Fish (Bigmouth buffalo |Bigmouth buffalo Ictiobus cyprinellus was fed 29 g dry weight/kg body weight for 28 days and their daily growth was 14
g/kg body weight, and had a feed conversion efficiency of 2.0

Cows receiving 200 g of Spirulina platensis (Arthrospira spp.) were 11% fatter than the control

Table 2: Summary of the positive impact of Spirulina platensis (Arthrospira sp) on growth traits of sheep, rabbits, pigs, fish and cattle.

-~
-~

&

Conjugated Linoleic Acid
(trans-10, cis-12 CLA)

trans-10 C18:1

Stearic Acid
(c18:0)

Source: Bauman and Griinari [34] and D’Mello [35]

-~

Figure 1: Pathways for rumen biohydrogenation of linoleic to stearic acid by microbes.

Linoleic Acid

" [cis9, cis-12, €18:2)

Conjugated Linoleic Acid
(cis-9, trans-11 CLA)

Trans-vaccenic acid
(trans-11, C18:1)
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more milk than those cows grazing pasture only. The positive impact
of Spirulina platensis on milk yield was also confirmed by the study
conducted by Simkus et al. [52]. Other studies conducted elsewhere
however found no effect of feeding algal-based diet on milk yield [53-
56] (Table 3).

Spirulina being a rich source of protein can also be used as a
protein supplement to increase milk yield and milk protein [21]. It has
been demonstrated that milk yield can increase by up to 1.5 L/kg of
protein supplement and the response can be lower if energy is limiting
[51]. Feeding protein supplements to cows in early lactation caused an
increase of between 0.4-1.8 kg milk/kg supplement [57]. All these results
were mainly due to increases in dry matter and metabolisable energy
intakes rather than the effect of protein content in the diet. Therefore,
the positive response of milk yield to protein supplementation
indicates that when dry matter energy intake is not limiting, there is a
corresponding increase in milk yield. However, the conflicting findings
in previous studies indicate a need to further investigate the effects
of Spirulina platensis diets on lactating parameters, to unravel and
understand the intricate relationship.

Milk protein and fat: Dietary crude protein in animal diets
is degraded in the rumen to peptides, amino acids and ammonia
[35,58]. The rumen microbes use dietary crude protein to synthesis
their own microbial protein [59]. The production of microbial protein
is dependent on the energy provided by the feed [60]. The response
to protein supplementation is greatest when crude protein is readily
available for microbial protein production [51]. Microbial protein
is digested and absorbed along with some undegradable proteins
from the diet as metabolisable protein, which is utilised in vivo for
milk protein synthesis [51,61]. A study by Panjaitan et al. [59] found
that supplementing Spirulina platensis to cattle grazing forages with
low crude protein can increase the efficiency of microbial protein
production in the rumen, which then can be translated into milk
products. However, previous studies conducted on lactating cows using
marine algal diets found that milk fat [53,56] and milk protein [59,52]
were increased while others found a decreased in milk fat [54,55]. The
disparities between these studies are mainly due to the different types
and sources of marine algae diet used. Spirulina platensis could be
essential in improving milk yield and milk composition and yet limited
attention has been paid on understanding the impact on lactation traits
of pasture-based lactating cows. To our knowledge, the response of
pasture-based dairy cows to supplementation with Spirulina platensis
and the subsequent impact on milk composition is not well known.
Examination of literature reveals that previous trials in dairy cows
have been mainly conducted using other types of marine algae and
without deliberate evaluation of the impact of Spirulina platensis on
milk compositions.

Milk fatty acid profile: The possibility of enriched protein and
omega-3 fatty acid rich milk could be a good news for the health-
conscious consumer. Feeding diet containing rich sources of long-
chain MUFA and PUFA to lactating cows have been shown to modify
the fatty acid profiles of milk in favour of the omega-3 and omega-6
[32,62]. Previous studies conducted using dietary algal supplements

Authors

Stamey et al. [56]
Moates et al. [55]
Boeckaert et al. [53]
Glover et al. [54]
Simkus et al. [52]

Result

have reported an increase in conjugated linoleic acid (CLA) [53],
whereas Glover et al. [54] found decreases in monounsaturated fatty
acids in milk fat. Stamey et al. [56] found that supplementation of
dairy cows with conjugated linoleic acid significantly increased the
proportions of trans-18:1 and Trans-11 18:1 fatty acids. Moate et al. [55]
reported that cows receiving algal meal high in docosahexaenoic acid
(DHA) had significant increase in the proportions of DHA in milk fat.
These studies indicate dietary supplements containing essential fatty
acids could be effective nutritionally for reducing the concentrations
of undesirable saturated fatty acids in milk fat, and increasing the
proportions of healthier long chain PUFA. However, further studies
are warranted to elucidate these findings with Spirulina in a solely
pasture-based dairy system. Most previous studies have focussed their
attention on improving the meat quality of sheep and cattle without
deliberation on the fatty acid profiles of milk. Therefore, there is the
need to fill this pending gap to help us understand the mechanism
underpinning the impact of Spirulina platensis on lactation traits.
Further studies in different dairy production systems are required to
enable informed choices and tailored decisions when feeding lactating
cows with Spirulina platensis supplements, to improve production and
reproduction performances of high merit cows within the Australian
dairy industry.

Knowledge Gaps

e A wide body of evidence exists that shows the effect of
different sources of protein and fat supplementation on milk yield,
milk composition, BCS and Live-weight in lactating dairy cows but
published empirical evidence of the impact of Spirulina supplements
on these lactation parameters is lacking for dairy cows in pasture-based
systems.

. Many authors have reported the effect of supplementing
dairy cows with various sources of protein and fat on milk fatty acid
composition, but the effect of Spirulina supplementation on milk fatty
acid profile of dairy cows in a pasture-based system has not yet been
fully explored.

. Little attention has been given to investigating the
relationships between Spirulina supplementation and the amino
acid profiles of dairy herds in pasture-based systems. Filling in this
significant knowledge gap will assist dairy farmers operating under
pasture-based settings to improve the protein content of their milk to
optimise profitability in the dairy industry.

. A negative correlation exists between non-esterified fatty
acids and reproductive traits in most dairy herds. This relationship
is exacerbated by negative energy balance and inadequate nutrition.
Spirulina is a rich source of energy (7% lipid). There are lack of reports
on the effect of Spirulina supplementation on non-esterified fatty acids,
B-hydroxybutyrate and ketone bodies.

. Progesterone, oestrogen and prostaglandin, luteinising and
follicle stimulating hormones have been identified as limiting factors in
the reproduction and fertility successes of dairy cows. Limited reports
on the effects Spirulina supplementation upon Progesterone, oestrogen

Consuming n-3 rich algal had no effect on milk yield but increased the milk fat (P<0.05)

Consuming 20% docosahexaenoic acid algal meal had no effect on milk yield but decreased milk fat

Cows consuming algal rich diet had decreased dry matter intake and milk yield, but the conjugated linoleic acid concentration was increased
Milk yield of cows consuming algae was not significantly affected but milk fat was significantly lowered

Cows consuming Spirulina platensis had increased milk yield and milk protein

Table 3: Summary of the impact of Spirulina platensis (Arthrospira sp) on milk yield and milk composition.

J Fisheries Livest Prod, an open access journal
ISSN: 2332-2608

Volume 5 -« Issue 3 » 10002523



Citation: Otto JR, Malau-Aduli AEO (2017) Spirulina platensis (Arthrospira spp.): A Potential Novel Feed Source For Pasture-Based Dairy Cows. J

Fisheries Livest Prod 5: 252. doi: 10.4172/2332-2608.1000253

Page 5 of 6

and prostaglandin, luteinising and follicle stimulating hormones
abound in published literature in pasture-based dairy systems.

Therefore, research is needed to: 1) Investigate the relationships
between Spirulina supplementation and cow BCS and Live-weight
traits in pasture-based dairy systems 2) Quantify the milk and fatty acid
compositions of dairy cows supplemented with Spirulina 3) Analyse
the amino acid profile of milk of lactating cows supplemented with
Spirulina platensis4) Examine the effect of Spirulina supplementation on
plasma metabolites 5) Evaluate the influence of Spirulina supplements
on reproductive hormones (progesterone, oestrogen, prostaglandin,
insulin growth factor-1, luteinising and follicle stimulating hormones)
in pasture-based dairy cows.

Conclusion

Spirulina is a rich source of proteins, fatty acids, minerals and
vitamins, thus making it a potential nutrient-rich feed resource for the
pasture-based dairy industry. Previous supplementation experiments
with Spirulina had mostly focussed on poultry, rabbits, fish, sheep and
beef cattle with very little attention paid to dairy cattle. Understanding
lactating cows respond to supplementation with Spirulina would be
vital in assessing the benefits of its inclusion in a dairy cow ration.
Moreover, investigations into mechanisms and active ingredients
responsible for productive performance in dairy cows would be critical
in elucidating the benefits of Spirulina usage in the dairy industry into
the foreseeable future.
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