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Abstract 

 

The effects of Spirulina supplementation, sire breed, sex and 

basal diet on intramuscular fat percentage (IMF) and fat melting 

point (FMP) in crossbred and purebred Merino lambs were 

investigated. Over two consecutive years, a total of 48 lambs was 

randomly allocated into feeding trials that utilised either ryegrass 

or Lucerne hay basal diets. Each treatment group had 8 lambs 

balanced by sire breed (Black Suffolk, Dorset, Merino, White 

Suffolk), sex (ewes, wethers), and Spirulina supplementation 

level (CONTROL - unsupplemented, LOW - 50ml, MEDIUM – 

100ml, and HIGH – 200ml). Each feeding trial lasted for 9-weeks 

after 21 days of adjustment. Post-slaughter, IMF content of the 

Longissimus dorsi et lumborum muscle was determined using 

solvent extraction and FMP measured using the ‘slip-point’ 

method. Spirulina supplementation level influenced both IMF 



content and FMP in which MEDIUM Spirulina supplementation 

led to a decrease in IMF (1.98%) and FMP (42.97°C) compared to 

3.18% and 44.44°C, respectively, in the LOW supplementation 

treatment group. Sire breed was a significant source of variation 

in FMP as purebred Merinos had the highest (45.63°C) and Black 

Suffolk crossbreds the lowest (41.53°C). Ewe lambs had higher 

IMF than wether lambs (2.52 vs 2.12%). Lambs on the ryegrass 

basal diet had lower IMF and FMP than their counterparts on 

Lucerne. Significant interactions between sire breed and 

supplementation level suggest a variety of nutritional 

management combinations that prime lamb producers can utilise 

to optimise meat quality for increasingly health-conscious 

consumers. 
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Introduction 

 

Australian dual-purpose lamb production must cater to 

consumer demands for a healthier product of high eating quality. 

Consequently, much research has focused on producing a leaner 

meat cut with increased levels of unsaturated fats. Meats rich in 

unsaturated fatty acids and low fat melting point (FMP) have 

been associated with increased palatability (Siebert et al., 2000) 

and consumer health benefits from reduced risks of 

cardiovascular disease (Woods & Fearon, 2009). However, 

unbridled focus on lean meat production may have a negative 

impact on intramuscular fat percentage (IMF) which is closely 

aligned with the fundamental meat eating qualities of tenderness 

and juiciness  (Hopkins et al., 2007, McPhee et al., 2008). 

Fortunately, FMP and IMF can both be manipulated by 



strategically managing the basal diet and supplementary feed 

intake of lambs. 

 

Spirulina (Arthrospira platensis) is a cyanobacterium which has 

been trialled as a supplementary feed in many animal species 

(Holman & Malau-Aduli, 2013). Its nutrient-rich composition 

includes essential fatty acids, amino acids and carotenoids (Table 

1), and makes it an ideal dual-purpose lamb supplement. Yet, to 

the best of our current knowledge, the effect of Spirulina 

supplementation on FMP and IMF has only been trialled in 

rabbits (Peiretti & Meineri, 2011). Therefore, our objective was 

to evaluate the effect of Spirulina supplementation level and its 

interactions with sire breed, sex and basal diet on IMF and FMP 

in purebred and crossbred Merino lambs. We hypothesised that 

there will be significant reduction in IMF and FMP in the 



Longissimus dorsi et lumborum muscle of grazing lambs with 

increasing levels of dietary Spirulina supplementation. 

 

Materials and Methods 

 

This study was conducted at the University of Tasmania Farm, 

Cambridge, Hobart, Australia and approved by the University of 

Tasmania Animal Ethics Committee in accordance with the 1993 

Animal Welfare Act and the 2004 Australian Code of Practice for 

the Care and Use of Animals for Scientific Purposes. 

 

Over two consecutive years (2011-12), 16 rams belonging to 4 

sire breeds were mated with approximately 1600 purebred 

Merino ewes in a 1:100 mating ratio at the University Farm in 

separate paddocks to generate F1 progeny. The progeny was 

identified using National Livestock Identification ear tags and 



weaned onto ryegrass pastures at 12 weeks of age. At 6 months 

old, 24 lambs were randomly selected for each feeding trial using 

ryegrass pasture (2011) and Lucerne hay basal diets (2012). 

Feeding trials continued over 9-weeks after 21 days of 

adjustment. 

 

Spirulina powder was purchased (TAAU, Darwin, Northern 

Territory, AUS) and made into a water suspension using a 1:10 

w/v ratio – Spirulina (g): water (ml). Each lamb was directly 

provided with its assigned Spirulina supplementation level daily 

via oral drenching. 

 

Ryegrass pasture: Random lamb allocation into the following 

treatment groups was undertaken: CONTROL (0mL), MEDIUM 

(100mL) and HIGH (200mL) Spirulina supplementation levels 

balanced by lamb sire breed (Black Suffolk, Dorset, Merino and 



White Suffolk) and sex (ewes and wethers). All lambs had ad 

libitum access to drinking water, 150g of barley grains per day 

and were run as a single flock on ryegrass pasture. 

 

Lucerne hay: Treatment groups of Spirulina supplementation 

levels were: CONTROL (0mL), LOW (50mL), MEDIUM (100mL), 

and HIGH (200mL); sire breeds – Dorset, Merino and White 

Suffolk; and sex – ewes and wethers. Lambs were confined in 

individual 0.6m x 1.2m metabolic crates with ad libitum access to 

drinking water and Lucerne hay, which was replaced daily. All 

lambs received barley (150g/day). 

 
Please see Table 1 in the PDF version 

 

Slaughter occurred at a commercial abattoir (Gretna Quality 

Meats, Gretna, Tasmania, AUS) on June 9, 2011 and May 24, 2012. 



On both occasions, Longissimus dorsi et lumborum muscle 

samples with overlaying subcutaneous fat were removed from 

each carcass and stored at -20°C until analysis. Prior to analysis, 

samples were thawed for 24 hours under refrigeration. 

 

IMF was determined using a modified Folch et al. (1957) 

protocol. This involved using a Ronson homogeniser to 

homogenise 10g of subcutaneous fat free tissue from each 

sample. Triplicates of approximately 1g of the homogenised 

sample were shaken vigorously for 5 minutes with 5.5mL of 

chloroform: methanol (2:1 vol/vol) solvent. The solution was 

filtered twice and the combined filtrate was subjected to salt 

precipitation using 5.5mL of potassium chloride (1.34mol/L-1) 

and allowed to separate into two distinct layers. The lower lipid 

layer was transferred into a pre-weighed and labelled ceramic 

crucible and evaporated on a heating block for 1 hour, cooled and 



placed in a desiccator to dry. The weight of intramuscular fat was 

calculated as Final wt – Initial crucible wt. This was converted to 

IMF by: wt(g)/initial tissue subsample(g)*100. 

 

Fat around the Longissimus dorsi et lumborum muscle was 

removed from each sample and melted in a labelled ceramic 

crucible in an oven at 100°C for 30 minutes. The melted lipid was 

transferred into 100mm capillary tubes (Hirshmann 

Laborgerate®, Melbourne, AUS) in triplicates. These were 

refrigerated prior to FMP evaluation using AOCS (2009) 

methodology, wherein the temperature at ‘slip point’ was 

recorded. 

 

Data were analysed using ‘Statistical Analysis System’ software 

(SAS, 2009). Summary statistics were computed with means, 

standard deviations, and minimum and maximum values 



examined for data entry errors and outliers. General linear 

models (PROC GLM) procedure (SAS, 2009) was run with 

Spirulina supplementation level, year, basal diet, sire breed, sex 

and their second-order interactions fitted as fixed effects and IMF 

and FMP as dependent variables. Year and other interactions that 

were not significant were removed from the final model. Tukey’s 

probability pairwise comparison tests were used to distinguish 

between means at P <0.05 threshold of significance. 

 

Results 

 

It was observed that as the level of Spirulina supplementation 

increased from LOW to MEDIUM, there were simultaneous 

decreases in IMF and FMP in comparison with unsupplemented 

(CONTROL) lambs (Table 2). Although in absolute terms, 

purebred Merinos appeared to be the leanest with the lowest IMF 



of 1.59%, sire breed differences in IMF did not reach statistical 

significance (P >0.05), but FMP did, with Merinos recording the 

highest FMP of 45.63°C (Table 2). Regardless of the level of 

Spirulina supplementation, sire breed and basal diet, ewe lambs 

had significantly higher (P <0.05) IMF than wether lambs, but sex 

differences in FMP were negligible (P >0.05). It was also apparent 

from Table 2 that ryegrass pasture-fed lambs had significantly 

lower IMF (1.65%) and FMP (43.67°C) compared to their 

counterparts on Lucerne hay basal diets. 

 

Please see Table 2 in the PDF version 

 

There were significant differences in IMF and FMP due to 

interactions between Spirulina supplementation level, basal diet, 

sex and sire breed (Figures 1-3). It was apparent that regardless 

of supplementation level, relatively poorer quality meat with 



high IMF was produced when the lambs were on a basal diet of 

Lucerne hay, but a combination of ryegrass grazing with 

increased MEDIUM to HIGH levels of Spirulina supplementation 

led to a consistent reduction in intramuscular fat (Fig. 1a).  

 

Please see Figure 1 in the PDF version 

 

Pasture-fed ewes supplemented at MEDIUM and HIGH Spirulina 

levels had higher IMF than the CONTROL treatment group. Ewe 

IMF with HIGH Spirulina supplementation level and Lucerne hay 

basal diet exceeded all other IMF percentages (Fig. 2a). Ewe FMP 

with MEDIUM Spirulina supplementation levels and pasture basal 

diet were the lowest. Ewe FMP was highest with MEDIUM and 

HIGH Spirulina supplementation and Lucerne hay basal diet. 

Wether FMP with LOW and HIGH Spirulina supplementation and 



Lucerne hay basal diet exceeded CONTROL and MEDIUM 

Spirulina supplementation levels (Fig. 2b). 

 

Please see Figure 2 in the PDF version 

 

FMP in pasture-fed Black Suffolk-sired lambs was highest with 

HIGH Spirulina supplementation level. In pasture-fed Merino-

sired lambs, FMP was highest with MEDIUM Spirulina 

supplementation level. Dorset-sired lambs on Lucerne hay basal 

diet had higher FMP with Spirulina supplementation compared to 

the CONTROL group. Lucerne hay-fed White Suffolk-sired lambs 

had the highest FMP with HIGH Spirulina supplementation level 

(Fig. 3.).  

 

Please see Figure 3 in the PDF version 

 



Discussion 

 

The observation of simultaneous decreases in IMF and FMP as 

the level of Spirulina supplementation increased from LOW to 

MEDIUM when compared to the unsupplemented group of lambs 

(CONTROL),  is consistent with similar observations in another 

experiment where lambs were supplemented with degummed 

crude canola oil (Flakemore et al. 2014a, 2014b).The observed 

decrease in FMP suggests a possible increase in unsaturated fatty 

acids (UFA) and a decrease in saturated fatty acids (SFA) and 

softer fat probably due to Spirulina’s naturally high beta-carotene 

content (Table 1; Holman & Malau-Aduli, 2013). Retinoic acid, a 

metabolite of beta-carotene, plays a role in ruminant stearoyl Co-

A desaturase enzyme activity and expression that drives SFA 

desaturation in the rumen (Siebert et al., 2000). These changes in 

SFA/UFA differ from supplementation trials involving Spirulina 



fed to rabbits (Peiretti & Meineri, 2011). However, rabbits are 

pseudo-ruminants, unlike lambs, where dietary UFA in Spirulina 

is relatively unprotected from biohydrogenation by rumen 

microflora. 

 

Dietary intake has a marked effect on ruminant IMF. During 

periods of low dietary intake, there is a marked reduction in IMF 

compared to periods of high dietary intake (Geesink & Zerby, 

2010, Hopkins et al., 2007, Roberts et al., 2007). This study’s 

findings, however, diverge from this preconception. This may 

have arisen from our experimental design in which Lucerne hay 

fed lambs were confined to stalls. This confinement would have 

restricted energy expenditure to well below that of equivalent 

pasture run lambs. We suggest this difference in energy 

utilisation would be reflected in our IMF findings. 

 



High FMP is associated with elevated SFA and lowered UFA 

concentrations. Dietary factors influence ruminant adipose 

deposits in terms of fatty acid composition (Webb & O'Neill, 

2008), although to a lesser extent than in monogastrics (Bas & 

Morand-Fehr, 2000). Dietary fatty acids influence adipose fatty 

acid composition and this influence is limited by rumen 

biohydrogenation of UFA (Bas & Morand-Fehr, 2000). However, 

linolenic acid, a fatty acid associated with pastures, is relatively 

resistant to this biohydrogenation compared to other fatty acids 

(Bas & Morand-Fehr, 2000). Furthermore, dietary linolenic acid 

has been reported to increase ruminant UFA levels, such as 

eicosapentaenoic acid, docosahexaenoic acid and 

docosapentaenoic acid (Raes et al., 2004). Subsequently, lambs 

fed pasture basal diets are expected to have greater UFA and 

lower FMP compared to those fed Lucerne hay. Aurousseau et al. 

(2007) observed similar results with lambs finished on both 



pasture and concentrates where UFA was lower in pasture-fed 

lambs than in their stall fed counterparts  on concentrates. 

IMF is influenced by nutrition, particularly dietary lipid content. 

This premise would explain the observed differences between 

MEDIUM and HIGH Spirulina supplementation levels with 

Lucerne hay basal diet. However, our findings with ryegrass basal 

diets are not easily explainable because of the tendency of dietary 

lipid to be partitioned more towards subcutaneous fat deposition 

than IMF (Kempster, 1981). Holman et al. (2012) reports of an 

increase in lamb body condition score with increased Spirulina 

supplementation level in these same lambs. However, body 

condition score is a subjective assessment of the degree of 

subcutaneous fat deposition. Hence, it is possible that the dietary 

lipid sourced from Spirulina was partitioned primarily to the 

subcutaneous fat depot. Therefore, Spirulina supplementation 



with ryegrass basal diet resulted in leaner lamb meat compared 

to CONTROL lambs. 

 

Ruminant sire breed effects on IMF (McPhee et al., 2008, Pethick 

et al., 2010) and FMP (Aurousseau et al., 2007, Costa et al., 2009, 

Malau-Aduli et al., 2000) have been widely reviewed previously. 

The influences of sex on IMF have also been reported by Dervishi 

et al., (2012), McPhee et al., (2008) and Pethick et al., (2010). Our 

findings align with these observations. 
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Conclusion 

 

Lambs grazed on a basal diet of ryegrass had significantly lower 

IMF and FMP compared to their counterparts fed Lucerne hay. As 

the level of Spirulina supplementation of lambs increased from 

LOW to MEDIUM, there were simultaneous decreases in IMF and 

FMP in comparison with unsupplemented lambs. Ewe lambs had 

significantly higher IMF than wether lambs, but sex differences in 

FMP were negligible.  
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