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Introduction 

The beneficial effects of feeding Biosaf Sc47 are well established in both ruminant and non-ruminant farm animals.  In beef and dairy cattle, the addition of Biosaf Sc47 to the diet results in greater live weight gains and milk production. It is postulated that these benefits accrue through increased numbers of beneficial rumen micro‑organisms, stabilisation of rumen pH and a greater production of volatile fatty acids.  Addition of Biosaf Sc47 to the diet of lactating sows and newly weaned piglets improves piglet growth rates and reduces post-weaning mortality, probably as a result of improved hindgut health.

Two studies have reported the effects of different diets (Kern et al., 1973; Kern et al., 1974) on the microbial ecosystem. Yeast supplements (Newman and Spring, 1994) have also been tested in vitro to examine any effects on the microbial populations of the bovine rumen and  equine caecum. Moore et al., (1994) reported the effects of yeast cultures on equine caecal and colonic microbial populations. 

The suggested possible modes of action for Biosaf Sc47 are that it: 

1. Utilises oxygen present in the large intestinal environment. 

By reducing the oxygen level in the large intestine (caecum and colon), the inclusion of Biosaf Sc47 will favour the proliferation of the microflora and stimulate cellulolytic activity.  Dietary supplements of yeast culture have been reported to increase productivity in ruminants by this mechanism resulting in an increased viable count in the rumen (Newbold, 1995). Kumar et al., (1994) reported an increase in the microscopic count as well as the viable count. The increased viable bacterial counts as the result of the addition of yeast may be composed of preferential increases in certain categories of bacteria. Cellulolytic bacteria usually increase by a greater proportion than the total count (Newbold et al., 1998). This should result in improvements in the breakdown of cell wall material.

2. Maintains large intestinal pH levels within the optimal range 

The activity and growth of lactate-utilising bacteria are specifically stimulated, preventing the build up of lactate and the creation of an acidic environment. Radicke et al., (1991) reported that a caecal pH of 6.0 represented sub-clinical acidosis, which can result in the de-stabilisation of the caecal environment thereby affecting fermentation and thus, can initiate all or some of the following: 

· An alteration in the microbial flora 

· Lysis of bacteria allowing the release of endotoxins 

· Damage to the caecal and colonic mucosal surfaces allowing the absorption of both endotoxins and enterotoxins 

· Various pathologies of the gastro-intestinal tract including acute colitis and colic .

· Cardio-vascular changes 

· Laminitis 

The benefits of Biosaf Sc47 in ruminant and non-ruminant farm animals cannot be directly translated to equids because of the differences in digestive physiology between horses and ruminants, and digestive function between horses and pigs. 

Trial 3: In vivo evaluation of the effect of Biosaf Sc47 on fibre digestibility in ponies fed haylage

Hypothesis 

Biosaf Sc47 will significantly enhance fibre digestion in ponies fed haylage.

Materials and methods

Five ponies, average live weight 315 kg (s.e. ± 14.0) at the start of the experiment, were individually housed and bedded either on woodshavings (during the adaptation) or on rubber mats (during the data collection).  Each pony received 1.5% DM of its live weight of HorseHage per day fed as two meals in morning and afternoon.  The dry matter content of the haylage was assumed to be 55% and daily fresh forage allowances were calculated accordingly.  Each pony received 500g per day of its allocated supplement fed as two meals, immediately prior to HorseHage being offered.

Five treatment periods, each consisting of a 2-week adaptation period and a 5-day data collection period, were carried out.  Each treatment consisted of dietary supplement formulated to contain a prescribed amount of Biosaf Sc47.  Each of the respective dietary supplements were balanced in terms of protein and energy content and were nutritional identical apart from their Biosaf Sc47 content.

The supplements were formulated to contain the following proportions of Biosaf Sc47: 
Diet 1 (D1) ‑    0%  

Diet 2 (D2) ‑    2% 

Diet 3 (D3) ‑    4% 

Diet 4 (D4) ‑  20% 

Diet 5 (D5) ‑  40% 

The daily allowance of each supplement (500g) provided a daily intake of Biosaf Sc47 of either  0g,  10g,  20g,  100g or 200g per day for D1, D2, D3, D4 and D5 respectively.  

Each animal received each diet once during the whole experimental period according to the schedule listed in Table 1.  A balanced Latin Square design was used to ensure that carryover effects were eliminated  

Table 1.  Experimental design

	Treatment period
	1
	2
	3
	4
	5

	Animal
	Dietary supplement fed during treatment

	Pony 1
	D1
	D5
	D4
	D2
	D3

	Pony 2
	D2
	D1
	D3
	D5
	D4

	Pony 3
	D3
	D2
	D1
	D4
	D5

	Pony 4
	D4
	D3
	D5
	D1
	D2

	Pony 5
	D5
	D4
	D2
	D3
	D1


Measurements

Live weight was recorded during the first week of every treatment period.  Forage allowances for each treatment period were calculated on the basis of these live weight measurements.

Dry matter intake was determined for the first five days of each data collection week.  Fresh feed was weighed out daily according to the levels described above.   A ~500g representative sample was taken from each new bag of HorseHage opened.  This sample was used to determine the dry matter content of each bag of haylage so that the precise dry weight of offered forage could be calculated.  Once dry, this sample was added to a weekly-pooled feed sample, which, at the end of each treatment period, was ground, sub-sampled and retained for nutritional analysis (crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF).  Feed refusals from each animal were collected and weighed daily during the data collection week.  A ~500g representative sample was taken from the refusals of each pony and used for dry matter determination, then added to a weekly-pooled refusal sample.  A dry ground sub-sample of the pooled refusals was retained for nutritional analysis (as above).  Daily dry matter intake of each pony was calculated from the difference between dry forage offered and dry forage refused.

Faecal output was determined for the last five days of each data collection week.  During the collection period all fresh faces from each pony were collected separately and placed in containers.   Fresh faeces that had been collected from each pony were weighed each morning then mixed.  A representative sample (~500g) was taken for each pony and used for dry matter determination.  Faecal samples from each pony were pooled on a weekly basis to provide five faecal samples (one for each animal) for each experimental period.  The dry pooled faecal sample from each animal was ground, sub-sampled and retained for nutritional analysis (as above).

Fibre digestibility

Digestibility of dry matter (DM), NDF and ADF were calculated as a proportion using the total intake and total output of each these dietary components over the five-day measurement periods using the following equation.  
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Where (f) is nutritional componant being considered (either DM, NDF or ADF), Output is the total dry faecal output of f over collection period (kg) and Intake is the total dry intake of f over collection period (kg).

Statistical analysis

Balanced ANOVA was carried out on the arcsine transformed DM, NDF and ADF digestibility data in order to examine the statistical significance of differences between treatments and animals.  Interactions between treatment and animal could not be examined because of the small number of replicates within each treatment period. 

Results and Discussion

Microbiological analysis of the five dietary supplements showed that there were less colony forming units (CFU) of Saccharomyces cerevisiae per g of supplement than anticipated during the design of the experiment (see microbiological report for details).  Predicted CFU per g of supplement were 0, 2 x 108, 4 x 108, 2 x 109 and 4 x 109 for D1, D2, D3, D4 and D5 respectively.  Actual CFU per g of supplement were measured to be 0, 2.15 x 107, 4.80 x 107, 2.04 x 108 and 6.50 x 107 for D1, D2, D3, D4 and D5 respectively.  Supplements D2, D3 and D4 therefore, had CFU per g that were approximately one-tenth of the anticipated level, whereas supplement D5 had a measured CFU per g that were almost one hundredth of the anticipated level.  

The departure of measured levels of CFU per g of supplement from anticipated levels not only reduced the effective dose rate of Biosaf Sc47 in each treatment but also meant that D5 only contained the second highest level of active Biosaf Sc47 rather than the first as planned.  The effect of the treatments on fibre digestions can therefore be expected to reflect the overall decrease in dose rate and the change in ranking.  

Table 2: Comparison of the effect of Biosaf Sc47 content of the diet on dry mater, NDF and ADF digestibility.

	Dietary supplement
	Biosaf fed per day (g)
	CFU per g of supplement
	Digestibility coefficients

	
	
	
	Dry matter
	NDF
	ADF

	D1
	0
	0
	0.53
	(0.008)
	0.36
	(0.014)
	0.31
	(0.016)

	D2
	10
	2.15x107
	0.54
	(0.014)
	0.37
	(0.022)
	0.33
	(0.023)

	D3
	20
	4.80 x107
	0.54
	(0.013)
	0.38
	(0.024)
	0.33
	(0.026)

	D4
	100
	2.04 x108
	0.54
	(0.015)
	0.37
	(0.028)
	0.32
	(0.033)

	D5
	200
	6.50 x107
	0.55
	(0.012)
	0.40
	(0.025)
	0.32
	(0.024)


There was no significant effect of dietary supplement on DM, NDF or ADF digestibility.  Similarly, there was no significant effect of animal on DM, NDF or ADF.  The lack of statistical significance is probably explained by the high variation between animals.  Coefficients of variation between animals on the same diet ranged between 3.4 – 6.3% in the case of DM digestibility, 8.3 – 17.3% in the case of NDF digestibility and 11.7 – 23.0% in the case of ADF digestibility.  

Despite the lack of statistical significance between treatments in this experiment the knowledge gained of the degree of variation within treatments and the expected difference between treatments can be used to calculate the necessary sample size to demonstrate significance in future experiments using the following equation:
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Where n = number of replicates per treatment, σ2 = estimate of the variance and d = difference one expects to detect between treatments.  

Using this equation the calculated number of animals per replicate that should be used to demonstrate statistical significance between the two most different treatments is 3. 

Digestibility of DM, NDF and ADF showed a strong curvilinear relationship with dose rate (Figure 1, 2 and 3).  In the case of DM and NDF there was a strong linear relationship between digestibility and dose rate for levels of Biosaf Sc47 up to 6x107 CFU/g (r2 = 0.87 and 0.89 for dry matter and NDF digestibility respectively).  In the case of ADF this relationship was not as strong (r2 = 0.49).  

Levels of active Biosaf Sc47 in D4 were three times higher than that in D5, it is possible that further increases in digestibility could have been achieved with dose rates intermediate to those of D5 and D4.  Predictive equations indicate that optimal dose rate of pure Biosaf Sc47 for ponies of the size used in this experiment is 45g per day (equivalent to 0.14g per kg live weight).  

Experiments in vitro predicted that the optimal dose rate in vivo dose rate in grass based feeds of between 20 –28 g per day for a 500 kg horse (equivalent to 0.04 – 0.06 per kg live weight). Microbiological analysis of faeces indicate that the survival rate of Biosaf Sc47 (~10%)  is much lower than anticipated from in vitro experiments (~27%) that assumed a transit time from mount to caecum  of less than 2 hours.  Taking into account the lower survival rate of Biosaf Sc47 the in vitro and in vivo predications of optimal dose rate for Biosaf Sc47 are in close agreement with each other.

Conclusions

Biosaf Sc47 supplementation of ponies fed haylage did not significantly effect digestibility of DM, NDF or ADF at any of the dose rates tested in this experiment.  Variation in digestibility between animals was much higher than expected and the difference between treatments was lower expected.   Repeating the in vivo study with 3 – 4 animals per replicate would provide sufficient replication to show treatment differences were statistically significant.  

Further problems were encountered in that the activity of the Biosaf Sc47 fed was lower than expected, particularly with treatment D5.  The level of activity in D5 was however closest to the optimum dose rate of Biosaf Sc47.  From predictive equation derived from these experiment data an optimal dose rate of Biosaf Sc47 0.14 g per kg live weight is predicted.  This level of Biosaf Sc47 supplementation should provide improvements in DM and NDF digestibility of 2%.  Further in vivo  work is required to validate these predictions.
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