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North American Moose (Alces alces)
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Presenter
Presentation Notes
North American moose are the largest Cervids, meaning in the deer family, in North America and typically range along the northern section of the continent as they are fairly heat intolerant.





Moose grow large on low-energy and low-protein 
woody browse

 Mixed deciduous / coniferous young growth forests

 Diet of willow, pine, birch, maple, blueberry, aspen, ash…

 Swamp vegetation for salt
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Image: Robert Hynes

Presenter
Presentation Notes
They prefer young-growth deciduous / coniferous forests Their diet of woody browse low in energy and protein, but high in cellulose, hemicelluloses, and ligninAnd yet, moose can grow to massive sizes on this poor quality diet





Microbes in the rumen enable moose to thrive on 
woody browse
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Image: Lindsey Solden (photo); Nathan Johnson 
(illustration)

Presenter
Presentation Notes
Moose have a four chambered stomach, the first of which is called the rumen and acts like a giant fermentation vat. It hosts a community of bacteria, fungi, ciliated protozoa, archaea, and viruses, many of which participate in fiber digestion that enable to moose to benefit from their woody diet





What if we give moose microbes to lambs?
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• Improve rumen bacterial diversity?
• Increase weight gain or feed efficiency?
• Increase wool growth?

Presenter
Presentation Notes
That gave us the idea to try a moose-microbe probiotic. We would isolate bacteria from the rumen of moose, put them through their paces to identify good candidates, and then introduce these to lambs to see what happened




Moose probiotics: Methods

• Isolated >100 bacteria from moose rumen samples 
in anaerobic chamber

• Screened isolates for use as a fibrolytic probiotic 

• Tolerate temp, pH, salinity

• Digest plant polysaccharides under minimal 
nutritional conditions 

• cellulose, cellobiose, carboxymethyl cellulose, 
starch, xylan, and lignin

• Probiotic mix: Bacillus licheniformis (n=2), B. flexus, 
B. firmus, Staphylococcus saprophyticus 
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Presenter
Presentation Notes
Vermont samples which had been fresh frozen were thawed and aliquots mixed with glycerol, frozen at -80C until culturingUsed media that enriched for rumen microbes (Bryant & Robinson, 1961; Dehority & Grubb, 1976)




Moose probiotics: Methods

7
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• 0 ~ 5 days old (prior to study)
• group flocked with dams

• 1 – 9 weeks old
• Group housed by treatment (n = 10 each) 

• daily probiotic per os
• or broth media (control)

Ishaq et al. 2015, PLoS ONE, 10:12
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Presenter
Presentation Notes
The very abbreviated version of the experimental design is that we housed lambs by treatment group for 8 weeks, during which time the experimental group received our moose probiotic mix and the control lambs received sterile media.  The lambs were weaned during this time, and then they were all pastured together for another 4 months during which they were not receiving probiotic.



Weight
Wool 
growth

Rumen samples: 
pH, VFAs, qPCR, 
16S rDNA sequencing

Moose probiotics: Methods
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Presentation Notes
We collected rumen samples every two weeks while lambs were receiving probiotic, and once a month while on pasture, all of which were processed for ph, VFAs and real-time PCR for methanogens and protozoa, although we only had funds to sequence 4 of those time points.  We also collected wool growth and weight.





Abbreviated Results:
Lamb rumen bacteria affected by diet/age, not probiotic
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Ishaq et al. 2015, PLoS ONE, 10:12

On probiotic 
1 wk

On pasture 
4 mos

Presenter
Presentation Notes
Prevotellaceae: proteolytic and fibrolytic, such as PrevotellaLachnospiraceae: fibrolytic, such as Butyrivibrio, LachnospiraNot a lot of Bacillaceae or Staphylococcaceae- if probiotic strains are present they are low numbers (or could not be classified down to family)





Abbreviated Results:
Probiotic lambs weighted same, cost less to produce
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Control Probiotic

Total weaning cost of 
milk replacer, starter 

grain, and timothy hay 
$1,592.17 $1,564.63

Market weight (6 mo) 256.95 kg 257.25 kg

Cost to produce $6.19 / kg lamb $6.08 / kg lamb 

Ishaq et al. 2015, PLoS ONE, 10:12

10/02/2019

Presenter
Presentation Notes
So when we calculated the production costs, not counting the cost to produce the probiotic, our control lambs were cheaper to produce because they weighed more even though it wasn’t significant, but by 6 months of age when lambs went to slaughter the experimental lambs had gained weight while the control lambs as a group lost a little and the experimental lambs had a lower production cost.




Abbreviated Results:

Probiotic lambs grew more wool

Control Probiotic p

Wool weight mean 
(SEM) 1”x1”

0.67 
(0.07)

0.83 
(0.05)

0.02 *

11

@
D

rSueIshaq | Sue.Ishaq@
m

aine.edu

Ishaq et al. 2015, PLoS ONE, 10:12

10/02/2019

Presenter
Presentation Notes
The experimental group had significantly greater wool weight, and more consistent fiber diameter than control lambs, although as expected it did not improve the wool quality.





Moose microbiota are efficient at fibrolysis
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https://farm-energy.extension.org

Biodigester and Solid Waste Recycling

Presenter
Presentation Notes
So moose microbiota are good at digesting fiber. Now we can make slightly superior sheep.  But there’s a lot more that agriculture and other industries can do with these microbes.

https://farm-energy.extension.org/
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What else can we learn with moose microbes?

Probiotics lambs had more stable rumen pH
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Presentation Notes
Experimental lambs also had a more neutral pH for the duration of the study, which was in the preferred range for most fibrolytic enzymes





What else can we learn with moose microbes?

 Moose in captivity do poorly

 Often attributable to 
imbalance in diet

 Low fiber

 Energy-dense

 Starch- or sugar-rich
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Presenter
Presentation Notes
Moose in captivity, as well as many other large ungulates, tend to do poorly in captivity, and this is largely attributed to an imbalance in their diet as compared to a wild diet.




What else can we learn with moose microbes?

Wild vs. domestic ruminants
 Cattle and goats have 

plasticity in acceptable diet

 Forage

 Concentrate-forage

 Concentrate 

 What makes moose 
different?

 Physiology

 Diet selection behavior

 …..?
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Henderson et al. 2015 Scientific Reports 5: 14567

Cervids on 
forage

Bovids on 
forage

Bovids on 
concentrate

Presenter
Presentation Notes
But cattle can do just fine on forage or concentrate diet, as well as most domesticated goats and sheep. So what is it about these species that allows them flexibility?Slight differences in physiology? Grazing versus browsing?





Wild vs. domestic and the effect on the gut microbiota

 Captivity and low-diversity diet reduce gut diversity

 Effect of domestication on gut microbiota?

 Less specialization of microbiota? Less reliance by the host?

 Domestic sheep and cattle aren’t wild-type ruminants

 Diet and rumen microbes of moose effectively unaltered by human 
influence
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