Experimental protocol: Synergen dose response trial using the ANKOMRF in vitro gas production system (Ankom, 2018)

1.1 Objectives
Synergen is a product of the solid-state fermentation (SSF) of Aspergillus niger, containing residual enzyme activities. Synergen may increase the hydrolytic capacity of the rumen and hence could improve the efficiency and sustainability of ruminant production. This trial will investigate the effects of four different inclusion rates of Synergen on two diets typically fed to dairy cattle, in an in vitro rumen simulation using the gas production (GP) technique. The effect of different inclusion rates of Synergen on GP, GP kinetics, dry matter disappearance (DMD), pH, volatile fatty acid (VFA) concentrations and proportions, will be measured. Figure 1 displays the schedule of events for this trial.

Day 1 
Randomly allocate 4 fistulated cows to control or treatment groups (see protocol section 1.2)
Take 2 digesta samples from each cow for metabolomic and microbiome analysis (1.3.1)
Feed each cow 0.5 lb sugar beet, with 5 g Synergen mixed in for the 2 treatment cows, for 21 days (1.2)







Day 19 
Dry standardised total mixed ration (TMR) in oven set to 55 oC for 48 h (1.4)




Day 20 
Grind TMR to pass through 2 mm mesh screen (1.4)
Weigh out 1 g DM of TMR into 40 ANKOM fibre bags (1.4)
Weigh out Synergen doses into weighing boats (1.5)
Charge batteries for ANKOM modules (1.6.1)






Day 21
Heat water baths containing 48 ANKOM bottles to 39 oC (1.6.1)
Prepare digestion medium and reducing agent (1.6.2)
Add Synergen to pre-weighed TMRs, seal bags, and shake for 5 seconds. Place bags into pre-warmed ANKOM bottles (1.5)
Take digesta samples from cows for metabolomic and microbiome analysis (1.3.1)
Take digesta samples from cows for microbial inoculum (1.3.2)
Prepare microbial inoculum (1.6.3)
 Dispense inoculum into ANKOM bottles, seal each bottle with its corresponding module, place in water bath (1.7)
Set module zero to ambient pressure, begin GP run with the ANKOM software on the lab laptop (1.7)












Day 22 and day 23 
Check GP system is running correctly, replace any batteries in need of charging (1.7)



Day 24 
After 72 hours of incubation, save GP data on lab laptop and disconnect modules from incubation bottles (1.7)
Take pH measurements, remove two 10 ml aliquots of fluid from each bottle, remove fibre bags and dry in oven set to 55 oC overnight (1.8)






Day 25 
Freeze aliquots of fermentation fluid (1.8)
Weigh dried fibre bags (1.8)




Day 26 - onwards 
Take fermentation fluid samples to Harper Adams for analysis (1.8)
Model GP data and perform statistical analysis on all results (1.8)





Figure 1: Flow diagram for Synergen inclusion rate trial using the ANKOM in vitro gas production system.
1.2 Cattle selection and feeding regime
- Four fistulated Jersey cows housed at Cochno Farm and Research Centre will be used for this trial, tag numbers: 994, 978, 709, 760. 
Controls: 709 and 978
Synergen: 994 and 760
- Cows will be housed together in an open pen within a barn and bedded down with straw.
- All cows will be fed a TMR ration made up of 75 % barley straw and 25 % second cut grass silage, available ad libitum. Additionally, each cow will be fed 250 g soaked sugar beet and 100 g barley, daily. 
- Using a random number generator, cows will be allocated to treatment and control groups. Two cows will be in the treatment group, and two in the control group.
- Treatment cows will have 5 g of Synergen hand mixed into their sugar beet and barley, immediately prior to feeding. Control cows will only be fed sugar beet and barley, with no Synergen.
- Feeding will take place between 9 and 11 am daily, for 21 days. All cows will be run through a crush and fed individually to ensure each individual consumes their designated feed treatment.

1.3 Digesta sampling 
1.3.1 Sampling for metabolomic and microbiome analysis 
- Prior to the commencement of Synergen and control feeding treatments, two digesta samples will be taken from each fistulated cow. 
- Cows will be restrained in a crush, and sampling will be undertaken by The University of Glasgow’s Named Animal Care and Welfare Officer (NACWO). 
- For each sample, 15 ml of digesta will be collected by submerging a 15 ml Corning TM centrifuge tube, labelled with each cow’s number, into the reticular region of the rumen. 
- Using gloved hands, the tube will be capped whilst submerged, to maintain anaerobic conditions within the sample.
- Samples will be placed in a vacuum flask, pre-warmed to 39 oC, and transported to the lab.
- In the lab, under a stream of CO2, 5 ml of digesta will be removed from each sample and discarded. 
- 0.5 ml of orthophosphoric acid will be pipetted into each 10 ml sample. Tubes will be stored at 4 oC overnight, and then frozen at -20 oC, until metabolomic and microbiome analysis can take place.
- The above steps will be repeated, and two more samples will be taken from each cow on day 21, at the end of the feeding regime.

1.3.2 Digesta collection for inoculum preparation
- On day 21, each cow will be restrained in a crush and 125 ml of digesta will be collected from the rumen, by the NACWO.
- Using gloved hands, a 125 ml polypropylene bottle, labelled with each cow’s number, will be submerged into the reticular region of the rumen, and filled with digesta. 
- The bottle will be capped whilst submerged, and then placed in a vacuum flask pre-warmed to 39 oC. 
- Flasks will be transported to the laboratory and stored in an incubator set to 39 oC prior to inoculum preparation.

1.4 Substrate preparation 
- Two standardised TMR rations will be trialled in this experiment, one maize silage based, and the other grass silage based.
- TMRs will be dried at 55 oC for 48 hours and DM calculated using the method of Goering and Van Soest, 1970.
- TMRs will be ground to pass through a 2 mm mesh screen using a Retsch cyclone mill.
- 20 replicates of 1 g DM (± 0.05 g) of each TMR ration will be weighed into 5*10 cm ANKOM fibre bags, totalling 40 replicates. 

1.5 Synergen inclusion rates and controls 
- Synergen, a product of the SSF of Aspergillus niger, supplied by Alltech ltd, will be used in this trial.
- Four inclusion rates of Synergen will be trialled: 0, 0.5, 2.0, 5.0 mg/g of TMR DM.
- Synergen doses (± 5%) will be weighed into weighing boats prior to the GP run.
- For each type of TMR, maize and grass silage based, 4 replicates of each Synergen inclusion rate will be trialled, totalling 32 replicates.
- As controls, 4 replicates of each TMR type will be incubated with no Synergen and in inoculum collected from fistulates not acclimatised to Synergen. 8 blank bottles, 4 of which will contain inoculum from Synergen acclimatised cows and 4 of which will contain inoculum from control cows, but no TMR or Synergen, will be used as further controls. Totalling 48 experimental units.
- Prior to the commencement of the GP incubation, Synergen doses will be poured into ANKOM bags containing TMR, which will then be heat sealed.
- Each bag will be shaken for 5 seconds to mix Synergen and TMR.

1.6 Lab Preparation 
1.6.1 Preparation of the ANKOMRF system
- Batteries for each module of the ANKOM system will be charged overnight prior to the GP run.
- 48 250 ml ANKOM incubation bottles will be wash, sprayed with ethanol, and dried, before being placed in water baths pre-heated to 39 oC.


1.6.2 Preparation of the digestion medium and reducing agent 
- The following solutions will be prepared and poured into a conical flask in this order to create 5 L of digestion medium: distilled water, trypticase peptone, micro-mineral solution, buffer solution, macro-mineral solution, and resazurin solution. 
- Distilled water, cysteine hydrochloride, and 1M sodium hydroxide, will be mixed to create enough reducing agent (235.3 ml) for 5 L of digestion medium.
- The volumes and compositions of solutions used to prepare the digestion medium and reducing agent are displayed in Table 1.
- The digestion medium will be gassed with CO2 for 3 hours, with mixing at 30-minute intervals. 
- The reducing agent will then be added to the digestion medium and left for 30 minutes under CO2.
- ANKOM fibre bags containing 1 g DM substrate and associated dose of Synergen will be placed into incubation bottles, apart from blank bottles which will contain no substrate.
- 89 ml of digestion medium will then be added to each ANKOM bottle using an automated pump, and the bottles returned to 39 oC water baths.









Table 1: Volumes and compositions of solutions used to prepare the digestion medium and reducing agent for gas production trial using Synergen.
	Digestion media
	Component
	Inclusion
	Solution constituents
	(g/L)

	
	Distilled water

	2775 ml
	-

	-

	
	Trypticase peptone

	1.11 g
	-

	-

	
	Micro-mineral solution

	0.55 ml
	CaCl2.2H2O
MnCl2.4H2O
FeCl3.6H2O
CoCl2.6H2O

	132
100
80
10

	
	Buffer solution 

	1110 ml
	NH4HCO3
NaHCO3
	4
3.5


	
	Macro-mineral solution

	1110 ml
	Na2HPO4.12H2O
KH2PO4
MgSO4.7H2O
	9.45
6.2
0.6


	
	Redox indicator 
	5.55 ml
	Resazurine 

	1

	Reducing agent 

	
	
	
	

	
	Distilled water

	223.5 ml
	-
	-

	
	Cysteine hydrochloride

	1.47 g
	-
	-

	
	1M sodium hydroxide 

	9.41 ml
	-
	-








1.5.2 Preparation of rumen microbial inoculum
- Following the protocol of Theodorou et al. (1994), inoculum preparation will be under anaerobic conditions.
- On a hot plate and under a stream of CO2, the two samples of digesta obtained from Synergen acclimatised cows will be mixed, as will the two samples of digesta from control cows. 
- The liquid fraction of digesta samples will be obtained by straining through a double layer of cheesecloth. 
- The remaining solid residue will be homogenised with a blender for 60 seconds with an equal volume of digestion medium as the originally extracted liquid, and then mixed with the extracted liquid fraction.
- The mixtures will be strained once more through a double layer of cheesecloth, with the final strained liquid being the microbial inoculum.

1.6 Incubation and gas production 
- Under a stream of CO2, 10 ml of microbial inoculum will be syringed into each pre-warmed ANKOM bottle containing TMR, Synergen dose, and digestion medium. 
- The headspace of each bottle will be gassed with CO2, sealed with ANKOM RF pressure sensor modules, and then placed back into 39 oC water baths.
- ANKOM module zero will be set up to measure ambient pressure.
- The pressure sensors on modules will be adjusted to ambient pressure by opening and closing the module valves.
- The time will be noted, and gas pressure recording will be initiated for 72 hours. GP, in psi, will be automatically monitored at 10-minute intervals, with data logged on an Excel spreadsheet.
- During the incubation, module batteries will be checked daily and replaced as necessary.
- After 72 hours, the spreadsheet containing GP data will be saved and downloaded onto OneDrive and the laboratory laptop.
- ANKOM modules will then be disconnected, marking the end point of the incubation.

1.7 Measurements and data handling 
- GP will be converted from psi to ml. The optimum model to fit GP profiles will be selected using GasFit System Software which uses an R script to automatically fit nonlinear functions to GP data.
- pH measurements will be taken from each bottle at the end of incubation.
- A 10 ml aliquot of fermentation fluid will be extracted from each bottle, stored with 0.5 ml orthophosphoric acid at 4 oC overnight, and then frozen at -20 oC, before VFA analysis using gas chromatography.
- Filter bags will be removed from bottles and dried overnight at 55 oC, after which bags will be re-weighed and DMD calculated.
- Differences in GP profiles, DMD, pH, VFA proportions and production, will be statistically analysed using analysis of variance with a significance level of 0.05.

