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Executive Summary
The Feed into Beef (FiB) project was funded by AHDB to update available tools for predicting the nutritional requirements of beef cattle, or their performance on given rations, as well as ration formulation to achieve a defined level of performance. Last updated in the early 1990s and based on research carried out over the preceding 20–40 years, existing equations available to industry had become less accurate as modern breeding had changed beef genetics in most breeds and with new feeds and feeding systems taken up by industry.
The work has focused on growing and finishing beef cattle and provided updated models as described below:
A range of models were developed and evaluated to predict the intake of growing and finishing beef cattle offered grass silage as the sole diet or in combination with concentrates 
Energy requirements for maintenance and for liveweight gain have been changed to reflect the genetic improvement in cattle genotypes during the last four decades
The impact of level of feeding is better accounted for by directly relating it to dietary metabolisable energy concentration
The maintenance requirement for metabolisable protein is 70% higher than previous UK estimates, so overall protein requirements are increased, particularly for less productive cattle. In addition, British breeds such as Angus, Hereford and Shorthorn and their crosses are now much larger animals and more like continental cattle, finishing at heavier weights and depositing more lean tissue and less fat 
Microbial protein produced in the rumen is a valuable resource, reducing the need for expensive protein-rich supplements. Although still not able to predict its production with high accuracy, using the Feed into Milk (FiM) 2004 model for microbial protein synthesis explains some of the positive effects of feed fermentability and level of feeding 
The equations have been extended to predict methane production from different diets based on dry matter intake, liveweight and diet chemical composition 
Feed energy values for existing feeds have been checked and updated using more recent data, while new feeds have been added and adjusted to be comparable with existing feeds where possible
The new equations allow farmers and nutritionists to make better use of feed resources to meet targets for growth and carcase quality, increasing efficiency and profit while lowering carbon footprint. Where equations have not been updated – mainly those for beef suckler cows – equations have been reproduced with permission to enable this booklet to be a comprehensive source of the latest nutritional equations for beef cattle.
There are two FiB documents available:
The full Feed into Beef technical advisory document which provides the background, principles, rationale and equations
The Feed into Beef equations summary (this document) which provides the complete set of equations to begin formulating diets with immediate effect
While the Agriculture and Horticulture Development Board seeks to ensure that the information contained within this document is accurate at the time of printing, no warranty is given in respect thereof and, to the maximum extent permitted by law, the Agriculture and Horticulture Development Board accepts no liability for loss, damage or injury howsoever caused (including that caused by negligence) or suffered directly or indirectly in relation to information and opinions contained in or omitted from this document.	Comment by Bryony Harris: Lou do we need this copyright? 
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4. Glossary
This glossary is for use with chapters 1–6. It follows the convention adopted in AFRC (1993) and FiM (2004). Terms in:
Upper case represent supply in g or MJ/d, e.g. Dry matter intake DMI (g/d)
[bookmark: _Int_ecneViFt][  ] are a concentration, e.g. [CP] – concentration of crude protein in a feed (g/kg DM)
Lower case indicates a proportion, rate or efficiency, e.g. km – efficiency of utilisation of ME for maintenance
A subscript denotes a function for a supply or requirement or a qualification of a supply or concentration, e.g. eddmlp – effective degradability of the large particle fraction of DM (proportion)
AA: activity allowance
ADF: acid-detergent fibre
AFBI: Agri-Food and Biosciences Institute
AFRC: Agricultural Food and Research Council
AHDB : Agriculture and Horticulture Development Board	
ARC: Agricultural Research Council 
BCS: body condition score
BEIS: Department for Business, Energy and Industrial Strategy
C: kg of concentrate DM
CCC: concordance correlation coefficient
CDMI: concentrate dry matter intake
CIEL: Centre for Innovation and Excellence in Livestock
ConcP: concentrate proportion in the diet (dry matter basis)
CP: crude protein (N x 6.25)
CSIRO: Commonwealth Scientific and Industrial Research Organisation (Australia’s national science organisation)
DCP: digestible crude protein
DE: digestible energy
Defra: Department for Environment, Food and Rural Affairs
deg: protein degradability
DLWG: daily liveweight gain
DM: dry matter
DMI: dry matter intake
DMIR: dry matter intake required
DOMD: digestible organic matter in total dry matter
DUP: digestible undegradable protein
D-value: the percentage of digestible organic matter in the dry matter of forage
EBVs	: estimated breeding values
EBW: empty body weight 
eddmlp: effective degradability of the large particle fraction of DM (proportion)	
eddmssp: effective degradability of the soluble and small particle fractions of DM (proportion)
EE: ether extract
EID	: electronic identification
EVg: energy content in a kg of liveweight gain
FFTDN: fat-free total digestible nutrient
FiB: Feed into Beef
FiM: Feed into Milk
FOM: fermentable organic matter 
GE: gross energy
GFLI: Global Feed Lifecycle Assessment Institute
HFIS: Hillsborough Feeding Information Service
ILVO: Flanders Research Institute for Agriculture, Fisheries and Food
in sacco: a method to study rumen degradation whereby animals are surgically fitted with rumen cannulae
in vitro: a method to study rumen degradation using rumen fluid obtained from fistulated animals 
INRA: Institut National de la Recherche Agronomique (French national research institute for agricultural research)
IPCC: Intergovernmental Panel on Climate Change
kconcentrates	:  fractional outflow rates from the rumen on concentrates (proportion/hour)
kforages: fractional outflow rates from the rumen on forages (proportion/hour)
kg: efficiency of utilisation of ME for liveweight gain
kl: efficiency of utilisation of ME for lactation
kliquids: fractional outflow rates from the rumen on liquids (proportion/hour)
km: efficiency of utilisation of ME for maintenance
kng: efficiency of utilisation of MP for protein accretion in liveweight gain
knl: efficiency of utilisation of MP for lactation
knm: efficiency of utilisation of MP for maintenance
LW: liveweight
LW0.547: fixed metabolic weight raised to power of 0.547
LW0.60: fixed metabolic weight raised to power of 0.60
LW0.75: fixed metabolic weight raised to power of 0.75
LWG: liveweight gain
MDM: microbial dry matter
ME: metabolisable energy
MECmaint: ME concentration in feed as estimated or measured from values derived from sheep at the maintenance level of feeding
MECpro: ME concentration of feed supplied to beef cattle when fed at production levels
MEfat: ME from fat or oil in a feed
MEferm: ME from fermentation acids in a fermented or ensiled feed
MEI: ME intake
MEm: ME requirement for maintenance
MJ: megajoule
MLW: metabolic liveweight
MPE: mean prediction error
MPg: metabolisable protein requirements for growth/liveweight gain
MPm: metabolisable protein requirements for maintenance
MPS: microbial protein synthesis 
MSPE: mean square prediction error
n: week of lactation
NASEM: National Academies of Sciences, Engineering and Medicine
NDF: neutral detergent fibre
[bookmark: _Hlk164140422]NDF diet: neutral detergent fibre concentration in total diet (g/kg DM)
NE: net energy
NEg: NE requirement for growth
NEm: NE requirement for maintenance
NH3-N: ammonia nitrogen as a proportion of total nitrogen
NIRS: near-infrared spectroscopy 
NRC: National Research Council
OM: organic matter
OMD: organic matter digestibility
P1: correction factor
PCO: proportion of concentrate in the diet DM
Rand.: random error
RE: retained energy
RMSPE: root mean squared prediction error
RPB: rumen protein balance
SD: standard deviation
SDMI: silage dry matter intake
SIP: NIRS grass silage intake potential
STA: starch
TDMI: total dry matter intake
TDN: total digestible nutrients
TMR: total mixed ration
VDMI: voluntary dry matter intake
WLR: Wageningen Livestock Research
Wn: actual weight of the cow in the lactation week, n under consideration, not the mean breed weight
Y: milk yield (l)


5. Predicting dry matter intake of beef cattle
E. Cabezas Garcia, D.E. Lowe, T. Yan, A. Gordon and F. Lively  
Equation 1
FiB models for predicting grass silage intake 
Silage intake equations (g/kg LW0.75)
Linear (multivariate equations)
85.1 - 71.5 × ConcP
69.8 - 75.7 × ConcP + 0.215 × SIP
49.2 - 74.9 × ConcP + 0.0556 × DOMD
57.1 - 76.5 × ConcP + 0.0507 × DOMD - 34.8 × NH3-N
SIP x (1 - 0.0084 x CDMI)
Silage intake equation (kg/day)
0.0336 x LW0.75 - 0.2519 x CDMI (kg/d) + 1.54
Equation 2
FiB models for predicting total dry matter intake
Total dry matter intake equations (kg/day)
Non-linear (allometric equations)
0.356 × LW0.547
Linear (multivariate equations)
0.762 + 0.243 × LW0.60
8.607 + 0.224 × LW0.60 - 0.019 × NDF diet
8.881 + 0.221 × LW0.60 - 0.0187 × NDF diet - 2.895 × NH3-N
0.0741 x LW0.75 + 5.598 x ConcP - 1.27
Total dry matter intake equation (g/kg LW0.75)
SIP x (1 - (0.7316 x ConcP + 0.2433 x ConcP2)) + (77.37 x ConcP + 36.24 x ConcP2)
Notes:	
CDMI – concentrate dry matter intake (g/kg LW0.75)
ConcP	– concentrate proportion in the diet (kg/kg DM)
DOMD	– digestible organic matter in total DM (g/kg DM)
LW	– liveweight (kg)
LW0.547 – fixed metabolic weight raised to power of 0.547
LW0.60 – fixed metabolic weight raised to power of 0.60
LW0.75 – fixed metabolic weight raised to power of 0.75
NDF diet	– neutral detergent fibre concentration in total diet (g/kg DM)
NH3-N	– ammonia nitrogen as a proportion of total nitrogen in silage (g/kg N)
SIP	– NIRS grass silage intake potential (g/kg LW0.75)

Table 6.2.6. Total dry matter intake (kg/day) of beef cattle fed maize silage and concentrates (Source: AFRC, 1993)
	Concentrate as fed (kg/day)
	Liveweight 100 (kg)
	Liveweight 200 (kg)
	Liveweight 400 (kg)
	Liveweight 400 (kg)
	Liveweight 500 (kg)

	0
	2.7
	5.0
	6.9
	8.4
	9.7

	1
	3.1
	5.4
	7.3
	8.8
	10.1

	2
	3.5
	5.8
	7.7
	9.2
	10.5

	3
	Not applicable
	6.2
	8.1
	9.6
	10.9

	4
	Not applicable
	Not applicable
	8.5
	10.0
	11.9


Equation 3
AFRC Equation 155
DMI (kg/d) = 0.076 + 0.404C + 0.013W - 0.129n + 4.12log10(n) + 0.14Y

Equation 4
AFRC Equation 157
SMI = -3.74 - 0.387C + 0.1055Y + 0.0066Wn + 0.0136[DOMD]
Notes:	
C	– kg of concentrate DM
n	– week of lactation
Y	– milk yield
Wn	– actual weight of the cow in the lactation week, n under consideration, not the mean breed weight
Conclusions
For grass-silage diets supplemented with known concentrate input, for growing and finishing beef cattle, the best model for predicting the grass silage intake is:
Equation 5
FiB Equation 2.1
SDMI = SIP x (1 - 0.0084 x CDMI)                                           
Notes:
SDMI – silage DM intake (g/kg LW0.75/day)
SIP – silage intake potential estimated by NIRS (g/kg LW0.75/day)
CDMI – concentrate DM intake (g/kg LW0.75/day)

Where grass silage intake potential is not available, the following equation is recommended for calculating feed intake. However, expect a higher level of variance/lower accuracy of prediction. 
Equation 6
FiB Equation 2.2
SDMI = 0.0336 x LW0.75 - 0.2519 x CDMI + 1.54                                        
Notes:
SDMI – silage DM intake (kg/day), 
LW0.75 – fixed metabolic liveweight raised to power of 0.75 (kg LW0.75)
CDMI – concentrate DM intake (kg/day)              

For grass-silage diets supplemented with known concentrate proportion in the total diet (TMR diets) for growing and finishing beef cattle, the best model for predicting the total DM intake is:
Equation 7
FiB Equation 2.3
TDMI = SIP x (1 - (0.7316 x ConcP + 0.2433 x ConcP2)) + (77.37 x ConcP + 36.24 x ConcP2) 
Notes: 
TDMI – total DM intake (g/kg LW0.75/day)
SIP – silage intake potential estimated by NIRS (g/kg LW0.75/day)
ConcP – concentrate proportion in the total diet (kg/kg DM)

Where grass silage intake potential is not available, the following equation is recommended for calculating feed intake. However, expect a higher level of variance/lower accuracy of prediction.
Equation 8
FiB Equation 2.4
TDMI = (0.0741 x LW0.75) + (5.598 x ConcP) - 1.27        
Notes:
TDMI – total DM intake (kg/day)
LW0.75 – fixed metabolic liveweight raised to power of 0.75 (kg LW0.75)
ConcP – concentrate proportion in the diet (kg/kg DM)

There is insufficient evidence available to generate new intake models for diets containing alternative forages. For diets containing maize silage, then it is recommended that AFRC (1993) continues to be used. TDMIs for cattle with liveweights from 100 to 500 kg and concentrate offered at 0 to 4 kg DM/d are presented in Table 6.2.6 (above).  

There is insufficient evidence available to generate new intake models for suckler cows; therefore, Equation 157 from AFRC (1993) is recommended.
Equation 9
AFRC Equation 155
DMI (kg/d) = 0.076 + 0.404C + 0.013W - 0.129n + 4.12log10(n) + 0.14Y
Notes:
C – kg of concentrate DM
n – the week of lactation
Y – milk yield
Equation 10
AFRC Equation 157
SMI = -3.74 - 0.387C + 0.1055Y + 0.0066Wn + 0.0136[DOMD]
Notes:
C – kg of concentrate DM
Y – milk yield
Wn – the actual weight of the cow in the lactation week, n under consideration, not the mean breed weight


6. Energy requirements and supply
T. Yan and X. Chen
Equation 11
General equations for growing/finishing cattle
ME requirement = MEm + MEg
Equation 12
General equations for lactating suckler cows
ME requirement = MEm + MEwc + MEc + MEl
Notes:
MEc – ME requirement for pregnancy for suckler cows
MEg – ME requirement for liveweight gain for growing/finishing cattle
MEwc – ME requirement for liveweight gain or ME supply from live weight loss for lactating suckler cows
MEl – ME requirement for lactation for lactating suckler cows
MEm – ME requirement for maintenance
Equation 13
FiB Equation 3.1
RE = 0.604 MEI - 0.423 (R2 = 0.89)
Notes:
Units for RE and MEI are MJ/kg LW0.75  
The NEm derived from equation 3.1 is 0.423 x LW0.75 (MJ/kg), which is 24% higher than that recommended by AFRC (1993). 

Equation 14
FiB Equation 3.2
AA (MJ/d) = 0.00052 x LW (kg)
Equation 15
FiB Equation 3.3
MEm = (C1 x NEm x MLW + AA x LW) / km
         = (C1 x (0.423 x MLW) + (0.00052 x LW)) / km
Notes:
Units for:
MEm – MJ/day
NEm – MJ/kg LW0.75
MLW (metabolic LW) – kg LW0.75 
LW – kg  

C1 – 1.0 for heifers and steers and 1.15 for bulls (AFRC, 1993)
km – the efficiency of utilisation of ME for maintenance of AFRC (1993) – calculated using AFRC equation 6
Equation 16
AFRC Equation 6
km = 0.35 x (ME/GE) + 0.503
Notes:
Units for ME and gross energy (GE) – MJ/kg DM
Equation 17
AFRC Equation 61
EVg (MJ/kg LWG) = C2 x (4.1 + 0.0332 LW - 0.000009 LW2) / (1 - C3 x 0.1475 LWG)
Notes: 
Units for:
EVg – MJ/kg LWG
LW – kg 
LWG – kg/day 

C2 – an adjustment factor for maturity of breed (early, medium, late maturing) and sex of cattle (bull, castrate and heifer)
C3 – 1 when feeding level is greater than the maintenance level and C3 = 0 when feeding level is less than maintenance

Total NE requirement for LWG (NEg, MJ/d) is calculated as below:
Equation 18
AFRC Equation 62
NEg (MJ/d) = EVg (MJ/kg LWG) x LWG (kg/day)

Total MEg (MJ/day) is calculated as below:
Equation 19
General Equation
MEg (MJ/day) = NEg (MJ/day) / kg
Notes:
kg – the efficiency of utilisation of ME for LWG (AFRC, 1993)
Equation 20
AFRC Equation 8
kg = (0.78 x (ME/GE) + 0.006)
Notes:
Units for ME and GE – MJ/kg DM
Allowances for liveweight change in lactating suckler cows
Equation 21
AFRC Equation 76
ME allowances for liveweight change in lactating cows:
[EVg] for liveweight change (WC, kg/d) in lactating cows = 19 MJ/kg
When body reserves are mobilised, they can be used for lactation with an efficiency of utilisation of 0.84.
ME supply from liveweight loss in lactating cows (MJ/d) = WC x 19 x 0.84 = WC x 16.0 MJ/kg 
Equation 22
FiB Equation 3.4
When lactating cows gain liveweight:
ME requirement for liveweight gain in lactating cows = WC x 19 / 0.65 = WC x 29.2 MJ/kg 
ME requirements for pregnancy (MEc)
Equation 23
AFRC Equation 70 
ME requirements for pregnancy (MEc):
Log10(Et) = 151.665 - 151.64e-0.0000576t  
Equation 24
AFRC Equation 71 
The daily energy retention (Ec) can then be calculated from:
Ec (MJ/d) = 0.025Wc x (Et x 0.0201 x e-0.0000576t) 
Equation 25
AFRC Equation 72 
Calf birth weight (Wc) can be calculated as:
Wc (kg) = (Wm0.73 - 28.89)/2.064 
Notes:
t – days from conception
Et in MJ is calculated as in equation 
Wc – the calf birthweight in kg 
Wm – the mature body weight of the dam
ME requirements for lactation (MEl)
Equations 26–30
AFRC Equations
ME requirements for lactation (MEl):
A number of equations are recommended for use to predict the energy value of milk (EVl) depending on what information is available about the milk constituents:
[EVl] (MJ/kg) = 0.0384[BF] + 0.0223[P] + 0.0199[La] - 0.108 (AFRC Equation 53)
[EVl] (MJ/kg) = 0.0376[BF] + 0.0209[P] + 0.948 (AFRC Equation 54)
[EVl] (MJ/kg) = 0.0406[BF] + 1.509 (AFRC Equation 55)
ME required for lactation MEl (MJ/d) = (Y x EVl) / kl (AFRC Equation 56)
kl = 0.35 x ME/GE + 0.420 (AFRC Equation 7)
Notes:
[BF] – milk butterfat content (g/kg)
[P] – milk crude protein content (g/kg)
[La] – milk lactose content (g/kg)
Y – milk yield (kg/d)
kl – the efficiency of utilisation of ME for lactation (AFRC, 1993)
Units for ME and GE = MJ/kg DM
kg – 0.35 x ME/GE + 0.420

ME supply from feeds
Equation 31
FiB Equation 3.5
MECprod (MJ/kg DM) = MECmaint (MJ/kg DM) x (1 - 0.01)
[bookmark: _Toc164171172][bookmark: _Toc180655971]
7. Metabolisable protein requirement and supply 
R. Dewhurst and G. Miller
[bookmark: _Hlk134495021]Equation 32
NASEM Equation 11–17
MP requirement (g/day) for maintenance (MPm) = 3.8 x LW0.75	
Notes:
LW – liveweight in kg
Equation 33
AFRC Equation 92
Net protein (g/day) = P1 x DLWG x (168.07 - 0.16869LW + 0.0001633LW2) x (1.12 - (0.1223 x DLWG))
Notes:
P1 – a correction factor for the net protein gain of different breed types and sexes, Table 4.1
DLWG – daily liveweight gain (kg/day)
LW – liveweight (kg)
Equation 34
AFRC Equation 88
MPl (g/kg milk) = 13.57 x P% 
Notes:
 P% – milk crude protein content
Equation 35
AFRC Equation 110
MPc (g/d) = 1.01 x Wc (TPt x e-0.00262t) 
Notes: 
t – number of days from conception
TP in kg – tissue protein (net protein)
Wc – calf birth weight
Equation 36
AFRC Equation 114
MPg (g/kg) liveweight gain in beef cows = 233
Equation 37
AFRC Equation 115
MPg (g/kg) liveweight loss in beef cows = 138
Rumen outflow rates
The FiB model adopts the FiM approach for prediction of fractional outflow rates from the rumen and microbial protein synthesis when energy supply to rumen microbes is limiting.
Fractional outflow rates for liquids, forage particles or concentrate particles (/hour) are calculated using the equations of Sauvant and Archimede (1989) based on DM intake (DMI; kg/day), liveweight (LW; kg) and forage proportion in the diet on a DM basis (f).
Equation 38
FiM (2004) Equations 3.2–3.4 (based on Sauvant and Archimede, 1989)
Rumen outflow rates:
kliquids = 0.0245 + (0.25 DMI/(LW0.75)) + 0.04 f2
kforages = 0.0035 + (0.2 DMI/(LW0.75)) + 0.02f2
kconcentrates = 0.0025 + 1.25 kforages
Use these rumen outflow rates and feed degradation values (‘b’ and ‘c’) to calculate the effective degradability of soluble and small particles (eddmssp) and large particles (eddmlp) as follows.
The effective degradability of DM in the soluble and small particle fraction (eddmssp) is calculated as follows:
Equation 39
FiM Equation 3.5
eddmssp = (0.9s/(0.9 + kliquids)) + (βDc/(c + kliquids)) 
Where s is the soluble DM proportion and βD the degradable small particle proportion of feed DM. For silages, the ‘s’ fraction is corrected by subtracting fermentation acids because they do not yield ATP for microbial synthesis.
Equation 40
FiM Equation 3.7
The effective degradability of DM in the large particle fraction, whether from forage or concentrates, is calculated as follows:
eddmlp = (bc/(c + k)) 
Where k is the fractional outflow rate of large particles, a combination of kforages and kconcentrates according to proportions of forage and concentrates.
Equation 41
FiM Equation 3.10
The quantities of effectively degraded DM in the two fractions (soluble and small particles and large particles) are obtained by multiplying eddmssp and eddmlp by DMI.
ATP yield (per kg eddmssp and eddmlp) = 27.34 - 0.0248 CP (g/kg DM)) 
Equation 42
FiM Equation 3.11
Microbial DM (MDM) calculated for each fraction (liquids, forages or concentrates) = 9 + 50k 
Equation 43
FiM Equation 3.12
Microbial crude protein (MPS; g/day) = MDM x 0.1 x 6.25 


[bookmark: _Toc164171184][bookmark: _Toc180655983]8. Models to predict methane emissions from beef cattle
G. Miller
Nutritional equations for the prediction of enteric methane emissions 
The equations developed by Van Lingen et al. (2019) are given below. They vary in complexity, depending on the information available about the animals and diet composition. The influence of specific factors is common across equations.
Equations 44–50
Van Lingen et al. (2019) equations
Table 9.5.1. Methane output (g/day) prediction equations developed by Van Lingen et al. (2019)
	Model
	Equation

	DMI_C
	54.2 + 12.6 × DMI

	DMI+NDF_C
	-16.4 + 12.1 × DMI + 2.10 × NDF

	DMI+STA_C
	126 + 11.5 × DMI - 1.75 × STA

	DMI+EE_C
	83.0 + 11.9 × DMI - 7.31 × EE

	Diet_C
	-0.767 + 12.0 × DMI+1.12 × For

	Animal_C, Global_C
	-28.3 + 10.3 × DMI + 1.12 × For + 0.0885 × LW

	Animal_no_DMI_C
	6.03 + 1.25 × For - 2.29 × Ash + 0.212 × LW


Notes:	
DMI – dry matter intake (kg/day)
NDF – neutral detergent fibre (% DM)
STA – starch (% DM)
EE	– ether extract ether (% DM)
For	– proportion forage (% DM)
LW	– liveweight (kg)


9. Feed databases
Background
Understanding the nutrient composition of the feeds in a ration or available to purchase is fundamental to rationing any type of cattle. There are a variety of sources of such information. Having the feeds analysed in a laboratory has the advantage that the results will more accurately reflect the feeds in question compared with book values. However, appropriate sampling of the feeds is crucial to obtain representative results. Book values have their limitations, especially where feeds exhibit considerable variation or where they are less common, but they can be very helpful in feed planning and decision-making. 
Feed tables in Appendix 3 provide average values for the main feed types, based on UK data assembled for the FiM project and listed in Cottrill et al. (2009); Defra project WQ 01333: A review of the energy, protein and phosphorus requirements of beef cattle and sheep.
Feed tables are also available for feeding systems adopted in Europe. Differences in definitions and methodologies used in different countries mean that care is needed in adapting these for use in the UK. For example, digestibility (and ME) may be determined at ad libitum levels of intake rather than at the maintenance level of intake. In situations where new feeds/processes are not represented in the UK tables, users may find it useful to refer to tables produced by INRA and CVB, which are available and updated online at the following sites. 
Link to INRA
INRAtion website  
These are tables provided in Chapter 25 of the INRA (2018) publication INRA Feeding System for Ruminants. R. Baumont, G. Tran, P Chapoutot, D Sauvant, V. Heuzé, S. Lemosquet and A. Lamadan INRA feed tables used in France and temperate areas.

Link to CVB
CVB website 
These are the most recent (updated annually) tables of feed values from the CVB programme of feed evaluation based on work conducted in the Netherlands by Wageningen Livestock Research (WLR) and in Belgium by the Flanders Research Institute for Agriculture, Fisheries and Food (ILVO).
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11. Appendices
[bookmark: _Toc164171193][bookmark: _Toc180655992]Appendix 1: Example tables comparing ME requirements (MJ/day) for heifers, steers and bulls of different breed type, weight and liveweight gain, according to the previous (AFRC 1993) and new (FiB) models
[bookmark: _Hlk128493637]Table 12.1.1. Metabolisable energy (ME) requirement (MJ/day) of heifers assuming a diet ME concentration of 11.3 MJ/kg DM (ME/GE = 0.6) and correcting FiB values (1% increase) to allow for level of feeding effect
	Breed type and liveweight
	0.0 kg/day AFRC 1997
	0.0 kg/day FiB
	0.5 kg/day AFRC 1997
	0.5 kg/day FiB
	1.0 kg/day AFRC 1997
	1.0 kg/day FiB
	1.5 kg/day AFRC 1997
	1.5 kg/day FiB
	2.0 kg/day AFRC 1997
	2.0 kg/day FiB

	Early maturing, 200 kg
	26
	32
	39
	47
	54
	64
	73
	85
	95
	109

	Early maturing, 400 kg
	42
	54
	62
	77
	86
	103
	114
	134
	148
	172

	Early maturing, 600 kg
	55
	74
	81
	103
	112
	137
	149
	178
	194
	227

	Medium maturing, 200 kg
	26
	32
	37
	46
	51
	62
	67
	81
	87
	105

	Medium maturing, 400 kg
	42
	54
	59
	75
	80
	100
	105
	130
	136
	165

	Medium maturing, 600 kg
	55
	74
	78
	101
	106
	133
	138
	172
	178
	218

	Late maturing, 200 kg
	26
	32
	36
	45
	48
	60
	62
	78
	79
	100

	Late maturing, 400 kg
	42
	54
	57
	74
	75
	97
	97
	125
	123
	158

	Late maturing, 600 kg
	55
	74
	75
	99
	99
	129
	128
	165
	162
	209






Table 12.1.2. Metabolisable energy (ME) requirement (MJ/day) of steers assuming a diet ME concentration of 11.3 MJ/kg DM (ME/GE = 0.6) and correcting FiB values (1% increase) to allow for level of feeding effect
	Breed type and liveweight
	0.0 kg/day AFRC 1997
	0.0 kg/day FiB
	0.5 kg/day AFRC 1997
	0.5 kg/day FiB
	1.0 kg/day AFRC 1997
	1.0 kg/day FiB
	1.5 kg/day AFRC 1997
	1.5 kg/day FiB
	2.0 kg/day AFRC 1997
	2.0 kg/day FiB

	Early maturing, 200 kg
	26
	32
	37
	45
	51
	60
	67
	78 
	87
	100

	Early maturing, 400 kg
	42
	54
	59
	74
	80
	97
	105
	125
	136
	158

	Early maturing, 600 kg
	55
	74
	78
	99
	106
	129
	138
	165
	178
	209

	Medium maturing, 200 kg
	26
	32
	36
	44
	48
	58
	62
	75
	79
	95

	Medium maturing, 400 kg
	42
	54
	57
	73
	75
	94
	97
	120
	123
	151

	Medium maturing, 600 kg
	55
	74
	75
	97
	99
	125
	128
	159
	162
	199

	Late maturing, 200 kg
	26
	32
	34
	44
	45
	56
	57
	72
	71
	91

	Late maturing, 400 kg
	42
	54
	55
	71
	70
	91
	89
	115
	111
	143

	Late maturing, 600 kg
	55
	74
	72
	96
	93
	122
	117
	152
	146
	190



Table 12.1.3. Metabolisable energy (ME) requirement (MJ/day) of bulls assuming a diet ME concentration of 11.3 MJ/kg DM (ME/GE = 0.6) and correcting FiB values (1% increase) to allow for level of feeding effect
	Breed type and liveweight
	0.0 kg/day AFRC 1997
	0.0 kg/day FiB
	0.5 kg/day AFRC 1997
	0.5 kg/day FiB
	1.0 kg/day AFRC 1997
	1.0 kg/day FiB
	1.5 kg/day AFRC 1997
	1.5 kg/day FiB
	2.0 kg/day AFRC 1997
	2.0 kg/day FiB

	Early maturing, 200 kg
	29
	37
	39
	48
	51
	61
	66
	77
	83
	95

	Early maturing, 400 kg
	47
	62
	63
	79
	81
	99 
	103
	123
	129
	152

	Early maturing, 600 kg
	62
	84
	83
	107
	107
	132 
	135
	163
	169
	201

	Medium maturing, 200 kg
	29
	37
	38
	47
	48
	59
	60
	73
	75
	91

	Medium maturing, 400 kg
	47
	62
	60
	78
	76
	96
	94
	118
	117
	144

	Medium maturing, 600 kg
	62
	84
	80
	105
	100
	129
	124
	157
	153
	191

	Late maturing, 200 kg
	29
	37
	36
	47
	45
	57 
	55
	70
	67
	86

	Late maturing, 400 kg
	47
	62
	58
	77 
	71
	93 
	86
	113
	104
	137

	Late maturing, 600 kg
	62
	84
	77
	103 
	93
	125 
	113
	151
	137
	182



[bookmark: _Toc164171194][bookmark: _Toc180655993]Appendix 2: Example tables showing MP requirements (g/day) for heifers, steers and bulls of different breed type, weight and liveweight gain, according to the previous (AFRC 1993) and new (FiB) models
[bookmark: _Hlk128493690]Table 12.2.1. Metabolisable protein (MP) requirement (g/day) of heifers
	Breed type and liveweight
	0.0 kg/day AFRC 1997
	0.0 kg/day FiB
	0.5 kg/day AFRC 1997
	0.5 kg/day FiB
	1.0 kg/day AFRC 1997
	1.0 kg/day FiB
	1.5 kg/day AFRC 1997
	1.5 kg/day FiB
	2.0 kg/day AFRC 1997
	2.0 kg/day FiB

	Early maturing, 200 kg
	122
	232
	223
	351
	313
	454
	391
	541
	457
	612

	Early maturing, 400 kg
	206
	391
	297
	498
	377
	590
	447
	665
	507
	726

	Early maturing, 600 kg
	279
	530
	369
	638
	449
	727
	518
	797
	577
	850

	Medium maturing, 200 kg
	122
	232
	236
	358
	337
	467
	424
	559
	499
	634

	Medium maturing, 400 kg
	206
	391
	308
	505
	399
	602
	477
	681
	544
	745

	Medium maturing, 600 kg
	279
	530
	380
	644
	470
	739
	548
	813
	614
	869

	Late maturing, 200 kg
	122
	232
	249
	365
	361
	480
	458
	577
	540
	657

	Late maturing, 400 kg
	206
	391
	319
	511
	420
	613
	508
	698
	582
	765

	Late maturing, 600 kg
	279
	530
	392
	651
	491
	750
	578
	829
	652
	888



Table 12.2.2. Metabolisable protein (MP) requirement (g/day) of steers
	Breed type and liveweight
	0.0 kg/day AFRC 1997
	0.0 kg/day FiB
	0.5 kg/day AFRC 1997
	0.5 kg/day FiB
	1.0 kg/day AFRC 1997
	1.0 kg/day FiB
	1.5 kg/day AFRC 1997
	1.5 kg/day FiB
	2.0 kg/day AFRC 1997
	2.0 kg/day FiB

	Early maturing, 200 kg
	122
	232
	236
	365
	337
	480
	424
	577
	499
	657

	Early maturing, 400 kg
	206
	391
	308
	511
	399
	613
	477
	698
	544
	765

	Early maturing, 600 kg
	279
	530
	380
	651
	470
	750
	548
	829
	614
	888

	Medium maturing, 200 kg
	122
	232
	249
	372
	361
	493
	458
	595
	540
	679

	Medium maturing, 400 kg
	206
	391
	319
	517
	420
	625
	508
	714
	582
	785

	Medium maturing, 600 kg
	279
	530
	392
	657
	491
	762
	578
	845
	652
	907

	Late maturing, 200 kg
	122
	232
	261
	379
	384
	506
	491
	613
	582
	701

	Late maturing, 400 kg
	206
	391
	331
	524
	441
	637
	538
	730
	619
	804

	Late maturing, 600 kg
	279
	530
	403
	664
	513
	773
	608
	860
	689
	926



Table 12.2.3. Metabolisable protein (MP) requirement (g/day) of bulls
	Breed type and liveweight
	0.0 kg/day AFRC 1997
	0.0 kg/day FiB
	0.5 kg/day AFRC 1997
	0.5 kg/day FiB
	1.0 kg/day AFRC 1997
	1.0 kg/day FiB
	1.5 kg/day AFRC 1997
	1.5 kg/day FiB
	2.0 kg/day AFRC 1997
	2.0 kg/day FiB

	Early maturing, 200 kg
	122
	232
	249
	379
	361
	506
	458
	613
	540
	701

	Early maturing, 400 kg
	206
	391
	319
	524
	420
	637
	508
	730
	582
	804

	Early maturing, 600 kg
	279
	530
	392
	664
	491
	773
	578
	860
	652
	926

	Medium maturing, 200 kg
	122
	232
	261
	386
	384
	519
	491
	631
	582
	724

	Medium maturing, 400 kg
	206
	391
	331
	530
	441
	648
	538
	746
	619
	824

	Medium maturing, 600 kg
	279
	530
	403
	670
	513
	785
	608
	876
	689
	945

	Late maturing, 200 kg
	122
	232
	274
	393
	408
	532
	525
	549
	624
	746

	Late maturing, 400 kg
	206
	391
	342
	537
	463
	660
	568
	762
	657
	844

	Late maturing, 600 kg
	279
	530
	414
	676
	534
	797
	638
	892
	726
	964









[bookmark: _Toc164171195][bookmark: _Toc180655994]Appendix 3: Feed tables 
[bookmark: _Hlk128491959]Table 12.3.1. Feed database 1 – Average ME content and chemical composition of the main feed classes (data from Cottrill et al., 2009; Defra project WQ 01333: A review of the energy, protein and phosphorus requirements of beef cattle and sheep)
	Feed
	DM
(g/kg)
	ME
(MJ/kg DM)
	CP
(g/kg DM)
	NDF
(g/kg DM)
	Oil
(g/kg DM)
	Ash
(g/kg DM)

	Grass hay average       
	850
	8.6
	85
	678
	16
	74

	Grass hay good
	860
	9.2
	100
	650
	16
	82

	Grass hay poor
	820
	7.5
	60
	725
	16
	78

	Grass silage average
	235
	10.8
	140
	520
	44
	89

	Grass silage good high acid
	236
	11.2
	140
	450
	48
	84

	Grass silage good low acid
	300
	11.2
	140
	450
	48
	84

	Grass silage poor
	220
	9.9
	118
	545
	40
	91

	Grass silage, big bale
	350
	10.0
	120
	600
	40
	91

	Grass, grazing
	200
	11.2
	155
	577
	22
	80

	Grass, high temperature dried
	900
	10.7
	190
	540
	48
	108

	Kale
	140
	12.0
	160
	250
	18
	120

	Lucerne silage
	250
	8.5
	190
	500
	24
	105

	Lucerne, high temperature dried
	900
	8.8
	199
	465
	32
	102

	Maize silage
	260
	11.0
	90
	480
	50
	60

	Straw, barley
	860
	6.5
	40
	811
	14
	57

	Straw, NaOH treated
	800
	9.0
	45
	676
	12
	115

	Straw, wheat
	860
	6.0
	36
	810
	12
	69

	Whole crop wheat, fermented
	380
	10.5
	95
	450
	30
	67

	Barley            
	860
	13.0
	125
	211
	28
	28

	Beans
	850
	13.3
	300
	167
	17
	36

	Biscuit blend
	900
	12.3
	130
	180
	145
	200

	Biscuit meal
	900
	12.3
	130
	180
	145
	200

	Brewers’ grains, fresh
	280
	11.5
	245
	618
	77
	38

	Citrus pulp, dried
	882
	12.6
	72
	228
	18
	65

	Cottonseed meal
	924
	11.1
	375
	385
	67
	61

	Dairy1 compound feed
	870
	13.5
	230
	200
	80
	92

	Dairy5 (high NDF) compound feed
	870
	11.8
	184
	300
	69
	126

	Distillers’ dark grains, maize
	890
	14.0
	317
	343
	108
	46

	Distillers’ dark grains, malt
	890
	12.2
	265
	420
	85
	52

	Distillers’ dark grains, wheat
	900
	13.5
	340
	335
	70
	52

	Fish meal, white   
	910
	14.2
	693
	1
	91
	213

	Fish oil
	950
	34.0
	0
	0
	0
	0

	Fodder beet
	180
	12.0
	60
	136
	4
	81

	Groundnut meal
	900
	13.2
	530
	160
	70
	70

	Linseed meal, expeller
	900
	13.2
	391
	180
	96
	51

	Linseed meal, extracted
	900
	11.9
	404
	200
	36
	73

	Linseeds (crushed)
	900
	19.0
	260
	100
	313
	50

	Maize
	860
	13.8
	100
	117
	42
	15

	Maize germ meal
	880
	14.5
	110
	224
	82
	25

	Maize gluten feed CP 200 g/kg
	880
	12.9
	220
	386
	52
	72

	Maize gluten meal CP 600 g/kg
	900
	17.5
	669
	55
	69
	11

	Malt culms
	900
	11.2
	283
	463
	26
	65

	Megalac
	950
	29.0
	0
	0
	0
	0

	Minerals
	990
	0.0
	0
	0
	995
	0

	Molasses, cane     
	750
	12.7
	40
	0
	0
	100

	Oatfeed
	860
	5.6
	51
	700
	25
	60

	Oats grains
	200
	11.0
	150
	550
	30
	80

	Palm kernel meal (extracted)
	900
	11.6
	170
	693
	76
	44

	Peas
	875
	13.5
	257
	159
	24
	31

	Pot ale syrup     
	450
	14.2
	374
	2
	2
	95

	Potato tuber, whole, fresh
	207
	13.3
	93
	76
	2
	49

	Rapeseed meal
	900
	12.0
	400
	294
	53
	76

	Rapeseeds (crushed)
	990
	21.0
	212
	100
	485
	50

	Ruminant liquid fat
	950
	38.0
	0
	0
	0
	30

	Soyabean meal, (Brazilian soya 48)
	900
	13.4
	530
	110
	31
	70

	Soyabean meal, Hipro 
	886
	13.3
	520
	125
	27
	68

	Soyabean hulls
	932
	13.2
	150
	500
	70
	50

	Sugarbeet pulp, molassed      
	890
	12.5
	121
	321
	4
	85

	Sunflower ext. EC 29% protein
	900
	9.6
	322
	362
	17
	67

	Sunflower seed meal
	900
	9.6
	336
	473
	27
	71

	Sunflower, ext. Arg 35% protein
	900
	10.0
	389
	260
	25
	77

	Supergrains
	260
	13.0
	320
	560
	106
	16

	Wheat
	860
	13.7
	126
	124
	23
	18

	Wheatfeed
	880
	11.9
	182
	105
	51
	51






Table 12.3.2. Feed database 2 – Dry matter and protein degradability coefficients (g/g) of feeding stuffs (data from Cottrill et al., 2009; Defra project WQ 01333: A review of the energy, protein and phosphorus requirements of beef cattle and sheep)		
		Feed
	DM (g/kg)
	CP
(g/kg DM)
	sDM
	aDM
	bDM
	cDM
	sN
	aN
	bN
	cN
	ADIN (g/kg DM)

	Grass hay average       
	850
	85
	0.10
	0.16
	0.54
	0.05
	0.10
	0.12
	0.72
	0.09
	1.2

	Grass hay good
	860
	100
	0.20
	0.25
	0.60
	0.06
	0.18
	0.22
	0.60
	0.08
	1.2

	Grass hay poor
	820
	60
	0.16
	0.20
	0.40
	0.02
	0.18
	0.22
	0.60
	0.08
	1.2

	Grass silage average
	235
	140
	0.29
	0.35
	0.49
	0.06
	0.50
	0.62
	0.27
	0.13
	0.5

	Grass silage good high acid
	236
	140
	0.36
	0.45
	0.50
	0.10
	0.50
	0.63
	0.26
	0.14
	0.5

	Grass silage good low acid
	300
	140
	0.32
	0.40
	0.50
	0.09
	0.50
	0.63
	0.26
	0.14
	0.5

	Grass silage poor
	220
	118
	0.24
	0.30
	0.40
	0.03
	0.36
	0.45
	0.53
	0.03
	0.5

	Grass silage, big bale
	350
	120
	0.24
	0.32
	0.50
	0.04
	0.36
	0.58
	0.28
	0.09
	0.5

	Grass, grazing
	200
	155
	0.18
	0.25
	0.61
	0.08
	0.20
	0.21
	0.71
	0.13
	1.0

	Grass, high temperature dried
	900
	190
	0.20
	0.30
	0.55
	0.08
	0.22
	0.37
	0.63
	0.04
	2.3

	Kale
	140
	160
	0.25
	0.25
	0.65
	0.15
	0.25
	0.25
	0.65
	0.27
	0.4

	Lucerne silage
	250
	190
	0.20
	0.40
	0.34
	0.13
	0.40
	0.66
	0.25
	0.17
	1.8

	Lucerne, high temperature dried
	900
	199
	0.14
	0.35
	0.40
	0.02
	0.34
	0.56
	0.38
	0.04
	2.0

	Maize silage
	260
	90
	0.31
	0.39
	0.42
	0.10
	0.53
	0.66
	0.19
	0.20
	1.0

	Straw, barley
	860
	40
	0.08
	0.05
	0.57
	0.04
	0.24
	0.30
	0.50
	0.12
	1.0

	Straw, NaOH treated
	800
	45
	0.24
	0.30
	0.55
	0.06
	0.40
	0.50
	0.35
	0.20
	1.5

	Straw, wheat
	860
	36
	0.05
	0.09
	0.54
	0.04
	0.04
	0.04
	0.40
	0.03
	0.3

	Whole crop wheat, fermented
	380
	95
	0.20
	0.25
	0.50
	0.05
	0.48
	0.60
	0.30
	0.08
	1.0

	Barley            
	860
	125
	0.03
	0.30
	0.56
	0.40
	0.10
	0.24
	0.71
	0.35
	0.4

	Beans
	850
	300
	0.06
	0.16
	0.86
	0.05
	0.14
	0.24
	0.83
	0.06
	0.5

	Biscuit blend
	900
	130
	0.08
	0.25
	0.50
	0.10
	0.05
	0.10
	0.65
	0.07
	8.0

	Biscuit meal
	900
	130
	0.08
	0.25
	0.50
	0.10
	0.05
	0.10
	0.65
	0.07
	8.0

	Brewers’ grains, fresh
	280
	245
	0.12
	0.29
	0.62
	0.05
	0.19
	0.32
	0.62
	0.03
	1.0

	Citrus pulp, dried
	882
	72
	0.10
	0.24
	0.75
	0.08
	0.31
	0.51
	0.49
	0.07
	1.4

	Cottonseed meal
	924
	375
	0.10
	0.29
	0.53
	0.05
	0.20
	0.33
	0.60
	0.06
	3.2

	Dairy1 compound feed
	870
	230
	0.14
	0.35
	0.62
	0.12
	0.20
	0.33
	0.56
	0.12
	0.9

	Dairy5 (high NDF) compound feed
	870
	184
	0.12
	0.30
	0.67
	0.11
	0.18
	0.30
	0.55
	0.07
	1.0

	Distillers’ dark grains, maize
	890
	317
	0.30
	0.43
	0.43
	0.06
	0.19
	0.32
	0.46
	0.05
	13.0

	Distillers’ dark grains, malt
	890
	265
	0.25
	0.35
	0.43
	0.06
	0.10
	0.32
	0.42
	0.05
	13.0

	Distillers’ dark grains, wheat
	900
	340
	0.27
	0.70
	0.21
	0.11
	0.40
	0.74
	0.18
	0.17
	13.0

	Fish meal, white   
	910
	693
	0.30
	0.33
	0.46
	0.01
	0.18
	0.30
	0.63
	0.02
	0.0

	Fish oil
	950
	0
	0.00
	0.00
	0.00
	1
	0.60
	1.00
	0.00
	0.90
	0.0

	Fodder beet
	180
	60
	0.20
	0.50
	0.40
	0.25
	0.15
	0.25
	0.65
	0.44
	0.2

	Groundnut meal
	900
	530
	0.22
	0.55
	0.33
	0.01
	0.27
	0.45
	0.54
	0.16
	4.0

	Linseed meal, expeller
	900
	391
	0.12
	0.30
	0.55
	0.08
	0.23
	0.38
	0.60
	0.10
	1.9

	Linseed meal, extracted
	900
	404
	0.17
	0.30
	0.55
	0.08
	0.17
	0.29
	0.68
	0.06
	1.9

	Linseeds (crushed)
	900
	260
	0.04
	0.10
	0.60
	0.04
	0.06
	0.10
	0.70
	0.06
	1.8

	Maize
	860
	100
	0.05
	0.26
	0.73
	0.06
	0.08
	0.19
	0.64
	0.05
	0.4

	Maize germ meal
	880
	110
	0.08
	0.20
	0.70
	0.10
	0.05
	0.11
	0.83
	0.10
	0.4

	Maize gluten feed CP 200 g/kg
	880
	220
	0.19
	0.45
	0.48
	0.07
	0.37
	0.61
	0.35
	0.10
	1.4

	Maize gluten meal CP 600 g/kg
	900
	669
	0.05
	0.12
	0.78
	0.05
	0.05
	0.08
	0.76
	0.03
	6.4

	Malt culms
	900
	283
	0.08
	0.20
	0.65
	0.06
	0.10
	0.19
	0.67
	0.07
	1.0

	Megalac
	950
	0
	0.00
	0.00
	0.00
	1
	0.60
	1.00
	0.00
	0.90
	0.0

	Minerals
	990
	0
	0.00
	0.00
	0.00
	1
	0.60
	1.00
	0.00
	0.90
	0.0

	Molasses, cane     
	750
	40
	0.40
	1.00
	0.00
	0.90
	0.60
	1.00
	0.00
	0.90
	0.1

	Oatfeed
	860
	51
	0.05
	0.15
	0.30
	0.04
	0.10
	0.51
	0.22
	0.07
	1.3

	Oats grains
	200
	150
	0.20
	0.30
	0.52
	0.07
	0.20
	0.30
	0.60
	0.05
	1.0

	Palm kernel meal (extracted)
	900
	170
	0.06
	0.15
	0.77
	0.04
	0.11
	0.18
	0.82
	0.03
	3.0

	Peas
	875
	257
	0.10
	0.28
	0.71
	0.13
	0.20
	0.54
	0.47
	0.13
	0.5

	Pot ale syrup     
	450
	374
	0.36
	0.90
	0.20
	0.50
	0.54
	0.90
	0.20
	0.40
	4.0

	Potato tuber, whole, fresh
	207
	93
	0.30
	0.62
	0.39
	0.06
	0.20
	0.83
	0.17
	0.12
	0.2

	Rapeseed meal
	900
	400
	0.24
	0.31
	0.54
	0.11
	0.18
	0.30
	0.64
	0.16
	3.6

	Rapeseeds (crushed)
	990
	212
	0.09
	0.10
	0.60
	0.04
	0.06
	0.10
	0.70
	0.06
	1.5

	Ruminant liquid fat
	950
	0
	0.00
	0.00
	0.05
	0.20
	0.00
	0.00
	0.00
	0
	0.0

	Soyabean meal, (Brazilian soya 48)
	900
	530
	0.30
	0.34
	0.79
	0.10
	0.25
	0.30
	0.68
	0.08
	2.2

	Soyabean meal, Hipro 
	886
	520
	0.30
	0.35
	0.79
	0.10
	0.05
	0.08
	0.92
	0.08
	2.2

	Soyabean hulls
	932
	150
	0.10
	0.07
	0.97
	0.05
	0.06
	0.17
	0.71
	0.08
	1.8

	Sugarbeet pulp, molassed      
	890
	121
	0.20
	0.50
	0.40
	0.11
	0.05
	0.09
	0.85
	0.06
	1.0

	Sunflower ext. EC 29% protein
	900
	322
	0.11
	0.25
	0.48
	0.10
	0.19
	0.31
	0.64
	0.16
	2.0

	Sunflower seed meal
	900
	336
	0.17
	0.25
	0.48
	0.10
	0.19
	0.31
	0.64
	0.16
	2.0

	Sunflower, ext. Arg 35% protein
	900
	389
	0.17
	0.25
	0.48
	0.10
	0.19
	0.31
	0.64
	0.16
	2.0

	Supergrains
	260
	320
	0.16
	0.40
	0.65
	0.06
	0.21
	0.35
	0.64
	0.05
	2.0

	Wheat
	860
	126
	0.06
	0.52
	0.41
	0.20
	0.08
	0.17
	0.82
	0.13
	0.5

	Wheatfeed
	880
	182
	0.15
	0.40
	0.55
	0.14
	0.14
	0.34
	0.57
	0.11
	0.4
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