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•Interpreting a Forage Analysis 

•Tools for Evaluating Forages and Feeding 
Systems 

–Forage Sampling 

–Identifying VFA 

–Dry Matter Determination 

–pH Determination 

–Penn State Particle Separator 

–Income Over Feed Cost 

–Mobile Apps 
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Forage Analyses Forage Analyses 



Forage Analyses: Dry Matter 
•When all the water 

is removed from 
the forage what 
remains is the “dry 
matter” 

•DM concentration 
can change 
frequently in 
fermented feeds 

–monitored 
frequently and 
adjust ration 

 

 

Forage Analyses: Dry Matter 

 

 

 

Forage Analyses: Protein 

•Crude Protein 

–Most common 
measurement of 
protein  

–CP = Nitrogen 
Content X 6.25 

–Tells you nothing 
about rumen 
degradability of 
protein or amino 
acid concentration 

Forage Analyses: Protein 
•Rumen Degradable 

Protein 

–Degraded in the rumen 

–Available on some forage 
tests 

•Rumen Undegradable 
Protein 

–Bypasses rumen and 
digested in small intestine 

–Value not available, but 
could be calculated 

Forage Analyses: Protein 

 

 

 

 

 

 

•Metabolizable protein 

–Protein (amino acids) 
actually absorbed from 
gut and available for use 
by the cow 

–Combination of RUP 
and microbial protein 

–Not shown on most 
forage analyses, but 
calculated in ration 
balancing programs 

Carbohydrates 
Structural 

•Hemicellulose 

•Cellulose  

•Lignin 

Nonstructural 

•Starch 

•Sugar 



Structural Carbohydrates 

NDF 

Hemi-
cellulose 

Cellulose 

Lignin 

ADF 

Cellulose 

Lignin 

Forage Analyses: Carbohydrates 

 

 

 

 

 

 

 

 

•Neutral Detergent Fiber 

–Can be well digested in 
rumen depending on other 
dietary factors 

–Increases with plant 
maturity 

–High NDF in forages 
•Increases rumen fill 

•Decreases passage rate  

•Decreases dry matter intake 

Forage Analyses: Carbohydrates 
•NDF Digestibility 

–Various time-points 
•30-h is typical 

•24-h may be more 
representative of high 
producing cows 

–Hours relate to the amount 
of time the forage spends 
in the rumen 

–Used to evaluate available 
energy of a feed 

Forage Analyses: Carbohydrates 

 

 

 

 

 

 

 

 

•Acid Detergent Fiber 

–Moderately digested in 
the rumen 

–Relates to the extent of 
digestion of the forage 

–Higher the value the 
less of the forage is 
digested 

Forage Analyses: Carbohydrates 

•Lignin 

–Completely indigestible to 
rumen microbes and cow 

–High values will decrease 
NDF digestibility 

–BMR Corn Silage Contains 
less lignin than traditional 
corn silage allowing 
bacteria to digest more of 
the plant cell wall 

 

 

Forage Analyses: Carbohydrates 
• Nonstructural Carbohydrates 

(NSC) 
–Determined using an enzymatic 

method 

–Contains starch, sucrose, and 
fructans 

–Can be lost during respiration 
when forages are not immediately 
stored properly 

–Rapidly digested in the rumen 

• Non-Fiber Carbohydrates (NFC) 
– NFC = 100% - (%NDF + %CP + %Fat + 

%Ash) 

– Contains pectin and organic acids 

 



•Starch 

–2 – 5% in legumes 

–1 – 3% in grasses 

–25 – 40% in corn silage 

•Starch Digestibility 

–7 hours, pass a 4 mm 
screen 

–>70% is optimal 

–<50% is poor 

Forage Analyses: Carbohydrates Forage Analyses: Minerals 

•Ash  

–measure of all the 
minerals in the forage 

–High content may 
indicate soil 
contamination 

–Typical values: 
•Corn silage = 5% 

•TMR = 9%  

•Legume/grass hay = 9% 

Forage Analyses: Minerals 
•Macro Minerals 

–Calcium, Phosphorus, Magnesium, Potassium 
–Forages are good sources of these minerals 
–Concentration of minerals in forages depends on concentration 

in soil 
–Supply of macro minerals by forages may be enough to avoid 

supplemental feeding 
–Minerals will interact with each other 

 

 
Mineral TMR  Corn silage Legume hay Grass hay 

Calcium 0.6 to 0.7% 0.28% 1.52% 0.58% 

Phosphorus 0.37% 0.26% 0.26% 0.23% 

Magnesium 0.2% 0.17% 0.30% 0.20% 

Potassium 1.0 to 1.1% 1.2% 2.53% 2.01% 

Forage Analyses: Energy Predictions 

• Net Energy Lactation 
– Empirical equation, varies by feedstuff 

and location 

– NEL (Mcal/lb ) = 0.794 – 0.00344 x ADF 

• Total Digestable Nutrients 
– Summative equation 

– TDN = CP x e-0.012xADIN + 0.98 x (100 – 
NDFCP – EE – CP – Ash) + 0.94 x (EE x 
2.7) + 0.75 x (NDFCP – L) x [1 – 
(L/NDFcp0.667)] – 7 

 

 

 

TOOLS FOR EVALUATING FORAGES 
AND FEEDING SYSTEMS 

Forage Sampling 

•Collect a representative sample 
–Hay 

•20 to 25 cores per lot of hay 

–Silage 
•Avoid spoiled material 
•10 to 12 locations 

–TMR 
•Sample within 20 minutes of feeding 
•Fill 5 gallon bucket with grab samples from entire length of feed area 
•Sub-sample from bucket 

–Pasture  
•25 to 30 locations 
•Grab sample of what cows are eating 



Forage Sampling 

 

 

Source: Dairy One Forage Labs 

 
 

 VFA Identification 
•Indication of how well 

silage, haylage, baleage 
fermented 

•Main VFAs 

–Lactic acid 

–Acetic acid 

–Propionic acid 

–Iso-butyric acid 

–Butyric acid 

 

pH 

•Corn silage should have 
a pH between 3.8 and 
4.2. 

Dry Matter Determination 

•Changes in DM should be 
monitored frequently and ration 
adjusted 

•Methods 

–Koster Dryer 

–Microwave Oven 

–Moisture Tracker 

Penn State Particle Separator 

•A tool to quantitatively 
determine the particle size 
of forages and TMR. 

http://extension.psu.edu/animals/dairy/health/nutrition/forages/forage-quality-physical/separator 

Penn State Particle Separator 

•The 2013 version of the PSPS adds the ability to estimate 
physically effective fiber (peNDF). 

•peNDF important in maintaining good rumen function 

• peNDF can be estimated by adding the amount of feed 
on the top three sieves and multiplying by the NDF 
content of the feedstuff.  



Using the Penn State Particle Separator 

•Stack particle separator 
boxes 

• Place sample in upper 
sieve 

•On a flat surface shake 
sieves in one direction 5 
times, rotate sieve ¼ turn, 
shake five times, rotate 
sieve ¼ turn,….. 

–Total of 8 sets 

•1 shake per second 

•stroke length of 7 inches 

•Weigh content of each 
sieve and bottom pan 

•Calculate particle size 

Screen Pore  Size  
(inches) 

Particle Size  
(inches) 

Corn 
Silage (%) 

Haylage (%) TMR (%) 

Upper 
Sieve 

0.75 > 0.75 3 to  8 10 to 20 2 to 8 

Middle 
Sieve 

0.31 0.31 to 0.75 45 - 65 
 

45 to 75 30 to 50 

Lower 
Sieve 

0.16 0.16 to 0.31 20 to 30 30 to 40 10 to 20 

Bottom 
Pan 

- < 0.16 < 10 < 10 30 to 40 

Particle size recommendations for lactating cows. 

Penn State Particle Separator 

Grain Particle Size 

•Fine ground corn will have 
greater digestibility than 
more coarsely ground 
corn. 

Income Over Feed Cost 

http://extension.psu.edu/animals/dairy/business-management/financial-
tools/income-over-feed-cost 

Income Over Feed Cost 
Mobile Apps 

•DairyCents 
–Feed Cost/cwt. 
–Feed Cost/Cow 
–Gross Milk Price 
–Milk Margin/cwt. 
–IOFC/Cow/Day 

•Uses average values for a 
region 

•DairyCents Pro 
–Feed Cost/cwt. 
–Feed Cost/Cow 
–Gross Milk Price 
–Milk Margin/cwt. 
–IOFC/Cow/Day 
–P Intake and Excretion 
–N Efficiency 

•More specific to an 
individual farm 

•Producer and Consultant 
version 

 http://extension.psu.edu/animals/dairy/business-management/dairy-cents-mobile-app 



THANK YOU!  


