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Ruminant NutritionRuminant Nutrition
The Art and the Science of FeedingThe Art and the Science of Feeding

Scott Waltner  Scott Waltner  DVM, MSDVM, MS
Skagit Animal ClinicSkagit Animal Clinic

Puget Sound Veterinary Nutrition Group, LLCPuget Sound Veterinary Nutrition Group, LLC

Metabolic Disease and ToxicologyMetabolic Disease and Toxicology OutlineOutline

The Big PictureThe Big Picture
DiseasesDiseases

KetosisKetosis
HypocalcemiaHypocalcemia
HypophosphatemiaHypophosphatemia
HypomagnesemiaHypomagnesemia

MonitoringMonitoring
InvestigationInvestigation
SummarySummary

Transition Cow HealthTransition Cow Health

Between Dry Period and Initiation of Between Dry Period and Initiation of 
LactationLactation

Any feed transition can be a problem areaAny feed transition can be a problem area

The fewer transitions the betterThe fewer transitions the better

Heifers are often very predisposedHeifers are often very predisposed
Social statusSocial status
Competition for feed and waterCompetition for feed and water

Where are the mistakes made?Where are the mistakes made?

Cow countCow count
Computers LIEComputers LIE

Dry Matter IntakeDry Matter Intake
Lack of Tracking SystemsLack of Tracking Systems

OvercrowdingOvercrowding
Fresh cow and CU cow 90% densityFresh cow and CU cow 90% density

Farm formulationFarm formulation
Farmers change rationsFarmers change rations

Forage Changes Forage Changes 
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Host

Pathogen Environment

KetosisKetosis

Starvation Starvation –– Negative Energy BalanceNegative Energy Balance
Not Enough Groceries Not Enough Groceries -- EnergyEnergy

Massive Fat MobilizationMassive Fat Mobilization
Liver overwhelmedLiver overwhelmed
KetoneKetone Body Formation Body Formation 

AcetoaceateAcetoaceate
ββ--hydroxybutyratehydroxybutyrate

KetosisKetosis

SignalmentSignalment
High producing High producing -- GeneticsGenetics
MatureMature
Over conditioned  BCS > 4/5Over conditioned  BCS > 4/5
ObeseObese
High parasite load High parasite load 
Confined Confined -- lack of exerciselack of exercise

Incidence 5 Incidence 5 –– 90%90%

KetosisKetosis
Clinical SignsClinical Signs

DigestiveDigestive
AnorexiaAnorexia
Increased rumen motilityIncreased rumen motility
Massive decrease in milk Massive decrease in milk 
productionproduction
Dry, firm, fecesDry, firm, feces
DepressedDepressed
Often normal TPROften normal TPR

NervousNervous
Digestive signs PLUSDigestive signs PLUS
HyperHyper--excitableexcitable
Ataxia, Ataxia, 
HypermetriaHypermetria
Excess salivationExcess salivation
AggressiveAggressive

KetosisKetosis

0 0 –– 10 days 10 days 
postpartumpostpartum

PoorPoor

HighHigh

Low to NormalLow to Normal

Moderate to HighModerate to High

Postpartum Postpartum 
KetosisKetosis

Time of Time of 
OccurrenceOccurrence

Response to Response to 
TherapyTherapy

Blood NEFABlood NEFA

Blood glucoseBlood glucose

Urine Urine ketonesketones

Clinical Clinical 
CharacteristicsCharacteristics

3 3 –– 6 weeks 6 weeks 
postpartumpostpartum

GoodGood

HighHigh

Very LowVery Low

HighHigh

Peak Lactation Peak Lactation 
KetosisKetosis

ClinClin. Path. and Ketosis. Path. and Ketosis
AcetoacetateAcetoacetate, , ββ--hydroxyhydroxy butyrate, acetonebutyrate, acetone

HyperketonemiaHyperketonemia
> 100 mg / dl> 100 mg / dl

HypoglycemiaHypoglycemia
Normal 40 Normal 40 –– 60 mg /dl60 mg /dl
Ketosis 10 Ketosis 10 –– 30 mg/dl30 mg/dl

LymphocytosisLymphocytosis, , neutropenianeutropenia +/+/--
Increased NEFAIncreased NEFA
KetoneriaKetoneria
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ClinClin. Path. and Ketosis. Path. and Ketosis

NEFA = Definitive DiagnosisNEFA = Definitive Diagnosis
Sample on every cowSample on every cow

Not so with urineNot so with urine
Objective analysisObjective analysis

Put a number to the symptomPut a number to the symptom

KetoneKetone TestsTests

KetoKeto StixStix –– Ames CompanyAmes Company
Used on urine or serum, does not work well with Used on urine or serum, does not work well with 
milk.milk.
Sensitivity Sensitivity –– 10 mg 10 mg acetoacetateacetoacetate/dl/dl
Must be kept very dry or they deteriorate and false Must be kept very dry or they deteriorate and false 
negativesnegatives

..

KetoneKetone TestsTests

Ross TestRoss Test
Used on urine or serumUsed on urine or serum
Sensitive at 2/5 mg/dl of acetone + Sensitive at 2/5 mg/dl of acetone + acetoacetateacetoacetate
(expressed as acetone equivalents).(expressed as acetone equivalents).
Placed approximately one gram of a 1:100 mixture Placed approximately one gram of a 1:100 mixture 
of sodium of sodium nitroprussidenitroprusside and ammonium and ammonium sulphatesulphate
in a test tube and add 5 ml of urine (or serum).  in a test tube and add 5 ml of urine (or serum).  
Shake well and then add 2 cc of concentrated Shake well and then add 2 cc of concentrated 
ammonium hydroxide. Look for purple color at ammonium hydroxide. Look for purple color at 
liquid interface.liquid interface.

KetoneKetone TestsTests

DencoDenco PowderPowder ((Denver Denver 
Chemical Manufacturing Chemical Manufacturing 
Co.) consists of sodium Co.) consists of sodium 
carbonate, ammonium carbonate, ammonium 
sulfate, and sodium sulfate, and sodium 
nitroprussidenitroprusside in a granular in a granular 
form.form.

Can be used for milk, urine, Can be used for milk, urine, 
or serumor serum
Read at one minute rather Read at one minute rather 
than 15 to 30 sec. for other than 15 to 30 sec. for other 
teststests

AcetoacetateAcetoacetate tends to turn powder tends to turn powder 
pink, acetone turns it purple. Because pink, acetone turns it purple. Because 
acetone is usually present in smaller acetone is usually present in smaller 
concentrations compared to concentrations compared to 
acetoacetateacetoacetate, a pink reaction is read as , a pink reaction is read as 
a trace to +1 and a purple reaction is a trace to +1 and a purple reaction is 
+2 to +4.+2 to +4.
This test can be used as a screening This test can be used as a screening 
test on milk for test on milk for subclinicalsubclinical ketosis.ketosis.
Does not work well on colostrumDoes not work well on colostrum
Sensitive at 10 mg Sensitive at 10 mg acetoacetateacetoacetate/dl/dl

KetoneKetone TestsTests

AcetestAcetest –– Tablet form Tablet form -- Ames CompanyAmes Company
Used on serum or urine.  Sensitive at 10 mg Used on serum or urine.  Sensitive at 10 mg 
acetoacetateacetoacetate/dl/dl

Metabolic Disposition of Mobilized FatMetabolic Disposition of Mobilized Fat

Adipose

triglycerides

Liver

Tissue Metabolism

NEFA
Glycerol

Triglycerides

VLDL Hepatocyte
Storage

Ketone
Bodies

Glucose

Mammary
Gland Milkfat
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Ketosis Therapy and PreventionKetosis Therapy and Prevention

Dextrose Dextrose –– dd--glucoseglucose
500cc at 50%> solution IV500cc at 50%> solution IV
Effective time = 2 hoursEffective time = 2 hours

GlucocorticoidsGlucocorticoids
20mg 20mg DexamethasoneDexamethasone
Create hyperglycemia for 36 hoursCreate hyperglycemia for 36 hours

Metabolic Disposition of Mobilized FatMetabolic Disposition of Mobilized Fat

Adipose

triglycerides

Liver

Tissue Metabolism

NEFA
Glycerol

Triglycerides

VLDL Hepatocyte
Storage

Ketone
Bodies

Glucose

Mammary
Gland Milkfat

Ketosis Therapy and PreventionKetosis Therapy and Prevention

Ca PropionateCa Propionate
Glucose precursorGlucose precursor
1#1#
NutricalNutrical®® -- Not for Sheep Not for Sheep 

High copperHigh copper

Metabolic Disposition of Mobilized FatMetabolic Disposition of Mobilized Fat

Adipose

triglycerides

Liver

Tissue Metabolism

NEFA
Glycerol

Triglycerides

VLDL Hepatocyte
Storage

Ketone
Bodies

Glucose

Mammary
Gland Milkfat

Ketosis Therapy and PreventionKetosis Therapy and Prevention

Propylene GlycolPropylene Glycol
8 oz.8 oz.
Over dosage will decrease DMI via CNS Over dosage will decrease DMI via CNS 
depressiondepression

Metabolic Disposition of Mobilized FatMetabolic Disposition of Mobilized Fat

Adipose

triglycerides

Liver

Tissue Metabolism

NEFA
Glycerol

Triglycerides

VLDL Hepatocyte
Storage

Ketone
Bodies

Glucose

Mammary
Gland Milkfat
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Ketosis Therapy and PresentationKetosis Therapy and Presentation

CholineCholine –– Rumen ProtectedRumen Protected

ReashureReashure®®
2 oz/cow/day close2 oz/cow/day close--up and freshup and fresh

--21 to +30 days21 to +30 days

Increase VLDL formationIncrease VLDL formation
Increase fat transport from the liverIncrease fat transport from the liver

Metabolic Disposition of Mobilized FatMetabolic Disposition of Mobilized Fat

Adipose

triglycerides

Liver

Tissue Metabolism

NEFA
Glycerol

Triglycerides

VLDL Hepatocyte
Storage

Ketone
Bodies

Glucose

Mammary
Gland Milkfat

Ketosis Therapy and PresentationKetosis Therapy and Presentation

NiacinNiacin
66--12g/d PO12g/d PO
Decreased Decreased lipolysislipolysis

Metabolic Disposition of Mobilized FatMetabolic Disposition of Mobilized Fat

Adipose

triglycerides

Liver

Tissue Metabolism

NEFA
Glycerol

Triglycerides

VLDL Hepatocyte
Storage

Ketone
Bodies

Glucose

Mammary
Gland Milkfat

Ketosis Therapy and PresentationKetosis Therapy and Presentation

MethoionineMethoionine -- AlimetAlimet
One of two limiting amino acids One of two limiting amino acids –– First? First? 
Addition to ration decreases CHO need for Addition to ration decreases CHO need for 
microbial protein productionmicrobial protein production
Methyl donationMethyl donation

Donation of methyl groups from Donation of methyl groups from methioninemethionine may may 
further enhance energy balancefurther enhance energy balance

Metabolic Disposition of Mobilized FatMetabolic Disposition of Mobilized Fat

Adipose

triglycerides

Liver

Tissue Metabolism

NEFA
Glycerol

Triglycerides

VLDL Hepatocyte
Storage

Ketone
Bodies

Glucose

Mammary
Gland Milkfat
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Ketosis DrenchKetosis Drench

8 oz Propylene Glycol8 oz Propylene Glycol
1 lb Ca 1 lb Ca ProprionateProprionate
2 oz Rumen Protected 2 oz Rumen Protected CholineCholine
1 oz 1 oz MethionineMethionine -- AlimetAlimet
2 oz Yeast2 oz Yeast
6 oz KCL6 oz KCL
qsqs 5 gal Water5 gal Water

Why Do Cows Get Fat?Why Do Cows Get Fat?

Reproduction FailureReproduction Failure

Ketosis Treatment and PreventionKetosis Treatment and Prevention

Maximize DMIMaximize DMI
Bunk managementBunk management
Stocking densityStocking density

Avoid Exogenous Avoid Exogenous KetonesKetones
Forage qualityForage quality
Silage fermentationSilage fermentation

Milk FeverMilk Fever
HypocalcemiaHypocalcemia

* Low Serum Ca** Low Serum Ca*

Characteristics and TendenciesCharacteristics and Tendencies
Jersey > HolsteinJersey > Holstein
> Third Lactation> Third Lactation
Greater in BCS > 4/5Greater in BCS > 4/5
90% within 72 hours postpartum90% within 72 hours postpartum

Watch for 120 DIM Milk FeverWatch for 120 DIM Milk Fever

HeritabilityHeritability

Three “Stages” of Milk FeverThree “Stages” of Milk Fever

I = Standing

Total Serum Ca  8 – 6.5 mg/dl

II = Down

Total Serum Ca  6.4 – 4.0 mg/dl

III = Dying

Total Serum Ca < 4.0 mg/dl
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The Real WorldThe Real World

Diagnosis Diagnosis –– Individual CowIndividual Cow
Down cow Down cow –– just post partumjust post partum
Cold earsCold ears
LethargicLethargic

Treatment Treatment –– Individual CowIndividual Cow
2 2 –– 500ml 500ml –– Ca f mg Ca f mg –– IVIV
Drench Drench –– POPO
FEED FEED –– at her levelat her level
Water Water –– at her levelat her level

Monitor ResponseMonitor Response

Differential  Differential  DxDx
InjuryInjury
ObturatorObturator paralysisparalysis
Uterine TorsionUterine Torsion
MastitisMastitis
Grass Grass TetanyTetany
KetosisKetosis
HypophosphatemiaHypophosphatemia
HemorrhageHemorrhage

Calcium FluxCalcium Flux

Extracellular Fluid

Calcium Pool

PTH

Vit D

CT

Vit D

BONE

PTH

Vit D

PTH

Vit D

G
U

T

DIET URINE MILK FETUS

Absorbed

Excreted

FECES
Resorbed Deposited

Ca Endocrine RegulationCa Endocrine Regulation
PTH PTH –– Low Serum CaLow Serum Ca

Increases GI Absorption Increases GI Absorption –– VitVit DD
Increased Renal P ExcretionIncreased Renal P Excretion
Increased mobilization from boneIncreased mobilization from bone

CalcitoninCalcitonin –– High Serum CaHigh Serum Ca
Increase Bone DepositionIncrease Bone Deposition
Decrease GI AbsorptionDecrease GI Absorption

VitVit DD
GI AbsorptionGI Absorption
Bone activityBone activity
Urine Urine resorptionresorption

Milk Fever Milk Fever –– HerdHerd
Presentation and TreatmentPresentation and Treatment

Urine pHUrine pH
Holsteins 6.2 Holsteins 6.2 –– 6.86.8
Jerseys 5.8 Jerseys 5.8 -- 6.26.2
pH < 5.8 = AcidosispH < 5.8 = Acidosis

Ration EvaluationRation Evaluation
*DCAD Calculations*DCAD Calculations

1.  (0.15 * Ca 1.  (0.15 * Ca meqmeq + 0.15 + Mg + 0.15 + Mg meqmeq + K + K meqmeq
+ Na + Na meqmeq) ) –– ((ClCl meqmeq .2 * 5 .2 * 5 meqmeq + .3 * P)+ .3 * P)

Target 400 to 500Target 400 to 500

2.  (Na 2.  (Na meqmeq + K + K meqmeq) ) –– ((ClCl meqmeq + 5 + 5 meqmeq))
Target Target –– 50 to 50 to --150150
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Milk Fever Milk Fever –– Herd DiagnosisHerd Diagnosis

Total Ca v. Ionized CaTotal Ca v. Ionized Ca
Serum Ca on 10 Fresh CowsSerum Ca on 10 Fresh Cows

> 2> 2ndnd lactation?lactation?
Ration EvaluationRation Evaluation

Close up dryClose up dry
Urine pHUrine pH

Milk Fever Milk Fever 
Herd Prevention and TreatmentHerd Prevention and Treatment

Track DMI in Close Up PenTrack DMI in Close Up Pen
No Free Choice No Free Choice NaClNaCl for dry cowsfor dry cows
90% Stocking Density90% Stocking Density
Feed Available to Cows During ParturitionFeed Available to Cows During Parturition
Treat All Suspected Milk Fever by a ProtocolTreat All Suspected Milk Fever by a Protocol
Monitor ResponseMonitor Response

Close Up Diet FormulationClose Up Diet Formulation
K < 1.2% K < 1.2% -- No AcidificationNo Acidification

K 1.2% K 1.2% -- 1.5% 1.5% -- ??

K > 1.5% K > 1.5% -- AcidificationAcidification

HCL ProductsHCL Products
Soy Soy ChlorChlor 1616--77
NutriNutri ChlorChlor 1818--88

True Anionic SaltsTrue Anionic Salts
Ammonium ChlorideAmmonium Chloride
Magnesium SulfateMagnesium Sulfate

Close Up Diet FormulationClose Up Diet Formulation

Ca 180 Ca 180 g/dg/d –– 220 220 g/dg/d
P 35 P 35 g/dg/d
K < 1.2%K < 1.2%
S .3 S .3 -- .4%.4%
Mg .4%Mg .4%
VitVit E 2000 E 2000 –– 4000 IU/d4000 IU/d
VitVit D 65 KIU/dD 65 KIU/d

Close Up Diet IngredientsClose Up Diet Ingredients

Yeast Yeast –– stabilize rumen healthstabilize rumen health
Ca Ca ProprionateProprionate –– energy and calcium energy and calcium 
Acidification Agent Acidification Agent 

DMIDMI
Molasses Molasses ––

Some is goodSome is good
Too much increases insulin and decreases DMIToo much increases insulin and decreases DMI

Bypass Fat Bypass Fat –– Energy Source Energy Source 
.25 lbs per cow per day.25 lbs per cow per day

Tallow ??Tallow ??

Phosphorus FluxPhosphorus Flux

Extracellular Fluid

Phosphorus Pool

PTH

Vit D

CT

Vit D

BONE

PTH

Vit DG
U

T

DIET URINE MILK FETUS

Absorbed

Excreted

FECES
Resorbed Deposited

PTHVit D

SALIVA
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Grass Grass TetanyTetany
HypomagnesemiaHypomagnesemia

Beef, Dairy, Sheep, GoatsBeef, Dairy, Sheep, Goats

SignalmentSignalment
Older ruminantsOlder ruminants
SpringSpring

Lush, fast growing pastureLush, fast growing pasture

Cereal crop Cereal crop –– pasture / feedpasture / feed

Clinical SignsClinical Signs

DownDown
TwitchingTwitching
HyperHyper--aesthesiaaesthesia
“Neurotic”“Neurotic”
ParalysisParalysis

Mg FluxMg Flux

Serum 
Magnesium

Pool

DIET

FECES MILK FETUS URINE

BONE

PTH

Why? Why? -- PathogenesisPathogenesis

Requirement Requirement ~ .2% Mg in DMI~ .2% Mg in DMI

Dietary Mg has low availabilityDietary Mg has low availability
7% 7% -- 35%35%

High K reduces Mg availabilityHigh K reduces Mg availability
High Na increases Mg excretionHigh Na increases Mg excretion

Diagnosis Diagnosis –– Real WorldReal World

Mature Beef CowMature Beef Cow
Down Post Calving Down Post Calving –– cold earscold ears
Spring PastureSpring Pasture
Twitching / NeuroticTwitching / Neurotic

Treat and MonitorTreat and Monitor

TreatmentTreatment

500 ml 23% Ca 500 ml 23% Ca borogluconateborogluconate –– IVIV
[ 15% Mg [ 15% Mg gluconategluconate]]

Oral Mg Oral Mg 
EnemaEnema

60g Mg Cl60g Mg Cl22 in 200 ml Hin 200 ml H22OO
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PreventionPrevention

DietDiet
TMR + TMR + MgOMgO –– Mg to .4%Mg to .4%
Pasture + Mg Min blockPasture + Mg Min block
GrazingGrazing

RotationRotation
FertilizationFertilization
LimestoneLimestone
Mixed legume Mixed legume -- grassgrass

Nutritional InvestigationNutritional Investigation

Step 1Step 1
Owners / management complaintOwners / management complaint
Owners / management goalsOwners / management goals

Step 2Step 2
If the owner’s Chief Complaint and employee’s If the owner’s Chief Complaint and employee’s 
Chief Complaint are different then return to Step 1Chief Complaint are different then return to Step 1

History Exam

Assessment

Df Dx List

Diagnosis and Plan

Testing

Follow-up

Diagnostic Process

History
Exam

Assessment

Df Dx List

Diagnosis and Plan

Testing

Follow-up

Case 2 Case 2 -- Disease InvestigationDisease Investigation
HistoryHistory –– Poor Production, Some MastitisPoor Production, Some Mastitis

NutritionalNutritional
Exam and TestingExam and Testing

Farm Visits Farm Visits –– 3 3 –– Interviewed all employees and Interviewed all employees and 
ownerowner
Visited with 2 nutritionists involvedVisited with 2 nutritionists involved
Evaluated and balanced all rationsEvaluated and balanced all rations
Attained written records from previous veterinarianAttained written records from previous veterinarian
DHI RecordsDHI Records
Weekly bulk tank milk samples for mastitisWeekly bulk tank milk samples for mastitis
Blood samples on all cows giving birth Blood samples on all cows giving birth ––

Ca, P, MgCa, P, Mg

Disease InvestigationDisease Investigation

ResultsResults
Owner was paying on SPC Owner was paying on SPC –– owner induced owner induced 
reproductive failurereproductive failure
Severe Mycoplasma mastitis outbreak Severe Mycoplasma mastitis outbreak ––
ContagiousContagious
Improper load mixing of feedImproper load mixing of feed
Severe mechanical dysfunction in milking Severe mechanical dysfunction in milking 
parlorparlor
Slight improper balancing of rationSlight improper balancing of ration
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HistoryHistory

Owner, manager, employeeOwner, manager, employee
Ensure it is a nutritional problemEnsure it is a nutritional problem
#1 Blame = Nutrition#1 Blame = Nutrition

Objective InformationObjective Information

Production Production –– DHI DHI –– Daily WeightsDaily Weights
Reproduction Reproduction –– ComputerComputer
Disease Disease –– Treatment Lists, ComputerTreatment Lists, Computer

The Four Rations of the FarmThe Four Rations of the Farm

The formulated The formulated –– nutritionistnutritionist
The Reformulated The Reformulated –– on the farmon the farm

The fed The fed –– DMI trackingDMI tracking
The consumed The consumed –– DMI trackingDMI tracking
The metabolized The metabolized –– Milk weightsMilk weights

Dietary Energy

Body Energy

Waste Energy

Milk Energy

Ration EvaluationRation Evaluation

Don’t look for a Don’t look for a MnMn deficiency firstdeficiency first
DMI LimitationDMI Limitation

Forage QualityForage Quality
Water QualityWater Quality
Poor CommunicationPoor Communication

Sample and TestSample and Test

NIR v. Wet ChemistryNIR v. Wet Chemistry

Table / Book ValuesTable / Book Values

Feed TagsFeed Tags
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Sampling / TestingSampling / Testing

Feed SamplesFeed Samples –– Ingredient, TMRIngredient, TMR
Wet ChemistryWet Chemistry
DMDM, CP, NE, ADF, NDF, Ca, P, Sol P, Nitrate, , CP, NE, ADF, NDF, Ca, P, Sol P, Nitrate, 
Fe, S, MoFe, S, Mo

NEFA NEFA –– NonNon-- EsterifiedEsterified Fatty AcidFatty Acid
Indicates insufficient energy intake Indicates insufficient energy intake -- KetosisKetosis

Body Condition ScoringBody Condition Scoring
Dairy / BeefDairy / Beef

Subjective measure of body fatSubjective measure of body fat
11--5 scale / 15 scale / 1--9 scale9 scale
1 = emaciated1 = emaciated
5 / 9 = obese5 / 9 = obese
Change in condition within the life cycle is Change in condition within the life cycle is 
often more critical than the condition at 1 point often more critical than the condition at 1 point 
in timein time

Rumen Fluid AnalysisRumen Fluid Analysis

pH > 6      pH > 6      
pH  5.5 to 6 borderline  pH  5.5 to 6 borderline  
pH < 5.5 = AcidosispH < 5.5 = Acidosis

4 hr post feeding4 hr post feeding

Microscopic EvaluationMicroscopic Evaluation
ProtozoalProtozoal activityactivity

Rumen Rumen ClCl
High rumen High rumen ClCl = GI stagnation= GI stagnation

Analysis of InformationAnalysis of Information

Categorize History, Exam, DiagnosticsCategorize History, Exam, Diagnostics

Multiple categoriesMultiple categories
Multi path / multi diseaseMulti path / multi disease

Utilize objective informationUtilize objective information

SummarySummary

Find simple solutions to complex problemsFind simple solutions to complex problems
Think in the trenches Think in the trenches –– cause / the “why”cause / the “why”
Keep them eatingKeep them eating
Promote a simple feeding programPromote a simple feeding program

Easy to implementEasy to implement
Easy to manageEasy to manage
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xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

Classification of Classification of 
Forage Trace ElementsForage Trace Elements

6 6 –– 10:110:14.0 4.0 –– 4.5:14.5:1<4:1<4:1Cu:MoCu:Mo ratioratio

0.2 0.2 –– 0.30.30.1 0.1 –– 0.20.2<0.1<0.1SeleniumSelenium

>40>4020 20 –– 4040<20<20ZincZinc

>40>4020 20 –– 4040<20<20ManganeseManganese

>7.0>7.04 4 --77<4.0<4.0CopperCopper

Adequate, Adequate, 
ppmppm

Marginal, Marginal, 
ppmppm

Deficient, Deficient, 
ppmppm

Trace Trace 
MineralMineral

Protein OverfeedingProtein Overfeeding
The ConsequencesThe Consequences

$$$$ Loss$$$$ Loss
Poor ReproductionPoor Reproduction
Metabolic InefficiencyMetabolic Inefficiency

Diagnosis of Protein Diagnosis of Protein 
Over FeedingOver Feeding

BUNBUN
MUNMUN
Manure ScoringManure Scoring
Ration EvaluationRation Evaluation

MUNMUN

Excess SIP +/or Excess SIP +/or 
DIP relative to DIP relative to 
CHO, Excess of CHO, Excess of 
UIP UIP vsvs NEL or NEL or 
AAA imbalanceAAA imbalance

Balanced SIP, Balanced SIP, 
DIP, UIP, AAA.DIP, UIP, AAA.
Excess Excess 
CHO/NELCHO/NEL

Low SIP +/or DIP Low SIP +/or DIP 
+/or UIP, AAA +/or UIP, AAA 
balanced, Excess balanced, Excess 
CHO/NELCHO/NEL

>3.2>3.2

Excess SIP +/or Excess SIP +/or 
DIP relative DIP relative 
DHO, NEL DHO, NEL 
balancedbalanced

Balanced SIP, Balanced SIP, 
DIP, UIP, AAA, DIP, UIP, AAA, 
and CHO/NELand CHO/NEL

Low SIP +/or DIP Low SIP +/or DIP 
+/or UIP+/or UIP3.0 3.0 –– 3.23.2

Excess SIP +/or Excess SIP +/or 
DIP relative to DIP relative to 
CHO/NEL, CHO/NEL, 
Excess UIP or Excess UIP or 
imbalance in imbalance in 
AAAAAA

SIP, DIP, UIP, SIP, DIP, UIP, 
AAA in balance.AAA in balance.
Low CHO +/or Low CHO +/or 
NELNEL

Low NSC +/or NELLow NSC +/or NEL
Low SIP +/or DIP Low SIP +/or DIP 
+/or UIP+/or UIP3.03.0

High MUNHigh MUN
(>16 mg/dl)(>16 mg/dl)

Normal MUNNormal MUN
(12(12--16 mg/dl)16 mg/dl)

Low MUNLow MUN
(<12 mg/dl)(<12 mg/dl)

Milk Crude Milk Crude 
Protein %Protein %

NPN NPN ToxicosisToxicosis
≠≠ Nitrate Nitrate ToxicosisToxicosis
Ruminants Hydrolyze ammoniaRuminants Hydrolyze ammonia
Predispose by Low CHO DietsPredispose by Low CHO Diets
Generally Due to Mixing ErrorGenerally Due to Mixing Error
Failure of Use of NHFailure of Use of NH33 yy

NHNH33 →→ NHNH44
↑↑ H+H+

NHNH44 Alkalizes the RumenAlkalizes the Rumen
TCA Inhibited TCA Inhibited →→ AcidosisAcidosis
Acidosis Creates Acidosis Creates HyperkalemiaHyperkalemia
HyperkalemiaHyperkalemia = Death= Death
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NPN NPN ToxicosisToxicosis

DxDx –– Rumen pH > 8Rumen pH > 8
Ration evaluationRation evaluation
Feed samplesFeed samples

NPN NPN ToxicosisToxicosis

Clinical SignsClinical Signs
AbAb PainPain
Muscle TremorMuscle Tremor
AtaxiaAtaxia
BloatBloat
Violent DeathViolent Death

Nitrate Nitrate ToxicosisToxicosis
NO3    Reduction    NO2NO3    Reduction    NO2

HbHb NO2    Met NO2    Met HbHb

SourceSource
Oats, PigweedOats, Pigweed
Stressed GrassesStressed Grasses

TestingTesting
NO3 or NO3NO3 or NO3--N (multiply by 4.4)N (multiply by 4.4)
< .3% Nitrate (DM) Dairy< .3% Nitrate (DM) Dairy

.5% Nitrate (DM) Beef.5% Nitrate (DM) Beef

.8% Acute Toxicity.8% Acute Toxicity

Nitrate Nitrate ToxicosisToxicosis

Clinical SignsClinical Signs
DyspneaDyspnea
Poor ReproductionPoor Reproduction
AbortionAbortion
Decreased Milk ProductionDecreased Milk Production

Treatment Treatment –– MethyleneMethylene BlueBlue
5 5 –– 15 g / kg IV15 g / kg IV

Protein OverfeedingProtein Overfeeding
The ConsequencesThe Consequences

$$$$ Loss$$$$ Loss
Poor ReproductionPoor Reproduction
Metabolic InefficiencyMetabolic Inefficiency

Diagnosis of Protein Diagnosis of Protein 
Over FeedingOver Feeding

BUNBUN
MUNMUN
Manure ScoringManure Scoring
Ration EvaluationRation Evaluation
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MUNMUN

Excess SIP +/or Excess SIP +/or 
DIP relative to DIP relative to 
CHO, Excess of CHO, Excess of 
UIP UIP vsvs NEL or NEL or 
AAA imbalanceAAA imbalance

Balanced SIP, Balanced SIP, 
DIP, UIP, AAA.DIP, UIP, AAA.
Excess Excess 
CHO/NELCHO/NEL

Low SIP +/or DIP Low SIP +/or DIP 
+/or UIP, AAA +/or UIP, AAA 
balanced, Excess balanced, Excess 
CHO/NELCHO/NEL

>3.2>3.2

Excess SIP +/or Excess SIP +/or 
DIP relative DIP relative 
DHO, NEL DHO, NEL 
balancedbalanced

Balanced SIP, Balanced SIP, 
DIP, UIP, AAA, DIP, UIP, AAA, 
and CHO/NELand CHO/NEL

Low SIP +/or DIP Low SIP +/or DIP 
+/or UIP+/or UIP3.0 3.0 –– 3.23.2

Excess SIP +/or Excess SIP +/or 
DIP relative to DIP relative to 
CHO/NEL, CHO/NEL, 
Excess UIP or Excess UIP or 
imbalance in imbalance in 
AAAAAA

SIP, DIP, UIP, SIP, DIP, UIP, 
AAA in balance.AAA in balance.
Low CHO +/or Low CHO +/or 
NELNEL

Low NSC +/or NELLow NSC +/or NEL
Low SIP +/or DIP Low SIP +/or DIP 
+/or UIP+/or UIP3.03.0

High MUNHigh MUN
(>16 mg/dl)(>16 mg/dl)

Normal MUNNormal MUN
(12(12--16 mg/dl)16 mg/dl)

Low MUNLow MUN
(<12 mg/dl)(<12 mg/dl)

Milk Crude Milk Crude 
Protein %Protein %

NPN NPN ToxicosisToxicosis
≠≠ Nitrate Nitrate ToxicosisToxicosis
Ruminants Hydrolyze ammoniaRuminants Hydrolyze ammonia
Predispose by Low CHO DietsPredispose by Low CHO Diets
Generally Due to Mixing ErrorGenerally Due to Mixing Error
Failure of Use of NHFailure of Use of NH33 yy

NHNH33 →→ NHNH44
↑↑ H+H+

NHNH44 Alkalizes the RumenAlkalizes the Rumen
TCA Inhibited TCA Inhibited →→ AcidosisAcidosis
Acidosis Creates Acidosis Creates HyperkalemiaHyperkalemia
HyperkalemiaHyperkalemia = Death= Death

NPN NPN ToxicosisToxicosis

DxDx –– Rumen pH > 8Rumen pH > 8
Ration evaluationRation evaluation
Feed samplesFeed samples

NPN NPN ToxicosisToxicosis

Clinical SignsClinical Signs
AbAb PainPain
Muscle TremorMuscle Tremor
AtaxiaAtaxia
BloatBloat
Violent DeathViolent Death

Nitrate Nitrate ToxicosisToxicosis
NO3    Reduction    NO2NO3    Reduction    NO2

HbHb NO2    Met NO2    Met HbHb

SourceSource
Oats, PigweedOats, Pigweed
Stressed GrassesStressed Grasses

TestingTesting
NO3 or NO3NO3 or NO3--N (multiply by 4.4)N (multiply by 4.4)
< .3% Nitrate (DM) Dairy< .3% Nitrate (DM) Dairy

.5% Nitrate (DM) Beef.5% Nitrate (DM) Beef

.8% Acute Toxicity.8% Acute Toxicity

Nitrate Nitrate ToxicosisToxicosis

Clinical SignsClinical Signs
DyspneaDyspnea
Poor ReproductionPoor Reproduction
AbortionAbortion
Decreased Milk ProductionDecreased Milk Production

Treatment Treatment –– MethyleneMethylene BlueBlue
5 5 –– 15 g / kg IV15 g / kg IV
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RumenalRumenal AcidosisAcidosis

Treatment Treatment –– Individual Individual 
CowCow

AntibodiesAntibodies
AntiAnti--inflammatoriesinflammatories
Mineral Oil POMineral Oil PO
Charcoal POCharcoal PO

Treatment Treatment –– HerdHerd
YeastYeast
BicarbBicarb / / 
SesquicarbonateSesquicarbonate
Ration EvaluationRation Evaluation
Particle Separation Particle Separation 
EvaluationEvaluation
Forage EvaluationForage Evaluation

Excess CHO IntakeExcess CHO Intake
RuminalRuminal AcidosisAcidosis

Excess CHO = Excess CHO = Strep Strep bovisbovis proliferationproliferation
Strep Strep bovisbovis produces Lactic Acidproduces Lactic Acid
Reduction in Rumen pH until Reduction in Rumen pH until Strep Strep bovisbovis
Enables Enables BactobacillesBactobacilles GrowthGrowth
LactobacillesLactobacilles Produces DProduces D--LactateLactate

DD--Lactate cannot be metabolized to propionateLactate cannot be metabolized to propionate

RumenalRumenal AcidosisAcidosis

Clinical signsClinical signs
Diarrhea Diarrhea –– Hindgut fermentationHindgut fermentation
AbAb PainPain

DiagnosisDiagnosis
Rumen pHRumen pH

5.0 5.0 -- 5.8 = 5.8 = subclinicalsubclinical
<5 = Clinical<5 = Clinical

Dietary Urea LevelsDietary Urea Levels

< 3% of Concentrate< 3% of Concentrate
< 1% Total Diet< 1% Total Diet
.1% /cow/d is common with corn silage diets.1% /cow/d is common with corn silage diets
Ensure adequate CHOEnsure adequate CHO

Treatment of Urea ToxicityTreatment of Urea Toxicity

Treat early and fastTreat early and fast
Large quantity COLD HLarge quantity COLD H22OO

7 7 –– 10 gal in adult cattle10 gal in adult cattle
Dilutes NHDilutes NH44

22--6 Liters Vinegar (cattle)6 Liters Vinegar (cattle)
Reduces pHReduces pH
Reduces NHReduces NH44 absorptionabsorption


