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Grasses, Sugars and Laminitis

Burt Staniar, Ph.D.Burt Staniar, Ph.D.

Dairy and Animal Science Department

The Pennsylvania State University

Carbohydrates & Equine Health

• Metabolic disorders

– Insulin resistance

– Obesity

– LaminitisLaminitis

– Developmental 
orthopedic disease

• Digestive disorders

– Colic

– Laminitis

– Diarrhea

Words you should know
• Nonstructural carbohydrates

• Starch

• Sugar

• Glucose

• Insulin

• Glycemic index

• Glycemic response

• Insulinemic
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The Horse’s Grazing Evolution

• Evolved in North 
America

• Extinction in Late 
Pleistocene

• Returned with Spanish 
missions in the early 
1600’s

• Rangelands
– Low quality forage

• ENERGY: 
– more per unit weight, sustaining more 

WORK:
• WAR (eg, Romans,  2 BC to 3 AD) 
• AGRICULTURE intensive (Europe, 17th C)
• SPORT hunting racing polo

GRAIN for Horses

• SPORT, hunting racing, polo 
• EFFICIENCY: 

– less feces, urine, acid, heat
– less bowel ballast;                                   

“wasp waist” verses “hay belly”
• COMMERCE: 

– more consistent, easier transport
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Carbohydrate Profiles in 
Plants

• Carbohydrates are major component of 
plant tissues

• Comprise 70-85% DM of forages

Structural 
Carbohydrates
•Cell wall

•Cellulose
•Hemicellulose
•Lignin

Nonstructural 
Carbohydrates (NSC)
•Inside cells

•Sugar
•Starch
•Fructan

Hemicelluloses

• Structural 
carbohydrate

• Amorphous• Amorphous 
structure

• β1-4 linkages
• NDF

Celluloses
• Structural 

carbohydrate
• Long unbranched 

chains of glucose
• Fibers and 

microfibrils
• β1-4 linkages
• NDF and ADF
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Sugars
• Monosaccharides

– Glucose
– Fructose

• Disaccharides
Glucose + Fructose

Sucrose– Sucrose
• Transport in plant

• Water soluble

Starches
• Polymers of glucose 

bound to one another 
by α 1- 4 and α 1- 6  
linkages

• Important storage p g
carbohydrate in all 
forages

• Main storage form in 
legumes

• Stored in chloroplasts 
of plant cells

Carbohydrate Analysis

• Energy
• Glycemic
• Fermentative• Fermentative

• Biochemical 
and 
Physical

• Plant
• Animal
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Carbohydrate Analysis
• NSC = starch + sugar
• Sugar

– Water
• Mono + Disaccharides, ?

• Enzymatic analysis
– Timed incubation w/ 

digestive enzymes 
(Englyst et al., 1999)
R idl il bl

• What to look for:
– Generally a starch 

content of less than 
15%

Fructans, and some 
Amylose starch

– Ethanol
• Mono + Disaccharides, 

some Fructans

?– Rapidly available 
glucose (RAG)

– Slowly available 
glucose (SAG)

• A combination is 
necessary

• Think outside the box
– Feed more than 2 

meals per day

Stomach – Small and 
divided into a stratified 
squamous epithelium 
and glandular mucosa

Cecum – Large 
fermentation 
chamber

Descending 
Colon – Water 
absorption

Small Intestine –
Enzymatic digestion and 
absorption of nutrients.

Ascending Colon –
More fermentation. 
Contains several 
flexures

Health and the Equine GI
• Evolved to utilize low to medium quality 

forage
• Stomach is divided and prone to ulcers
• Nutrients are “generally” exposed to u e s a e ge e a y e posed o

enzymatic digestion prior to fermentative
• The gastrointestinal tract is not divided 

into “black and white” digestive regions, 
but is more likely “shades of grey”
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Carbohydrate Digestion

Digestion of Starch 
• 4 g/kg BW per meal; 2 kg / 500 kg H;

Potter et al Pferdeheilkunde 1992

• 2 g/kg BW per meal !• 2 g/kg BW per meal !                                     
Meyer et al Z Vet Med 1995

• Starch digestion Massey et al ENPS 1985:
– Intake 770 g
– Prececal, 76%; Postileal, 24%

Fermentation
• All carbohydrates
• Cellulolytic fermentation

– β – linkages (fructans, 
hemicellulose, cellulose)
Slower rate and higher– Slower rate and higher 
pH

• Amylolytic fermentation
– α – linkages (di, oligo, 

polysaccharides)
– Rapid rate and lower pH
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Nutrition and Growth
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Insulin 
Resistance?

• Insulin Sensitivity

– Muscle, Liver etc.

• Insulin Secretion

– PancreasIn
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Insulin Sensitivity
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Nutrition and Growth
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Metabolic disordersMetabolic disorders

80
85
90
95

100
105
110

4 days

G
lu

co
s

Glycemic Response Tests

• Examining animal and feed 
factors that influence 
response

• Frequently Sampled
140
150
160

g/
dl Frequently Sampled 

Intravenous Glucose 
Tolerance Test
– Estimating parameters of 
glucose and insulin 
dynamics (SI ~ insulin 
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Laminitis

Hoof Anatomy

Coffin bone

Laminar
Hoof wall

Laminar

What is Laminitis?
• A PAINFUL AND 

DISABLING 
DISEASE

• Inflammation of the 
laminae of the hooflaminae of the hoof.

• Failure of the 
connective tissue that 
binds the inside of the 
hoof wall to the coffin 
bone (pedal bone, 
distal phalanx).

Pollitt, 1996
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Pasture Laminitis / 
Carbohydrate Overload

• Excess nonstructural carbohydrates
– Sugars, Starches, and Fructans

• These carbohydrates have impact in two• These carbohydrates have impact in two 
locations
– Metabolic

– Digestive 0 2 4 6 8 10 12 14 16 18 20 22 24
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Forage Factors
• Factors affect sugar content:

– Temperature, species, nutrient 
status, water status, plant part, stage 
of growth, conditions during hay 
curingcuring

– Intensity and duration of sunlight 
(Think about time of day)

• Dry Lot or muzzle to control grass 
intake

• Choice of grass varieties may offer 
some solutions

Avoidance of 
LaminitisAvoid large grain 

meals or meals 
with highwith high 
concentrations of 
non-structural 
carbohydrates

Be aware of 
predisposing 
factors: Breed, 
Body condition, 
Metabolic status

In predisposed animals 
consider the risks of pasture
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Words you should know
• Nonstructural carbohydrates

• Starch

• Sugar

• Glucose

• Insulin

• Glycemic index

• Glycemic response

• Insulinemic

Take‐home Message
• Carbohydrates are an excellent source of 
energy for the horse
– Be aware of advantages and disadvantages

• Dietary carbohydrates have both metabolic• Dietary carbohydrates have both metabolic 
and digestive effects

• Nutrition during gestation 
and early development 
may impact future 
health and performance

Take‐home Message
• Low Starch < 15 % on a dry matter basis 
maybe even 10 %!

• Low Glycemic can only be determined by 
testing and is difficult to definetesting and is difficult to define

• There are numerous ways to address the 
concerns of laminitis in grazing horses
– Restricted intake

– Grass varieties

– Exercise


