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Alfalfa (Medicago sativa), often referred to as the "Queen of Forages," stands as a cornerstone of the global

livestock industry. For dairy and beef operations, its inclusion in a ration is more than a tradition; it is a strategic

nutritional decision based on the plant's unique ability to deliver high concentrations of protein, digestible energy,

and essential minerals. In the context of high-producing dairy cows, alfalfa provides a critical balance of physical

fiber and fermentable carbohydrates, while in beef cattle systems, it serves as a high-quality supplement to improve

weight gain and reproductive efficiency. This guide provides an exhaustive technical analysis of alfalfa

management, nutritional profiles, and practical application in modern ruminant nutrition.

Understanding the Biochemical Composition of Alfalfa

The nutritional value of alfalfa is rooted in its physiological structure. Unlike grasses, alfalfa is a legume 

characterized by a deep taproot system and a trifoliate leaf structure. From a technical perspective, the plant 

consists of two primary components: the leaves and the stems. The leaves are the primary reservoir of protein and

non-structural carbohydrates, typically containing 25% to 30% crude protein (CP). Conversely, the stems are more

fibrous, providing the structural integrity required for the plant to stand upright, but they are significantly lower in

digestibility.

The cell wall of alfalfa is composed primarily of cellulose, hemicellulose, and lignin. As the plant matures, the

process of lignification increases. Lignin is a phenolic polymer that provides structural strength but is completely

indigestible by rumen microbes. High lignin content not only reduces the energy available from the cell wall but also

creates a physical barrier that prevents microbial enzymes from accessing the digestible cellulose and

hemicellulose. Therefore, the ratio of leaves to stems and the degree of lignification are the primary determinants of

alfalfa’s feeding value.

The Role of Nitrogen-Free Extract and Crude Protein

Alfalfa is prized for its Crude Protein (CP) content. This nitrogenous fraction is composed of both true protein and 

non-protein nitrogen (NPN). In high-quality alfalfa hay, CP levels can exceed 20% on a dry matter (DM) basis. For 

dairy nutritionists, the fraction of protein that escapes rumen degradation—known as Rumen Undegradable 

Protein (RUP)—is vital. While much of alfalfa's protein is degraded in the rumen (RDP), the sheer volume of

protein it provides ensures that a significant portion of the cow's amino acid requirements are met, particularly

limiting amino acids like lysine.

Nutritional Metrics and Quality Evaluation

In the trade and formulation of alfalfa, several laboratory metrics are used to quantify quality. Understanding these

metrics is essential for optimizing feed efficiency and managing costs.

•  Neutral Detergent Fiber (NDF): Represents the total cell wall fraction (cellulose, hemicellulose, and lignin). 

NDF is negatively correlated with dry matter intake; as NDF increases, the cow feels "fuller" faster.

•  Acid Detergent Fiber (ADF): Represents the least digestible part of the plant (cellulose and lignin). Higher 

ADF values correspond to lower overall energy (TDN) levels.



•  Relative Feed Value (RFV): An index used to rank cool-season legumes and grasses based on their NDF and 

ADF content. While a value of 100 represents full-bloom alfalfa, high-producing dairy herds often require alfalfa with 

an RFV of 150 to 180.

•  Relative Forage Quality (RFQ): A more modern index that incorporates NDF digestibility (NDFD). Since two 

batches of alfalfa can have the same NDF but different digestibility rates, RFQ provides a more accurate prediction 

of animal performance.

Comparative Nutritional Matrix: Alfalfa vs. Alternative Forages

The following table illustrates the typical nutritional differences between alfalfa and other common forages used in

livestock systems.



Nutrient Parameter Alfalfa (Pre-Bloom) Corn Silage Timothy Grass Bermudagrass

Crude Protein (CP 
%)

20 - 23% 7 - 9% 8 - 12% 10 - 14%

NDF (%) 35 - 40% 40 - 45% 55 - 65% 65 - 75%

ADF (%) 25 - 30% 25 - 28% 30 - 35% 32 - 38%

TDN (%) 62 - 66% 68 - 72% 55 - 60% 50 - 55%

Calcium (%) 1.2 - 1.5% 0.2 - 0.3% 0.4 - 0.5% 0.4 - 0.6%

Technical Impact of Harvesting and Cuttings

The timing of the harvest is perhaps the most critical factor in determining the nutritional outcome of alfalfa. There 

is an inverse relationship between yield and quality. As the plant matures from the vegetative stage to full bloom,

the total biomass (yield) increases, but the protein content and digestibility plummet due to increased stem

thickness and lignification.

First, Second, and Third Cuttings: What They Mean

Farmers and nutritionists often distinguish between the "cuttings" of hay throughout a growing season. These

distinctions are not just chronological; they carry specific morphological characteristics:

1.  First Cutting: Typically occurs in late spring. It often has the highest yield but can be variable in quality due to 

the presence of cool-season weeds and the difficulty of drying (curing) hay in spring weather. It often contains 

thicker stems but can be very palatable if harvested at the bud stage.

2.  Second Cutting: Generally occurs in mid-summer during the hottest months. This cutting grows the fastest. 

Because alfalfa grows rapidly in heat, it tends to have a lower leaf-to-stem ratio, making it slightly lower in protein 

than the first or third cuttings if not managed correctly.

3.  Third Cutting (and beyond): These cuttings occur in late summer or early autumn. The cooler nights and 

shorter days result in a higher leaf-to-stem ratio and higher sugar content. This is often the "premium" hay sought 

after by high-performance dairy dairies.

Advanced Processing: Macerated Alfalfa and Silage

Innovation in forage processing has led to techniques like maceration. Intensive conditioning or maceration

involves crushing the alfalfa stems more thoroughly than standard rollers. This technical process achieves two

goals: it drastically increases the drying rate (allowing for "hay in a day") and it physically disrupts the plant's waxy

cuticle and fiber matrix. Research indicates that macerated alfalfa increases the surface area available for microbial

attachment in the rumen, thereby increasing the rate of fiber digestion and potentially improving milk production in

lactating cows.

Alfalfa Silage (Haylage)

For many large-scale dairy operations, alfalfa is harvested as silage (haylage) rather than dry hay. This involves 

wilting the crop to 40-60% moisture and fermenting it in anaerobic conditions (bunkers, bags, or silos). The 

technical advantage of haylage is the reduction in leaf loss, which is common in dry hay production. However, it 

requires meticulous management of pH levels and anaerobic stability to prevent the growth of molds or Clostridia,



which can occur if the forage is too wet or contaminated with soil.

Dairy Nutrition: The Role of Fiber and Ruminative Chewing

A primary reason dairy nutritionists insist on alfalfa is its Physical Effectiveness (peNDF). Dairy cows require a 

certain amount of "scratch factor" to stimulate the rumen wall. This stimulation triggers rumination(chewing the

cud), which in turn produces saliva. Saliva is rich in sodium bicarbonate, which acts as a natural buffer to maintain

a stable rumen pH (typically 6.0 to 6.4).

If a diet is too high in concentrates (corn, soy) and too low in effective fiber, the rumen pH drops, leading to Sub-

Acute Rumen Acidosis (SARA). Alfalfa hay, particularly with a particle length of 1 to 2 inches, is ideal for creating 

the "rumen mat" necessary for healthy fermentation. Furthermore, alfalfa has a higher cation-exchange capacity

than most grasses, providing an inherent buffering capacity that further protects the cow from metabolic acidosis.

Practical Implementation: Feeding Strategies for Beef and Dairy

The application of alfalfa varies significantly depending on the production goals of the operation. Below are

technical guidelines for implementation:

Lactating Dairy Cow Rations

In high-producing herds, alfalfa typically comprises 25% to 50% of the forage dry matter, often paired with corn

silage. The high protein of the alfalfa offsets the low protein of the corn silage, while the corn silage provides the

starch energy that alfalfa lacks. Nutritionists look for "Dairy Quality" hay, defined as having >20% CP and 

Beef Cow-Calf and Stocker Systems

For beef cattle, alfalfa is often used as a protein supplement for cows grazing on low-quality dormant range or corn

stalks. Research from the University of Nevada and others shows that feeding even small amounts of alfalfa (0.5%

of body weight) can improve the digestibility of the poor-quality forage by providing the rumen microbes with the

nitrogen they need to thrive. For stocker cattle (growing calves), alfalfa facilitates rapid muscle growth due to its

high bypass protein and mineral content, particularly calcium and phosphorus.

Case Studies and Troubleshooting in Alfalfa Feeding

Even with its benefits, alfalfa management presents challenges that require technical solutions. Below are common

failure modes and their mitigations:

1. The Problem of Alfalfa Bloat

Alfalfa contains high levels of soluble proteins that can create a stable foam in the rumen. This foam traps 

fermentation gases, preventing the cow from belching (eructation), leading to frothy bloat. This is most common in

grazing situations with lush, pre-bloom alfalfa.

•  Solution: Ensure cattle are not turned out onto alfalfa pastures while hungry. Provide an anti-foaming agent 

like poloxalene. Alternatively, incorporate grass into the pasture mix (at least 50%) to reduce the intake rate of 

soluble legume proteins.

2. Ash Contamination

Modern harvesting equipment, particularly rakes and mergers, can inadvertently incorporate soil into the windrow. 

This increases the "Ash" content of the hay. High ash levels (above 8-10%) displace valuable nutrients and can 

introduce soil-borne pathogens like Listeria.



•  Solution: Adjust equipment height and use wide-swathing techniques to minimize the need for aggressive 

raking. Monitor laboratory reports for ash levels to adjust nutrient density calculations.

3. Leaf Loss and Improper Curing

Leaf shatter occurs when alfalfa is raked or baled at a moisture content below 15% without proper dew. Since the

leaves contain 70% of the protein, losing them turns a premium feed into a low-quality filler.

•  Solution: Utilize hay preservatives (propionic acid) to bale at slightly higher moisture levels (18-22%) or use 

steam-injection balers to re-hydrate leaves during the baling process.

Economic and Strategic Synthesis

From a technical and economic standpoint, alfalfa is an investment in feed efficiency. By providing a dense

package of nutrients, it reduces the need for expensive purchased concentrates and protein meals. For a dairy

producing 40kg of milk per day, a high-quality alfalfa source can reduce the cost of the total mixed ration (TMR) by

significantly lowering the requirement for soybean meal.

Furthermore, the agronomic benefits of alfalfa—including nitrogen fixation and soil health improvement—contribute 

to the long-term sustainability of the farm. When analyzed through the lens of Net Energy for Lactation (NEL) and 

Total Digestible Nutrients (TDN), alfalfa remains the gold standard for forages. Success depends on the

producer’s ability to balance harvest timing, processing technology, and precise ration formulation to harness the

full biological potential of this extraordinary legume. By focusing on metrics like NDF digestibility and proper

physical effectiveness, livestock managers can ensure maximum animal health, productivity, and profitability.
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