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INTRODUCTION
Most California dairy producers and their nutritionists are concerned about
the forage quality of alfalfa hay. In the past, 54% TDN (90% dry basis) was
considered dairy quality hay. Many laboratories still report excellent hay as 54%
TDN and greater. However, today dairy producers are demanding 56 and 57%
TDN alfalfa hay for their high producing cows. How the demand for higher and
higher forage quality will affect alfalfa varieties and growing practices in the future
is uncertain.
Forage quality (FQ), for the purpose of this report, will be defined as the
production output of a given animal in response to forage consumption and
utilization of the available nutrients. Thus, FQ is a product of voluntary intake and
nutrient digestibility of the forage; both factors must be considered when feeding
animals that are producing a product, for example, milk. Consequently, FQ is a
function of the rate and level of feed intake, the rate and extent of digestion, and
the efficiency with which nutrients are utilized (Barnes and Marten, 1979). The
animal performance obtained in response to forage quality may be in the form of
meat, milk, wool, or other products which provide a biological assessment (e.g.
kilograms of milk per day) of the forage in question. Allen (1993) stated that "the
ultimate test for a forage is to feed the forage to the animal" .For lactating dairy
cattle, FQ is measured as the level of milk production observed when a given
forage is fed. In California, alfalfa has been the predominate forage of choice for
high producing. dairy cows because of its high intake and its rapid rate of
digestion, both of which support high energy intake.
To assess the quality of a given forage in terms of animal performance, three
general criteria must be met: (1) animals must have a potential to produce a
product, (2) forage availability must not be limiting, and (3) forage must provide
the dietary supply of protein and energy (Moore 1978). Fulfilling these criteria
permits the determination of quality among various forages based on differences
in animal performance. However, animal evaluation of forage requires time and
expense. Therefore, a knowledge factors that influence FQ can lead to the
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development of methods to predict quality that do not require the time and expense
as.sociated with animal studies. These will be discussed briefly.
F ACTORS

AFFECTING

FORAGE

QUALITY

There are a number of factors affecting forage quality. The effect of climate,
maturity and date of cutting, and species are probably the most studied. These will
be mentioned briefly.
Climate
A. Temperature -In general as temperature increases, the nutritive value of
grasses and legumes decreases. With increasing temperature the metabolic activity
of the plant increases and new cells and plant substances such as lignin and cell
wall constituents including cellulose (Van Soest 1976) while the content of
nonstructural carbohydrates decreases. Consequently, increasing temperature is
often associated with a decrease in nutritive value.
B .Light
Intensit): -Light
provides the energy source for the production of
chemical energy via the photosynthetic process which results in the synthesis of
sugars and organic acids. Light intensity, independent of temperature, increases
the water soluble carbohydrate content and plant digestibility while CP, ash, cell
wall, acid detergent fiber (ADF), and lignin contents decrease for grass forage. A
general summary of temperate and light effects are in Table .
Dairy producers and nutritionists acknowledge the importance of climate on
FQ when they discriminate against alfalfa raised during the summer months. The
energy content of summer hay is often lower than hay produced in the spring and
fall (Table 2).
Maturity

and Date of Cutting

Most forages decline in quality with advancing maturity. The decrease in FQ
with advancing maturity is often more dramatic for first-cut material where
declines in forage digestibility and CP content and increases in lignin and cell wall
components occur with maturity in the spring. However, the decrease in FQ with
advancing maturity is also influenced by climatic changes of increasing temperature
and light.
The relationship between maturity and FQ for second and later cuttings of
forage is not as distinct. Lignin and cellulose content are positively related in first-
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-cut material while in latter cuttings, the association can be negative. In addition,
temperature may no longer be increasing which was the situation in the spring with
first-cut forage. Thus, stage of maturity differences may not be a great for
aftermath cutting as those observed for first-cut forage experiencing increasing
environmental temperatures.
Forage Species and Varieties
In general, legumes contain less cell wall constituents and more lignin than
grasses and result in higher animal performance indicating higher FQ. The cell
wall of alfalfa exhibits a faster rate of digestion than the cell wall of grasses which
contributes to the higher intake observed for legumes. When legumes and grasses
of equal digestibility are fed to animals, the voluntary intake of legumes exceeds
that of grasses (Thorton and Minson 1973). This has lead to the -association of cell
wall with feed intake.
There also are varietal differences in FQ. Lennssen et al. ( 1990) observed
that alfalfa germplasm sources differed in FQ, measured as in vitro digestible dry
matter, when comparisons were made at similar phenological stages. Differences
were small but significant. In addition, there were varietal differences in the
decrease in FQ observed with advancing maturing. As alfalfa from Chilean
germplasm matured from the vegetative to the bloom stage, in vitro digestible dry
matter decreased from 66.4% to 64.5%, respectively, which was a change of2.9%
from vegetative to bloom. For the same phenological stages, alfalfa from Indian
germplasm displayed a decrease from 67.6 to 64.2% or a 5.0% relative change.
In summary, many factors affect FQ. In commercial growing conditions,
diseases, insects, and water stress also affect the quality of the forage produced.
These are difficult to relate to climate, maturity, and species differences although
they can have dramatic affects on FQ. For example, FQ of alfalfa was increased
when plants were grown under water stress (Halim et al. 1989). Part of this
response was related to a decrease in plant maturity with water stress. However ,
previous research indicates that changes in the cell wall constituents ( cellulose and
lignin) of plants influences FQ. Therefore, thee cell wall constituents will be
important for predicting FQ .
PREDICTION

OF FORAGE

QUALITY

As discussed previously. to determine the quality (digestibility and intake)
of a given forage. that forage must be fed to animals to obtain a production
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response in comparison to another forage. However, animal trials are neither
feasible nor practical to do on a routine basis. Therefore, we must be able to
predict the quality of a given forage based on some chemical constituent(s) and/or
physical characteristic(s). California has had a program to predict alfalfa hay
quality since the late 1950'5. The program is based on the modified crude fiber
(MCF) content of the forage. The MCF procedure measures the indigestible
fractions of the plant which are predominately associated with the cell wall
fraction. The equation that was developed from digestion studies using wether
sheep is %TDN = 81.07- (.8558 X MCF%) for TDN at 100% dry matter basis.
The California alfalfa hay testing system program now also includes an equation
based on the ADF content of the hay. This equation is %TDN = 82.38 -(.7515
X ADF%). Numerous other equations are available to predict the energy content
of alfalfa hay across the United States. The California alfalfa hay testing program
works well for alfalfa grown in the western states. However, there are research
efforts in progress to develop an equation that is suitable for all areas which will
allow for comparisons of hay across many regions.
WHAT

MIGIn'

BE INCLUDED

IN A FORAGE TESTING

PROGRAM

The components of a good forage testing program will vary with the type
of forage being tested, facilities available, the significance of the information
obtained, and the time required to obtain the information. The following are some
considerations for a forage testing program:
Collection

of a representative

sample for analysis:

Hay should be sampled on a lot basis where a lot represents a given quantity
of hay produced within a 48 hour period from the same cutting, field, stage of
maturity, and variety (Bath and Marble 1989). The lot should be sampled by
obtaining at least 20 random core samples, one per bale. All cores for the lot
should be composited in a plastic bag, and the bag sealed for shipment to the lab.

2.

Organoleptic properties:

Visual appraisal of leafiness, color, mold, weeds and grasses, and steminess
are important and should be conducted. However, they are subjective evaluations
and therefore, may have limited value. California dairy producers are concerned
about the" feel" of the hay. They prefer hay which contains" soft stems" because
consumption is higher and there is less sorting and wastage of stems. Currently,
no measures of stem quality are available. Researchers have evaluated stem quality
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by measuring the amount of energy required to grind the forage sample since more
energy is required to reduce the particle size of forages with poor stem quality.
Even though stem quality is important, Toenjes (1991) reported that few alfalfa
varieties, if any, had an animal acceptance component in determining their
qualification for market introduction.
3.

Laboratoryanalyses:

Most systems of predicting
forage quality are based on one or more
chemistry methods. The methods discussed below are the most frequently used
laboratory
methods, however, there are other methods available. The methods
mentioned below use a sample of forage that has been ground, most frequently,
through a 1 mm screen utilizing
a Wiley mill. A weighed amount of ground
sample is used in each procedure.

Dry matter: Dry matter (DM) provides an estimate of the water constant of
the forage. A sample of forage is placed in an oven at 100°C and dried to a
constant weight. The loss of weight is a measure of the water content.
Crude protein: Crude protein (CP) is an estimate of the total protein content.
The most often used method is the Kjeldahl procedure. A weighed amount of
ground sample is digested (wet oxidized) in acid and the nitrogen is eventually
distilled into boric acid. Total nitrogen is measured by titration with a standard
acid. Finally, total nitrogen is converted to crude protein using a factor (e.g.
6.25).
Detergent fiber: Acid detergent fiber (ADF) and neutral detergent fiber
(NDF) are determined using the detergent system. Refluxing a sample in acid
detergent solution is used to extract the soluble cellular components and the
hemicellulose. The residue collected by filtration contains mainly cellulose and
lignin and is referred to as ADF. Refluxing a sample in neutral detergent solution
extracts the soluble cellular components leaving a residue containing (NDF)
containing cellulose, lignin, and hemicellulose. The NDF fraction is sometimes
referred to as the cell wall content. A brief description of the detergent system of
determining ADF and NDF is provided in Figure 1.
Modified crude fiber: Modified
a sample first in acid and then in
provides an estimate of the cell wall
method has proven to be acceptable

crude fiber (MCF) involves the refluxing of
base. The residue collected upon filtration
fraction of the plant plus insoluble ash. This
for alfalfa and was used in the development
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of the alfalfa hay testing program in California. However, MCF is not as precise
as either the ADF or NDF procedures, and MCF does not work well for other
forages. For these reasons, MCF will be replaced by ADF and NDF in the future.
Each method has advantages and disadvantages that must be considered
when selecting a laboratory method for use in a forage testing program. The
methods discussed above are relatively quick and easy to do so that results are
available within one to two days. Recently, there have been discussions about lab
to lab variation in the results obtain for a given procedure and how this affects
prediction of FQ. In the future, lab to lab consistency might require further study.
4.

In vitro rumen digestibility:

In this method, the ground sample is incubated with rumen liquid for 48
hours to simulate rumen digestion of the feed. Rumen liquid is collected from an
animal surgically fitted with a ruminal cannula. Following the 48 hour rumen
digestion, the sample is treated with pepsin to simulate post-ruminal digestion. This
procedure is carried out in a test tube environment. The residue remaining at the
end of the 96 hour procedure is collected by filtration and the loss of dry matter
is used as a estimate of dry matter digestibility or disappearance. The in vitro
digestibility method can be modified to allow measurement of the in vitro
digestibility of organic matter, ADF, or NDF. The entire procedure requires 4 to
5 days and a fistulated animal; requirements which make this technique
unacceptable as a routine procedure in an alfalfa testing program.
5

Nylon bag technique:

The nylon bag technique is similar to the in vitro digestibility method in
concept since the ground sample is digested by rumen microorganisms. One major
difference is that the measurement is made in the animal (in vivo). Weighed
samples of ground forage are placed in small nylon bags which are sealed and
suspended in the rumen of a fistulated animal (e.g. steer). Bags, usually 3 to 4 per
forage, may be incubated for 24 or 48 hours (any desired time interval). The
amount of material disappearing from each bag is used to determine the total
digestibility of the forage sample. If a number of bags are used for each forage
sample, bags can be withdrawn at various time intervals. This method will provide
an estimate of the rate of digestion. Knowing the extent and rate of digestion can
be important. However, like the in vitro method. this method is not likely to be
used as a routine method for alfalfa testing.

., ~ 1

5.

Near Infrared Reflectance (NIR) Spectroscopy:

r

The NIR method is rapid and not destructive of the sample. Initial equipment
costs can be high, but over the long term the method may be economical compared
with laboratory methods. The basic principle involves the measurement of light
absorption, determined as reflectance, at various wavelengths in the near infrared
region. The reflectance is correlated to a given chemical property of the sample
e.g. ADF. Therefore, a data base of plant chemical constituents (CR, ADF, etc.)
must be developed from laboratory procedures to develop calibration equations for
the NIR equipment. Calibration of each NIR instrument should be done using
samples of known chemical composition determined by laboratory methods.
6.

In vitro gas production

This method is somewhat similar to the in vitro rumen digestibility method.
A weighed amount of ground sample is incubated with rumen inoculum. A
significant difference is that the rate of forage digestion can be measured. The
production of gaseous products is monitored continuously by the use of
computerized pressure sensors continuously. The potential of this method in forage
testing programs requires further study.
f

There are many possible components that can be included in a forage testing
program ranging from sampling techniques to laboratory methods. Work is in
progress to develop a hay testing program on a national level. However, it is
important that the prediction of FQ be related to some biological response.
Modified crude fiber has been used in California to predict TDN of alfalfa hay.
As MCF of the hay decreases, TDN content increases. Feeding hay of low MCF
content results in higher milk production than feeding hay of high MCF content.
Systems for predicting FQ will continue to evolve in the future as new research
information becomes available.
THE IMPORTANCE

OF FORAGE

QUALITY

TO MILK

PRODUCTION

Acid detergent fiber (ADF) is an important measure of forage quality
because it is associated with digestibility (Van Soest and Mertens 1984). As the
ADF or lignified cellulose content increases, digestibility of the forage decreases.
Lignin, a non-carbohydrate component of the plant cell wall, reduces the
availability of cellulose and hemicellulose to digestion. The relationship between
ADF and digestibility is the foundation of the alfalfa hay testing program in
California. In contrast, the neutral detergent fiber (NDF) or cell wall content is
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associated with dry matter intake of the forage. As the NDF content of the forage
increases, dry matter intake would be expected to decrease. Both ADF and NDF
can provide information on FQ since we previously defined FQ as the product of
feed intake and nutrient digestibility even though we typically only use ADF. For
example, as alfalfa matures, ADF content and lignification of cellulose increase.
This physiological change in the plant results in a decrease in cellulose digestion
in the rumen which decreases the energy available to the animal for production.
Likewise, with increasing maturity, NDF (cell wall) content of the forage
increases. The cell wall constituents of cellulose and hemicellulose are more slowly
digested than other carbohydrates, for example, starch and pectin. Lignification
with maturity also affects cell wall digestion. Therefore, forages that are high in
cell wall constituents and are digested slowly occupy space in the rumen and
exhibit a fill effect. This fill effect can result in a reduction in dry matter intake,
and energy intake which reduce energy available for production. Consequently, FQ
can greatly influence animal productivity.
A large study was conducted at the University of Wisconsin (Shaver and
Jorgensen 1985) with alfalfa hay harvest at pre, early, mid, and full bloom stages
of maturity and fed 20, 37, 54, and 71% concentrate in the total diet. Yield of 4%
FCM were greater for pre-bloom alfalfa hay at all levels of concentrate (Table 3).
Increasing concentrate feeding could not substitute for feeding lower quality forage
in the diet of high producing dairy cows. Digestible dry matter intake was highest
for diets containing pre-bloom alfalfa hay. Correlations between NDF and ADF
intakes with digestible dry matter intake expressed as a % of cow body weight
were -.81 and -.80.
Arizona researchers (Alhadhrami and Huber 1992) compared alfalfa hay
containing 26, 28, 32, and 38% ADF in diets containing either 50 or 65%
concentrate ingredients (Table 4). Intakes of dry matter were not affected, but milk
yields were influenced by forage ADF content. For diets containing 50%
concentrate, milk yield decreased with increasing forage ADF content. Yield of
fat corrected milk averaged 29.3 kg/day for cows fed diets containing 26% ADF
hay but decreased to 24.9 kg/day when hay containing 38% ADF was fed. The
decrease in milk production with increasing ADF content of the alfalfa hay was not
as large when diets contained 65% concentrates. A portion of the reduced energy
intake associated with a reduction in FQ was alleviated by changes in the ration.
However, feed higher amounts of concentrate can not completely compensate for
the reduced energy intake associated with lower quality forage.
Feeding alfalfa of high FQ results in higher intakes of dry matter and energy
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and consequently higher milk production compared to alfalfa of lower FQ. There
are other reports (DePeters and Smith 1986; Kawas et al. 1983) demonstrating that
milk production performance increases with improving FQ. Ultimately, the quality
of forage used in the lactation of lactating dairy cows will depend on economic
return to the producer .
FORAGE

QUALITY

IN PLANf

BREEDING

PROGRAMS

All previous discussions in this paper have dealt with FQ in relationship to
the marketing and feeding of alfalfa. Another words, testing the quality of alfalfa
produced from varieties commercially grown. There has been no mention of
considering FQ in breeding programs to develop future alfalfa cultivars for
commercial introduction. Demment et al. (1986) reported that breeding programs
could improve both forage quality and yield. However, it is unclear what role FQ
plays in the development of commercial varieties of alfalfa.
Kudo et al. (1985) successfully selected strains of alfalfa that had slow and
fast rates of digestion. Rates of digestion were determined on fresh forage using
the nylon bag technique. This could have important implications in regard to FQ
since an increase in rate of digestion could result in higher dry matter intake and
energy intake to promote high milk production. However, animal studies were not
conducted, and changes in chemical composition of the plant material, e.g. crude
protein, ADF, NDF, and lignin, were not examined.
Lenssen et al. ( 1991a) reported that difference in stem quality existed
b~tween alfalfa germ plasm resistant (KS153BA3P4) and susceptible (KS153P4)
to Acyrthosiphon kondoi Shinji. Resistant germ plasm had lower true in vitro
digestible dry matter and digestible NDF than susceptible germ plasm (Table 5).
In contrast, resistance to anthracnose (Saranac AR) did not reduce FQ of leaves
and stems compared to susceptible germ plasm (Saranac) alfalfa (Lenssen et al.
1991b). Saranac AR forage had higher leaf dry matter (58.5%) than Saranac
(55.3% ). True in vitro dry matter digestibility and lignin content were higher for
stems of Saranac AR than Saranac although differences were small. Leaves from
bacterial leaf spot resistance alfalfa contained less NDF and cellulose and were
higher in true in vitro digestible dry matter than leaves from bacterial leaf spot
susceptible plants (Lenssen et al. 1992) .Finally, selection for multifoliolate plants
did not consistently increase FQ compared with trifoliolate plants when FQ was
measured as total nitrogen content and in vitro dry matter disappearance (Volenec
and Cherney 1990) .
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In the future, it is likely that breeding programs will focus on improving
disease and pest resistance, drought and salinity tolerance, and dry matter and
energy yield.
These breeding programs should also determine how selection
influences FQ which could include laboratory evaluation of the chemical
composition of the forage and possibly, animal studies. This scenario will require
cooperation amongst researchers, growers, and extension personnel. At the
university, plant and animal scientists will need to cooperate particularly since the
advent of genetic engineering will allow rapid and dramatic changes in plant germ
plasm.
SUMMAR y
The topic of alfalfa FQ is not new. Many factors affect quality, and our
knowledge will continue to expand. The future of improving alfalfa quality require
cooperation amongst individuals and the use of new methods and evolving
techno logies .
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Table

INFLUENCE OF TEMPERA TURE AND LIGHT UPON COMPOSITION AND
DIGESTIBILITY OF FORAGE

Light

+

Yield

+

Water-soluble

+

carbohydrate

Cell wall

+

Lignin

+

+

Digestibility
From Van Soest, P.J. et al. 1978. J. Animal
+ = positive effect; -=
negative effect.

Table

2.

CUTTING SCHEDULE, YIELD, AND QUALITY OF ALFALFA OVER THE
SEASON.

Days
between
cuttings

Sci. 47:712.

May
yield

July

TDN

TDN

yield

yield

September
TDN

22

1.39

52.7

1.51

50.3

1.20

52.2

26

1.56

52.4

1.84

49.4

.26

52.4

30

1.92

52.2

2.01

47.7

1.32

52.2

34

1.79

51.5

2.31

47.1

1.40

51.4

Adapted from Hoard's Dairyman, May 10, 1985. Data were collected in the Central San Joaquin
Valley.
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Table

3.

PRODUCTION
RESPONSE
FORAGE QUALITY

OF COWS

FED

Alfalfa

% Concentrate1

Pre

DIETS

Maturit~

WITH

V ARYING

(bloom)

Early

Mid

Full

FCM2, kg/day --.

36
38
39
39

20
37
54
71
Adapted from Shower and Jorgensen
1 % concentrate
in the diet.
24%

Table

Fat corrected

4.

1985.

31
35
35
Hoard's

Dairyman,

July

DIETS

WITH

PERFORMANCE
OF COWS
VARYING ADF CONTENT

FED

FCM2, kg/day

10.

ALF ALF A HA Y OF

content

CA

% Concentratel

DMI,kg/day

24
25
29
32

milk.

Hay ADF

Item

26
29
30
29

31

AZ

26%

26%

28%

32%

38%

50
65

22.9

23.7

23.4

24.3

26.2
23.1

25.3

22.3

25.7

23.3

50
65

28.3
30.3

26.5
25.8

26.1
27.4

24.9

29.3
28.0

Adapted from Alhadhrami and Huber 1993. J. Dairy Sci. 75:3091.
CA = hay produced in California; AZ = hay produced in Arizona.
1 % Concentrate in the diet.
2 3.5% Fat corrected milk.
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27.4

Table

5.

INFLUENCE OF GERM PLASM ON FORAGE QUALITY

s tem2

Leaf

Germ
plasm1

CP

TIVDDM

NDF

DNDF

CP

TIVDDM

NDF

DNDF

Susceptible 17.6

87.13

32.1

59.6&

34.6

95.0

12.3a

59.5

Resistant

86.1 a

32.4

57.2b

34.4

94.8

12.8b

59.1

18.4

Adapted from Lenssen et al. 1991. Environ. Entomol. 20:72.
abMeans in the same column with different superscripts at significantly different (P < .05).
I Susceptible (K5153P4) and resistant (K5153BA3P4) to A. kondoi.
2 CP = crude protein, TIVDDM
= true in vitro digestible dry matter; NDF = neutral detergent
fiber; DNDF

= digestible NDF.
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FIGURE

1.

GENERAL
SYSTEM.

DESCRIPTION

OF THE ..DETERGENT

FffiER

i

Forag~ Sample
extract with neutral detergent
I

I

I

Cell Contents *

NDF Fraction

proteins
lipids
NPN

hemicellulose
cellulose
lignin

pectin
starch
sugars
organic acids

extract with acid detergent
r---

I-~

Hemicellulose#

ADF Fraction
cellulose
lignin
permangante oxidation
I
I
I
LigninS

* Almost

completely

# Partially

digestible

digestible

$ Indigestible

Adapted

from Van Soest 1982.
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Cellulose#
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