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California alfalfa growers and alfalfa consumers have long recognized the desirability
of growing and buying quality alfalfa hay. As all of you know, hay has been marketed for
at least the last 40 years, probably longer, on an "equivalent to USDA No. 1, No. 2 leafy,
No. 2, etc." basis in the principal hay marketing areas of the state. These federal hay
grade standards were developed many, many years ago, and have provided a rough approxi-
mation of quality in negotiating prices between producers and consumers. :

About 30 years ago, researchers at the University of California, Davis, initiated a
program to develop a chemical test that would predict alfalfa hay quality. This effort
culminated in the development of an analysis termed "modified crude fiber" (MCF) which
predicted total digestible nutrients (TDN). The MCF test to predict TDN has been used
extensively within California to predict alfalfa hay quality since 1958. 1t is now in
widespread use in every alfalfa growing region of California, is accepted by many out-of-
state importers of alfalfa hay as the analysis needed to sell to California dairymen, and
accepted by California dairymen as a standard of measuring the ability of hay to produce
milk and supply protein to the cows diet. Alfalfa producers all recognize that dairymen
need high quality alfalfa hay, but sometimes question whether dairymen are really willing
to pay growers for yield losses, added production costs for more trips over the field,
extra costs involved in weed control, and the reduced stand life from harvesting alfalfa
in the bud stage before root reserves can be replenished and plant vigor retained. Never-
theless, today thousands of samples are drawn annually and tested for MCF to predict TDN.
Many buyers will not purchase hay without an analysis. Many are requiring hay to test 54%
TON or above (on a 90% dry matter basis). In addition, growers have established working
relationships with dairy customers, and thousands of tons of hay are sold to customers
without benefit of analysis, largely based on past experience with hay that had been tested
and resulted in good animal performance. This “trust and performance” system supplements
the hundreds of thousands, if not millions, of tons that are analyzed annually for MCF and
estimated TDN.

Confusion From Other State Alfalfa Quality Systems

Other states have developed alfalfa forage quality prediction systems. In the late
1960's the University of Nevada developed its own system for predicting "TDN" based on very
different chemical analysis procedures than we had in California. Nevada also reported TDN
on a 100% dry matter (DM) basis while California reported on a 90% basis. The numbers there-
fore from the Nevada system are higher than the California MCF predicted TDN values by as
much as 6 to 12 percentage units and are not comparable or interchangeable since Nevada uses
crude protein (CP) and acid detergent fiber (ADF) to really predict "digestible energy” (DE)
rather than the indicated "TDN". Confusion resulted.

In the late 1970's and early 1980's other adjacent states began chemical evaluation of
alfalfa hay based on various kinds of chemical analysis, principally CP and ADF. Other
western states with active programs include Oregon, Washington, Idaho, and Utah, in addition
to Nevada. All of these states have systems that are not interchangeable with one another
and which, in my opinion, create a great deal of misunderstanding since each state feels
their own program is the one that should be used.

Imports of Alfaifa Hay Into California

The importation of alfalfa products into California has increased over 100% in the last
six years until it now totals about 12% of the total amount of alfalfa produced in California.
Table 1 gives a breakdown of imports from the 17 different states that have sent hay to
California in the last six years. You will notice that even states as far away as Ohio and
Minnesota have occasionally sent loads of hay to be marketed in California, but the largest
out-of-state sources are Nevada, Utah, Arizona, Oregon, I1daho, and Colorado. Several Nevada

sources have indicated that up to 50% of the total Nevada hay crop is exported to California
annually.
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Need for National Test

Other areas of the United States are plagued by the same problems outlined for us here
in the west. Most nonwestern regions don‘t sell near the quantity of alfalfa hay off the
farm where it is produced (more than 76% in California). But, alfalfa hay marketing is an
important business in major hay producing states such as Wisconsin, which produces nearly
2X as much hay on over 3X more acreage (Table 2), Minnesota, Iowa, Michigan, Pennsylvania,
Indiana, Kansas, Nebraska, etc. Race horse, stud, and dairy farms in nontraditional alfalfa
hay growing areas have become an important source of hay sales; for example Wisconsin-grown
alfalfa hay being transported to Florida, a non-alfalfa growing state, or Wyoming and New
Mexico supplying hay to Kentucky. The need for a national alfalfa hay quality testing pro-
gram seemed apparent to me, and others, and led to the formation of the National Alfalfa
Hay Quality Testing Committee in the fall of 1982. A little earlier, a Western Regional
Coordinating Committee (WRCC), composed of experiment station and extension workers inter-
ested in alfalfa hay quality, was formed to conduct research in the area of developing
superior tests for predicting alfalfa forage quality. These two groups have worked closely
with the WRCC involved in research that would be an essential ingredient in developing a
national hay testing program. Discussion and evaluation of different procedures for alfalfa
hay evaluation continued for the next year and a half, culminating with the "National
Alfalfa Hay Quality Testing Workshop" held in March, 1984 in Chicago. Most of the discus-
sion and research that was conducted during the year and a half prior to the workshop,
involved putting the western digestion data into equations with midwestern, southern, and
eastern digestion studies involving alfalfa. We in the west wanted to be certain that our
hays, which have usually analyzed higher in protein than eastern hays, were adequately con-
sidered in developing a single, master, equation correlating animal performance with chemical
analysis. When it was felt that this had been adequately considered and that California, as
well as other western states, would be adequately considered in the new relationship, those
of us in California involved in the development of the overall program threw our support
behind the development of a new testing procedure.

A New Test for Evaluating Alfalfa Hay Quality

The new national alfalfa hay quality testing procedure involves the following components

Taking an adequate sample. The validity of the testing program rests on obtaining a
representative sample that accurately reflects the quality of the whole hay population.
A minimum of 20 random cores (one core per bale) should be taken and composited to

develop one sample per lot. A lot is defined as that hay which is taken from the same
cutting, stage of maturity, and field.

2. Visual standards have been developed. To assist with the description of a lot of
alfalfa hay, and to describe any physical conditions that may reduce quality, a descrip-
tion sheet has been developed to uniformly indicate organoleptic quality factors.

3. A standard acid detergent fiber (ADF) method has been developed. In addition, it is
recommended that dry matter (DM) and crude protein (CP) be run on each sample. Suggest-
ed refinements to A.0.A.C. procedures have been made.

4. A new rapid or traditional wet chemistry method. In addition to wet chemistry proce-
dures described above, a rapid method of analysis for ADF, CP, and DM have been develop-
ed using near-infrared-reflectance spectroscopy (NIR). Both traditional wet chemistry
methods and the NIR procedure can be employed in this evaluation system.

5 The ADF analysis will predict digestible dry matter (DDM), using a simple linear regres-
sion equation of: DDM % = 88.9 - 0.779 ADF 3. Digestible dry matter can then be con-
verted to digestible energy (DE) for ration balancing and estimating energy availability
with the relationship: DE (MCAL/kg = -0.027 + 0.0428 DDM %.

6. A laboratory certification program has been developed. Laboratory certification will
allow laboratories to "fine tune" their procedures and greatly reduce laboratory varia-
tion. A $100 per year fee will be charged for four samples per year, a copy of compiled
statistics, and a certification acknowledgment published throughout the country.
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2.

Many core samplers* have been developed. Most California samples are drawn with a
13-15 inch golf club shaft, sharpened to a 3/8 inch inside diameter cutting edge.
Other core samplers have been developed including:

Heavy-duty sampler -- “California Belly Buster", an 18-inch probe with 1/2

inch internal diameter. {(Malm Metal Products, P.0. Box 4299, Santa Rosa, CA
95402)

{2) Penn State forage sampler -- 18-inch probe with 3/4 inch internal diameter
available in hand brace or electric drill modes. (Nasco Farm and Ranch
Catalog, Nasco West, 1524 Princeton Avenue, Modesto, CA 95354)

(3} Northwest Ag forage probe -- a 12-inch probe with 1/2-inch internal diameter,
equipped with sample collection box and electric drill mode. (Northwest
Ag, P.0. Box 238, Culver, OR 97734)

4) o0akfield hay sampler. (Oakfield Apparatus, Inc., P.0. Box 65, Oakfield, WS
53065)

Plans for heavy-duty, homemade, hay sampling tools developed by the University

of California, are available in "Alfalfa Hay Testing", Division of Agricultural
Sciences, University of California, Leaflet 2323, and "Controlling Alfalfa Quality",
California Agricultural Experiment Station Bulletin 784.

Sampling procedure. Bales should be probed near the center of one end of the bale,
with the probe entering at right angles to the surface and not slanted up, down,

or sideways. Bales selected for sampling must be done at random. Randomness can
be insured by sampling at various heights on the stack, sampling every nth numbered
bale going around the stack, truck, or down the row in the field.

d. Sample handliing. A 20-core sample provides a fairly large amount of sample material.
A sample should never be divided before it is has been received by the laboratory
and ground. The whole sample should be placed in a polyethylene freezer bag and
sealed tightly so the laboratory report of dry matter "as received" should approxi-
mate the dry matter content of the lot when it was sampled. After grinding, samples
may be thoroughly mixed and subsamples taken for analysis. Samples should be stored
in a cool place where plastic bags won't be punctured, until shipped to laboratory.

Visual standards. Chemical analysis to predict alfalfa quality cannot alone describe
the condition of a lot of alfalfa hay. Visual criteria will vary by area. The National
Alfalfa Hay Quality Committee has recommended some minimum comments, which individuals
may add or substract, according to their need. The visual analysis description can be
done on a "alfalfa hay description sheet", which should accompany each sample sent to

a laboratory. A sample sheet is provided as Figure 1, along with suggested instructions
(Figure 2) for using the alfalfa hay description sheet.

Common terminology must be used to describe alfalfa hay visual characteristics.
Colloquialisms prominent in different parts of the United States need to be reduced to
common terms, understood throughout the entire United States. For example, terms such
as "tobacco brown", "mow burn", and "undercure", all describe the same thing but are
used in different parts of the United States. These types of terms should be eliminated.

Laboratory procedures for determining acid detergent fiber (ADF), dry matter (DM}, and
crude protein (CP). The ADF wet chemistry procedure, with some slight modifications
has been accepted by the A.0.A.C. The three analyses recommended were chosen by the
"National Alfalfa Quality Committee" because collectively they represent the greatest
part of the economic value of hay. Dry matter was chosen because the value of the hay
increases directly as it increases; protein and acid detergent fiber (which can be
utilized to estimate the energy value of the forage), because protein and energy repre-
sent the largest cost of nutrients fed to livestock.

*Mention of a sampling tool does not constitute a guarantee of the product by the University
of California, and does not imply its approval to the exclusion of other products that may
also be suitable.
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Additional Details

Some additonal information needs to be provided for each of the six points described

above. These will be discussed in the same numerical order.

1

Sampling. Sampling is the major factor affecting the accuracy of forage quality
analyses. Samples MUST be taken carefully and in a prescribed manner to represent the
average value of the entire lot of alfalfa hay. Any chemical analysis offered to repre-
sent the lot is valid only to the extent that the sample represents the entire lot.

It must be recognized that the true value of the lot will never be known since the

value of the sample is only an estimate of the true value within a range usually
described as the average of the lot, plus or minus one standard deviation. It can't

be overemphasized that alfalfa hay bales vary in quality. Sample variation is influ-
enced not only by the natural variation of hay, but by sampling method, sampling equip-
ment, and sample handling. The following conditions should be satisfied:

a. "Lot" of hay. The sample must represent a single "lot" of hay. A lot is defined
as hay taken from the same cutting at the same stage of maturity, the same variety,
the same field, harvested within a 48-hour period. The factors that might influence
the formation of lots would include rain damaged hay, hay that contains higher
amounts of grass and/or weeds, sharp and distinct soil differences within the same
field, or hay that has been handled after cutting by different procedures.

b. Sampling equipment should not include a "hay hook" or “flake" of a bale of hay .
Only core sampler tubes, or probes, are acceptable. They must be long enough to
travel at least 12 to 18 inches into the hay package, and have an internal diameter
of at least 3/8 inch. They may be made in home shops from golf club shafts or ski
poles, or be made of conduit or steel tubing with either a sharpened or serrated
tip, and powered by hand or an electric drill. Core samplers with sharpened tips
must be kept sharp in order to cut through hay without selective sampling.

Marble and Curley (unpublished) in 1961 at U.C. Davis (Table 3) found no signifi-
cant difference between three very different sampling devices when tested for dry
matter (DM), modified crude fiber (MCF) and predicted total digestible nutrients
(TDN). The Penn State sampler with a 3/4 inch diameter core, very rapidly fills a
container and discourages taking the entire 20 samples. A cut-off golf club handle
was not significantly different from the probe or the Penn State sampler, and has
become the sampling tool of preference throughout California and other western
states. Grab samples from the ground bale had significantly higher DM than all
three coring devices, and was significantly higher in MCF than the golf club or

the 3/8 inch probe, but equal to the Penn State sampler. Apparently grinding the
bale gave a significant moisture loss. Perhaps the loss of fine material (leaves)
from grinding increased the MCF content and lowered the predicted TDN value signifi-
cantly. Hoffman, et al. (unpublished) in 1961 (Table 4) compared a golf club
shaft, 3/8 inch probe driven by an electric drill, and a 3/4 inch hand probe and
found no difference in MCF or predicted TDN. A1l of these sampling studies were
done with conventional 3-wire bales.

In 1983 Bishop and Marble (unpublished) sampled the so-called "one-ton bale" with

a Penn State electric-powered drill with a 3/4 inch inside diameter (Table 5). In
this study each bale was analyzed separately, averaging 23.71% MCF, 20.12% CP,

1.46% calcium, and .20% phosphorus. When a composite sample was taken from each

of the 19 bales, the composite values, respectively, were 23.30, 20.60, 1.48, and
0.16, all lying within the 95% confidence limits except phosphorus. Table 6 illus-
trates the value of increasing sample size from six bales up to 19 bales, the number
recommended originally by the University of California system for predicting alfalfa
at an accuracy of + 1 percentage unit, from MCF. Note that two separate sampling
activities are presented, the first in 1961 at U.C. Davis and the second in 1983

in Chino, the latter being done with one-ton bales. This table tells us that with

a confidence of 95%, we can say that the true average lies in this confidence limit
range. The chance of drawing a sample with an average outside the confidence limits
is only 5%. Thus one can easily see the necessity of sampling enough bales to
adequately represent the lot. The variation and error is great when a sample size
Tess than 19 is used. If more than 19 samples are taken, a more precise prediction
of quality can be made with a higher level of confidence. However, the 20 bale
sample is practical, gives good accuracy, and is recommended.
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Laboratory analyses must be accurate and precise in order to develop and maintain confi-
dence in the analysis procedure. The exact laboratory procedures used in predicting
DDM from ADF, must be followed. Dr. Steven M. Abrams (Research Scientist, USDA/ARS) of
the U.S. Pasture Laboratory, University Park, Pennsylvania, has provided the exact pro-
cedures, which are attached as Figures 3, 4, and 5. These were published in: Abrams,

S. M. 1984. Llaboratory procedures for determining dry matter, crude protein, and acid
detergent fiber. 1In: Proceedings, National Alfalfa Hay Quality Testing Workshop,
Chicago, I1linois, March 22-23, 1984,

Predicting digestible dry matter (DDM) from acid detergent fiber (ADF). Over 400
separate lots of individual forages have been run through digestion studies and contri-
buted to developing the linear relationship. States involved included: California,
Nevada, Utah, Wisconsin, Minnesota, Missouri, Michigan, Pennsylvania, and Florida.
Approximately half the samples came from the three western states of California, Nevada,
and Utah. It does not seem necessary to use a separate equation for alfalfa hays grown
in the west. The most accurate relationship is known as the "all species" equation
which will eliminate the present concern in the California test program when alfalfa

hay contains grass or grassy weeds. The digestibility of these contaminants will be
accurately estimated, although palatability may not. This is why it has been recommend-
ed that a visual estimate of hay quality be developed together with a chemical analysis.
Dr. Duane Rohweder, Extension Arronomist, University of Wisconsin (Rohweder, D. 1984,
Estimating forage hay quality. Page 31. In: Proceedings, National Alfalfa Hay Quality
Testing Workshop, Chicago, I1linois. March 22-23, 1984), has summarized these various
findings into the following equation: DDM % = 88.9 - 0.779 ADF %. Furthermore, digest-
ible energy, which is used in ration balancing, can be calculated using the following
relationship: DE (Mcal/kg = -0.027 + 0.0428 DDM %. Digestible energy as a percentage
can also be calculated using the relationship: DE % = -0.628 + 0.984 EDM %.

Crude protein is not used in the equation to predict DDM, but is commonly used in ration
balancing, and therefore should also be requested, along with dry matter, when request-
ing a chemical analysis. Dr. Rohweder's summary recommendations include:

a. Forage testing using chemical analysis is the only way to adequately predict feed
value.

b. Organoleptic (visual) characteristics may be included in the hay description to
support the chemical analysis.

c. Crude protein percentage should be included with dry matter concentration as many
farmers purchase hays for protein. But, it may be misleading.

d. Acid detergent fiber (ADF) should be used to estimate dry matter digestibility
(DDM).

e. One equation can be adopted and used universally, predicting DDM percent from ADF
percent, and DE from DDM percent.

Future research will determine whether or not neutral detergent fiber (NDF) is an
analysis that can accurately determine intake. Research trials indicate that intake
has a greater impact on animal performance than digestibility. Consequently, the
National Alfalfa Hay Quality Committee recommends that states investigate the NDF
procedure to estimate dry matter intake (DMI)} in their testing and marketing programs
Here in California, we will certainly keep this factor in mind, but there are no
immediate plans to add this analysis procedure to those recommended since ADF is also
a good predictor of intake.

A rapid method of analysis for ADF, CP, DM, and NDF has been proposed using near-infra-
red reflectance spectroscopy (NIR). The NIR system was first proposed by K. H. Norris,
and others, in 1976, as a rapid, accurate, precise, and nonconsumptive method for
evaluating the quality of forages and other feedstuffs. Subsequently a national "NIR
Forage Research Project Network" was established by the USDA with six locations scat-
tered throughout the United States, to evaluate the NIR technique compared to tradi-
tional wet chemistry methods. A progress report of that work was provided by Templeton,
et al. in 1981 (Templeton, W. C., Jr., et al., 1983, Forage analysis with near-infra-
red reflectance spectroscopy - status and outline of national research project. p. 528-
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531. In: Proc. XIV International Grassland Congress, Lexington, Kentucky. West View
Press, Boulder, Colarado). The project's present coordinator, Dr. Gordon C. Martin,
Research Agronomist (ARS/USDA) of the University of Minnesota, has provided an excellent
summary of the ability of the NIR to substitute as a rapid method of analysis for
traditional wet chemistry methods (Martin, G. C. 1984. Analysis of alfalfa hay by
near-infrared reflectance spectroscopy. In: Proc. National Alfalfa Hay Quality Testing
Workshop, Chicago, Illinois, March 22-24,77984. p. 27-30). A complete description of
an NIR spectro-computer system is provided, including equipment necessary. A step by
step outline of forage sample and data handling procedures are also included.

The successful analysis of forage quality by NIR requires following four key points
established by Dr. John Shenk, who spoke on the NIR system at this symposium in 1981
They include:

a. Adequate representation by the calibration samples of the population to be analyzed
b. Accurate aboratory analysis of the calibration samples

¢ Choice of the correct data processing technique to extract the maximum information
from the NIR spectra.

d. Choice of the correct wavelengths

At U.C. Davis, Jim Quick (Extension Laboratory Specialist) and I are collecting alfalfa
hay samples from around the state's different growing areas to establish an “adequate
representation” for the calibration samples, so NIR can be used to determine alfalfa
quality in California. Other laboratories have NIR equipment. At least two will be
discussed by Mr. Richard Moore of McMinnville, Oregon, who has supervised the installa-
tion and calibration of two NIR facilities, one in a portable laboratory van. Remember,
the important part of the NIR system is the establishment of a calibration equation for
each instrument. Laboratories who have not done this calibration cannot be relied on

to provide accurate NIR results. Currently excellent NIR analysis sprectra for CP, ADF,
NDF, and DM have been established. A national "universal" calibration equation, with
some 60 samples from California, has been established using hays gathered from farms in
31 states. It has recently been concluded that calibration equations can be transfer-
red among selected NIR instruments. Laboratories may eventually acquire the needed
spectra and equations from a centralized (private or public) source that has universal
data bases which can be updated with new samples to meet local needs.

In summary, the NIR system appears to be able to duplicate with a high degree of
accuracy the analysis conducted under laboratory procedures for CP, DM, ADF, and NDF.
However, here in California, under field conditions with not highly controlied sampling
precision, some differences have been noted between NIR values and wet chemistry values.
In one instance, six samples were drawn by a reputable sampler with long years of experi-
ence, and sent to a laboratory for wet chemistry determination of MCF to predict TDN.

A duplicate set of samples were withdrawn from the same bales, adjacent to the same
holes, and sent to an NIR laboratory. In this single instance, the NIR was slightly
higher in MCF in five out of the six samples, slightly lower in DM in five of six
samples, and slightly lower in CP in three of three samples run for that determination.
Obviously, individuals are working hard to correct the calibrations so repeatable,
rapid, accurate analysis can be provided through the NIR system in California.

Laboratory certification. Different analytical procedures are used to predict alfalfa
forage quality in different states and regions. Methods and terms of reporting are
also variable. The development by the National Alfalfa Hay Quality Committee of a
national program of alfalfa forage quality evaluation can eliminate these two problems.
However, variation in individual chemical analysis between laboratories has not been
resolved. At the request of the National Alfalfa Hay Quality Committee, the American
Forage and Grassland Council (AFGC) and the National Hay Association (NHA) have
volunteerd to serve as an umbrella organization to sponsor the certification of labora-
tories throughout the United States. The voluntary laboratory certification program
has the following objectives:

a. To provide a voluntary mechanism for laboratories and hay testing facilities that

evaluate alfalfa hay quality to certify the accuracy of their procedures for ADF,
CP, and DM.
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To use certification of laboratories to improve quality control of information
coming from these laboratories and thereby increase grower confidence in the
information they receive.

To publish a list of certified participating laboratories on a quarterly basis in
national, regional, state and local hay association publications. Certified
laboratories will be defined as those falling within an acceptable range three
samples out of four.

To encourage and assist laboratories in good laboratory technique, primarily in two
ways: (1) extend to laboratories at additional cost the opportunity to solve hay
testing problems, and (2) assist in conducting regional educational workshops.

Voluntary laboratory certification wil be conducted as follows:

a.

A Manual of Instructions describing the program has been prepared by the National
Alfalfa Hay Quality Committee.

Eight homogenous alfalfa hay samples obtained from various regions of the country
have been prepared by coarse grinding an entire bale of hay for each sample and
mixing each sample in a large mixer.

Subsamples for laboratory analysis have been obtained from the large samples by the
use of a sample spliter. Subsamples will be at least 200 grams to allow for tripli-
cate analysis of crude protein (CP) and acid detergent fiber (ADF)} in addition to
dry matter (DM) analysis. Subsamples will be stored in moisture-tight containers.

A copy of the manual and subsampies will be sent to requesting laboratories four
times per year. A different subsample of the eight prepared will be sent each time
A form will be sent for laboratories to complete and will include triplicate CP,
ADF, and DM analysis and calculation for DDM. A1l subsamples will be sent from
and data returned to, within the specified time period, the following address:
National Hay Association, Inc., P.0. Box 1059, Jackson, Michigan 49204. The NHA
will collect fees and transmit returned data sheets to Oregon State University who
will act as the statistical resource office for calculating outlier information.

There has been a great response from laboratories interested in becoming certified
laboratories to run the ADF prediction analysis and the supplemental CP and DM
analyses. It is a voluntary program of self-improvement which will increase the
confidence of users in alfaifa hay testing.

Statistics will be compiled and will include the mean, standard deviation (SD) and
standard error of the mean (SE) for each laboratory, and a grand mean and SD deter-
mined for the entire population of laboratories. The statistical outlier test will
be used to determine which values are outside an acceptable range.

Results will be compiled and returned to laboratories including tabular and graphical
display of data. Results will be published in appropriate publications to reach
farmers and other users of the information. Two times each year an updated list

of certified laboratories will be published as a separate pamphlet by the support-
ing organizations, AFGC and NHA.

A technical advisery committee has been organized with all regions represented to
make suggestions for improvement of the above procedures.

A fee of $100 per year per laboratory location will be charged for certification
of laboratories. The receipt of data from cooperating laboratories will indicate
approval for publishing of compiled data and identification of laboratories who
become certified.

Compiled results will be returned to each participating laboratory to assist them
with improving analytical precision and accuracy.
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Summary

California is a leader in alfalfa hay testing for quality determination in the United
States. The MCF test has been an effective and accurate predictor of grass-free alfalfa
hay quality. It is not as accurate when alfalfa hay contains grass or grassy weeds.

Recently, as the result of a national effort organized and directed by the National
Alfalfa Hay Quality Committee, a new prediction system, based on ADF, had been developed
to predict digestible dry matter (DDM?. The ADF analysis to predict alfalfa quality is
currently being used by most states who exported 739,000 tons of hay into California in
1983. Confusion among buyers and sellers has resulted from several test values being
offered for the same sample of alfalfa hay, none being interchangeable. The new prediction
system of the National Aifalfa Hay Quality Committee has been evaluated with western hays

in western experiment stations and found to be as accurate as the MCF test for alfalfa hay
quality.

California users of the MCF test have learned that it accurately predicts feeding
quality. However, California stands alone in the use of the MCF test. Therefore, there
appears to be several reasons why California producers and consumers should consider
changing from MCF to ADF to evaluate alfalfa hay quality. These include:

The ADF test is a simplier, quicker (40% less time), and cheaper (less cost due to
less labor) analysis to run in a wet chemistry laboratory.

2. There is a need to standardize analysis procedures among al states and Canada to
facilitate interstate movement of alfalfa hay.

3. Research evidence indicates that ADF is more accurate than MCF in evaluating the
nutritional value of alfalfa contaminated with grass and other weeds.

4  ADF has been shown to be equal to MCF in predicting alfaifa hay quality in digestion
studies evaluating about 20 alfalfa hays from very different climates in California
and Nevada.

5 There is now a rapid, accurate method of evaluating alfalfa forage quality with the NIR
procedure. NIR analysis for CP, ADF, NDF, DM, and several minerals including calcium,
phosphorus, potassium, and magnesium are currently available through programs developed
by the USDA, state experiment stations, and private sources. When the NIR machines are
calibrated for forages grown throughout California, they will be able to provide many,
and perhaps more, of the analysis mentioned, in a matter of minutes rather than hours
or days. Equipment, however, is very expensive (about $50,000) so cost per sample will
depend on volume per laboratory.

6 The National Alfalfa Hay Quality Committee has developed a system that will predict
DDM from ADF. The Committee has also established a relationship between DDM and
digestible energy (DE). This means that alfalfa hays can be judged and ranked for their

energy value (quality), and rations can be balanced (for energy) on the basis of an ADF
analysis.

Now that a new national alfalfa forage quality test is available, individual states
must develop their own programs to organize and implement this procedure. The course seems
clear! We have the elements of a workable system using ADF to predict DDM of alfalfa hay.
DDM can be used to predict DE in ration balancing. Visual characteristics important to
users have been defined. Analysis procedures have been described, including the rapid NIR
system. Sampling procedures and laboratory certification have been established.

Every user of the MCF test to predict TDN can rightfully ask what this new analysis will
mean to them. 1 believe the following changes will be implemented:

ADF will be used to predict DDM, and will be reported on a 100% dry matter basis rather
than a 90% dry matter basis as the MCF is now reported. This means that the actual
number will increase. For example, a TDN of 54% on a 90% dry basis would increase 6
percentage units to 60% on a 100% basis, if no chemical analysis change were to be made

2 Changing to the ADF system of predicting DDM, wi further increase the actual value,
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and

numerically, from what you are now familiar with, again by an average of approximately

6 percentage units, for a total change of about +12 units. This means that instead of
having a laboratory analysis for TDN (see Table 7) reported at “54% TDN", it will be
reported at approximately +12 additional percentage units, or + 66% DDM. Thus, you

will need to Tearn a new numbering index to judge quality. The University of California
will assist in this type of interpretation. A suggested "Alfalfa Quality Index" is
given in Table 8.

The new values for DDM, compared to TDN for both 90 and 100% dry matter are illustrated
in Table 7 together with chemical analyses used in their calculation. In this table I
have compared the two systems, the MCF system presently being used and the ADF system
which will replace it, using 18 lots of hay which were run in replicated digestion
studies both at UC Davis and UN Reno in 1981. These numbers are based on an average

of all 8-10 replicate values. There is an approximate 12 percentage unit increase in
the numbering system represented by ADF to predict DDM.

There may be possible benefits in reduced costs of analysis for ADF. However, when
crude protein is also requested, as it probably should be in most instances, the total
analysis cost may be comparable or perhaps even slightly higher than the old MCF system.
The MCF system did predict digestible protein directly, which was of value to some but
questionable to others. Based on charges currently being made for an NIR procedure
being conducted by a laboratory in California, $15.00 for an MCF, CP and DM set of
analyses, the NIR analyses for all available components would probably cost about the
same as presently charged for an MCF analysis. The fact that the same sample can be
used, and all analysis obtained in a matter of two to three minutes, allows a reduction
in costs with the NIR system.

Laboratories will choose to become "certified laboratories", giving confidence to
sending samples that analyses are accurate.

Last but not least, a uniform National Alfalfa Hay Quality Program will be established

nationwide so alfalfa quality can be quantified and understood even though buyer and
seller are thousands of miles apart.

The requirement for an alfalfa hay analysis system that would provide a rapid, accurate,
reasonably cheap system has been achieved. We now have the eans to:

Develop a system that would rank alfalfa hay lots according to their quality.
Have that system be capable of providing hay quality information that could be used in
ration balancing.
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Table Alfalfa hay and cubes trucked into California (short tons) from 17 states, 1979-1984.* (V. L. Marble, 1984)

1979 1980 1981 1982 1983 1984*

States Hay " Hay Cubes Hay Total Cubes Hay Total Cubes Hay Total Cubes Hay Total
Arizona NA NA NA NA NA 2,393 32,671 35,064 2,030 134,899 136,929 219 81,468 81,687
Colorado 87 518 -- 96 96 2,088 1,640 3,728 1,002 8,825 9,827 343 832 1,175
Idaho 13,003 13,312 2,199 6,690 8,889 3,037 2,997 6,034 5,112 5,548 10,660 927 1,082 1,979
Minnesota - 17 -- -- -- 24 - 24 - 50 50 -- - -
Montana 1,316 546 245 799 1,044 249 416 665 464 666 1,130 433 1,935 2,369
Nebraska 26 16 n - A n7 - 117 23 -~ 23 -- - -
Nevada 236,178 178,578 47,946 178,640 226,586 52,124 242,845 294,969 79,081 291,527 370,608 50,308 110,401 160,709
N. Mexico 24 64 - 7 7 - - -- 129 21 150 - - --
N. Dakota 100 128 75 49 124 45 23 68 69 m 180 97 70 167
S. Dakota - 4 - 27 27 - - - -— - - - - -
Ohio -- - -- - -- - -- -- -- 27 27 - - --
Oklahoma 21 10 - - -— - -— - - - - - - -—
Oregon 19,240 14,715 3,899 20,638 24,537 10,589 22,008 32,597 9,469 33,940 43,409 3,592 17,960 1,552
Texas - - - 12 12 - 94 94 68 286 354 - 123 123
Utah 107,929 144,134 77,841 119,380 197,229 64,947 95,171 160,118 78,123 85,112 163,235 43,038 37,576 80,614
Washington 226 93 - 135 135 - 263 263 151 38 189 -- 27 27
Wyoming 18 40 351 -- 351 4,961 120 5,081 2,072 72 2,144 218 - 218
Totals 378,168 352,175 132,627 326,481 459,108 140,574 398,258 538,832 177,813 561,122 738,935 99,175 251,444 350,619*

*January-July, 1984 only. Assuming average monthly imports, full year = 601,061 short tons. Cube imports for 1979 and 1980 not available
Arizona imports not tallied until October 1982 when border inspection stations reestablished.

Source: Federal-State Market News Service, Sacramento, California.



Table 2. Alfalfa and Alfalfa Mixtures for Hay in the United States.

Indicated as of August 1, 1984

Area harvested Yield Production
Ind. Ind. - Ind.

State 1983 1984 1983 1984 1982 1983 1984

1,000 Acres--- ~===TON§===== cmamaea_. 1,000 Tons~=wewana-
Arizona 145 150 7.30 7.20 1,168 1,059 1,080
Arkansas 60 35 2.20 2.20 120 132 77
California 950 1,020 6.40 6.60 6,432 6,080 6,732
Colorado 720 770 3.10 3.10 2,201 2,232 2,387
Connecticut 22 23 2.65 2.75 63 58 63
Delaware 7 7 3.40 3.55 27 24 25
Idaho 1,030 1,040 3.90 4.00 3,774 4,017 4,160
I11inois 650 800 3.00 3.80 2,691 1,950 3,040
Indiana 390 430 2.90 3.70 1,463 1,131 1,591
Towa 1,550 1,800 3.10 4.00 6,630 4,805 7,200
Kansas 930 920 3.00 3.40 3,650 2,790 3,128
Kentucky 225 230 2.40 3.20 810 540 736
Louisiana 12 12 2.30 2.30 31 28 28
Maine 27 27 2.60 2.60 65 70 70
Maryland 76 80 3.30 3.70 270 251 296
Massachusetts 29 29 3.00 2.90 81 87 84
Michigan 1,100 1,400 3.60 3.60 3,675 3,960 5,040
Minnesota 1,900 1,960 3.30 3.20 6,240 6,270 6,272
Missouri 480 480 2.40 2.80 1,566 1,152 1,344
Montana 1,170 1,200 2.30 2.20 3,375 2,691 2,640
Nebraska 1,550 1,600 3.30 3.30 5,440 5,115 5,280
Nevada 230 210 3.90 4.00 821 897 840
New Hampshire 19 21 3.00 2.60 49 57 55
New Jersey 45 45 3.60 3.80 175 162 mmn
New Mexico 250 260 5.10 5.20 1,250 1,275 1,352
New York 930 950 2.80 3.00 2,633 2,604 2,850
North Carolina 30 40 2.20 2.50 88 66 100
North Dakota 1,650 1,550 1.80 1.70 3,100 2,790 2,635
Ohio 460 650 3.40 3.50 1,715 1,564 2,275
Ok lahoma 340 370 3.40 3.10 1,221 1,156 1,147
Oregon 440 450 4.20 4.20 1,764 1,848 1,890
Pennsylvania 850 850 2.80 3.00 2,520 2,380 2,550
Rhode Island 3 3 2.90 2.70 8 9
South Dakota 2,340 2,410 2.30 2.30 4,950 5,382 5,543
Tennessee 140 140 2.50 2.80 390 350 392
Texas 170 190 4.80 4.30 828 816 817
Utah 455 465 3.90 4.10 1,880 1,775 1,907
Vermont 105 110 2.50 2.70 297 263 297
Virginia 90 100 2.40 3.00 304 216 300
Washington 440 430 4.00 4.00 1,840 1,760 1,720
West Virginia 100 100 2.70 2.80 234 270 280
Wisconsin 3,200 3,350 3.40 3.80 11,133 10,880 12,730
Wyoming 500 550 2.50 2.60 1,413 1,250 1,430
U.S. Total 25,710 27,257 3.40 88, 385 82,212 92,562

Source; California Crop and Livestock Reporting Service, Sacramento, California.
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Table 3. Comparisons of three hay sampling tools with samples from 19
ground bales, to determine dry matter (DM) and modified crude
fiber (MCF), dry basis.

Percent
Predicted

Sampler nM MrT i
A. Ground bale 90.24 a 33.42 a 52.47 a
B. Penn State 3/4" x 1" 88.74 b 32.15 ab 53.58 ab
C. Golf club handle 11/32" X 13" 87.25 b 31.03 b 54.51 b
D. Probe 3/8" x 17" 88.12 b 31.02 b 54.52 b
Mean 88.59 31.90 53.77
% CV 2.5 6.2 6.2
LSD .05 1.44 1.28
Standard deviation 2.21 1.96

V. L. Marble and R. G. Curley, 961, U.C. Davis, unpublished.
1TDN = 81.07 - 0.8558 MCF.

Table 4. Comparisons of dry matter, modified crude fiber and total digestible
nutrient content from samples taken with three types of sampling devices.
Based on 8 samples, each from 19 bale composite samples. October 25, 1961.

Percent
Predicted

Sampler nMm vl ™
Golf club, 3/8" diameter 93.11 23.20 563.11
Probe driven by electric drill, 3/8" diameter 92.29 23.39 52.95
Probe, hand driven, 3/4" diameter 92.29 23.59 52.75
Mean 92.56 23.39 52.94
LSD .05 0.54 ns ns

.01 0.75 ns ns
Standard deviation 0.50 0.86 0.76

E. C. Hoffman, J. C. Oliver, V. L. Marble and R. G. Curley, 1961, unpublished.
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Table 5. Sample variability of five factors of selected bales from 19
individually sampled, one-ton bales.

A1l samples compared to their

mean, standard deviation from the mean, 95% confidence level and

values of one composite sample taken from the same 19 bales.

Chino, California, September 9, 1983.

Percent
Mcrl cP Ca p TONL
Bale number 1 20.7 22.3 1.45 0.22 57.0
5 26.0 18.6 1.42 0.20 52.9
10 19.0 24.6 1.20 0.25 58.3
15 16.6 26.5 1.34 0.27 60.2
18 28.6 15.7 1.66 0.16 50.9
19 bale average 23.N 20.12 1.46 0.20 54.72
Standard deviation 0.66 0.63 0.039 0.006
95% confidence level + 1.32 1.26 0.078 0.012
Composite value 23.30 20.60 1.48 0.16 54.99

lvalues at 90% dry matter. All others on a dry basis.

S. E. Bishop and V. L. Marble, 1983, unpublished.

Table 6. Effect of sample size on alfalfa hay sampling

variation, expressed as the 95% confidence
1imits + a 19-bale average value.
from: BYshop and Marble, Chino, Calif., 1983
and Marble and Curley, U.C. Davis, 1961.

Data

Percent
s Davis, 1961
Sample Size McFl cp DM MCF
6 3.04 2.9 2.32 2.06
8 2.42 2.32 1.85 1.64
10 2.07 1.98 1.58 1.40
12 1.84 1.76 1.40 1.25
14 1.67 1.60 1.28 1.13
16 1.54 1.48 1.18 1.05
18 1.44 1.38 1.10 .98
19 1.39 1.33 1.07 .94
19 bale average 23.71 20.12 88.59 31.90

Ichino MCF on a 90% dry basis.
dry basis.
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Table 7. Chemical composition and a comparison of predicting total digestible nutrients (TDN) from modified crude
fiber (MCF), versus digestible dry matter (DDM) from acid detergent fiber (ADF) using 18 alfalfa hay samples
from Ca11forn1a (16) and Nevada (2), or low elevation valieys (11) and high elevation valleys (7).
{Unpublished, W. Garrett and C. Speth. 1981-83)

Predicted TDN Predicted 90% DM Actual - 100% DM basis
Hay Source 100% DM 90% DM DDM MCF MCF ADF NDF cP MCF /ADF
-------------------------------------- Percent-----emecc e e
1. UC Davis 1 56.6 50.9 62.9 25.7 28.6 33.4 -- 21.1 .856
2. UC Davis 2 52.6 47.3 59.1 30.0 33.3 38.2 -- 17.8 .872
3. Llassen County 1 60.8 54.7 67.1 21.3 23.7 28.0 21.8 .846
4, Lassen County 2 59.8 53.8 66.1 22.3 24.8 29.2 19.6 .849
5. Fallon, Nevada 1 58.2 52.4 65.1 22.3 26.8 30.6 20.5 .876
6. Fallon, Nevada 2 54.4 49.0 60.3 28.1 31.2  36.7 17.9 .850
7. Imperial County 1 57.4 51.7 63.7 24.8 27.6 32.3 -- 19.7 .854
8. Imperial County 2 54.9 49.4 61.7 27.5 30.5 34.9 -- 17.5 .874
9. Imperial County 3 55.8 50.2 62.2 26.6 29.6 34.2 17.6 .865
Average 56.7 51.1 63.1 25.6 28.5 33.1 .861
10. San Joaquin Valley R1 62.2 56.0 67.8 19.8 22.0 27.1 38.8 29.0 .812
11. San Joaquin Valley S2 57.9 52.1 64.1 24.3 27.0 31.8 44,6 25.0 .849
12. San Joaquin Valley Y3 57.3 51.6 63.3 25.0 27.8 32.8 45.5 23.6 .848
13. San Joaquin Valley GP4 55.0 49.5 61.3 27.4 30.4 35.4 46.1 21.0 .859
14. Shasta County H1 59.1 53.2 64.1 23.1 25.7 31.8 42.0 22.4 .808
15. Shasta County L2 57.9 52.1 63.3 24.4 27.1  32.8 43.7 25.2 .826
16. Shasta County K3 55.6 50.0 62.3 26.7 29.7 34.2 47.4 22.0 .868
17. Yolo County NT1 58.3 52.5 63.8 23.9 26.6 32.2 42.8 24.6 .826
18. Yolo County T2 58.2 52.4 64.0 24.0 26.7 31.9 43.4 25.3 .837
Average 57.9 52.2 24.3 32.2 43.8 24.2 .838
Grand mean 57.3 51.7 63.4 24.9 27.8 32.7 43.8 21.7 .850
DDM-TDN difference 6.1 1.7

Each value represents an average of 8-10 separate analyses conducted by the Animal Science laboratories at the
University of California, Davis and University of Nevada, Reno.



Table 8. Suggested alfalfa quality index for digestible
dry matter (DDM). Based on the quality index
established over 25 years of user experiences
with feeding alfalfa hay analysed for MCF to
predict TDN.

TDN % Quality DDM %
90% DM basis index 100% DM basis
56 or more Super 68 or more
54-56 Excellent
52 -54 Good 64-66
49-52 Fair
49 or less Poor 61 or less
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Figure 1.

Ast Hay Company, Hazelton, Idaho.

A suggested description sheet, with instructions, to be sent to laboratories
with each sample.

(Source: Visual Appraisal of Alfalfa Hay, Donald R. Ast,

In: Proceedings, National Alfalfa Hay

Quality Testing Workshop, March 22-23, 1984, Chicago, I1linois)

DATE:

* Kk K, k k ok k k k k * k k * %

NAME :

ALFALFA HAY DESCR

ADDRESS:

LOT IDENTIFICATION:

Farm

Field Location

Cutting Number

LOT DESCRIPTION:

Quantity (tons)

Bale Size

HAY DESCRIPTION:

Color

Foreign Material (%)

Injurious Foreign
Material (%)

Odor

Stem Texture

Weather Damage

Other Descriptive Comments

Lab Use Only

Lab No.
Sample No.

IPTION SHEET

Harvest Date

Stage of Maturity

Type Storage

Drying Aid Used

Leaf Attachment

Stem to Leaf
Relationship

Visible Mold

Preservative Used

HAY INSPECTED BY:
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Figure 2 Instructions for Alfalfa Hay Description Sheet, giving details on describing
categories on Figure 1.

* k k k k k k k k %k

INSTRUCTION FOR ALFALFA HAY DESCRIPTION SHEET

Lab Use Only: Lab. No. (The laboratory number)
Sample No. (The number the Tab gives the individual sample)

DATE: The date the inspection was made.

NAME AND ADDRESS: Name and address of person or company performing inspection.

LOT IDENTIFICATION:
Farm: Farm name and town.
Harvest Date: Date the hay was stacked.
Field Location: Field number or other means to describe the field.
Stage of Maturity: Prebud; prebloom; 5, 10, 15, 25, 50% bloom; full bloom.
Cutting Number: The cutting number for the current year's production.

LOT DESCRIPTION:
Quantity: Estimated tonnage in this lot of hay.
Type Storage: Outside, tarped, straw covered, open shed, enclosed barn, etc.
Bale Size: Number of wires or strings on bale and approximate size of bale in inches

HAY DESCRIPTION:

Color: Based on the best judgment of the inspector, light green, dar, green, 5 to 10%
bleach, 10 to 15% bleach, heavy windrow bleach, light rain damage, moderate rain
damage, bleach.

Drying Aid Used: If any used, name brand and amount applied.

Foreign Material: Percent of total foreign matter. Then name the noninjurious foreign
material; this could be dead rakings, straw, cereal grains, grasses or weeds.

Leaf Attachment: 90% or better, 75 to 90%, moderate shatter, heavy shatter.

Injurious Foreign Material: Percent of injurious material in the hay lot. Name the
plant or substance, any noxious weeds by name (foxtail, sandbur, cockliebur, etc.),
blister beetle, hardware, rocks, or known presence of an excessive pesticide spray.
The inspector will describe in this space, to the best of his ability, anything that
has infected the hay that would possibly make it undesirable or unfit for feed.

Stem to Leaf Relationship: Excellent, good, fair, poor.

Odor: Fresh, dull, 1ight musty, moderate musty, molding smell.
Visible Mold: Light cure discoloration, 1ight brown cure, dark born cure, white mold.

Stem Texture: Use a combination of soft/hard relationships along with stem size. Example:
coarse/soft or medium fine/hard, etc. To determine softness, take the palm of the
hand and break over the cut edge of the bale. If the stems are had and tough it
will be painful to the palm of the hand.

Preservative Used: If any used, name brand and amount applied.

Weather Damage: Has this lot had any rain damage during the harvest process? If so, at
what stage (before raked, after raked, in bale before stacking, etc.). Also, at
what stage of the drying process did the rain occur? Describe the extent of damage
(1ight bleach, streak bleach, dark color, some musty smell, brown or black with
distinct musty odor. Also, presence of any mold?

Other Descriptive Comments: This would include any items not mentioned above, but
would help a buyer better visualize the hay.
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DRY MATTER
(Adapted from Goering and Van Soest, 1970)

Equipment:
Two (60 C and 105 C) forced draft drying ovens
Top loading electronic balance, accurate to .01 g
Analytical electronic balance, accurate to .1 mg, in close proximity to oven
(105 C), preferably in low humidity environment
Weighing crucibles
Pans, sufficent in size to hold >100 g coarse forage

Procedure:

Weigh (W1) empty pans on top loading balance. Weigh (W2) coarse forage
(>50 g) into pans, taring empty pans to zero at each weighing. Dry at 60 C for
24 hours. Remove from oven and allow to air-equilibrate for 24 hours.
Weigh (W3).  Grind through cyclone mill (Imm screen) and mix thoroughly. All
other analyses will use subsampies from . this mix. Dry empty crucibles a
minimum of 2 hours in oven at 105 C. Include 3 extra crucibles, to be used to
pre-warm the analytical balance. Remove crucibles, one at a time, to analytical
balance, starting with the 3 extra crucibles. Weigh rapidly, recording minimum
weight (W4) after pan has stabilized. Retare balance to zero when necessary.
Weigh (W5) previously ground (cyclone mill, 1mm screen) samples
(approximately 1.0 g, weighed to .1 mg) into air-equilibrated crucibles, taring
empty crucibles to zero at each weighing. Dry at 105 C for 24 hours. Weigh
(W6) hot as described above, starting with the 3 extra crucibles.

Calculation: Percent dry matter (DM)

wé-w4 W3-wit
Laboratory DM = ———=———- x 100 Total DM = -—=————- x Laboratory DM

Figure 3. Procedure for determining dry matter percent. Page 22, Proceedings, National
Alfalfa Hay Quality Testing Workshop, March 22-23, 1984, Chicago, Illinois.
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ACID DETERGENT FIBER
(AOAC, 1980)

Equipment:
Refluxing apparatus
Berzelius beakers (600 mL)
Fritted glass crucibles (coarse porosity, 50 mL)
Anaiytical electronic balance, accurate to .1 mg
Forced draft drying oven

Reagents:

Acid detergent solution: Add 20 g trimethylammonium bromide to 1 liter of
1.00 N sulfuric acid, previously standardized. Agitate.

Procedure:

Weigh (W1) previously ground (cyclone mill, 1mm  screen) sample
(approximately 1.0 g, weighed to .1 mg) into Berzelius beaker. Add 100 mL acid-
detergent solution at room temperature. Heat to boiling in 5-10 min; reduce heat
to avoid foaming as boiling begins. Reflux 60 min from onset of boiling adjusting
boiling to slow even level. Haltway through the boiling wash down sides of
beaker with minimal amount of acid detergent solution, using wash bottle.
Remove beaker, swirl, and fiiter through tared (W2, hot weighed) fritted glass
crucible, using minimal suction. Rinse twice with hot (90-100 C) water, twice
with acetone, and once with hot water, by filling crucible each time with
vacuum off, and then vacuuming dry. At each rinse wash down sides of
crucible with appropriate solvent, using rinse bottle. Dry 24 hours in forced air
oven (105 C) and weigh (W3) hot as described in dry matter analysis.

Calculation: ADF (DM basis) =

W3-W2 10,000

w1 Laboratory DM

Figure 4. Procedure for determining percent acid detergent fiber. Page 23, Proceedings

National Alfalfa Hay Quality Testing Workshop, March 22-23, 1984, Chicago,
IMlinois.
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CRUDE PROTEIN
(AOAC,1980)

Equipment:
Combination digestion and distillation unit
Kjeldah! fltasks (500-800 mL)
Analytical electronic balance, accurate to .1 mg

Reagents:
Sulfuric acid (93-98%, nitrogen-free)
Mercuric oxide (HgO, reagent grade, nitrogen-free)
Potassium sulfate (reagent grade, nitrogen-free)
Sulfide solution (dissolve 40 g potassium sulfide in 1 L water)
Zinc granules (reagent grade)
Methyl red indicator (dissolve 1 g methyl red in 200 mL alcohol)

Sodium hydroxide (dissolve about 450 g solid nitrate~free NaOH in water,
cool, and dilute to 1 L. Specific gravity of solution should be >1.36)
Hydrochloric acid standard solution (1 N, standardized against primary

standard)

Sodium hydroxide standard solution (.1 N, standardized against primary
standard)

Procedure:

Place weighed (W1) sample (7-2.2 g, depending on expected protein content,
previously ground through 1 mm screen in cyclone mifl} mill) in digestion flask.
Add 0.7 g mercuric oxide, 15 g potassium sulfate and 25 mL sulfuric acid. If >2.2
g sample is used, increase sulfuric acid 10 mL for each g sample. Place flask
in inclined position and heat gently until frothing ceases. Boil briskly until
solution clears and then 30 minutes longer. Cool, add 200 mL water, coo! to <25
C.add 256 mL of the sulfide solution and mix to precipitate mercury.
Add a few zinc granules to prevent bumping, tilt flask, and add layer of sodium
hydroxide without agitation (for each 10 mL sulfuric acid used, add 15 g solid
sodium hydroxide or enough sodium hydroxide solution to make contents
strongly alkali). Immediately connect flask to distilling bulb on condenser, and,
with tip of condenser immersed in standard hydrochloric acid and 5-7 drops
indicator in receiver, rotate flask to mix contents thouroughly; then heat
until all ammonia has distilled (>150 mL distillate). Remove receiver, wash
tip of condenser, and titrate excess standard acid in distillate with standard
sodium hydroxide solution. Correct for blank determination on reagents.

Calculation:
Crude protein {DM basis) =

wi taboratory DM

Figure 5. Procedure for determining percent crude protein. Page 24, Proceedings,

National Alfalfa Hay Quality Testing Workshop, March 22-23, 1984, Chicago,
I1linois.
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