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Section II
 

CHEMICAL AND BIOLOGICAL METHODS
 

The chemical and biological methods of analyses of feeds and tissues
 

in this section have been prepared for use in an Animal Nutrition Labora­

tory. They have been found satisfactory with both time and accuracy for
 

the analyses of biological material.
 

There are many ways to do analyses. Methods are offered as guides.
 

In some cases they will need to be modified to fit conditions in y _
 

laboratory or the conditions of the experiment.
 

The Weende proximate analysis system for analyzing food and aftimal
 

feed includes the determination of moisture (dry matter), ether extract,
 

crude protein, ash, crude fiber and nitrogen free extract (NFE).
 

In the past, these analyses have been the starting point for tore
 

detailed analysis of specific nutrients. If the feed and feces are
 

analyzed for the proximate analyses, total digestible nutrient (TDN)
 

may be calculated.
 

Expanded knowledge of nutrient requirements of animals and their
 

nutrient utilization from feeds has revealed serious errors in the
 

methods and assumptions underlying the crude fiber, nitrogen-free
 

1401
 



extract and other extract components. It is recommended that the TDN
 

system be discarded for more modern methods of partitioning the nutrients
 

of feeds.
 

Inmodern nutrient requirement standards, the calorie system is
 

used (see page 701).
 

For evaluating forages the procedures of Van Soest are being used
 

in preference to the Weende system. Other important analyses are volun­

tary intake and the in vitro dry matter digestion coefficient.
 

For making up feed compositikn tables the important analyses are
 

dry matter, protein, amino acids, energy values, according to the calorie
 

system, minerals and vitamins.
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WEIGHING SAMPLES BY DIFFERENCE
 
FOR CHEMICAL ANALYSES
 

Principle
 

The sample is kept covered so that moisture is not lost while
 

weighing.
 

Equipment
 

(a) Analytical balance to weigh to an accuracy of four decimal
 

points (x.xxxx)
 

(b) 50 ml weighing bottles
 

(c) Small spoon made from aluminum or plastic 

(d) 10 to 25 ml weighing bottles 

(e) Pipettes
 

Procedure
 

Solid samples
 

Fill a 50 ml weighing bottle about half full of the sample. Place a 

small spoon made out of a piece of aluminum or plastic in the weighing 

bottle. Place the lid on the weighing bottle. Weigh the correct amount of 

sample by difference for each determination. 

Arrange to weigh out samples for several analyses at the same time. 

For example, samples for dry matter, nitrogen, ash, cell walls, etc., could
 

be weighed from one weighing bottle. This would mean that only one weigh­
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ing would need to be made for each sample for a single analysis or two
 

weighings for duplicate analyses.
 

After the samples have been weighed for the various determinations,
 

empty out the weighing bottle, wipe it and the spoon with a clean cloth.
 

The bottle is then ready for the next sample. If contamination is a problem
 

between samples such as when working with trace minerals or insecticides,
 

use a separate weighing bottle and spoon for each sample.
 

Do not weigh exact amounts of sample. This takes more time to weigh 

and may result in errors in sampling. 

Liquid samples
 

Stir sample well if sediment is on bottom. While stirring, pipette 

sample into a tared weighing bottle. Weigh the sample plus the weighing 

bottle. The difference in weight is the weight of the sample delivered by 

the pipette. Use the same pipette to pipette a separate sample into the 

container used for chemical analysis. 

This procedurn is helpful if a large amount of material such as 

urine needs to be weighed and sampled. If the above procedure is used 

results are reported on a weight basis. 

Reference 

Harris, Lorin E. 1970. Nutrition research techniques for domestic and
 
wild animals. Published by L.E. Harris (inpress).
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DRY MATTER AND PARTIAL DRY MATTER 

Principle
 

The moisture (water) of the sample is removed by volatilization
 

caused by heat or freeze drying. The percentage of sample left after
 

removing this moisture is known as the percent dry matter or percent
 

partial dry matter.
 

The aim is to:
 

e obtain "as fed" dry matter or "a; collected" dry matter,
 

e prepare the samples for chemical analyses, and
 

* report the chemical analyses on a dry basis.
 

The following definitions are in the glossary, but are repeated
 

here for discussion:
 

Dry matter content of feed samples. (general term) The dry matter
 

content of feed samples and other materials is expressed on three dry
 

matter bases: as fed; partially dry; and dry. Definitions of these
 

terms follow:
 

As fed refers to the feed as it is consumed by the animal;
 
the term "as collected" is used for materials which are not usually
 
fed to the animal, i.e. urine, feces, etc. If the analyses on a
 
sample are affected by partial drying, the analyses are made on the
 
as fed or as collected sample. Similar terms: Air dry i.e. hay;
 
As received; Fresh; Green; Wet.
 

Partially dry refers to a sample of "as fed" or "as collected" 
material that has been dried in an oven (usually with forced air)
 
at a temperature usually about 600 C or freeze dried and has been
 
equilibrated with the air; the sample after these processes would
 
usually contain more than 88% dry matter (12% moisture); some
 
materials are prepared in this way so they may be sampled,
 
chemically analyzed and stored. This analysis is referred to as
 
"partial dry matter % of 'as fed' or 'as collected' sample." The
 
partially dry sample must be analyzed for dry matter (determined in
 
an oven at 1050 C) to correct subsequent chemical analyses of the
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samples to a "dry" basis. This analysis is referred to as "dry 
matter % of partial dry sample." Similar term: Air dry (some­
times air dry is used for as fed). 

Dry refers to a sample of material that has been dried at 
1050 C until all the moisture has been removed. Similar terms: 
100% dry matter; moisture free. If dry matter (inan oven at 
1050 C) is determined on an "as fed" sample it is referred to 
as "dry matter of as fed sample." If dry matter is determined 
on a partial dry sample it is referred to as "dry matter of 
partial dry sample". It is recommended that analyses be re­
ported on the "dry" basis (100% dry matter or moisture free),
 
and in addition the "as fed dry matter" should be reported.
 

As explained in the definitions there are essentially two kinds of
 

samples: (1) those dry enough to grind and analyze immediately (more 

than 88% dry matter) and (2)those which need to be partially dried or
 

handled in a special way (less than 88% dry matter).
 

The flow chart outlined in figure 1601-1 shows how these two types
 

of samples should be handled. (See next page)
 

The plan outlined in figure 1601-1 assumes that all samples with
 

less than 88% dry matter are partially dried before analyzing. However,
 

the chemist should use his judgment and decide whether partial drying
 

will affect the results of the analyses. If it does, then arrangements
 

should be made to analyze the sample on the "as fed" or "as collected"
 

basis.
 

Recently it has been shown that the fiber fractions of esophageal
 

samples are affected by drying samples at too high of a temperature.
 

(Lesperance and Bohman, 1963). Therefore, care should be exercised in
 

analyzing these samples.
 

Recently freeze drying equipment has become available. If this
 

equipment is available this method should be substituted for partial
 

drying in a forced draft oven at 600 C.
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Sample contains more than 

88% dry matter. 


_ZnnZo
 
Grind, using a one mm 

screen (for trace element 

analysis see 4101).
 

Chemically analyze sample. 


ZWeigh
 
Determine dry matter
 

directly at 1050 C 


This is known as:
 
"as fed" dry matter (or 
"as collected" dry matter
 
on as collected sample)+ 


This dry matter value could be 


used to calculate the dry matter 

yield per hectare. 


Note: see next page for examples 

Figure 1601-1 Preparation of samples 


for chemical analyses 
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Sapl contains less than 88% 
[ dry matter 

Determine partial dry matter 
% on as fed sample
 

Dry in a force draft oven at
 
600 C or freeze dry 

Let come to equilibrium
 
with moisture in air
 

This analysis is referred to
 
as partial dry matter % of
 
"as fed" or "as collected" 
sample.
 

Grind immediately, using a one
 
mm screen (for tracc element
 
analyses see page 4101).
 

AV
 

Chemically analyze sample for
 
those entities not affected 
by drying. 

Determine dry matter %at
1050 C.
 
This analysis is referred to 
as dry matter %of "partial
dry" sa-le. 

"as fed" dry matter (or "as
 
collected" dry matter)+ =
 

partial dry matter (%) on asfed sample x dry matter (%)
of partial dry sample x 100 

ofpartialdrysamplex_100
 



All analyses should be reported on a "dry," (100% dry matter or moisture 

free) basis on the source form. However, for certain samples there may
 

be some advantage to reporting data on an "as fed" or as collected basis 

(blood or urine). Space has been provided on the source form for this.
 

To report data on the dry basis corrections need to be made as 

follows: 

Adjusting to dry basis (the individual values of the sample, ipe, cellulose 

% or cobalt mg/kg): 

(a) Chemical or biological composition valu
(dry basis) = 

e in % or mg/kg 

chemical or biological composition value in % or mg/kg x 100
 
dry matter % on "as fed" sample
 

or
 

(b) chemical or biological composition value in % or mg/kg 
(dry basis) = 

chemical or biological composition value in % or mg/kg x 100
 
dry matter % on "partial dry" sample
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Example Calculations
 

(a) Dry matter %on as fed basis = 

(wt of dried sample and container - wt of drying container) x 100 
wt of sample in g on as fed basis 

Example: If the as fed sample weighed 1.9444 g, the sample container 
weighed 12.3278 and the dried sample (after drying in 105* C oven) 
and container weighed 14.1011 g. 

Dry matter % on as fed basis = 

(14.1011 - 12.3278) x 100 = 91.2% 
1.9444 

(b) Partial dry matter % on as fed or as collected sample = 

wt of dried sample x 100
 

wt of sample in g on as fed or as collected basis
 

Example: This determination is made when as fed samples contain less
 

than 88% dry matter such as silages and fresh forages, and a large
 

sample is dried for further analysis. If the as fed or as collected
 

sample weighed 468.2 g, the sample after drying at 600 C in a forced
 
draft oven and equilibrating with moisture in the air weighed 155.4 g.
 

Partial dry matter % on as fed or as collected sample = 

155.4 x lUO = 33.2%
 
468.2 

(c) Dry matter % on partial dry sample = 

(wt of dry sample and container - wt of container) x 100
 
wt of sample on partial dry basis
 

Example: When the partial dry sample is equilibrated with the water
 

content of the air, another dry matter determination is necessary
 
to correct it to the dry matter basis. If the sample of partial dry 
material weighed 2.3146 g, the dried sample and container after 
drying at 1050 C weighed 14.3957 g and the drying container weighed 
12.2140 g. 

dry matter % on partial dry sample = 

(14.3957 - 12.2140) x 100 a 94.3%
 
2.3146 
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(d) To calculate as fed or as collected dry matter when partial dry matter
 
or fresh forages and drywas obtained on sample such as on silages 

matter was determined on the partial dry sample. 

Dry matter %of as fed or as collected sample = 

partial dry matter (%) of dry matter (%) on x 100 
as fed or as collected sample partial dry sample 
100 100 

Example: If partial dry matter of as fed or as collected sample was 
33.2%, and the dry matter on the partial dry sample was 94.3%.
 

Dry matter %of as fed or as collected sample = 

0.332 x 0.943 x 100 = 31.3%
33.2% x 94.3% x 100 = 

100 100
 

(e) All other chemical analyses must also be converted to the dry basis.
 

The following is an example of the calculation using cellulose analy­
sis for the example.
 

Cellulose %on as fed basis ­

(wt of crucible and cellulose - wt of crucible and ash) x 100
 
wt of sample in g on as fed basis
 

Example: Ifwt of crucible and cellulose after drying is 35.4375 g 

and wt of crucible and ash is 35.1131 g and the as fed sample used 
weighed 1.0341 g. 

Cellulose %on as fed basis 

(35.4375 - 35.1131) x 100 = 31.4%
 

1.0341 

To adjust as fed samtlle to dry basis:
 

cellulose % on as fed basis x 100
 
dry matter % of as fed sample
 

Example: 

31.4% cellulose on as fed basis x 100 = 34.4% cellulose on dry basis 
91.2% dry matter on as fed sample 

1601-6 



or
 

Cellulose % on partial dry basis = 

(wt of crucible and cellulose - wt of crucible and ash) x 100
 
wt of sample in g on partial dry basis
 

Example: If the sample weigh.ed 1.0114 g, the crucible and dry cellulose
 

34.8393 g and the crucible and ash 34.5114 g.
 

Cellulose % on partial dry basis =
 

(34.8393 - 34.5114) x 100 = 32.4%
 
1.0114
 

To adjust partial dry sample to dry basis:
 

cellulose % on partial dry basis x 100
 
dry matter 0 of partial dry sample
 

Example:
 

32.4% cellulose on as fed basis x 100 = 34.4% cellulose on dry basis
 
94.3% dry matter on as fed sample
 

Refercnce
 

Harris, Lorin E. 1970. Nutrition Research Techniques for Domestic and 
Wild Animals. Published by L. E. Harris, 1408 Highland Drive, 
Logan, Utah, USA, 84321 (in press). 
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(Example heading for recording chemical analyses in bound books)
 

CELLULOSE
 

Date
 

Analyst
 

Lab No. Beaker 
and 

Weights 
to obtain 

Crucible 
and 

Crucible Cellu- Cellu-
and lose lose 

Avg. Dry 
cellu- matter 

Cellu­
lose 

cruci- sample cellulose ash of lose of on 
ble 
Nos.. 

wt. det. of 
sample 

sample 
(a.) 

dry 
basis 

_____ g g g _____ 0 ____ 

lqt CA 

17 J/6'/I . 91 _&5 

almis is dry matter of partial dry sample in this example. 
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DETERMINATION OF DRY MATTER
 

Principle
 

The moisture of the sample is lost by volatilization caused by
 

heat. The amount of material left after the removal of the moisture is
 

the dry matter.
 

Equipment
 

(a) Oven, 1050 C.
 

(b) Covered aluminum dishes, 50 mm diameter with covers, or similar
 

containers.
 

Determination
 

(a) Brush out the aluminum dishes between samples. If ether extract
 

is to be determined on the sample rinse the dishes with 95% ethyl alcohol
 

and finally with ethyl ether. Let the ether evaporate under a hood. Dry
 

the dishes in 1050 C oven for at least one hour. Place in desiccator,
 

cool, and weigh. Handle dishes with metal tongs.
 

(b) Weigh by difference 1.5 to 2.0 g of sample into a weighed
 

dish. Put top of dish on bottom of dish and place in 1050 C oven over
 

night. Remove dishes, put cover on top and place in desiccator and
 

cool. Remove from desiccator and weigh as quickly as possible.
 

(c) The samples may be stored in a desiccator for use in ether 

extract determination.
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Calculation 

- wt of dish x 100 (Itofdith + wt of'dried sample)%dry matter = 
wt sample before drying
 

wt of dry sample x 100
 
71t sample before drying 

the dry matter
Note: If the sample was analyzed on an as fed basis 

as fed sample"is labeled "dry matter of 

If the sample was analyzed on a partial dry basis the dry 

matter is labeled "dry matter of partial dry sample". 

fed", "partial dry"
See page 1601 for definitions of "as 

and "dry". 

Reference
 

of analyses of the Association of Official Agricultural
Official methods 
Published by the Association of
1960. 9th Edition.
Chemists. 


Official Agricultural Chemists, P.O. Box 540, Benjamin Franklin
 

Station, Washington 4, D.C.
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DETERMINATION OF PARTIAL DRY MATTER
 

Principle
 

The sample is dried at a temperature of less than 650 C until
 

about 95% of the water is driven off or it is freeze dried. The sample
 

is then equilibrated with the moisture in the atmosphere.
 

Apparatus
 

(a) Containers. Use a container that does not absorb moisture
 

and is large enough so that the sample can be spread out in a thin layer.
 

Tin pans or pyrex glass dishes about 30 cm long, 14 cm wide and 4 cm
 

deep may be used.
 

Cb) Drier or freeze drier. Use a drier with a fan to circulate
 

the air so part of the air goes away from the drier to remove the
 

moisture or use a freeze drier.
 

(c) Balance. Use a balance which will weigh to an accuracy of 0.5
 

g. 

Determination
 

Ca) Preparation of pans. Wash the pans, and place in drier for 

five hours. Take out of drier, place on clean shelf, cool and weigh.
 

C() Veighing samples. If the sample has been frozen bring it to
 

the same temperature as the room. Remove the sample from its container,
 

mix until homogeneous and weigh into one of the tared pans 200 to 500 g.
 

The amount depends on the moisture content. Spread the sample over the
 

surface of the pan in a thin layer.
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(c) Drying. Place the pan and sample in the drier at a temperature of
 

600 C and leave at least 48 hours, or until about 95% of the moisture
 

is removed. The temperature must not be higher, because it affects some
 

determinations such as lignin; or use a freeze drier.
 

(d) Set the pan in a dust-proof, vermin-proof room or cabinet,
 

where the moisture condition will be the same as when the sample is ground,
 

for about 72 hours.
 

(e) Weigh the sample and grind immediately through a mill with a
 

one millimeter screen (such as a Wiley mill). See page 4101 for directions
 

on how to prepare samples for trace element analyses.
 

(f) Transfer the sample to an air tight container. An ideal con­

tainer is a 250 ml plastic or glass bottle with an air tight lid.
 

(g) Label the sample with a tag as follows:
 

Laboratory No. 
Project No.
 
Expt. No.
 
Date takefi
 
Sample
 

Project Leader '
 
Initials of person doing work
 

Calculation
 

Partial dry matter (%) = 	(wt partial dry sample + pan) - wt pan x 100 

(wt "as fed" or "as collected" sample + pan)- wt pan 

Or
 

wt partial dry sample x 100 
wt "as fed" or "as collected" 
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Reference
 

Harris, Lorin E. 1970. Nutrition Research Techniques for Domestic and
 
Wild Animals. Published by L. E. Harris (inpress).
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DETERMINATION OF GROSS ENERGY
 

Principle
 

The amount of heat, measured in calories, that is released when a
 

substance is completely oxidized in a bomb calorimeter, is called the
 

gross energy (GE) of the substance. A sample of the material to be
 

tested is weighed into a combustion capsule. The combustion capsule
 

is placed in an oxygen bomb containing 25 to 30 atmospheres of oxygen.
 

The oxygen bomb is covered with 2000 g of water in an adiabatic
 

calorimeter. After the bomb and calorimeter have been adjusted to
 

the same temperature, the sample is ignited with a fuse wire. 
The
 

temperature rise is measured under adiabatic conditions. 
 From the
 

hydrothermal equivalent of the calorimeter times the temperature rise
 

minus some small corrections for fuse wire oxidation and acid pro­

duction, the caloric content of the sample is calculated.
 

See page 701 for definitions.
 

Equipment
 

(a) Parr oxygen bomb calorimeter and accessories or equivalent.
 

(b) The calorimeter may be equipped with an automatic temperature
 

controller.* If the temperature controller is 
on the calorimeter, it
 

will take less labor to run the analysis, but the controller is not
 

necessary to obtain accurate results.
 

+Fisher Scientific Co., Catalog No. 4-364V2.
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(c) Solution or trip balance with capacity to 3000 g and accurate
 

to 0.1 g.
 

(d) For an illustration of the nomenclature of the Parr Bomb
 

Calorimeter, refer to the illustration on page 19U1-10.
 

Reagents
 

(a) Standard sodium carbonate solution, equivalent to 1 cal/ml
 

(3.658 g Na2Co3 per liter).
 

(b) Methyl orange indicator.
 

(c) Bensoic acid combustion tablets or primary standard grade
 

crystals.
 

Procedure
 

(a) Weigh by difference approximately 1.0 g of sample and place
 

in a clean, empty combustion capsule. 
 Samples may be pelleted, but
 

this is usually not necessary.
 

(b) Attach a 10 cm length of fuse wire between the electrodes of
 

the bomb (oxygen) and set the combustion capsule with sample in place
 

in the loop electrode. 
Adjust the fuse wire so it is touching the
 

sample.
 

(c) Place about I ml of water in the bomb cylinder and swirl it
 

around to wet the sides. This is not necessary if the bomb is still
 

wet from a preceding determination.
 

d) Assemble the bomb, tighten the screw cap, close the pressure
 

release valve and fi] 
 with oxygen to 25 atmospheres gauge pressure.
 

Place the bucket (oval) in the calorimeter, set the bomb in the bucket,
 

and attach the clip terminal.
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(e) Weigh 2000 g distilled water on the solution or trip balance
 

(use a 2000 ml volumetric flask to hold the water) and carefully pour
 

into the calorimeter bucket. The water temperature must be within the
 

range of the calorimeter thermometers.
 

(f) Close the cover (be sure thermometers are up), lower the
 

thermometers and start the water circulating motor. 
Remove the cap from
 

the calorimeter jacket cover and fill the cover with water until it
 

runs out the drain hose (only necessary at the beginning of the day's
 

run). 

(g) Adjust the temperature of the water .nthe outer jacket to
 

approximately equal that of the calorimeter by adding hot or cold water,
 

and allow one minute to attain equilibrium. Then carefully adjust the
 

temperatures to be exactly equal and check the calorimeter temperature
 

at one-minute intervals for three minutes.
 

(h) Read and record the initial temperature to the nearest 0.00020 C
 

and ignite the sample. Turn in hot or cold water to keep the jacket
 

temperature equivalent to the calorimeter temperatures during the period
 

of rise.
 

(i) Compare -andadjust the temperature of the outer jacket to the
 

inner bucket of the calorimeter temperature frequently and carefully to
 

insure adiabatic condition or that the temperatures are equal. Read
 

and record the final temperature after the same temperature is observed
 

in three successive one-minute intervals.
 

(j) Raise the thermometers. Open the calorimeter, take the bomb
 

from the calorimeter bucket, release the residual pressure of the bomb
 

and open. Carefully remove the remaining pieces of fuse wire from the
 

electrodes; straighten and measure the combined total length in centi­

meters. 
The calories of wire burned can be determined with the me suring
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scale that is supplied with the wire.
 

(k) Rinse all inner bomb surfaces with a stream of neutral dis­

tilled water and collect all washings in a clean beaker. Titrate the
 

washings with the standard sodium carbonate solution using methyl orange
 

indicator to determine the amount of acid formed from the incidental
 

oxidation of nitrogen and sulfur compounds. A correction is made to
 

take care of the -at liberated in the formation of the acid.
 

(1) Correct thL initial and final temperatures from the calibra­

tion curve supplied with the thermometer.
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Calculations
 

(a) GE '(cal/g) 	on nal initi hydrotho,al length of 
as 	fed basis =--ce.. - ter. _1 equiv. of bomb - .3zrned x per'c_-ml Na2Co3 

TIt. of snmple 

Example:
 

A 1.0214 g sample of feed (as fed basis) had an initial temperature
 

of 23.13* C and a final temperature of 25.25' C. The hydrothermal equi­

valent of the bomb is 2412 cal per degree C. There was 7.0 cm of fuse
 

wire burned with a c'-.":ction of 2.5 cal per cm of wire and 6.0 ml of 

Na2Co3 titrated (equivalent of 6.0 cal). 

GE (cal/g)=(2i;.25 - 23.13) 2412 - (7.0 x 2.3) - 6.0 = 3804 cal/g or 3804 kcal/kg 
1.0214 g sample 	on as fed basis
 

Note: Report the data on the source form as kcal/fg. 

Adjusting to dry basis: 

(a) GE (kcal/kg on as fed sample x 100 
dry matter %of as fed sample 

or
 

(b) GE (kcal/kg) on partial dry sample x 100 
dry matter I of partial dry sample 

1901-5
 

http:cal/g)=(2i;.25


Determining the Hydrothermal Equivalent of the Bomh 

(a) Determine the hydrothermal equivalent (calories per degree rise 

in temperature) of the bomb, bucket and water by determining the tempera­

ture rise using the same procedure as outlined ,bovn,but with a sample 

of known caloric content (benzoic acid combustion tablet). Make at least 

four determinations and use the average value. Once this value is deter­

mined it should not change unless some parts of the bomb are replaced.
 

(b) Dry the benzoic acid at 1050 C overnight, cool in desiccator
 

and weigh by difference from a'covered wc.ighing bottle one tablet or
 

approximately a 1 g sample of dry calorific standard grade benzoic acid
 

crystals. Determine the temperature rise from the benzoic acid in the
 

bomb as with other samples.
 

(c) Examples of 4 determinations required to determine the hydro­

thermal equivalent and the calculations are shown below:
 

wt of sample 
and bottle 43.7622 42.7000 41.6695 40.6137 

bottle tare wt 42.7000 41.6695 40.6137 39.5656 
sample wt 1.0622 1.0305 1.0558 1.0481 

final temp 23.045 24.17 25.12 25.76
 
initial temp 20.28 21.48 22.37 23.03
 
temp rise 2.765 2.69 2.75 2.73
 

acid (cal) 7.5 7.0 7.0 7.0
 
wire (cal) 11.0 16.5 15.0 10.0
 

heat of combus­
tion of benzoic
 
acid (cal) 6319 6319 6319 6319
 

cal from benzoic
 

acid 6712 6512 6672 6623
 

total calories 6730 6535 6694 6640
 

hydrothermal
 
cal/degree
 
equivalent 2434 2434 2429 2432
 

1901-6
 



flydrotherina 1 [ength of cal/cm 
equivalent wt of benzoic calori :; per g jfuse wire fuse ml 
per degree (cal) = acid sample x )enlzoi.c acid + burned x wire _+ Na2Co3 

(final temp.- initial temp., 

Example:
 

A 1.0622 g sample of benzoic acid had a heat of combustion of 6319 

cal per g. The corrected initial temperature of the bomb was 20.2800 C 

and the final corrected temperature was 23.0,150 C. There were 4.8 cm 

of fuse wire burned with a caloric value of 2.3 cal per cm. There 

were 7.5 ml of jia2i)Co 5 titrated (eqiiva Icn L to 7.5 cal). 

Hydrothermal equivalent 
calories per dci:ree = (1.(22 x 6519) *4.i x 2.3)+ 7.5 ; 2434 small calories 

(23.045 - 20.25tWi 

I : .­



Determination of Gross Energy of Urine
 

(a) Urine energy (UE) can be estimated from the nitrogen content
 

of the urine (UN) by the formula of Street et al. (1964).
 

UE (kcal per kg) = 117 + 26 (UN%)
 

This formula was developed with data from cattle and sheep. It may be
 

used where the amount of urine energy represents a small part of the total
 

energy such as in the determination of metabolizable energy of feeds for
 

feed composition tables.
 

(b) If a more accurate determination of urine energy is needed,
 

a sample of urine must be dried and the energy determined with an oxy­

gen bomb calorimeter. Urine samples must be dried in contact with a
 

known weight of a combustible solid. A small plastic beaker+ serves
 

as both a drying container and the solid fuel.
 

(c) A 5 ml urine sample may be weighed into a tared 5 ml poly­

styrene beaker. Urine samples are weighed as outlined on page 1501.
 

(d) Freeze drying is the preferred drying method when a freeze
 

dryer is available.
 

(e) The next preferred method of drying the urine sample is in
 

a vacuum oven at 400 C with over 700 mm of vacuum until the sample
 

is almost dry.
 

(f) When neither a freeze dryer or vacuum oven are available,
 

dry the urine sample in an oven at 450 C. The sample need not be
 

completely dry to burn in the oxygen bomb. Overdrying will result in
 

+5 ml polystyrene beakers, catalog No. 12718, are available
 
from Scientific Products, Evanston, Illinois, 60201, USA. These
 
beakers weigh less than 1 g, can be heated to 1350 C, and are T 1a­
tively inexpensive.
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unnecessary energy losses. After the urine sample in the plastic beaker
 

is dried, gross energy is determined on the plastic beaker and urine
 

according to the standard procedure for other solid samples.
 

(g) The average gross energy, cal/g, of polystyrene is determined
 

by taking the average gross energy of four polystyrene beakers.
 

(h) The gross energy of urine is calculated as follows:
 

GE of
 
urine
 
(cal/g) = 

hydro­
thermal wt of poly­

[final initial equiv. length cal/cm ml styrene cal/g poly­
jtemp. - temp.! of bomb - [fuse wire x wire I- Na2 Co3 -lbeaker x styrene 

wt urine sample in g
 

Note: Cal/g is the same as kcal/kg. Report data as kcal/kg.
 

References
 

Parr Instrument Company. 1966. Oxygen Bo:.b Calorimetry and Combustioi,
 
Methods. Technical Manual No. 130. Parr Instrument Company, Holin,
 
Illinois.
 

Street, J. C., J. E. Butcher and L. E. Harris. 1964. Estnriiating urine
 
energy from urine nitrogen. J. Animal Sci. 23:1039.
 

1901-9
 



Thermometer
 
Support
 

Thermometer
 

Reading Lens
 

Motor
 

{ " Oval Bucket 

Assembly 
. - - - . .Oxygen Bomb 
~Oval Bucket
 

Chamber
 

Overflow Pipe
 

Nomenclature of the Adiabptic Calorimeter
 

1901- 10
 



DETERMINATION OF ASH
 

Principle
 

The sample is ignited at 6000 C to burn off all organic material.
 

The inorganic material which does not volatilize at that temperature is
 

called ash.
 

Equipment
 

Ca) Muffle furnace 

Co) Porcelain crucibles Cfor trace element analyses, see page 4101)
 

Cc) Desiccator, with magnesium perchlorate desiccant.
 

Procedure
 

(a) Place new or clean crucibles in a muffle furnace at 6000 C for
 

one hour. Transfer crucibles from furnace to a desiccator and cool to
 

room temperature. Weigh them as quickly as possible to prevent moisture 

absorption. Use metal tongs to move the crucibles after they are ashed 

or dried.
 

(b) Weigh by difference 1.5 to 2.0 g sample into a tared porcelain 

crucible. Place in a muffle furnace and hold the temperature at 6000 C 

oVer night.
 

(c) Transfer the crucible to a desiccator and cool to room tempera­

ture . When cool, weigh the crucible as quickly as possible to prevent 

moisture absorption.
 

Cd) Save the ash sample if mineral determinations are to be made.
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Calculations
 

Ash (%) on partial dry or as fed basis - wt of ashxl00 
wt of sample 

Adjusting to dry basis:
 

(a) ash % on as fed samlle x 100
 
dry matter % of as fed sample 

or
 

(b) ash % on partial dry sample xl100
 
dry matter % of partial dry sample
 

Reference
 

Official Methods of Analysis of the Association of Official Agricultural 
Chemists. 1965. 10th Edition. Published by the Association of
 
Official Agricultural Chemists, P.O. Box 540, Benjamin Franklin
 
Station, Washington 4, D.C.
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DETERMINATION OF CRUDE FIBER
 

Principle
 

A moisture-free and ether-extracted sample is digested first with a
 

weak acid solution, then a weak base solution. The organic residue is col­

lected in a filter crucible. The loss of weight on ignition is called
 

crude fiber.
 

Equipment
 

(a) Extraction apparatus consisting of individually controlled
 

heaters and water-cooled condensers designed to maintain constant volume
 

of solution throughout digestion.
 

(b) Digestion containers. Use digestion containers of such size and
 

shape that the solution is not less than 25 mm or more than 38 mm in depth.
 

A 500 ml wide mouth Erlenmeyer flask or 600 ml tall form beaker is recom­

mended, depending on the type of condenser used.
 

(c) Fit condensers into the top of two 5 liter round bottom flasks
 

and put into a heating element that fits the flasks. Arrange to have a
 

siphon made from rubber tubing. The purpose of this apparatus is to be able
 

to preheat the sulfuric acid and sodium hydroxide to boiling before adding
 

to the digestion containers.
 

(c) Linen cloth with about 20 threads per cm or No. 40 filtering 

cloth made by National Filter Media Corporation, New Haven 14, Connecticut. 
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Reagents
 

(a) Sulfuric acid solution. 0.255 N, 1.25 g H2S04/100 r.ql.Check
 

normality by titration and adjust if necessary to 0.255 N.
 

(b) Sodium hydroxide solution. 0.313 N, 1.25 g NaOH/100 ml, free
 

from Na2CO3 . Check normality by titration and adjust if nocssary to 0.313 N. 

(c) Asbestos. Gooch grade, medium fiber, acid-washed, and ignited
 

is usually satisfactory. If it needs testing, digest on steam bath for
 

eight hours with about 5% NaOfl; wash thoroughly with hot water. Digest 

in similar manner eight hours with HCl (I + 3) and again wash with hot water. 

Dry and ignite at bright red heat. 

(d) Dow-Corning Antifoam A, spray or octyl alcohol. 

(e) Ethyl alcohol.
 

Procedure
 

(a) The residue from the ether extract determination may be used 

(use original weight of sample before drying and extracting with ether). 

If this residue is not used, proceed as follows to obtain a dry ether ex­

tract free sample. 

(b) Weigh by difference 1.5 to 2.0 g of sample into a clean alundum 

thimble. Dry in an oven at 1050 C overnight (weigh 6 samples as outlined 

under e). 

(c) Extract with ether (see ether extract determination page 2301) 

for 16 hours.
 

(d) Transfer the extracted residue, together with approximately 0.5 g
 

asbestos to the digestion containers. Spray a small amount of Dow-Corning
 

Antifoam A into the container, or add a drop or two of octyl alcohol. Siphon
 

200 ml of boiling sulfuric acid solution into the digestion container.
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Place the beaker on preheated extraction heater and cover with condenser.
 

The solution should start boiling within one minute. Rotate the container 

frequently until the sample is thoroughly wetted. Take care to keep material 

from remaining on the sides of the beaker out of contact with the solution. 

(A blast of air conducted into the flask serves to reduce frothing of liquid.) 

Repeat procedure on other samples at 5-minute intervals.
 

(e) When the first sample has boiled for exactly 30 minutes, remove it 

and filter onto a linen cloth in a fluted funnel, and wash with boiling 

water until washings arc no longer acid. Wash the sample back into the
 

container with the 
200 ml of boiling sodium hydroxide solution. Place
 

beaker back on hot plate. The solution should come to a boil within one
 

minute. 
Allow a total of five minutes from time of removal of sulfuric
 

acit treated sample from hot plate until the sodium hydroxide treated sample 

starts to boil. 
 (With this timing sequence, six determinations can be run 

at a time by one operator.)
 

(f) When the first sodium hydroxide solution has boiled exactly 30
 

minutes, remove it and filter onto linen cloth as before. Wash the sample 

with boiling water. 
Filter with siction into a Gooch crucible with thin
 

layer of asbestos in bottom. Ibis is prepared by first having asbestos in 

water solution and pouring a small quantity into Gooch crucible. Finally
 

wash sample in Gooch crucible with about 15 ml 
of 95% ethyl alcohol.
 

(g) Dry the sample in a 1050 C oven overnight. Cool to room temperature 

in a desiccator and weigh. 

(h) Ignite the contents of crucible in a muffle furnace at 6000 C for 

an hour or longer. Cool in a desiccator to room temperature and weigh. 

Report the loss in weight as crude fiber. 

If the crude fiber samples are difficult to filter through the Gooch 

crucibles, asbestos may be added to samples prior to addition of sulfuric 
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acid solution. Also, washing the sample while on the linen just prior to
 

filtering through Gooch crucible with hot 10% K2SO4 solution may be help­

ful. The K2SO4 solution may be added during filtering whenever filtration
 

becomes difficult.
 

Calculations
 

Crude fiber (%) on partial dry or as fed basis = 

loss of wt on i. ition x 100 
wt of sample before drying and extracting with ether 

Adjusted to dry basis: 

(a) crude fiber %on as fed sample x 100 
dry matter % of as fed sample 

or 

(b) crude fiber % on partial dry sample
dry matter %of partial dry sample 

x 10o 

Reference 

Official Methods of Analysis of the Association of Official Agricultural
Chemists. 1965. 10th Edition. Published by the Association of
Official Agricultural Chemists, P.O. Box 540, Benjamin Franklin 
Station, Washington 4, D.C. 
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DETERMINATION uF ETHER EXTRACT
 

Principle
 

Ether is continuously volatilized, then condensed and allowed to
 

pass- through the sample, extracting ether soluble materials. The extract
 

is collected in a beaker. When the process is completed, the ether is!
 

distilled and collected in another container and the remaining crude fat
 

is dried and weighed.
 

Equipment
 

(a) Goldfisch, fat extraction apparatus
 

(b) Solvent beakers
 

(c) Extraction thimbles, alundum
 

Reagents
 

Ca) Diethyl ether, anhydrous
 

If anhydrous ether is not available, proceed as follows: Wash com­

mercial ether with 2 or 3 portions of water, add solid sodium hydroxide
 

or potassium hydroxide, and let stand until most of the water is ab­

stracted from the ether. Decant into dry bottle, add small pieces of
 

carefully cleaned metallic sodium and let stand until hydrogen evolution
 

ceases. Keep ether, thus dehydrated, over metallic sodium in loosely
 

stoppered bottles. Add zinc pellets to containers of both new and used
 

ether to prevent formation of dangerous peroxides.
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Procedure
 

Ca) Weigh by difference a 1.5 to 2.0 g sample into a clean pre­

viously extracted alundum thimble. 

Cb) Dry the sample at 1050 C over night (or use sample from dry 

matter determination). 

Cc) Clean and dry solvent beakers in 1050 C oven for an hour. 

Cool them to room temperature in a desiccator, weigh and record the tare 

weight. 

(d) Place thimble and sample in sample container and fix under the
 

condenser of the Goldfisch extraction apparatus. Add 30 to 40 ml of
 

diethyl ether to the solvent beaker and place on condenser with screw
 

ring, which is tightened as much as possible by hand. Turn on the water
 

that cools the condenser. Raise the hot plates until they are in con­

tact with the beakers and turn on heaters. Check for ether leaks after
 

the ether starts to boil and condense. When level of ether goes down in
 

beaker to a constant level (because a portion is volatilizing and con­

densing) the apparatus may be left with occasional checks. Extract 16
 

hours.
 

(e) After the extraction is completed, lower the heater and allow
 

the thimble to drain empty. Remove the samples and place glass ether
 

reclaiming tubes under the condenser. Replace beaker, raise hot plate
 

and distill ether into the reclaiming tubes. Just before ether in the
 

beaker evaporates to dryness, lower the hot plate. Remove beakers.
 

Pour ether from reclaiming tubes into a container for used ether. Com­

plete drying of ether in beakers in open air and allow ether beakers to
 

remain on bench.
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Dry the ether extract in a 1050 (: explosion proof oven for 30 

minutes. Cool in desiccator to room temperi-ture and weigh. 

Calculations 

Ether extract (%) partial dry or as fed basis = 

wt ether extract 
wt of sample 

x 100 

Adjusting to dr basis: 

(a) ether extract 
dry matter 

':, on 
Toas 

as fed sample 
fed sample 

x 100 

or 

(b) 	 ether extract, on partial ,hv !:ample x 100 
dry matte,' ofanpmt i:! (IdY sampl] 

Re fores c: 

USA Official elithoIs of Analvsis of the Association of Official Agri­
cultural Chemists. 19 ,)th di tion. Published by the.1 Asso­
ciation of Officin] Agrictiliial Chemists, P.O. Box 540, Benjamin 
Franklin Station, ashington 4, [).C. 
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DETERMINATION OF NITROGEN FREE EXTRACT 

Principle 

Nitrogen free extract (NFL) of a feed is determined by difference after 

the analyses have been completed for ash, crude fiber, ether extract and 

crude protein. NFE is necessary for the calculation of TIJN.
 

Calculation
 

NFE (%) on dry basis = 

100% - [ash (%) on dry basis + crude fiber (%) on dry basis + ether extract 

(%) onl dry basis + protein (%) on dry basis] 

Example: If the ash on dry basis was 7.2o; crude fiber, 32.7%; ether 
extract, 3.3%; and the crude protein, 15.3%, then: 

NFE (%) on dry basis = 

100% - [7.2% + 32.7% + 3.3% + 15.3%] = 41.5% 

Adjusting to as fed basis =
 

constituent on dry basis (%) x as fed dry matter ('%) x 100
 
100 100
 

Example:
 

If as fed dry matter = 89.3%, then: 

NFE (%) on af, fed basis = 

41.5 x 89.3 x 100 = 0.415 x 0.893 x 100 = 37.1%
 
100 100
 

2,101 



Reference
 

Crampton, E. W., and L. E. Harris. 1969. Applied Animal Nutrition,
 
The Use of Feedstuffs in the Formulation of Livestock Rations.
 
Second Edition. IV.1H.Freeman and Co., San Francisco, California,
 
USA.
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DETEMIINATION OF NITROGEN AND CRUDE PROTEIN
 

Principle
 

The nitrogen of protein and other compounds are transformed into
 

ammonium sulfate by acid digestion with boiling sulfuric acid. The
 

acid digest is cooled, diluted with water, and made strongly basic with
 

sodium hydroxide. The ammonia is released and distilled into a boric
 

acid solution. The ammonia in the boric acid solution is titrated with
 

standardized sulfuric acid.
 

An alternate procedure is also given that uses standardized acid
 

to collect the ammonia and standardized base to back-titrate the excess
 

acid. Either method will give good results but there is a small saving
 

in reagent costs with the alternate method. However, the boric acid
 

procedure saves considerable time since the boric acid does not have
 

to be standardized or measured accurately and there is no problem of
 

absorbing all of the ammonia distilled over with high nitrogen samples.
 

Equipment
 

(a) Macro Kjeldahl nitrogen digestion and distillation apparatus.
 

(b) Kjeldahl flasks, 650 ml.
 

(c) Erlenmeyer flasks, 500 ml.
 

(d) Two burettes.
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Reagents
 

(a) Indicator solution (0.1% methyl red and 0.2% bromocresol green
 

in alcohol).
 

(b) Standardized sulfuric acid solutions, 0.1 N. 
Standardize acid
 

against tris(hydroxymethyl) aminomethane, also known as 
2-amino-2-(hydroxy­

methyl)-l,3-propanediol, which has an equivalent wt of 121.14 g. A 0.3029
 

g sample dissolved in water is equivalent to 25 ml of 0.10 N H2SO4 . 
Use
 

the indicator solution under (a). 
 Make at least 3 determinations and use
 

the average normality of the three.
 

(c) Concentrated sulfuric acid, 93-98%, reagent grade.
 

(d) Catalyst mixture. 
Mix 7% reagent grade fine crystalline copper
 

sulfate with reagent grade potassium sulfate (premeasured catalyst pack­

ages are also available).
 

(e) Zinc, mossey.
 

(f) Sodium hydroxide solution, nitrogen-free (dissolve 450 g sodium
 

hydroxide flakes per liter of solution). Usually 18 to 25 liters are
 

mixed at a time. 
 Mlix in a large metal container by alternately adding
 

small amounts of water and sodium hydroxide. Stir with metal or glass
 

rod until completely dissolved after each additio-. of sodium hydroxide.
 

Let stand over night to cool then transfer by using a porcelain pitcher
 

to a polyethylene storage bottle.
 

(g) Boric acid solution, 4%. Dissolve 40 g boric acid reagent per
 

liter and add 5 ml indicator solution.
 

Alternate Procedure Reagents
 

(a) All reagents as described in (b) through (f) above.
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(b) Sodium hydroxide solution, 0.1 N. Add 4 g,of NaOil (reagent
 

grade) per liter of distilled water (free from CO2). Standardize the
 

sodium hydroxide solution against potassium biphthalate which has an
 

equivalent wt of 204.228 g. A 0.5106 g sample dissolved in water is
 

equivalent to 25 ml of 0.10 N NaOHl.
 

(c) Methyl red indicator (0.2% methyl red in 95% ethyl alcohol). 

Procedure 

(a) Weigh by difference a sample to contain approximately 25 to 

50 mg N. For feed samples this is 1.5 to 2.0 g. For fresh feces this 

is 4 to 6 g. For fresh urine use 5.0 ml, but weigh the material because 

urines vary considerably in specific gravity. Place a folded filter 

paper in a small funnel set in a small bottle. Place solid samples in 

the filter paper. Twist the top of the filter paper around the sample 

and introduce into a Kjeldahl flask. 

(b) Run two reagent blanks (with filter paper) through all the
 

steps of the procedure and subtract the blank titration from the sample
 

titrations. Usually the average of two blanks are sufficient for a
 

day's run.
 

(c) Add 10 g of the catalyst mixture with a small measuring
 

scoop followed by 25 ml of concentrated sulfuric acid. Increase the
 

amount of sulfuric acid used by 10 ml for each gram of organic matter
 

in sample above 2 g (for samples very low in nitrogen).
 

(d) Place the flask on the digestion heaters of the Kjeldahl
 

apparatus and turn on heat and exhaust fan. 11.atch the digestion process
 

until frothing ceases. If the froth of a sample starts up the neck of
 

the flask remove it from the heat to allow., froth to subside and return
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to heater. Frothing is common with liquid samples. Continue digestion,
 

turning flasks occasionally for 30 minutes aftcr the solution clears and
 

all carbon has been oxidized. Turn off the heat and allow the flasks to
 

cool on the heaters until fuming ceases; then remove the flasks and
 

continue cooling on a rack.
 

(e) Before the digest solidifies, carefully add 250 ml cold tap
 

water while cooling the flask under running cold water. If the digest
 

cooled to a solid state dissolve the solids by swirling before continuing
 

the procedure.
 

(f) Add 50 ml of the boric acid solution to the 500 ml Erlenmeyer
 

flasks and set them under the condensers with the tips beneath the surface 

of the solution (see alternate procedure below).
 

(g) Turn on the water for the condenser. Turn on the heaters on
 

the distillation rack so that they are hot when the distillation begins.
 

This prevents the boric acid from being drawn up into the distillation
 

flasks.
 

(h) Carefully add 110 ml of NaOH with the flask tilted so that the 

reagent runs down the side to the bottom of the solution. (If additional
 

H2SO4 was used add 35 ml of NaOl! for each 10 ml of 112 S0 4 .) Add a few 

pieces of mossy zinc (1-2 g) and quickly attach the flask to the distilla­

tion condenser. With the stopper in place, gently mix the contents of
 

the flask with a rotary motion. Yhe copper ions will form a dark blue
 

copper ammonium complex that indicates that enough NaOI was added to neu­

tralize the excess sulfuric acid and release the ammonia.
 

i) Distill about two-thirds of the liquid in the flask or until
 

about 200 ml of liquid are contained in the receiving flask. Lower the
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receiving flasks and allow the condensers to drain for five minutes
 

while the Kjeldahl flasks are cooling on the distillation heaters.
 

Rinse the bottom of the condensers with neutral water (titrated with
 

indicator and sulfuric acid).
 

(j) Titrate the ammonia with standardized 0.1 N sulfuric acid
 

to a faint purple or colorless endpoint.
 

(k) Empty the Erlenmeyer flasks and let drain upside down on a
 

rack. They are then ready for the next run without washing. 

(1) Drain Kjeldahl flasks through a screen to collect the zinc.
 

(The undissolved pieces of zinc can be reused.) Rinse in tap water
 

and drain upside down on a rack. They are then ready for the next 

run without washing. 

Alternate Procedure
 

(a) Weigh sample, digest and dilute digest as in (a) through (c) 

above. 

(b) Add from a burette or volumetric pipet exactly 50 ml of
 

flasks (ratherstandardized 0.1 N sulfuric acid to the 500 ml Erlenmeyer 

than the boric acid) and set them under the condensers as in (f) above. 

Continue the procedure through the distillation as in (g), (h)and (i) 

above. 

(c) Add 5 drops of the methyl red indicator solution. Back­

titrate the sulfuric acid that has not been neutralized by ammonia with 

the standardized 0.1 N sodium hydroxide solution. (If the back­

titration is zero then the sample contained too much ammonia for 50 ml 

of 0.1 N 112S04 to absorb. Repeat the determination with a smaller 

sample or larger volume of standardized sulfuric acid.) 

(d) Continue the procedure as in (k)and (1) above.
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Calculations
 

(a) Calculate the % nitrogen of sample when using boric acid as
 

follows: 
Nitrogen ofsam acid ml blank , 

Nitrogen % of sample =titrated ­ titration]wt of sample in g 
(acid N) x 0.014 x 100 

(b) Calculate the % nitrogen of sample when using sulfuric acid
 
to collect the ammonia as follows:
 

(ml base ) 

Nitrogen % of sample = (ml acid x acid N) - titrated x base N x 0.014 x 100
 
wt of sample in g
 

(c) To convert % nitrogen to % crude protein:
 

Crude protein a N % x 6.25
 

(d) Adjust 'Ucrude protein to dry basis:
 

Protein % on as fed sample x 100 
dry matter %of as fed sample 

or
 

Protein % on partial dry sample x 100
 
dry matter of partial dry sample
P 


Reference
 

Scales, F. M., and A. P. Harrison. 1920. Boric acid modification of
 
the Kjeldahl method for crop and soil analysis. J. Ind. Eng. Chem.
 
12:350-352.
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ORGANIC MATTER 

Organic matter is the material which burns in the presence of 

oxygen. The ash or mineral matter remains. 

If the percent ash is determined on the sample, the organic matter 

may be calculated by difference.
 

%organic matter
%oni myate % dry matter - % ash on dry basis
 
on a dry basis
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DETERMINATION OF CELL CONTENTS 

Principle
 

The more readily utilizable nutrients are enclosed by the cell wall
 

and can be grouped as cell contents. These include the protein, soluble
 

carbohydrate, soluble minerals and lipids. A high percentage of cell
 

contents is a good index of high nutritive value of a feed. The cell
 

content is determined as the difference between the % cell walls and 100%.
 

Calculation
 

Cell contents (%) on dry basis = 100% - cell walls (%) on dry basis. 

Example:
 

If the % cell walls on the dry basis is 59.3% then:
 

cell contents (%) on dry basis = 10% - 59.3% = 40.7%.
 

Adjusting to as fed basis: 

constituent on dry basis (%) x as fed dry matter % x 100 
100 100 

Example: 

If as fed dry matter = 89.3%, then: 

cell contents (%) on as fed basis = 40.7% x 89.3% x 100 = 
100 100 

0.407 x 0.893 x 100 = 36.3%. 
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Reference
 

Van Soest, P. J. 1967. 
 Development of a comprehensive system of feed
 
analysis and its application to forages. 
J. Animal Sci. 26:119.
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DETE IINATION OF CELL WALLS (NEUTRAL DETERGENT FIBER)

AND CELL CONTENTSa
 

Principle
 

The neutral-detergent procedure for cell walls 
(CW) is a rapid method
 

for the total fiber in fibrous plant feedstuffs. Itappears to divide the
 

dry matter of feeds very near the point which separates the nutritively
 

available and soluble constituents from those which are incompletely
 

available or dependent on a microbial fermentation. This method cannot be
 

used with feeds that have a 
high protein and low fiber content.
 

Equipment
 

(a) Refluxing apparatus. Use any conventional apparatus suitable
 

for crude fiber determinations. Berzelius beakers 
(600 ml) and condensers
 

made from 500 ml round flasks are preferred.
 

(b) Scintered glass crucibles. 
Use tall form, coarse porosity with
 

plate 40 mm in diameter, and large enough to contain 40-50 ml of liquid.
 

(c) Cleaning of crucibles. 
 After much use, crucibles tend to become
 

clogged with residual matter, resistant to the commonly used chromic acid
 

filtration. 
A reliable cleaning procedure is to ash at 5000 C (ifnot
 

already ashed) and force water in 
reverse flow through the filter plate.
 

Wben crucibles become clogged with mineral particles after several uses a
 

hot solution of 20% KOHI, 5% Na3PO4, 
and 0.5' disodium ethylenediaminetetra­

aAlso see page 2701.
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acetate forced through the scintered glass plate in reverse flow will
 

Overuse of the alkaline cleaning solution should
usually be effective. 


be avoided, as it tends to erode the glass.
 

Reagents
 

Add 30 g sodium lauryl sulfate,
(a) Neutral detergent solution. 


USP grade, 18.61 g disodium dihydrogen ethylenediaminetetraacetate
 

dihydrate, reagent, 4.56 g disodium hydrogen phosphate reagent, 6.81 g
 

sodium borate decahydrate reagent, and 10 ml 2-ethoxyethanol (ethylene
 

glycol, monoethyl ether), purified grade, per liter of distilled water
 

and agitate to dissolve. Check pH of solution to be within range of
 

6.9 to 7.0 and adjust as necessary.
 

(b) Decalin, reagent grade decahydronaphthalene.
 

(c) Acetone, reagent grade.
 

(d) Sodium sulfite, reagent grade.
 

Procedure
 

(a) Weigh by difference approximately a 1.0 g sample that has been
 

ground to pass through a 1 mm screen and place the sample in a Berzelius
 

beaker for refluxing.
 

(b) Add, in order, 100 ml cold (room temperature) neutral-detergent
 

solution, 2 ml decahydronaphthalene, and 0.5 g sodium sulfite with a cali­

brated scoop. Hfeat to boiling in 5-10 minutes. Reduce heat as boiling
 

begins, to avoid foaming. Adjust boiling to an even level and reflux
 

for 60 minutes, timed from onset of boiling.
 

(c) Place previously tared crucibles on filtering apparatus. Swirl
 

beaker to suspend solids and fill crucible. Do not admit vacuum until
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after crucible has been filled. 
Use low vacuum at 
first, increasing it
 
only as more force is needed. 
 Rinse sample into crucible with a minimum
 
of hot (800 C) water. 
 Remove vacuum, break up mat, and fill crucible
 

with hot water. 
Filter liquid and repeat washing procedure.
 

(d) Wash twice with acetone in same manner and suck dry. Dry
 

crucibles at ° 
I05 C overnight and weigh.
 

(e) Report yield of recovered neutral-detergent fiber as 
cell walls.
 
(f) Estimate cell 
content (soluble material) by subtracting this
 

value from 100 
(see page 2701).
 

Calculations
 

Cell walls ,uon as 
fed or partial dry basis 
= 

wt of crucible and cell walls - wt of crucible x 100Wt o samnpice
 

Adjusting to dry 
 basis: 

(a) cell i.alls % on as 
fed sample x 100
 
dr matter 
' of as fed sa~Inl-e
 

or
 

(b) cell walls L on_2atial dry sample 
 x 100
dry matter partial dry ample 

Note: 
 Se page .2701 for calculations of cell contents.
 

Reference 

Van Soest, 1P.J., and R. I. Wine. 1967. Use of detergents in the analysis
of fibrous feeds. IV. The determination of plant cell wall con­stituents. 
 .*.Assn. (,fficinl Anal. Chem. 50:50.
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DETERMINATION OF ACID DETERGENT FIBER
 

Principle
 

The acid-detergent fiber procedure provides a rapid method for
 

lignocellulose in feedstuffs. The residue also includes silica, however.
 

The difference between the cell walls and acid-detergent fiber is an
 

estimate of hemicellulose, although this difference does include some
 

protein attached to cell walls. The acid-detergent fiber is used as a 

preparatory step for lignin determination. Hemicellulose can be estimated 

from the difference between cell-wall constituents and acid detergent fiber.
 

Equipment
 

(a) Same as used with cell wall analysis, neutral detergent fiber 

procedure (see page 2801). 

Reagents
 

(a) Acid-detergent solution. Sulfuric acid, reagent grade stan­

dardized to 1 N. This is achieved by adding 49.04 g (correct for assay) H2SO4
 

within each liter of distilled water. For 18 liter of solution it requires
 

882.72 g of H2SO4. Add 20 g of cetyl trimethylammonium bromide (CTAB), 

technical grade to one liter of 1 N H2SO4 solution, or 360 g per 18 liters.
 

Stir to facilitate solution.
 

(b) Decalin, technical grade dicahydronaphthalene.
 

(c) Acetone, reagent grade.
 

(d) Hexane, reagent grade. 
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Procedure
 

(a) Weigh by difference approximately 1 g of sample into a beaker 

or container suitable for refluxing. 

(b) 	Add 100 ml cold (room temperature) acid-detergent solution and
 

2 ml 	 decahydronaphthalene. Heat to boiling in 5 to 10 min. Reduce heat 

to avoid foaming as boiling begins. Reflux 60 min. from onset of 

boiling, adjusting boiling to a slow, even level.
 

(c) Filter on a previously tared crucible, which is set on the
 

fiber 	manifold, using light suction. Break up the filtered mat with a 

rod and wash twice with hot water (90-l00* C). Rinse sides of the cru­

cible in the same manner.
 

(d) Repeat wash with acetone until it removes no more color,
 

breaking up all lumps so that the solvent 
 comes into contact with all 

particles of fiber. 

(e) 	 Wash with hexane. Hexane should added whi lebe 	 crucible still 

contains some acetone. 
 (Hexane can be omitted if lumping is not a prob­

lem.) Suck the acid-detergent fiber free of hexane and dry at 105 0C 8 

hr. or overnight, cool in a desiccator to room temperature and weigh.
 

Calculations
 

Acid 	detergent fiber %on partial dry,, cr iis; fed basis = 
(wt of crucible + fiber - tare wt of crucible) x 100 

wt of 	sample 

Adjusted to dry basis = 

(a) 	 Acid detergent fiber % on as fed sample x 100
 
dry matter %of as fed sample
 

or
 
ob) Acid detergent fiber% onpartial dry sample x100
 

dry matter % of partial dry sample
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Reference
 

Van Soest, P. J. 1963. Use of detergents in the analysis of fibrous 
feeds. II. A rapid method for the determination of fiber and 
lignin. J. Assoc. Official Agr. Chem. 46(5):829. 



DETERMINATION OF ACID DETERGENT LIGNIN
 

Principle
 

The acid-detergent lignin procedure utilizes the acid-detergent 

fiber procedure as a preparatory step. The detergent removes the 

protein and other acid-soluble material which would interfere with 

the lignin determination. The principle of the procedure is that the 

acid detergent fiber residue is primarily lignocellulose of which the
 

cellulose is dissolved by the 72% 11 The remaining residue
2SO4 solution. 


consists of lignin and acid-insoluble ash; however, with samples contain­

ing large amounts of cutin this also is measured as part of the lignin.
 

Equipment
 

(a) All equipment required for determination of cell walls (page 2801).
 

(b) Glass tray.
 

(c) Muffle furnace, temperature controlled at 5000 C.
 

Reagents
 

(a) Sulfuric acid, 72%. Calculation of g acid and water needed in
 

1 liter of solution:
 

100 x 98.08 molecular weight x 12 moles = g 12SO4 needed.
 

H2SO4 assay (%) 
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1000 x 1.634 - g H2SO4 = g H20 needed 

+specific gravity of 72% H2SO4.
 

Weigh the water needed for 1 liter in a 2000 ml beaker. Weigh the
 

acid needed in a separate container. Gradually add the acid to the water
 

with occasional stirring while the solution is being cooled in a cold
 

water bath (sink). Check the specific gravity by measuring a 5 ml aliquot 

(at 200 C) with a volumetric pipette, placing it in a covered weighing
 

bottle and weighing it on an analytical balance. Adjust the specific
 

gravity to 1.634 at 200 C by adding small measured amounts of water or
 

acid and recheck the specific gravity as before.
 

Procedure
 

(a) The first step is to prepare acid-detergent fiber as described
 

on page 3201.
 

(b) Place the crucibles in the glass tray. Have one end of the tray 

2 cm higher so acid will drain away from the crucibles. 

(c) Cover the contents of the crucible with cooled (50 C) 72%
 

H2SO4 and stir with a glass rod to a smooth paste, breaking all lumps.
 

Fill crucible about halfway with acid and stir. Let glass rod remain in 

crucible. Refill with 72% 112SO4 and stir at hourly intervals as acid 

drains away. Crucibles do not need to be kept full at all times. Three
 

additions suffice.
 

(d) Keep crucible 20-230 C.
 

(e) After 3 hours, filter off as much acid as possible with vacuum.
 

Rinse the residue once with 72% acid and filter it off.
 

(f) W'ssh contents with hot water (85-950 C) until free from acid.
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Rinse and remove stirring rod.
 

(g) 	Dry crucible overnight at 1000 C and weigh.
 

(h) 	Ignite crucible in a muffle furnace at 5000 C for 3 hours. 

Cool to 2500 C and transfer to a desiccator. Cool to room temperature
 

and weigh.
 

Calculations
 

Lignin (%) on as fed or partial dry basis = 

(wt of crucible and lignin - wt of crucible and ash) x 100 

wt of sample 

Adjusting to dry basis: 

(a) 	lignin 'aon as fed sample x 100
 
dry matter % of as fed sample
 

(b) 	lignin %_on partial dry sample x 100
 
dry matter ' of partial dry sample
 

Reference
 

Van Soest, P. J. 1963. Use of detergents in the analysis of fibrous
 
feeds. If. A rapid method for the determination of fiber and
 
lignin. J. Assoc. Official Agr. Chem. 46:829.
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DETERMINATION OF PERMANGANATF JJGNTN, CELLULOSE 
AND SILICA (INSOLUBLE ASH)
 

Principle
 

An indirect method for lignin utilizing permanganate allows the
 

determination of cellulose and insoluble ash in the same sample. The
 

insoluble ash is an estimate of silica content, which in many grasses
 

is a primary factor in reducing digestibility. The permanganate lignin
 

method is an alternative procedure to the 72" sulfuric acid method; each
 

has its own advantages. Choice of methods will depend on materials
 

analyzed and on the purpose for which the values are to be used.
 

Advantages of the permanganate method over the 72% acid method include
 

(l) a shorter procedure, (2) the permanganate reagents are much less
 

corrosive and require no standardization, and (3) values are less
 

affected by heat damage artifacts and are closer to a true lignin
 

figure.
 

However, cutin, which is important i, many seed hulls, is not
 

measured. A variation for the analysis of seed hulls is to prepare the
 

permanganate cellulose and treat with 72% sulfuric acid and asbestos
 

for 3 hours. This will result in the partitioning of crude lignin into
 

two fractions as described below.
 

One disadvantage of the permanganate method is that large particles
 

are poorly penetrated by the reagents and yield low values. Conse­

quently materials high in water content must be partially dried and
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ground through a 1 mm screen, and the method is not applicable to fresh
 

feces and forages which have been ground in a meat grinder. Because of
 

higher sensitivity to heat damage, 72% acid is preferred for assaying
 

artifact lignin.
 

Iheory of the method: Interfering matter is removed by preparing
 

acid-detergent fiber, which is chiefly composed of lignin, cellulose,
 

and insoluble minerals. Lignin is oxidized with an excess of acetic
 

acid-buffered potassium permanganate solution, containing trivalent iron
 

and monovalent silver as catalysts. Deposited manganese and iron oxides
 

are dissolved with an alcoholic soluticn of oxalic and hydrochloric
 

acids leaving cellulose and insoluble minerals. Lignin is measured as
 

the weight lost by these treatments, while cellulose is determined as
 

the weight loss upon ashing. le ash residue is mainly silica and much
 

of the non-silica matter can be removed by leaching with concentrated
 

hydrobromic acid.
 

Equipment
 

(a) Same as for acid detergent lignin (page 3301).
 

Reagents
 

(a) Saturated potassium permanganate. Dissolve 50 g reagent-grade
 

KMnO4 per liter of distilled water, 900 g KMnO4 per 18 liters of dis­

tilled water. Keep out of direct sunlight.
 

(b) Lignin buffer solution. For one liter dissolve 6.0 g ferric
 

nitrate nonahydrate (Fe(N03 )3 .9H20) and 0.15 g silver nitrate in 100 ml
 

distilled water. Combine with 500 ml glacial acetic acid and 5.0 g
 

potassium acetate (reagent grades). Add 400 ml tertiary butyl alcohol
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and mix (reagent grade). For 12 liters use the following amounts of
 

chemicals:
 

ferric nitrate nouahydrate 72 g
 
silver nitrate 1.8 g
 
acetic acid 6.0 liter
 
potassium acetate 60 g
 
t-butyl alcohol 4.8 liter
 
distilled water 1.2 liter
 

(c) Combined permanganate solution. Combine and mix saturated
 

potassium permanganate and the lignin buffer solution in the ratio of
 

2:1 by volume before use. Unused mixed solution may be kept about a
 

week in a refrigerator in the absence of light. Solution is usable if
 

it is purple in color and contains no precipitate.
 

(d) Demineralizing solution. For one liter, dissolve 50 g oxalic
 

acid dihydrate in 700 ml 95% ethyl alcohol. Add 50 ml concentrated
 

(approximately 12 N) hydrochloric acid and 250 ml distilled water and
 

mix. For 18 liters use the following amounts of chemicals:
 

oxalic acid 900 g
 
95% ethanol 12.6 liter
 
concentrated hydrochloric acid 900 ml
 
distilled water J.5 liter
 

(e) Ethyl alcohol 80%. For one liter mix 155 ml distilled water
 

and 845 ml 95% ethyl alcohol. For 18 liters, mix 2.8 liters distilled
 

water and 15.2 liters 95% ethyl alcohol.
 

(f) lHydrobromic acid, reagent grade.
 

Procedure
 

(a) The residue from the acid-detergent fiber determination may
 

be used (use original weight of sample). If this residue is not used,
 

proceed as outlined under (b), (c), and (d).
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(b) Weigh approximately a 1.0 g sample that has been ground through 

a 1 mm screen. On sample containing over 15% lignin, use 0.5 g.
 

°
(c) Place crucible in a muffle furnace at 500 C for an hour or
 

longer. Cool in a desiccator to room temperature and weigh.
 

(d) Prepare acid .. : Ft' ',- to +he out­ci'l- .- 4
", procedur" 

lined on page 3201.
 

(e) Place crucibles containing the acid dctergent fiber in a shallow
 

glass tray containing approximately 1 cm cold water. Fiber in crucibles
 

ihwuld not, uc weL. 

(f) cD3mbine and mix saturated pota r uim permanganate and buffer 

solution 2:1 by volume, and i( I approxim .::lx' 25 ml to the crucibles. 

Do not overfill. Adjust level of water in pan to rcduce flow of solu­

tion out of crucibles. Place a short vlass rod in each crucible to 

stir contents, to breal lumps, and to draw permanganate solution up on 

sides of crucibles to wet all particles. 

(g) Allow crucibles to stand 90 ! 10 minutcs at a temperature of 

20 to 250 C, adding more mixed permanganate solution if necessary. 

Purple color must be present at all times. 

(h) Remove crucibles to filtering apparatus and filter off visible
 

liquid. Do not wash. Place in a clean enamel or glass pan, and fill
 

crucibles no more than half full wi.th demineralizing solution. After 

about 5 minutes, filter off visible liquid and refill halfway with demin­

eralizing solution. Care must be taken to avoid spillage by foaming. 

Repeat the demineralizing solution treatment a third time if the filtrate 

from the second treatment is very b-wn. Rinse down the sides of the 

crucibles with a fine stream of demineralizing solution from a squeeze 

bottle. Treat until fiber is white. Total time required is 20 to 30 

minutes. 
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should be avoided with samples of low lignin content, particularly in
 

the case of immature grasses. Here a single addition of pcrmanganate
 

solution suffices. Fiber from immature grasses 
 is very rapidly dclig­

nified and there is danger in 
 these materials of loss of c.llulo:nic
 

carbohydrates if there is 
 too much flow. PNduction in flow is accon­

plished by adjusting pan water level to near that 
 in the crucibles.
 

These precautions are not needed 
 with 	 thu demii.cralizin, s;elution. 

L.a CuLat ons 

Lignin % on partial dry or as fed basis ­

(wt acid deter;ent fiber wt perlan, 
 nat, IMu r residuc) x Iot)wt of sanIpI e refore detur-c i-i Ith - T1ti -. ti;: Vnt. -'i, 


Cellulose % on partial dry or as fed 
 ba sis = 

(wt crucible and pcrmanganatc fiber rvsid.. w! cruc 	 lue and ash) x 10(wt of sAAple beio,-, deltcrminat ion of ,ci tvunt I r
 

Silica % on partial dry or as fed basis =
 

(wt of ash after hydroen bromide washing) - It0
 
Fwt of sample ,e fore deteri Iati on 
 of .-d il e r2rn fi her 

Adjusting to dry basis:
 

(a) 	analysis % on as 
fed 	samlle x 100

dry matter . of as fed sample
 

or
 

(b) 	 analysis %on partial dry),samle x 1(10
 
dry matter of partial dry sadpre
 

Reference 
Van Soest, P. J., and R. Hi. Wine. 1968. l)etermination of lignin andcellulose in acid-detergent fiber with permanganate. J. Assoc. 

Official Anal. 
7hem. 51:780.
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PREPARATION OF ASH SOLUTION FOR THE DETERMINATION
 
OF CALCIUM, MAGNESIUM AND PHOSPHORUS 

Principle
 

The ash which is soluble is put into solution in an acid medium.
 

The insoluble part is filtered off.
 

Equipment
 

(a) Hot plate
 

Reagents
 

(a) Concentrated HC1
 

Procedure
 

(a) Add 5 ml of concentrated HCl acid to the porcelain crucibles
 

containing the ashed sample which was saved from the determination of ash 

procedure.
 

(b) Add about 20 ml of distilled water and place on 1000 C hot plate.
 

Evaporate the samples to about 10 ml.
 

(c) Add 10 ml distilled water and heat to around 900 C. Cool and 

filter the samples through Sharkskin, S & S, filter paper (filter paper of 

low ash content) in long stem funnels into 100 ml volumetric flasks. Rinse
 

crucible and filter paper with distilled water.
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(d) Nake the solutions to volume with distilled water. 

(e) Save for determinations of calcium, magnesium, and phosphorus. 

References 

Easley, J. F., McCall, J. T., Davis, G. K. and Shirley, R. L. 1965. 
Analytical methods for feeds and tissues. Nutrition Laboratory,
 
Department of Animal Science, University of Florida.
 

Snell, Foster Dee and Cornelia T. Snell. 1949. Colorimetric Methods 
of Analysis. 3rd Edition, Vol. II. D. Van Nostrand Company, Inc., 
Princeton, New Jersey.
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DETERMINATION OF CALCIUM
 

Principle
 

Ethylenediaminetetraacetic acid (EDTA) forms, in basic solution
 

a soluble and slightly ionized complex with calcium and magnesium as well
 

as many other metals. When the magnesium ion is present, a good end
 

point is observed with Eriochrome Black T indicator. Calcium is com­

plexed by EDTA before magnesium. So, an unknown calcium solution
 

containing a known amount of magnesium may be titrated with EDTA to
 

determine the calcium present. Interference by other ions must be
 

eliminated.
 

Equipment
 

(a) Micro burettes
 

Reagents
 

(a) Buffer solution. Mix 67.5 g of ammonium chloride with 570 ml
 

of concentrated ammonium hydroxide and dilute to 1 liter.
 

(b) Indicator. Dissolve 0.25 g of Eriochrome Black T in 50 ml
 

of diethanolamine.
 

(c) Magnesium sulfate solution. Dissolve about 2.0 g of
 

MgSO4 .7H20 in a liter of water. An exact EDTA titer must be determined
 

by titrating the magnesium sulfate solution wt'i the EDTA solution.
 

(1 ml of magnesium sulfate solution needs to be evaluated in regard to
 

how many ml of the EDTA solution it is equivalent to.)
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(d) EDTA solution. Dissolve 6.65 g of reagent grade disodium
 

ethylene-diaminetetraacetic (EDTA) in sufficient water to make 1 liter
 

of solution. (1.0 ml of EDTA needs to be evaluated in regard to how
 

many mg of calcium it is equivalent to.)
 

(e) Saturated ammonium exalate.
 

(f) Concentrated hydrochloric acid.
 

(g) Methyl red indicator. 0.1% alcoholic solution. Dissolve
 

0.1 g in 95% ethyl alcohol and dilute to 100 ml.
 

(h) Calcium standard (one mg Ca per ml). Dissolve 2.4973 g pure
 

Dilute to exactly 1
calcium carbonate in about 100 ml of dilute HC1. 


liter with water.
 

(i) Ammonium hydroxide, 1%. Dilute 10 ml of reagent NH1401-i to
 

1 liter with water.
 

Procedure+
 

(a) Pipette an aliquot of the ash solution containing from 0.05 mg
 

to 1.5 mg of calcium into a 15 ml conical-tipped centrifuge tube con­

taining 3 ml of saturated ammonium oxalate.
 

(b) Add 1 drop of methyl red indicator and adjust the p1l to 5.0­

5.5 (faint pink color of indicator) using a dilute solutio. of hydro­

chloric acid or ammonium hydroxide. Mix the contents thoroughly, let
 

stand for one hour and centrifuge for five minutes at 3,000 ;pm.
 

(c) Carefully pour off the supernatant squid, resuspend the
 

ammon­precipitate and wash the sides of the tube with about 3 ml of 1% 


ium hydroxide, zentrifuge, again pour off the supernatant liquid.
 

+See page 3651 for preparation of ash solution.
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(d) 	Dissolve the precipitate in 0.5 ml of concentrated hydro­

chloric acid. Wash the sample with distilled water into a 100-ml
 

Dilute to about 30 ml, add 5.0 ml of the buffer and several
beaker. 


drops of the Eriochrome Black T indicator.
 

(a) Add 0.5 ml of the magnesium sulfate solution from a burette.
 

The color should be wine red.
 

(f) Add EDTA solution from a burette until a true blue color is
 

Back titrate with the magnesium
obtained, then add 0.1-0.5 ml extra. 


sulfate solution until the very first wine red tinge appears in the
 

blue solution.
 

(g) If a clear end point is not obtained, add about 0.25 g of
 

sodium cyanide to the sample after the buffer has been added.
 

Calculations
 

=Calcium (.) on either partial dry or as fed basis 


MgSO 4)] x 100
calcium titer of I.DTA [ml EDTA - (Mg titer of EDTA x ml 
x 1000
ml aliquot of ash solution x wt of sample before ashing in g 


100
 

or
 

x 	 Ng9SO 4 )]calcium titer of EDTA [ml EDTA - (Mg titer of EDTA nil x 10 

ml aliquot of ash solution x wt of sample before ashing in g 

Adjusting to dry basis:
 

(a) 	calcium %on as fed sample x 100
 

dry matter % of as fed sample
 

or
 

(b) 	calcium %on partial dry sample x 100
 

dry matter -iof partial-dry sample 
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Reference
 

Easley, J. F., 
J. T. McCall, G. K. Davis and R. L. Shirley. 1965.
 
Analytical methods for feeds and tissues. 
 Nutrition Laboratory,

Department of Aniaml Science, University of Florida.
 

Welcher, Frank J. 19S7. 
The analytical uses of ethylenediaminete­
traacetic acid. 
1).Van Nostrand Company, Inc., Princeton,
 
New Jersey.
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DETERMINATION OF MAGNESIUM
 

Principle
 

Ethylenediaminetetraacetic acid (FDTA) forms, in basic solution, a 

soluble and slightly ionized complex with clcium and magnesium as well 

as many other metals. All calcium ions are complexed before the magne­

slum ions. Mien using Eriochrome Black T indicator, a good end point is 

observed in the presence of magnesium ions. The calciutm is determined 

as in the calcium procedure, and the equivalera .mnount of liIlTA is sub­

tracted leaving the amount due to magnesit ni . ,lsin uhe magnesium 

equivalent of the FDTA solution titer, the nd 1ili ,vm.,oF magnesium in 

sample may be calculated. 

Equipment 

(a) Micro burettes
 

Reagents
 

(a) Buffer solution. Mix 67.5 g of amnonium chloride with 570 ml 

of concentrated ammonium hydroxide and dilute to 1 liter. 

(b) Indicator. Dissolve 0.25 g of Eriochrome Bflack T in 50 ml of 

diethanolanine. 

(c) Nlagncsium sulfate solution. Dissolve n+owl 2 g of ilgSO'7112 0 

in a liter of water. The EDTA equivalent of this solution must be de­

termined by titration with the EDTA solution. (I ml of magnesium 
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sulfate solution needs to be evaluated in regard to how many milliliters
 

of EDTA solution it is equivalent to.)
 

(e) Magnesium standard. One milligram per ml. Dissolve 8.3606 g
 

of reagent grade magnesium chloride 6-hydrate in a small volume of water
 

and dilute to 1 liter with water.
 

Procedure+
 

(a) Pipette an aliquot of the ash solution containing 0.02-1.5 mg
 

of magnesium into a 100 ml beaker and dilute to about 30 ml with dis­

tilled water.
 

(b) Add 5 ml of the buffer solution and a few drops of the indi­

cator solution.
 

(c) Add 0.2-0.5 ml of magnesium sulfate soletion and titrate to a
 

true blue color with the EDTA solution.
 

(d) Acid 0.2-0.5 ml extra IDTA solution to ,. iirst faint wine­

colored tinge in the blue solution.
 

(e) If a clear end point is not obtained, add about 0.25 g of
 

sodium cyanide to the sample after the buffer"has been added. Clean
 

equipment with care so that it does not contaminate other equipment or
 

yourself. If interference persists, see reference below.
 

+ See page 3651 for preparation of ash solution.
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Calculations
 

Magnesium (%) partial dry or as fed basis = 

ml EDTA equivalent ml EI)rA 

magnesium equivalent ml EDTA of calcium in equivalent of x 10 
of ED'rA solution titrated - aliquot MgSO4 added) 

ml aliquot ash solution x wt ashed sample in g 

Adjusting to dry basis: 

(a) magnesium -6 on as fed basis x 100
 
dry matter % of as fed sample
 

or
 

(b) 	magnesium % on partial dry basis x 100
 
dry matter ' of partial dry sample
 

Reference 

Welcher, Frank J. 1957. The analytical uses oi ethylenediami.netetraacetic 
acid. D. Van Nostrand Company, Inc., Princeton, New Jersey. 
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DETERMINATION OF PHOSPHORUS
 

Principle
 

The orthophosphate ion reacts with ammonium molybdate to form a
 

phosphomolvbdate compound. The phosphonloQybdate compound is reduced to
 

molybdenum blue with l-amino-2-naphthol-4-sulfonic acid. The blue color
 

formed is in direct proportion to the orthophosphate present.
 

Equipment
 

(a) Spectronic "20" spectrophotometer or equivalent.
 

Reagents
 

(a) Standard pnosphorus solution, 0.1 mg phosphorus per ml. Dis­

solve 0.4394 g of pure, dry KH2PO4 in 100 ml of distilled water and 200 ml
 

of 1 N sulfuric acid. Add a few drops of 2% potassium permanganate as a
 

preservative and dilute with water to I liter. 
 Dilute as needed for
 

standards.
 

(b) Sulfuric acid solution, 10 N. Carefully pour 280 ml of concen­

trated sulfuric acid into 720 ml water.
 

(c) Ammonium molybdate reagent. Dissolve 12.5 g of ammonium molyb­

date in about 100 ml of water. Add the molybdate solution to 150 ml of
 

10 N sulfuric acid in a 500 ml volumetric flask and dilute to volume with
 

water. Store in refrigerator.
 

(d) Sodium bisulfite solution, 15%. Dissolve 15 g of sodiujn
 

bisulfite in water and dilute to 100 ml.
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(C) Sodium sulfite, 20%. Dissolve 10 g of anhydrous sodium
 

sulfite in water and dilute to SO ml.
 

(f) Amino-naphthol sulfonic acid reagent (ANSA). 
 Weigh 250 mg of
 

reagent grade l-amino-2-naphthol-4-sulfonic acid. Make a paste with a drop
 

or two of the 15% sodium bisulfite solution. 
Then add 97.5 ml of the 15%
 

sodium bisulfite solution and 2.5 ml of the 20% sodium sulfite solution.
 

If all the aminonaphthol sulfonic acid does not readily dissolve, add
 

more of the 20% sodium sulfite solution, 0.5 ml at a time, until solution
 

is complete. Do not add an excess. 
 Let stand overnight, then filter
 

through No. 41 Whatman filter paper or equivalent. Store in a brown glass
 

bottle.
 

Procedure'
 

(a) Pipette an aliquot of the ash solution containing 0.01 mg to
 

0.2 mg of phosphorus into a 50 ml volumetric flask. 
 Add about 25 ml of
 

distilled water. Add S ml of the ammonium molybdate reagent. Swirl the
 

flask to mix the solution. Add 2 ml of ANSA reagent. Fill to volume
 

with water. Stopper and mix well.
 

(b) Record the absorbancy of the solution at exactly 20 minutes
 

after addition of the ANSA reagent. Compare the absorbancy to a reagent
 

blank using distilled water in place of sample aliquot. 
 Read the phos­

phorus concentration by comparing the absorbancy to a previously prepared
 

standard phosphorus curve ranging from 0.01 to 0.25 mg phosphorus per
 

50 ml.
 

+ See page 3651 for preparation of ash solution
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Calculations
 

Phosphorus % partial dry or as fed basis 
= 

mg phosphorus in aliquot.x 10
 
ml aliquot ash solution x wt ashed sample
 

Adjusting to dry basis = 

(a) phosphorus % on as fed sample x 100
 
dry matter % on as fed basis
 

or
 

(b) phosphorus % on partial dry sample x 100
 
dry matter % of partial dry sample
 

References
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TRACE ELEMENT ANALYSIS
 

In the determination of trace elements (usually considered less than
 

0.01%) certain precautions should be taken. Glassware as free as possi­

ble from traces of the element desired should be used. In the case of
 

ashing crucibles, this means using Vycor brand, which is 96% silica 

glass, the remainder being boric oxide, aluminum, sodium, iron, and arse­

nic. This is comparable to fused quartz in thermal and chemical reSis­

tance. It is very stable with acids and mild alkalies. All other glass­

ware used should be of Pyrex brand quality. This is a low-alkali-content, 

boro-silicate glass. It is free from magnesia-lime-zinc group elements,
 

heavy metals, arsenic, and antimony. For boron determinations, use
 

alkali-resistant glass which is free from boron. 

All glassware used must be washed well with a detergent, rinsed
 

with tap water, rinsed with 10-% hydrochloric acid solution and then
 

rinsed with triple distilled water.
 

Special care should be taken in preparation of samples if the trace 

metals are to be determined. Samples prepared for proximate analyses 

are frequently ground in Wiley mills, generally equipped with bronze 

sieves. The bronze sieves have been shown to contribute significant
 

quantities of trace metals to the ground material. Stainless steel
 

sieves are available for the Wiley mill which should reduce contaminati. 

and should be used when trace metals are to be determined on the ground 

sample. 1f stainless steel sieves for the grinding mill are riot available, 
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stainless steel scissors can be used with certain types of forages for
 

cutting or chopping the sample in lieu of grinding. In this case, sub­

samples of greater weight than those usually taken can be used to aid in
 

obtaining representative material if the sample is cut rather than ground.
 

If at all possible, it should be established that the preparation pro­

cedure being utilized does not contaminate the samples with metals to
 

be determined.
 

Care must also be taken to prevent gross contamination of the sample
 

through accidental introduction of metal from common articles of the
 

laboratory -- orin from ring stands, nickel from crucible tongs, copper 

and zinc from burners, zinc from rubber, etc.
 

Water used in trace mineral analysis should be glass distilled.
 

A blank should be carried through all the steps of the determination
 

proper. This takes account of the amounts of constituent contributed
 

by the vessels and by the reagents. A zero blank is not necessarily an
 

indication that all is well. It may mean that a foreign substance in
 

the reagent is combining with the desired constituent and preventing
 

its reaction with the color reagent in colorimetric analysis.
 

Dilute solutions of metal ions may undergo a serious loss in strength
 

on standing as a result of absorption on, or cation exchange with, the
 

glass container. The loss is greatest in neutral or slightly basic medium,
 

but may occur as well in slightly acidic solution. The weaker the solution,
 

the greater will be the relative decrease in concentration. Therefore,
 

all standards and solutions should be stored in polyethylene containers.
 

Solutions in organic solvents should never be stored in polyethylene
 

bottles.
 

Fungus growth may remove metals from solution.
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Standard solutions may be prepared from pure metals or from pure
 

salts of definite composition. If a good grade of "reagent-quality"
 

salt is available, it may, as a rule, be used without further purifi­

cation for the purposes 6f colorimetry. Whenever possible, anhydrous
 

salts are used. These should be powdered and dried at 1000 C or higher
 

to remove most of the vacuole water. Hydrated salts may, in many instan­

ces, be used with satisfaction if they are not deliquescent or markedly
 

efflorescent. The crystals should be large enough to permit the picking
 

out of clear uneffloresced individuals. Such air-dry crystals may con­

tain a few parts per thousand of foreign water but this will rarely
 

matter in trace analysis.
 

In practically all cases the organic material must be destroyed
 

before trace analysis. This may be done by dry ashing in a muffle fur­

nace at 500-6000 C or by wet digestion with acids.
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DETERMINATrON OF COBALT
 

Principle
 

Cobalt is extracted from ash solution with dithizone. Cobalt forms
 

a red complex with sodium 1-nitroso-2-naphthol-3, 6-disulfonate, nitroso-

R salt, which is stable in boiling nitric acid. This last property makes 

possible a determination that is nearly specific for cobalt. Three moles 

of reagent combine with one of cobalt. This reaction furnishes a most 

sensitive method for the determination of traces of cobalt such as occur
 

in soils, plants, and animal organs. 

Equipment
 

Ca) Spectronic "20" or equivalent spectrophotometer. 

Cb) 5 liter separatory funnel
 

Reagents
 

Ca) Nitroso-R salt Csodium 1-nitroso-2-hydroxynr.phthalene-3, 6­

disulfonate), 0.2% aqueous solution. This solution undergoes no change
 

for months if kept in the dark.
 

(b) Standard cobalt stock solution, 0.0100% cobalt. Dissolve
 

0.040 grams of CoC1 2 @6H 2O in water, add 1 ml of concentrated HCl and
 

dilute to 100 ml. From this solution prepare a more dilute one (e.g.,
 

10 micrograms of cobalt per milliliter).
 

(c) Citric acid, 0.20 M. Dissolve 4.2 g of the monohydrate in
 

water and dilute to 100 ml.
 

(d) Buffer solution. Use 6.2 g of boric acid, 35.6 g of disodium
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phosphate dihydrate, and 500 ml of 1.00 N sodium hydroxide in a total
 

volume of 1 liter.
 

(e) Dithizone. Dissolve 0.5 g dithizone in 600-700 ml CC14.
 

Filter into 5 liter separatory funnel containing 2.5-3.0 liters of 0.02
 

N NH40H, shake well, and discard CC14 layer. Shake with 50 ml portions
 

of high grade CC1 4 until CC14 phase, as it separates, has pure green
 

color. 
Add 1 liter of CM 4 and acidify slightly with HC1 (1 + 1).
 

Shake the dithizone into CC14 
layer and discard aqueous layer. Store in
 

cool, dark place, preferably- in refrigerator.
 

(f) Ammonium citrate solution, 40%. Dissolve 800 g of citric acid
 

in 600 ml of water and, while stirring, add slowly 900 ml NH4OH. Adjust
 

pH to 8.5, if necessary. 
Dilute to 2 liters and extract with 25 ml
 

portions of dithizone solution until aqueous phase stays orange and CCI4
 

remains predominantly green. 
Then extract solution with CC14 until all
 

orange color is removed.
 

(g) Hydrogen Peroxide, 30%.
 

(h) Concentrated sulfuric acid.
 

(i) Concentrated nitric acid.
 

(j) Concentrated hydrochloric acid.
 

(k) Phenolphthalein, 1% alcoholic solution. 
 Dissolve 1 gram in
 

95% ethyl alcohol and dilute to 100 ml.
 

(1) Ammonium hydroxide (1 + 1). Distill concentrated NH40H into
 

equal volume of water.
 

Cm) HNO3 + H2S04 solution. Combine 45 ml concentrated nitric acid
 

and 30 ml concentrated sulfuric acid.
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Procedure
 

See instructions on how to prepare samples (page 4101).
 

Weigh about 6 g sample (or larger amount) into a Vycor crucible. Ash 

at 5000 C ove.'night. Cool. Dissolve ash with 3 ml concentrated HCl 

and add 25 ml water. Evaporate two-thirds of solution. Add 15 ml water. 

Evaporate two-thirds of solution. Add 15 ml water. Evaporate one-half 

of solution. Filter into 25 ml volumetric flask and make to volume. 

Transfer all or pavt of tihis solut'ion to a 150 ml separtiory funnel. Add 

5 ml of the ammonium citrate solution and one drop phenolphthalein solu­

tion; adjust to pH 8.5 with NH4OH (1 + 1). If precipitate forms, add 

additional ammonium citrate. Add 10 ml of the dithizone in CC 4 and 

shake the solution five minutes. Drain CC 4 phase into 100 ml beaker.
 

Repeat as many times as necessary, using 5 ml quantities of dithizone
 

solution and shaking five minutes each time. Extraction is complete when 

aqueous phase remains orange and CC14 phase remains predominantly green.
 

Then add 10 ml CC 4, shake five minutes, and combine with CCl 4 extract. 

Final 10 ml CC14 should be pure green. If not, extraction was incomplete
 

and must be repeated. Add 2 ml of HNO3 -H2SO4 solution and evaporate
 

just to dryness. Cool. Add 20 ml water. Add 2 ml 30% H202 until 

solution is clear. Evaporate solution to 5 ml volume. Add 1 ml of cit­

ric acid solution and 1.2 ml of phosphate-boric acid buffer. The pH 

should be 8.0; if not, add more buffer until pH 8.0 is reached. Add 

exactly 0.5 ml of nitroso..R salt solution while stirring. Boil for one 

minute, add 1 ml of concentrated nitric acid, and again boil for exactly 

one minute. Cool immediately in the dark and make u, to 10 ml after 

transferring to volumetric flask. Observe the optical density of the 
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solution at 420 millimicrons. Compare the observed optical density to
 

a standard cobalt curve ranging from 0 to 10 microgram cobalt per 10 ml
 

final volume.
 

Calculations
 

Cobalt (milligrams per kg) on partial dry or as fed basis = 

micrograms cobalt in sample
 

wt of sample
 

Adjusting to d"- l.-isis 

(a) cobalt (milligrams per kg) on as fed sample x 100
 
dry matter % of as fed sample
 

or
 

(b) cobalt (milligrams per kg) on partial dry sample x 100
 
dry matter % of partial dry sample
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DETERMINATION OF MANGANESE 

Principle
 

The colorimetric determination of manganese by oxidation to permanga­

nate in acid solution is both sensitive and specific. Periodate oxidizes
 

manganous salts smoothly to permanganate. The reaction is as follows:
 

2Mn+++SlO 4 -+3H20-y2Mn0 4 -+510 3 -+6H 

Equipment
 

(a) Spectronic "20" or other spectrophotometer
 

Cb) Vycor ashing crucibles or equivalent
 

Reagents
 

(a) Concentrated H2SO4
 

(b) Concentrated HNO 3.
 

(c) Phosphoric acid (85%)
 

(d) Sodium or potassium periodate (meta).
 

(e) Hydrofluoric acid (48%) 

(f) Standard manganese solution. This is prepared by dissolving
 

pure elctrolytic manganese metal in dilute nitric acid, boiling out
 

oxides of nitrogen, and diluting to volume. A standard solution may also
 

be obtained by weighing reagent grade, crystalline potassium permangaate,
 

acidifying with sulfuric acid, and reduciig with a little sulfite.
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Procedure
 

(a) See instructions on how to prepare samples (page 4100).
 

(b) Ash sample of plant tissue or biological material of suitable 

size in a muffle furnace at 5000 C., cool. 

(c) Add 10 ml of 48% hydrofluoric acid. This will prevent loss of
 

manganese as insoluble silicate. Warm to dissolve, cool, add 10 ml 

concentrated sulfuric acid and (vaporate under a fume hood until fumes 

of sulfur trioxide come off. Transfer quantitatively to a 100 ml volu­

metric flask and dilute to volume. The ash may also be taken up di­

rectly in 10 ml concentrated nitric acid and diluted to volume. 

(d) The solution, ready for analysis, (0.1 to 1.0 mg manganese),
 

should contain 10 ml concentrated sulfuric or 15 to 20 ml nitric acid;
 

and, in addition, 5 to 10 ml of 85% phosphoric acid in a volume of
 

100 ml. However, if the amount of manganese present is of the order of 

a few micrograms, make the solution 2 N in sulfuric acid and add 20 mg
 

of silver nitrate, in addition to phosphoric acid.
 

(e) Add 0.3 grams of potassium meta-periodate, or equivalent amount 

of sodium meta-periodate for each 100 ml of solution. Heat to boiling 

with stirring, and keep at or slightly below the boiling point for 10 

minutes (or at least one hour for any small amounts of manganese); cool.
 

(f) Dilute to volume and observe the optical density at 525 milli­

microns in a spectrophotometer. Compare the observed optical density to
 

a standard manganese curve ranging from 0.1 to 1.0 mg of manganese per
 

100 ml. 
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Calculations
 

Manganese (milligrams per kg) partial dry or as fed basis = 

Milligrams manganese in sample x 1000 
wt of sample 

Adjusting to dry basis: 

(a) manganese (milligrams per kg) on as fed sample x 100 
dry matter % of as fed sample
 

or
 

(b) manganese (milligrams per kg) on partial dry sample x 100 
dry matter t of partial dry sample 
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DETERMINATION OF CAROTENE IN 	FEEDS AND FORAGES
 

Principle
 

Carotene and other pigments are extracted from plant material by
 

an organic solvent. The carotene is eluted on a chromatographic column
 

which retains other pigments. The carotene concentration is determined
 

by comparing to a standard curve on spectrophotometer.
 

Equipment
 

(a) Solvent extraction apparatus. Goldfisch or equivalent.
 

(b) Spectronic "20" Spectrophotometer or equivalent.
 

(c) Chromatographic tubes. 	 20 x 400 mm, with fritted glass filter.
 

Reagents
 

(a) Acetone. Dry, alcohol-free.
 

(b) Hexane. B. P. 60-70 C.
 

(c) Activated Magnesia. SeaSorb 43, Fisher Scientific Company or 

equivalent. 

(d) Diatomaceous earth. Hyflo Super-cel, Johns-Manville or Fisher 

Scientific Company. 

Procedure
 

(a) 	For hays and dried plants, grind sample through a 1 mm screen.
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Weigh by difference 1.000 to 4.000 g depending on amount of carotene in
 

sample in relation to the standard curves, and place in flask of extractor 

(Goldfisch). Add 30 ml acetone-hexane m:xturc (3 + 7) to flask and reflux 

one hour on high heat setting. Cool to room temperature. 

(b) Filter extract into 100 ml volumetric flask, wash residue, and
 

dilute to volume with hexane (this solution now contains 9% acetone). 

(c) For fresh plant materials and silages, cut material finely with 

scissors or knife. If analysis cannot be performed immediately, blanch 

in boiling water for 5 to 10 minutes and store in frozen condition. Place 

weighed sample, 2 to 5 1, ii: high speed blender; add 40 ml acetone, 60 ml 

hexane, and 0.1 g \gCO., and blend for five min'utes. Lct residue settle 

and decant into separatorv funnel, wash residue with two 25 ml portions 

of acetone, then with 25 nil of hexane, and combine extracts. W;ash acetone 

from extract with five 100 ml portions of water, transfer upper layer to 

100 ml volumetric flask containing 9 ml acctonc., and dilute to volume 

with hexane. 

(d) Prepare chromatographic column with 1 + 1 mixture of activated 

magnesia and diatomaceous earth. To prepare column, add loose adsorbend 

to 15 cm depth, attach tube to suction flask, and apply full vacuum of 

water. Use flat instrument (such as inverted cork mounted on a rod) to 

gently press adsorbent and flatten surfacro (packed column should be about
 

10 cm deep). Place 1 cm layer of anhydrous Na2 SO4 above adsorbent. All 

materials muot be completely dry. If necessary, dry, them in 1050 C oven. 

(e) With vacuum cont:!iuou!;vy arp.lied to flask, pour extract into 

column. Use 50 ml acetone-hexane (1 + 9), or :;lightly more if necessary, 

to develop chromatogram and wash visiblc carotenes 'hrough adsorbent. 

Keep top of column covered with Laver of s,olvent during entire operation. 

Collect entire eluate. (Carotenes pass rapidly through column; bands of 
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xanthophylls, carotene oxidation products, and chlorophylls should be
 

present in column when operation is complete.)
 

(f) Transfer eluate, which has been reduced in volume by loss of
 

vapor through water vacuum, to 1WO ml volumetric flask, and dilute to
 

volume with acetone-hexane (1 + 9). Determine carotene content of this
 

solution at 436 millimicrons on the spectrophotometer.
 

(g) A standard curve may be run with a range of 0.0001 to 0.005 mg
 

beta-carotene per ml of acetone-hexane mixture (1+ 9); or 0.01 to 0.5 mg 

beta-carotene per 100 ml of solution. 

Calculations
 

Carotene (milligrams per kg) on partial dry or as fed basis 
= 

mg carotene in sample x 1000
 
wt of sample in g
 

Adjusting to dry basis:
 

(a) carotene (milligrams per kg) on as fed basis x 100
 
dry matter % of as fed sample
 

or
 

(b) carotene (milligrams per kg) on partial dry basis x100 
dUry matter ' of partial dry sample 

Reference
 

Official Methods of Analysis of the Association of Official Agricultural
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Station, Washington 4, D. C.
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COLORIMETRIC DETERMINATION OF CAROTENF. AND) VITAMIN A 1, BLOOD 

Principle
 

Carotene and vitamin A are extracted from the blood with petroleum 

ether. The vitamin A is determi,,ed colorimetrically by the antimony 

trichloride reaction which produces a iid hlue. The carotene content 

is determined directly with tile aid of a colorimeter. 

Equi pment 

(a) Spectronic "20 " spectrorhotometer or similar equipment 

(b) 50 ml glass-stoppered centri fuge tufbes 

(C) Supply of nitrogen gas and regulator 

Reagen t s 

(a) Antimony trichloride. lPissolve 23 g antimony tri chloride in 

75 ml chloroform, add acetic anhydride to clear cloudiness, then make to 

100 ml with chloroform. Grind antimony tri chloridc with mortar and 

pestle to hasten speed of solution. Store in lirown glass-stoppered bottle 

in a desiccator. 

(b) Petroleum ether. Use best grade of petroleum ether and redistill
 

if necessary.
 

(c) Chloroform. Use best grade of cliloroForm and r,-distil if 

necessary. 

(d) Ethyl alcohol, 95%.
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Procedure
 

Approximately 25 ml blood is drawn into test t:hucontaining 1 ml 

lithium citrate (20%) and mix thoroughly by inverting 20 times. tentri­

fuge for 30 minutes at approximately 2,800 rpm. Pipette 10 ml plasma into 

S0 ml glass-stoppered centrifuge tube, add 10 ml 95" ethyl alcohol and
 

15 ml petroleum ether. Shake mixture vigorously for 10 minutes. Pipette
 

5 ml of the petroleum ether each two Scctronic "20" tubes.to of test 

Read the optical density at 440 millimicrons using petroleum ether as 

blank. Evaporate the petroleum ether by placing the tubes in hot water 

and allowing a stream of nitrogen to blow into the tbes. Prepare a 

blank containing 1 ml of chloroform with 4 ml of 23', irlti.cny tric',loride 

and adjust the spectrophotometer to 100 optical dcn,;-v at 6,11 miifi­

microns. Add 1 ml chloroform to the tube w'th rho vjitaimin A Ind 1(.sition 

the tube in the spectrophotometer. Add 4 ml 25%', antii!:onv trichloride to the 

tube quickly by inverting 4 ml volumetric pipette. Read o-t-ical dcnsity'
 

as soon as possible after adding reagent (2-3 seconds 
 as the color will
 

rapidly fade away.
 

Establish carotene curve by determining optical density at 440
 

millimicrons of 0.1-1.0 micrograms pure beta-carotene per ml of petro­

leum ether. Use petroleum ether as blank.
 

Establish vitamin A curve by determiniin7 optical density oF 1-25 

micrograms pure vitamin A alcohol per ml of the 5 ml solution ml(I 

chloroform + 4 ml 25% antimony trichloride). Set spectrophotometer at 620 

millimicrons. Use 1 ml chloroform + 4 ml 25% antimony trichloride solu­

tion as blank as above.
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For correction factor rv'A n A -v 1 ,,,r,.n, in sample, 

evaporate carotene curve soluttion- jr! rv [ I, in ,italiin A curve. Cal­

culate the amount of vitamin A ctc .lv clop,, froii ncnt:; of beta­

carotene used (microgramn scr ; V, ,.CveFt,--!. 

(a) The carotene a;d .'. . .. 1i.r ire extracted into 

15 ml of petrolem ct,". :. ,rmined on 

this petrolcu: (.t ,: . ' , 

Beta-carotene., 
micrograms -

ml plasma 

1,, 
e, 
1) 

., . 

(b) Only 5 , r ' petroleum 

ether solution cIr .." . - represents 

the vitamin A in 1) ,1 j' A, ~.. . .!..." on per ml of 

plasma is thcrefore 

Vitamin A alcohol. 15 p, :-. ,; i.tamin A 

micrograms per ml ik(-.i . :C.oln :.Ior due to 

plasma " 
.IT 

.
! ; 

r,
;) ... 

,arutene, 
. . ' rograrns 

r-" rol 

(c) Report ,ft: ' . i' tcrrs ot 

micrograms per 100 K .* . .- ld be 

reported under nt:rr "I-" 
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VITAMIN A DETERMINATION IN LIVER
 

Principle
 

Vitamin A forms a vivid blue when combined with antimony trichloride
 

in chloroform. The intensity of this color is easily measured in a
 

spectrophotometer. Any interference from carotene, which also forms a
 

blue color with antimony trichloride is corrected for by determining
 

carotene content of sample. The amount of vitamin A color developed
 

from carotene is subtracted from sample reading.
 

Equipment
 

Ca) Spectrophotometer
 

(b) 50 ml glass-stoppered test tubes
 

(c) Glass homogenizing tubes
 

(d) Supply of hidrogen gas and regulator
 

Reagents
 

Ca) Antimony trichloride, 25%. Dissolve 25 g antimony trichloride
 

in 75 ml dry choroform, add acetic anhydride to clear the solution. Make
 

to 100 ml with chloroform. Grind antimony trichloride with mortar and
 

pestle to hasten speed of solution. Store in brown, glass stoppered bot­

tle in a desiccator.
 

Cb) Petroleum ether, reagent grade, A.C.S. B.P. 30-600 C.
 

(c) Chloroform, reagent grade, A.C.S.
 

(d) 15% KOH. Dissolve 15 g KOH in water and make to 100 ml with
 

water.
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(e) 1:1 HC1. 50 ml concentrated HCl plus 50 ml water. 

(f) 95% ethyl alcohol. 

Procedure
 

Weigh 3 g (or other appropriate amount) of tissue into a homo­

genizing tube. (Protect samples and solutions containing vitamin A from 

light throughout the procedure.) Add 1 ml water and 2 ml of 15% KOH. 

Put the test tube in a ,-caker of boiling water for 15 minutes with fre­

quent stirring so that the liver is completely dissolved. Cool the tube 

with running tap water. Add an amount of 1:1 IICI to neutralize the 

alkali. (The amount is previously determined). Insert glass pestle and 

thoroughly homogenize. Remove pestle and dilute with water to 15 ml. 

Pipet 5 ml of the mixture into each of two 50 ml glass-stoppered test 

tubes. Add 5 ml of 95% alcohol to each, then add 15 ml of petroleum 

ether and shake gently for 10 minutes. Allow the ether layer to sepa­

rate pipet 3 ml (more or less depending on amount of vitamin A in sample) 

of petroleum ether into colorimeter tube. Read the optical density at 

440 millimicrons using petroleum ether as blank. Determine amount of 

carotene by comparison with carotene calibration curve. Evaporate the 

petroleum ether by placing tube in hot water and allowing a stream of 

nitrogen to blow into tubes. Prepare a blank containing I ml of chloro­

form with 4 ml of antimony trichloride and adjust the spectrophotometer 

to zero optical density at 620 millimicrons. Add 1 ml chloroform to tube 

with the vitamin A and position the tube in the spectrophotometer. Add I ml 

25% antimony trichloride to the tube quickly by inventing 4 ml volumetric
 

pipette. Read optical density as soon as possible after adding reagent
 

(2-3 seconds) as the color will rapidly fade away.
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Establish carotene curve by determining optical density at 440 

millimicrons of 0.1-1.0 micrograms pure beta-carotene per milliliter 

of petroleum other. Ilse petroleum ether as blank. 

Establish vitamin A curve by determining ortical density of 

1-25 microgramas pure vitamin A alcohol per 5 mil solu-ion (I ml chloro­

form + 4 ml 25% aitimony trichloride). Appropriate ar.ount of vitamin 

A is first dissolveO in petroleoim ether then aliquot evaporated as 

above. Read optico, , at 620 millimicrons on the spectropho­

tometer using 1 ml chl,,c , nil , ;intimony trichloride as blank 

as above.
 

For correction factor of vitamin A color due to carotene in sample, 

evaporate carotene curve solutjv i,' 2i' ,- in A curve. Cal­rcad vitamin 

culate the amount of vitamin A color ,leveloped from amounts of beta­

carotene used.
 

Cal cul ati ons 

Vitamin A alcohol (micrograms per g) of fresh liver tissue = 

micrograms vitamin A in sample - adjustment for carotene content
 
wt of sample in g
 

Adjusting to dry basis 

vitamnin A (micrograms per g) on as fed sample x 100 
dry matter %of a, fed sample
 

Note: Run a dry matter in an oven at 1050 C to correct the data
 

to a dry basis.
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DETERMINATION OF CYANIDE IN PLANTS 

Principle
 

Cyanide is distilled from a chloroform and water solution into KOH
 

=solution, forming KCN. KCN is titrated with silver nitrate; 2KCN+AgNO5 

KCN.AgCN+KNO3 . An excess of AgNO3 produces insoluble AgCN, which is the 

end point of the titration: Ag(CN) 2K+AgNO3 = 2AgCN+KN03. 

Equipment
 

(a) Kjeldphl distillation apparatus (macro)
 

(b) 5 ml burette (micro)
 

Reagents
 

(a) 2% KOH solution. Dissolve 2 g KOH in 100 ml H20. 

(b) Chloroform. Spectranalyzed, Fisher Certified, A.C.S. or equiv­

alent.
 

(c) Potassium iodide.
 

(d) Potassium chloride. Recrystallized three times with H20, dry 

at 1050 C, and then heat at about 5000 C to constant weight. 

(e) Potassium chromate solution. 5% solution of K2CrO4 in H20.
 

(f) Silver nitrate solution - 0.1 N. Dissolve slightly more than 

theoretical quantity of AgNO3 (equivalent weight - 169.89) in halogen­

free H20 and dilute to volume. Thoroughly clean glassware, avoid contact
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with dust, and keep prepared solution in amber glass-stoppered bottles away
 

from light. Standardize as follows: weigh accurately sufficient quantity
 

of KCI to yield titration of about 40 ml (about 0.3 g for 0.1 N solution)
 

and transfer to 250 ml glass-stoppered Erlenmeyer with 40 ml H20. Add
 

1 ml 5% K2CrO4 solution and titrate with the AgN03 solution until appearance
 

of first perceptible pale red-brown color. Subtract from titration milli­

liters of the AgNO3 solution required to produce end point color in 75 ml
 

H20 containing 1 ml of the K2CrO4 solution. Calculate normality of AgNO3
 

solution.
 

Procedure
 

Cut sample of forage into one-fourth inch lengths. Mix well. Place 

an 8 g sample in an 800 ml Kjeldahl flask. Add about 200 ml distilled 

water and 5 ml chloroform. Steam distill into a 100 ml test tube con­

taining 5 ml 2% KOH, with the adaptor end of the condenser below the 

surface of the KOH solution. Distill over 60-70 ml and transfer to 600 

ml beaker. Add enough 120 to make 300 ml. Add a few crystals of KI 

and titrate to faint opalescence with the AgNO3 solution. A drop of the 

silver salt in excess will produce a permanent turbidity, owing to the 

following reaction: 

Ag(CN)2K+AgNO3 = 2AgCN+KNO3, the insoluble AgCN being formed. (In 

making this titration, it is advantageous to have beaker over black sur­

face;) From milliliters 0.1 N AgNO3 used to calculate percent CN. Reaction 

is represented by equation: 

2NaCN+AgNO3 = NaCN-AgCN+NaNO3; hence 1 ml 0.1 N AgN03 = 0.005204 g CN.
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Calculations
 

Cyanide (milligrams per kg) on partial dry or as fed basis = 

52 ml AgNO3 x N AgNO3 x 1000
 

wt sample in g
 

Adjusted to dry basis: 

(a) cyanide (mg per kg) on as fed sample x 100
 
dry matter % of as fed sample
 

or
 

(b) cyanide (mg per kg) on partial dry sample x 100
 
dry matter % of partial dry sample
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DETERMINATION OF I:INI:NI-SS MlF E1:.111 ,AI'ITRIAIS (k,\INS ANDI 
OTIIER CONCNftRATS, BU'I NOT I()RA(;ILS) bY S IIVING " 

Pulrpose' and Scope 

The purpose of this standnr, i to define i : st 1)iocdui'. to 

determine the fineness of feed i rti-dients ald to defilne ;I2;et!! ol 

expressing the particle szeof the matrial. 1:e partiC1t s z 

determined zan be used to calculate .,urf-ice :,rc.a nTunmkr Of'rt rI:and cf 

per unit weight. 

This standard shall b. uv-.d to dot .'r ino the fi cew. jf.d 

ingredients where the reduction preco v i ci I ; :irtic] '.,i.. ; :1. , 

essential]y spherical or cul lc:il. I i: not ,ad,-.mI t t ,i. I I fie 


particle size of materia I:-,tich : aL:d and ro] d i, ,. 

a flaked product, or products, s:x K :. ,leq,,u ha,', whe,re. c! Sl..lI 

fraction consists of elionjated pal i .­

'lest Iiqui jlnnt 

(a) A set of woven-ire cloth si eves having a dal'meter of 2.3 

millimeters shall be used. h.ith the most comnon sla1I ibg 

Proposed by a subcommittee oft the ISA ;Y;erJcan Fced .ai " . 
Association; approved by the American Snciety Agrict ltur;i ! e .c
 

-c;',,. 

adopted by the ASAE leceminhr 19(,8: ;p:!'OVed ' tle fol]'.1 
American Society of Agronomy , AMeri can Soci etV of Al IiI",] I . C, 

American Society of Iirv Sc.inc,,, .mricall Society of" .'eli, ' ',c,. 

(ASAE) Electric Power ald Processillg ixi1i on 'leclu ic:1 . 



equipment, sieves having a height of 25 millimuters (1 inch) or halIf-height
 

sieves are most suitable to avoid the necessity of resieving the finer 

fraction. A set of sieves as specified in American Society for Testing 

and Materials Ell, Standard Specifications for Sieves for 'lesting Purposes 

(also designated United States of America tandard 223.1.) shall consist 

of the following sizes:
 

USA standard No rima I
 
sieve No. sieve opviing
 

3 .5 . * ,I
5 *1. )4) 

7 3
 
10 2. )
 
14 1.11
 
18 
 1.00
 
25 .7(17
 

35 . SO(u
 
45 .35-1
 

60 . 25(0 
80 .177
 
120 .125
 
170 .(088
 
230 .n63 

The above sieve sizes have been proposed as I nternat iona I tanda rd si Z. 

The sieve openings listed are for guidance only and any similar group of 

sieves can be substituted. The calculations use the actual sieve opening 

diameter and hence the results obtained will be correct regardless of
 

which sieve set is used.
 

(b) A suitable sieve shaker, such as Ro-tap±, is required.
 

(c) A balance having an accuracy of At least ± 0.1 grains sha]l lIe 

used.
 

(d) Sieve agitatorst such as plastic or leather rings, -,r r 

tRegistered trade name (W. S. Tyler Co., M it,,r , 
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rubber balls may be required to break (I; rg I v.es, 

usually those simaller thad 0 .s.:;, 

+(e) A dispersion ag:ent should t eI v i !,1 c fik I I it,.c !.ICvi F, 

of high fat or similar materials. 

(f) Sive opcning's mus;t \-Pi u. I.cd t hathe or Hir*:cie s so 

normal sieving can be accomplj., ;cd. \ -ti r;- t .',; ,.\ LcFieanilly
 

brush, or compressed air, i:-useful For I a
 

become clogged with feed particles. Sit, !'I.;t ica,< 'ci',ii
 

to remove oil. Oil can be removed ' .. , . .;K ',
i' ,v 


detergent. Sieves must be ,rid H, ,,.
 

2:ethnd o" : i'i 

(a) A sample. siz: o: ,, thoi:l_ .. a " . 

may be used it: extra caire is t ibC T 1 1- . 

sieves. 

(h) tlacc t!. sampl, , ti: ,:v . ­

shake until the ic.ght ot ,'itcrii in ,, 'tc;vr>.............. 
 in. 

any material, reach-,s uL,rtun!. .H I ,; 

inspecting and v.ejphjiz at 5 minute itern cr n it ai si <vi a 

time of 10 minutes. If the I,b t eo1 .> .:v11 ,i c11: iii 1 A 

material chaniics by 0.2 perc-'rit cr ]fs. o ro: . I..:> :t.2i. 

during a 5 minute nericd, the, s, i: "hall I, ,'!'' i.],, tC P:. 

the onset of the previou, 1,criod. 

(c) Matcrial on a11 siees ,:ii ' , 

+Dispersion agcnts inu.. . 

Boston; Zoileo 23A and -of : avnlai, :"i .: 
New York; and Flo-Gard ..v;a f t ' . :1 , '. 
St. Louis. 



(d) If a dispersing agent is required, it should be added at 

a level of 0.5 percent, and its effect on particle size need not be
 

recorded.
 

(e) If 20 percent or more of the material by weight passes the
 

smallest sieve, the fine material shall be subjected to a nonsieving
 

particle size analysis, such as microscopic measurement or sedimentation
 

testing, and such analysis shall be reported separately.
 

Data Analysis
 

(a) Analysis of weight distribution data of all ground feeds and 

feed ingredients are based on the assumption that these di stribut ions are 

logarithmic normally distributed. 

(b) Calculation of piirticle size. The size of particles shall be 

reported in terms of geometric mean diameter and ,eoinetric standard 

deviation by weight. 

(c) Calculated values are obtained as follows: 

d = log- 1 E(Wi l ogdi )] 

Sgw . log- 1 (log d'i- log dgw2 1/2KWi 
EWi
 

where
 

d. = diameter of sieve openings of the i'th sieve 

d i+ = diameter of openings in next larger than i'th 

sieve (just above in a set)
 

d = geometric mean diameter gw 
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d. 	 = geometric mean diameter of particles on P'th 
sieve (di x di+) 1/2 

S = 	geometric standard deviation
 

W. = 	weight fraction on i'th sieve1 

(d) Material passing U.S. Sieve No. 230 shall be considered to
 

have a mean diameter of 44 microns.
 

(e) Graphical solutions for geometric ;nean diameter and log­

normal geometric standard deviation m: Up obtained 1v plott ng result, 

on logarithmic probabi1i ty graph papr. F ur, I shows :n example 

where:
 

(I d!so particle dimeter nt Tn rct jurobabilitv 

=Sgw ddso4 d5 0d d1 

particle size at 84 percent prohailit,'/d" rW == d 'WI 

particle diameter at 1L jorcont probability 

or d = 350 microns gw 

and S = - 350 - i.83. gw 350 191
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AND NITRTTFS IN rpr.rDETERMINATION OF NITRATES 

Nitrates and nitrites are known to have injurious effects on
 

animals when excess amounts are ingested. Nitrites are much more toxic
 

but nitrates are reduced to nitrites by bacterial action in the
 

digestive tract.
 

are rarely found in plants in appreciable amounts
Nitrites (N02 -) 


except under very unusual conditins such as severe disease infections;
 

therefore, the results are usually reported in terms of nitrate (NO3").
 

The usual method is to determine the total nitrate and nitrite in
 

terms of nitrate. However, the method can also be used to determine
 

sus­the nitrite content of a feed separately if a nitrite problem is 


pected.
 

Principle
 

Nitrate is reduced to nitrite by zinc-and manganese (II) sulfate.
 

The reaction then consists of.diazotization of sulfanilic acid by the
 

nitrite ion and subsequent coupling with 1-naphthylamine to form a red
 

3.0. Interfering
.dye.:!-The reaction is optimum in the pH range of 1.7.-


Copper fromO.2 to 1.0 ppm aids-the
,.iron is complexed with citrate, 


reaction but.over 1.2 ppm interferes,
 

.,,Equipment,
 

(a) Spectronic "20" spectrophotometer or equivalent.
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(b) Centrifuge.
 

Reagents
 

(a) Standard nitrate solution. Dissolve 1.37 g of sodium nitrate in
 

1 liter of water for a stock solution of 0.1% nitrate (1000 micrograms per
 

ml). 

(b) To 200 ml of acetic acid, add 5.0 ml of CuSO4 solution (0.1572 g
 

of CuSO4 .5H20 per liter) and dilute to 1000 ml. This solution is then 20%
 

acetic acid with 0.2 ppm Cu.
 

(c) Powder mixture (Bray's indicator). One hundred g of barium sul­

fate (dried at 105 C), 10 g of manganese (II)sulfate monohydrate, 2 g
 

of finely powdered zinc, 75 g of powdered citric acid, 4 g of sulfanilic
 

acid, and 2 g of 1-naphthylamine. Grind any coarse material to a fine
 

powder. Mix the manganese (II)sulfate, powdered zinc, sulfanilic acid,
 

and 1-naphthylamine separately with portions of barium sulfate. Then
 

mix thoroughly all ingredients including the barium sulfate and citric
 

acid. Use extreme care to have room, table top, and equipment free of
 

nitrate and nitrite. Store the powder in a blackened bottle, since light
 

affects the 1-napthylamine. The reagent is stable for many months in a
 

bottle painted on the outside with black paint. If the determination of
 

nitrite in the presence of nitrate is desired, make up a separate powder
 

mixture that does not contain the powdered zinc and manganese (II)sulfate.
 

(d) 0.1 N fIC1. 8.18 ml of 37-38% HC1 per 1.0 liter of water. Exact
 

standardization is not necessary.
 

(e) Activated charcoal. Merck number 18351 activated charcoal N.F.
 

powder.
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Sampling of l:-,:' 

The nitrate content of plants or feeds Firom ii ii 'rcint pfarts of a field, 

stack or silo often varies extremely. rc- c.mp , tilt- nitrate content 

of plants in a field vary between: difikmcnt p1lnt '.nccie.,, different 

stages of plant growth, different 'ts -',", .t ditf,.:rent areas in 

a field, different times of day, ,: di! , i.. , cti>atic condi­

tions vary. iitrate contents of t. .'iD .' because 

cf the JQiCtor' arid ,Cr"'":' ,:' iT-oInd . 

silage is hlrndled in tI.c !(. ,­

leaching from rain) ; and .. il, fer­

mentation in the silo. 

'Iherefoi-o c t anyl or!.(. Ho!' in 

separate samples i1,C!! di ftc&' 1 ... Io 

and analyze each s anrp Ie :. 'r;,t ' . r Id 

samples Should 1e cOal ,I ,,]:C, t . 

Nitrates niav be lo ;, trom ; .... *. r .,. A';vCCiI 

the time the sample is collected a;i ri-,,t j:( . . a i, if the 

samples are handled . A'- 0 'nZ''aticnot .r".ir!," 

or microbiological reduction of nitrt 't- ', ; i-. :,., u. o" to 

volatilization of nitrogen Pi-cr , ,. i,. ... inecr-fore, 

either the moist plant or feed s'i,', 1 .,. , Jr . . 'oon as 

possible after they are c,l lck-tt: d I ', -c!. are 

analyzed, or plaint sampiles ntnt '.I rik'J 

immediately inl an oven wi ti tdc ,.' It 



Procedure
 

(a) Weigh by difference approximately 1.0 r of air dry plant material
 

or 3.0 .
to 5.0 g of moist sample. Lh ,- c'tain j to 8 milli­', ,hou;l 


grams nitrate to be within the range of the standard curve. ilace the
 

sample in 
a 125 ml glass stoppered Erlenneyer flask.
 

(b) Add 100 ml of 0.1 N lid . Stopper the flask alli thake the contents 

until all parts of t. imple are wetted. Let the sample stand with occa­

sional shaking for 1 hour to extract nitrate. If te extract is strongly 

colored, decolori ze it by adding aL I g of : i vdted , rcc l to the
 

extract in the Lrlenme' r flask a 0A .'.:i 5Iii ,-r 
 ev.,rdcr through
 

filter paper.
 

(c) Pilnt I ml of the extrac-t an P M of o,ctic i.. solu­

tion to a glas' stoppered CW K1t0lgine Wu'.,:. ",i V . ' 
 i;noray s 

indicatr r powcder with a small mesurinen nc,,.,l-,p :La tcdr Ach
 

tube I minute. Shadet th c solution from srt i i
 

(d) Place the tubes in the cent.rif ,a t , h ol .r ::J ccnt ifuge 

for 5 minutes at 3,000 revolutions per minmte or unt1] the supernatant 

liquid is clear. Remove any film on top and pour the clear red solution
 

into a spectrophotomctcr cuvvt. 

(e) Observe the optical density at 52,n millimicronw,. Set the 

instrument at 1001 transmittancy with a hilank solution that h s been 

treated exactly as the sample solutions. 

(f) Compare the observa'n m;to a standard nitraw curve rnhinp " 

from 0 to 10 micrograms nitratc per ml of solution in the cvet. (lia:e 

the standard curve by diluting 0, 2, 5 and 10 ml al.iqulots .Y the standard 

nitrate solution to 100 ml in voluntric flask:s 
with watcv. 'Iransfor 1 ml 

4,hth(I1 



solution to centrifuge tuip , :lt;d contiltct tic procedure
of the diluted 

.;iII conta in 0, 1, 2, 5 and 
from (c) on. The solution in the cuvets 

The remainiiu. ,,o]ution in the 100 ml 
10 micrograms nitrate per ml. 


s a.nd .tored
(I(,ycli.y1cnc boltl
flasks may be transferred tovolumetric 

and reused a_; ,dcd.)for several months 

are to lu ,ocicrmirA,"n thc prc!.'CIr.ce of ritrates 
(g) When nitrites 

that does not 
same procedure except. u-e tlc po..dcr mixture 

follow the 

zinc or w:,n 2:inc> ) 10f'at,,.
contain powdered 

4Iir j 

http:prc!.'CIr.ce


Calculations
 

(a) To determinc the nitrate plus nitrite content, the p)der mixture 

containing zinc and manganese sulfate i- used and all nitrates are reduced 

to nitrites. The result is the total of nit-2t,. and nitritc in tcrisa of 

nitrate when the standard curve under (f! is used. 

Total nitrate (-) on partial dry or as fed bJ:- ­

concentration of nitrate
 
in iiiial uiaLI l .Al1 iJ . ,.. ..
 
,nicro,'raris ,,r wee, ' , - YC,. ,C'1 .
 

It of sampIlc in p x ,Ue't, .
 

(b) To deicrmir, on] %- ur .' c i.t, 1 ' :. .... ,t, .i 

and manganese sul fate are o;' :I . o::. , 

The nitrite '0 on part ial dry or "I'; t . .i 

concentration of nit,' ,,­
in final solution .... ,. 

in mimc"u ,ra1nsr 1,I . P . " 

wt of sample in . x I ,,, 

The nitrite determination is ,,:%cd ea,,l .'. . . ,, ,. t : .;il 

nitrite poisoning is suspected in loc;ol arta: I .,rn + ' II L ,,­

cluded in the analysis of total nitrate aa:,. t c,r oe.,ci d ,;..,: !1. :c port ­

ed separately on the source form. 

(c) Adjusting to dry 1basis for totai ,itrat, (nitrate j: . , i:.rIt,, 

. nitrate-ir as fed sawjile x l_ 

dry matter -of as fdc-aiP.
 

or
 

% nitrate in partial dr,' _ar:iIu 
dry matter of partial dry 

Note: report % of i rt s ,t . rniilU: iir": , t , V ,ic 

form under other analyses. 

I.,j ( 
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in vitro DRY MATTER AND ORGANIC MATTER DIGESTION
 

Principle
 

This procedure follows the "Tilley and Terry" two-stage technique
 

and involves, first, a 48-hr incubation with rumen microorganisms and
 

buffer and, second, a hydrochloric acid-pepsin digestion. The amount of
 

dry matter or organic matter disappearing after both stages is considered
 

to have been "digested."
 

Supplies and Equipment
 

(a) 100 ml centrifuge tubes, plastic (Nalgene) or glass without
 

pourout (if centrifugation is used, see alternate procedure p and q below, 

tubes must fit centrifuge carriers).
 

(b) Rubber stoppers for item (a) fitted with Bunsen valve for gas
 

release (rubber policemen with longitudinal slit about 6 mm long).
 

(c) rest tube racks for item (a).
 

(d) Scintered glass crucibles, 50 ml, coarse porosity, low form
 

(Corning # 32940-50C, 40-60 micron).
 

(e) Vacuum filtration device for crucibles, item (d): Crucible
 

hoider, (Fisher 8-238B or equivalent), rubber adapter (Fisher 8-239B or
 

equivalent), and vacuum source (pump or aspirator).
 

(f) Round bottom flask, 5 liter, with short heavy neck, Pyrex
 

(Corning 4260).
 

(g) Dispensing burette, 500 ml.
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(h) Water bath which will accept 5 liter flask, (f) above. 

(i) Incubator or water bath which will accept centrifuge tubes, 

(a) above, with bunsen valve stoppers, (b) above, in place. 

(j) pH meter with combination electrode usable in centrifuge 
tube. 

(k) Other permanent equipment: analytical balance, drying oven,
 

muffle furnace, CO2 tank and reduction valve (also a centrifuge if alter­

nate procedure p and q, below, are used).
 

beakers, thermometers, desiccators,
(1) Other expendable supplies: 


graduated cylinders, cheesecloth, glass wool, tongs, porcelain 
crucibles,
 

asbestos gloves, pipettes, etc.
 

Forage Preparation
 

Forages should be air dry (88-92% dry matter) and ground through 

1 mm screen (such as in a Wiley mill). Representative samples should be a 

placed in air-tight containers which facilitate 
easy removal of aliquots
 

(glass or plastic bottles).
 

Peagents
 

(40 ml required per tube)
(a) McDougals' Artificial Saliva. 


Since insoluble calcium phosphate will precipitate 
at the high pH of the
 

buffer, the saliva must be prepared in two parts 
if it is to be stored
 

more than 2 hours. 

1. Buffer (quantities per liter, w/v)
 

9.80 g NaHCO3
 
' 7H20 (3.71 g anhydrous)
7.00 g Na2HPn 4 


0.57 g KC1
 
0.47 g NaC1
 
0.12 g MgSO4 * 7H20
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2. 	4% (W/v) calcium chloride solution
 

4.0 g.CaCl 2 (5.3 g CaC12 * 2H20) per 100 ml water
 

Just before use, add 1 ml 4 CaCJ 2 per liter of buffer to provide 0.04 g
 

CaCl 2 per liter of artificial saliva.
 

(b) 20% (v/v) HCl: Dilute 200 ml concentrated HCl to one liter
 

(approximately 2.4 N HCl) (6 ml required per tube).
 

(c) 5% (w/v) pepsin: Add 5 g of pepsin to 100 ml distilled water
 

(2 ml required per tube).
 

(d) Strained rumen fluid (10 ml required per tube): Great
 

variation will exist among laboratories in the source of rumen fluid and
 

the manner in which it is obtained. Cattle, sheep or goats may be used
 

and it will generally be most convenient to use an animal with a permanent
 

rumen fistula. Thie type of diet will also affect results. It is
 

important that donor animals be fed a diet composed predominately of
 

forage, generally hay, and that it be similar to the forages to be
 

subjected to the in vitro digestion. When grass hay is the diet, it may
 

be desirable to provide supplemental protein, minerals, and vitamins, for
 

example for a steer: 900 g soybean meal, 75 g trace mineralized salt,
 

50 g dicalcium phosphate, 20,000 IU of Vitamin A per 500 kg body weight.
 

In no instance where the test materials are forages, should any concentrate
 

be fed, except the protein source. Whatever the diet chosen, it should
 

be maintained as constant as possible.
 

Many variations exist in methods of obtaining and processing rumen
 

fluid. The following general recommendations should be followed:
 

1. 	The donor animal should not have access to feed or water
 

during one hour prior to collecting rumen fluid: always
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collect rumen fluid at about the same time each day. 

rumen2. Rumen fluid should not be obtained from the bottom of the 

since this will have many small feed particles which will
 

interfere with the results.
 

3. 	 Strain the rumen fluid through glasswool (place four layers 

this with a doubleof cheesecloth in a funnel and cover 

layer of glass wool).
 

4. If rumen fluid must be transported some distance to the 

laboratory, care must be taken to maintain anaerobiosis. 

This can be achieved by completely filling a bottle and 

stoppering so that all air is excluded. Using an insulated
 

flask to keep the sample warm may also be necessary in some
 

instances.
 

Procedure
 

(a) Determine sample dry matter and organic matter content: place 

about 0.5 g sample in a porcelain crucible (in duplicate) and record 

weight to at least 3 decimals (the difference method may be used); dry 

overnight at 1050 C, cool in desiccator and weigh; ash in muffle furnace 

at 500* C, cool in desiccator and weigh; calculate %dry matter and % 

organic matter (dry matter basis). 

(b) Weigh out samples for in vitro digestion: place about 0.5 g
 

sample in a numbered centrifuge tube (induplicate) and record weight to
 

at least 3 decimals (the difference method may be used). (Note: the 

weighings should be completed at least by the day prior to the start of the 

digestion.) 

(c) Set aside four empty tubes for blanks. 
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(d) Turn on incubation baths or incubators (390 C). 

(e) Place appropriate quantity of buffer (40 ml per tube plus 

about 200 ml extra) in a 5 liter round bottom flask (maximum amount = 

4 liters), add 1 ml 4%CaCl2 per liter, place flask in water bath at
 

390 C, and bubble CO2 through the solution at a gentle rate.
 

(f) Add 2 ml distilled water to all centrifuge tubes, wetting
 

forage particles.
 

(g) Check pH of artificial saliv; it should be approximately
 

6.9-7.0; the CO2 bubbling through the solution lowers the pH; when
 

solution is saturated with C02 -d the bicarbonate buffer system is 

established, the p1 should be 6 .9-7.0; about 30 min is required to 

adjust 4 liters of artificial saliva to pH 6.9-7.0 and 390C. (Note: 

4 liters buffer is sufficient for 06 tubes. (46 samples in duplicate, 

plus 4 blank tubes and some excess.) If more than this is used in a 

run, either use a larger flask or use 2 flasks; if 2 flasks are used, 

prepare 4 blank tubes for each and keep the tubes in sets.) 

(h) Prepare strained rumen fluid and add one (1) part rumen fluid
 

to four (4) parts artificial saliva in the round bottom flask.
 

(i) Allow the media (rumen fluid plus saliva) to mix for 10 minutes
 

through the action of the bubbling CO2.
 

(j) Flow CO2 into the dispensing burette and fill the burette with
 

media.(The effluent CO2 from the round bottom flask may be directed into
 

the burette and the media may he transferred anaerobically to the burette
 

through tygon tubing; flow can be achieved by momentarily closing the
 

effluent CO2 tube thus increasing the pressure in the flask0
 

(k) Add S0 ml of media to each centrifuge tube, including blanks
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(add media to the tubes at random and disperse the blanks randomly
 

among the set of tubes).
 

(1) Immediately after adding media, sweep the remaining air out of
 

the tubes by passing CO2 into the tube for 15 seconds (do not bubble
 

CO2 into the media in the tubes); quickly stopper the tubes with the
 

bunsen valve.
 

(m) Place tubes in incubator or water bath at 390 C.
 

(n) Swirl contents in tubes with a gentle lateral rotating motion
 

to insure that all forage particles are wet with media; repeat twice
 

the first day and three times the second day.
 

(o) After 48 hours incubation, swirl the tubes and remove the stoppers;
 

wash any forage particles adhering to the stoppers into the tube with a
 

minimum of distilled water (check pH of a few tubes at random; should
 

be less than 7).
 

(p) Add I ml 20% HCI, after a few minutes swirl tube; add another 

1 ml 20% HCI, swirl and finally add I ial 20% HCl and swirl (total 

HCl = 6 ml/tube). 

(q) Add 2 ml 5% pepsin, swirl thoroughly and place tubes in water
 

bath or incubator at 390 C; repeat swirling twice the first day and three
 

times the second. (Note: alternative for steps p and q: centrifuge
 

the tubes for 15 minutes at 1000 relative centrifugal force, e. g.
 

2000 rpm in International Electric Centrifuge, size 2; decant supernatant
 

and add 50 ml of 0.2% pepsin in 0.1 N HCI).
 

(r) Wash, dry (2 hours) and weigh scintered glass crucibles (this
 

should be completed the day before the final day of digestion).
 

(s) After 46 hours pepsin digestion, transfer the contents of the
 

centrifuge tubes to the dried and tared scintered glass crucibles.
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Wash the tubes and residue in the crucibles with distilled water (if a
 

hot water dispenser is available, this can be used).
 

(t) Place crucibles in drying oven at 1050 C and dry to constant
 

weight (overnite), cool in desiccator and weigh.
 

(u) Place crucibles in muffle furnace at 5000 C for 3 hours, cool
 

in desiccator and weigh.
 

(v) Record the following values:
 

weight of air dry sample placed in tube (A) 

% dry matter of sample (B) 

% organic matter of sample, (DM basis) (C) 
tare weight of empty crucible (D) 

dry weight of crucible with residue (E) 

ashed weight of crucible with residue (F) 

Calculations
 

Initial dry matter, g = A • B (G)
 
-00
 

(H)
Residual dry matter, sample, g = E - D 

Residual dry matter, blank, g=E - D (average 4 tubes) I) 

in vitro dry matter digestion, % = G - (H-l) x 100 
G 

Initial organic matter, g = G • C (J) 
100 

= E - F (K)Residual organic matter, sample, g 

= E - F (average 4 tubes) (L)Residual organic matter, blark, g 

in vitro organic matter digestion, % = J - (K-L) x 100 

J 
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Suggested Time Sequence for One in vitro Digestion Trial
 

Wednesday pm start weighing samples into tubes
 

Thursday -- complete weighing samples into tubes
 

Monday am inoculate
 

Wednesday am acidify and add pepsin
 

Wednesday pm wash crucibles and place in.drying oven
 

Thursday -- transfer crucibles to desiccator, cool and weigh
 

Friday am transfer residues to tared crucibles and place in drying
 
oven
 

Monday am transfer crucibles from oven to desiccator
 

Monday pm weigh dry crucibles 

Tuesday am place crucibles in muffle furnace (3 1hrs) and transfer 
crucibles from furnace to desiccator 

Tuesday pm weigh ashed crucibles and calculate data
 

(The drying, ashing and weighings for initisl dry matter and organic
 

matter determinations may be done at any convenient times)
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DETERMINATION OF VOLUNTARY INTAKE AND DIGESTION COFFICIENTS
 
OF CURED FORAGES
 

Principle 

Animals are fed the forage to be studied long enough for them to 

become accustomed to it. Iq1en they, reach a point whoevtheir intake is 

relatively the same from day to day the amount of forage consumed is 

tabulated. During the last seven days of the trial, fecc. :ire collected 

to determine digestion coefficients. The higher rl,, intol.e of forage 

and the higher the digestible dry matter, thc better the quality of the 

forage.
 

General
 

(a) A 12 to 16 lay supply of sun-cured oi" Fan air tricd forages are 

chopped through a forage harvester into a Hin; forage is not chopped 

during a measurement or collection period.
 

(b) Sheep are fed iii individual pens or cages, about 0.( meter x 1.2 

meter, preferably with a slotted floor. Water is provided continuously 

through an automatic system, or supplied twice a day 11Y hand. Dicalcium 

phosphate or the equivalent such as bone meal and trace Mineralized salt 

are kept in separate boxes before each animal.
 

(c) Feces are collected in canvas bags attached to the animal by 

means of a harness; urine is not collected. 

(d) A randomized block experimental design is used]: sheep are as­
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signed to a block according to weight and ran(lomlV assipned to treatments 

within the blocks. Sheep are randomly assip5 ned to Jons. At least six 

sheep receive each treatment. Four sheep may he fed each forage in two 

,eriods and the sheep are randomly reassigned to the treatments at the 

start of the second period. 

(e) One week prior to an experiment, the sheep are confined, in a 

barn, preferably in n .;lntted floor pen and al are fed the same hay 

plus salt and di cal- ilm hosphate; the sheep a,. . .d on the first day 

of this confinement period. 

hntal,e P.ensurement ind Fecai ()I ledl ic.ns
 

(a) On the first day w' the Cxperiment '!e sh(en are weighed and 

placed in individu1al metabolism c,1g,s the' ece:: 1 i irte attached at 

this time and the experimental feeds are oflirrl -- ' rd'ng to the design 

of the experiment and the, wei ,,Iits of the anim;al 

(b) \oluntarY intake measurement is acl.ic C",r ng 15 percent 

more than is consumed (ad.i stments are made C., . Orts or weigh­

backs are never re fed. Tliis procedure is fc cv .'. tl ru,,li the experiment. 

(c) The fir.s t 1.1dnvs of the experiment ar cnn:sidered as a 

p-reliminar' period di'ing which the amount of forane offered is adjusted 

to achieve volumtarv int-He , as deti ned ahove. 

(d) 'ihe 15th thrmu.:h 21st days (7 days) are cons idered as the intake 

measurement period: on each of these days a s;u;:-1e of" forazge is taken 

representing a ,con ;,tntpercentaie oF the total ;iineunt offered to all sheep 

receiving that foraile; the pcrcentarle used is sc'lecte. such that the total 

composite cured forae sample after 7 days wil1 he ,etwoeen 1 and S kt. It 

is collected and saved in a1 large tin can with air-tight lid or plastic 
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bottle, or heavy plastic bag.
 

(e) The total quantity of orts from each Jheer i.s collected and 

saved each day during the intake measurement period. The feeders are 

cleaned thoroughly before feeding on the 15th dqa, (and the orts collected 

on the 16th through 22nd days are saved; this corresl'onds to the forage
 

offered on the 15th through 21st days (7 days).) After weighing to cal­

culate the amount to feed, the orts are transferred t:r a paper sack: one
 

sack is used for each sheep throughout the collection and the orts for
 

each sheep for the 7 days are composited.
 

(f) Feces bags are emptied daily throughout the experiment; this 

is done immediately after removing and weighing orts and prior to feeding. 

On the 16th day, the feces bags are emptied completely. On the 17th 

through 23rd days (7 days) the total quantity of feces voided during the 

past 24 hours is collected in a bucket, weighel, mixed by hand, and a 

representative 20% aliquot is placed in a plastic hag and frozen. 

(g) After fecal collection and before feedii:,, on the 23rd day, the 

sheep are weighed.
 

(h) The following summarizes the experimental calendar discussed above:
 

Day Action 

I Weigh sheep, place in metabolism cages, attach feces bags, start 

experimental diets, determine voluntary intake. 

2 to 14 Adjust feeding to ad libitum intake, remove orts each day. 

15 Collect forage sample 
16 collect orts 
17 
18 
19 " 

" 

" 

collect 
it 
of" 

feces 
It" 
t" 

20 

21 
22 

" 
I 

" 
I 

" 
' 

IF 

" 
itII 

" 
" 

It 
f" 

it" 

23 " weigh sheep 
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Sample Preparation
 

(a) The daily forage sampl,.s (if .o.'..icd ,, F'it ,i, Jried) ar, 

composited and the entire amount i 'oti:,l t. , -, ,, I;nc ii 1! 

(about 40 cm diameter) with a 6 mm screen, init, i id ... t 2 kL are 

placed in a sealed plastic bag to prevent chaitgcs in mi sture contcr::. 

As soon as possible, the 2 kg aliquot is re'Iiu,, hrL:- il.. 

with a 4 mm screen and a 1 gallon plastic jac- ! approxI ­

mately 800 and for stora:. A irczerg sealed long-.tcrm I,- i n',r h., 

portion (about 200 p) is ground through, a I fmm ,,-, and store,! itn 

air tight container, such as a 250 ml glass ,-,i-i ; . hCttlc 

(b) The total orts composited from corl: sia":" tr ; ; ­

weighed and immediately ground through a sia I hamnii lii, .,-1, aLho'e, and 

approximately 300 g are placed in a sealed pii. to pirev'ent changes 

in moisture content. This sample is rcgroL-1 d t .i 'ley it 1 1 

both 4 mm and 1 mm screens, as above, and stcr . :n.right .-r.­

tainer.
 

(c) The 7 daily feces samples front eacl K,.- , r . . it . 

of the total voided, are dried under forced ati a I: C After 

equilibration with atmospheric mei stire 1(-, It It 1i ,lvts, tlbe Irca] 

sample is weighed and ijtmtediatel,-: ojjut l th ... t, .IW . , , tIL 

Wiley mill. A representative subl-sanple (appri *x t , , I, 

immediately reground through the I n:m scl'r Ll 1 1 1, 1, , :, te -1,, 

in an air-tight container. If nitrogen digc:-i ic:. t, cji' 

measurement, fresh feces should be analyzed a., d%:1 t. ".i 

and Balance Trial for Sheep" (page 5..01). 

(d) Dry matter analyses are conducted as ,;oor as possibhle on teC 

forage, orts and feces samples ground throught th it;c s . ' ,)eparau 
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analyses are made on each orts and feces sample.
 

Calculations
 

(a) Voluntary dry matter intake and an apparent dry matter digestion
 

coefficient are calculated for each sheep as follows:
 

average daily dry matter intake (g) = A - B 

apparent dry matter digestibility = A-B-C x 100 
A-1 

where:
 

A = average daily dry matter offered 
B = average daily dry matter refused 
C = average daily dry matter voided in fec!..s 

A, B, and C are calculated as follows:
 

A = (%dry matter of forage) x (average daily forage offered!/)
 
100
 

B = (% dry matter of arts) x (average daily orts2!) 
100 

C = (% dry matter of partial dry feces) x 5 x (weight of feces aliquotY-) 
100 

1/ Average weight of hay offered according to daily 1%,irn records, for 

days 15 through 21. 

2/ Weight of orts just prior to grinding through hanimermill, divided by 

the number of days in collection period.
 

3/ Weight of feces just prior to grinding through the 4 mm screen of
 

the Wiley mill (this represents 20% of the total feces voided), divided
 

by the number of days in collection period.
 

(b) Digestion coefficients for all other nutrients are calculated
 

using the dry matter values A, B and C, above, and the % of nutrients in 
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hay, orts and feces expressed on the dry matter basis.
 

Reference
 

Moore, J. E. 1969. Procedure for determining voluntary intake and
 
nutrient digestibility of hay with sheep. University of Florida
 
Animal Science Department. Unpublished.
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A DIGESTION AND BALANCE TRIAL FOR CATTLE
 

Where possible use animals for which you wish to have tile data apply.
 

If cattle are raised in your country and you wish to have the data apply
 

to cattle, use them for collecting in vivo data. The procedure should be
 

modified to fit local conditions and to obtain the desired data from the 

experiment. If working with trace elements, see trace element analysis,
 

page 4101.
 

Principle
 

The animal is fed a quantitative amount of feed for a definite period 

of time and the excreta resulting therefrom are collected quantitatively 

for chemical analyses. The excreta arc preserved by refrigeration or by
 

freezing to prevent decomposition until they arc analyzed. By a--lyzing 

the feed and feces, digestion coefficients and digestible nutrients may 

be calculated. By further analyzing the urine and products such as milk, 

the amount of some of the nutrients absorbed and retained in the body or 

stored as a product may be calculated by difference. 

Apparatus
 

(a) Metabolism cages or stalls. Use metabolism cages or stalls which 

permit the giving of a quantitative amount of feed and water and the 

quantitative collection of feces and urine. 
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(b) Urine containers. Use glass or plastic containers to collect
 

urine under the cage or stall. Use 20 liter containers (plastic) with large
 

lids to store the urine aliquots during the collection period.
 

(c) Feces containers. Use plastic or tin tubs to collect feces under
 

the cage or stall. lse 4 liter containers (plastic) with large lids to
 

store the feces during the collection period.
 

(d) Feces stirrer. 
Make a feces stirrer with an iron rod attached
 

to an electric drill as follows:
 

--- electric drill
 

Z4-iron rod
 

(e) Scales. To weigh animals, feed, feces and urine.
 

(f) Containers. Use bottles with air tight lids or heavy plastic
 

bags for collecting samples of grain, and for holding partially dried feces
 

samples before grinding them in the Wiley mill. 
 Use 250 ml glass or
 

plastic bottles fitted with air tight lids to hold samples after they have
 

been ground through the Wiley mill. Use glass or plastic 100 ml bottles
 

for urine samples.
 

(g) Use air tight, large plastic bags, plastic containers or 20 liter
 

cans for forage samples.
 

(h) Deep freeze unit. A small chest type or a walk in unit.
 

Feeding and Watering
 

(a) Weigh an 
amount of feed (forage or grain or mixed ration), the
 

afternoon before it is to be fed, which will last the animal for one day
 

and put it in a container in front of the animal. 
 This makes it possible
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to feed all animals quickly the next morning. 

(b) Arrange to feed the animals at the same time each day (preferable 

between 7:00 and 8:00 a.m.).
 

(c) If a balance trial is to be conducted and the water contains 

materials which are to be studied, it is necessary to weigh and analyze 

the water for these materials (this is especially true for trace minerals). 

Weigh the water the animal drinks. Fill buckets with water and set them 

on the scales and obtain the gross weight. Let the animal drink twice 

daily at the same time each day. After the animal has drunk its water, 

again weigh the buckets with the remaining water and record the veight 

(or if the metabolism cage or stall has a movahle %,atcrconl aiier, it may 

be filled and weighed in the morning and then wei l ,chd a: ain the next 

morning). 

Preliminary Period 

(a) The purpose of the preliminary period is to acquainL the animal 

with the metabolism cage or stall, to make the necessary adjustments in 

order that the feces and urine are collected properly, and to adjust the 

animal to its intake of feed in relation to the excretion of feces and 

urine. It is difficult to set a definite lengthi of time for this prelim­

inary period since it depends upon when the animal adjusts itself to eating 

a definite amomt of feed. If the animals are not trained, it may take 

3 to 6 weeks to acquaint them with the procedures before thcY bey,jl to 

eat a definite amount of feed or until the conditions of the c.i'rJmenr. 

are met. If the animals are trained, they should be on the prcliminary 

period for at least 10 days prior to the beginning of the cc,! I :tion period. 

This refers to the time they are recei ving a definite amotm, Of feed. 
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(b) Treat the animals for external parasites if necessary, and worm
 

them at least 10 days before the preliminary period starts.
 

(c) It is preferable to keep the animals in a slotted floor pen 

during the first part of this period.
 

(d) During the preliminary period the animals should be cleaned 

externally to avoid the possibility of any foreign material contaminating
 

the feces and urine collections.
 

Collection Period
 

(a) Transfer the animal to the collection cage or stall 7 days before
 

the collection period begins.
 

(b) Weigh the animals 3 days before the collection period starts and
 

the morning after the feces and urine are collected on the last day of the 

collection period. The weighing should take place at the same time each
 

day, preferably before feeding at about 7:00 a.m.
 

(c) The collection period usually runs for 7 consecutive days, but
 

it may be varied depending on how the animal eats and the information wanted 

in the experiment. Keep track of the exact time the period starts and ends.
 

(d) The afternoon before the collection period is initiatedthe backs
 

of the cages or stalls and the collection area should be cleaned thoroughly.
 

(e) The collection period should begin on the morning after the 

animal has been eating a constant amount of feed for at least 10 days. 

(f) During the collection period, save a certain percentage of the 

feed sample (at the time it is weighed out for feeding). Start saving this 

sample two days before the collection of feces begins and end the collection 

2 days before the collection of feces stops. 
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Collection and Sampling of Fece-. and Ur ir. 

(g) 1e collection of feces, uiirir, ,. I I " ti,mal is Liac­

tating) should be started 48 hours afttf Col'I the IIt i n r 
 d bV in In 

this procedure it is assumned that all 11he f'c"u:, are collf.,cLtd. t.,] lcct 

consecutive samples. A good )1an vwoulId , t ri1iOVc- the fk'('s. and uri ne 

containers beginning at 6:00 a.m. (,,,- '..r:ni'', ahd t,' laic ;!Ucm Witl 

clean containers. Collect feces ano ani.' f VI sc.- - , , pro­

viding feed intake and col lect' ons it.
 

(h) Keigh t! fl:.e h% J , j-t .:.:1 . C 

(4 liter plastic container ,'i trh . .:. i a 

tare weight and then add ::ufficht 1. U V V w'i, )t 

i) , 


i 

(2.5 to 5.0%) to the container ' - , , tare I iC 

gross weight on a reccrd for. I;L.( , :i .
 

frozen in a deep tree:"'. k,,,-,t 1..: . ... .,: U ._
 

lection period.
 

and tare wei iht :,i x t.hc- ii e -, ,. . ; ., ., 

5.0%) and weigh iitt, tIhr tt, -; , .j. . -...it jlU.a ,.;t <a .,, .. ,r 

the tr11 1, .US... 

this procedure for eachi day ji ] c i ,n r! o ... 

for the feces. Kcep IL 'i amp Is in .:1 . U;,,..e. Ce;at 

during c.cc .

(j) If the animal is lactati: , we.i,,, h,. tot,; jIan,. ,-t ,I 111. ecoci 

day. Sample saving al iquo t Jn or I.a: tic i:or, 

procedure as descri bed for fct., .. c; satt:. " :o Ic Q, ?. 

by an pp * v , a, S;J;, 

Samling fc:, " .v
 

(a) 'lha.: th,-. fec,,.7 sn-ij;,e , , .1,-,!..1-.t c ' ,, , ,::.. , , . 



at room temperature. Remove the feces quantitatively from the container
 

and mix on a piece of stainless steel or tin with a small trowel (if trace 

minerals are to be run, use a piece of plastic).
 

(b) Be prompt in obtaining two samples in 50 ml weighing bottles
 

to prevent loss of moisture. 'rake these to the laboratory immediately and
 

determine dry matter, nitrogen and energy on the fresh feces without partial
 

drying (see "Weighing Samples by Difference" page 1501). 

Analyze each sample once. If the analyses check, a good job has been
 

done in sampling the feces. If the analyses do not check, take the stored
 

fresh feces sample out of the deep freeze (see c below) and analyze samples
 

from it. Bring it to room temperature before sampling.
 

(c) Save a 500 ml bottle of feces and label and store in deep freeze. 

This sample should be saved until the chemical analyses are complete. 

(d) Weigh out a sample (about.700 g) of feces for partial dry matter 

analysis. Analyze this sample for those materials that are i-ot affected 

by drying. 

Sampling Urine for Chemical Analyses 

(a) Thaiv the urine samole, but do not let it remain for long periods 

at room temperature. Mix thoroughly and place a sample i.n a 250 nil plastic 

bottle. Analyze immediately (see "Weighing Samples by Difference'; page 1501). 

(b) Save a 250 ml sample in the deep freeze until all chemical analyses 

are finished. 

Sampling Feeds, Orts or Kteighback 

(a) If the animal refuses to eat all its food during the Lullection 

period or if any is wasted by being thrown out of the inanger, it should be saved. 
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(b) If the weighback is dry enough to grind, a weight should be taken 

prior to grinding. However, if water was spilled on the wei-hiback or 

if it is wet from saliva, it should be dried in a forced draft oven (tem­

perature 60 0 C) then placed in a room for 48 hours to conic to moisture equi­

librium with the air. Just prior to grinding it should be eighcd. 

(c) Grind the feed sample, orts or wuigback and partial dry feces 

through a mill with a one millimeter screen (if trace inerals arc to be 

run see "Trace Element. Analyses" page 4101). Save samples in 25( ml (about 

3/4 full) glass or plastic bottles.
 

Calculations
 

(a) Apparent di(,estion. 

Apparent digestion coefficient = 

nutricit in feed - nutrient in lcc:; x 100
 
nutriCt in feed -


Example:
 

GE+ apparent (GE of feed per unit dry ((;L of f-ces per unlit dry 
digestion = -.t x dry wt of feed) wt x dry wt of feces) 
coefficient GE of feed per unit dry to x dry wt of fee,! 

(b) A balance is the relation of the material in the feed to the 

output of the material. For most nutrition work tile feed, feces and urinet 

are considered: 

a balance = material in feed - material in feces and urine 

Example: 

Nitrogen balance (NB) = 

(N of feed per ,unit dry (N of fcces per unit d1V 
wt x dry wt of fccd) wt x dry wt of feces) 

+ Gross l.nergy 
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or
 

Nitrogen balance = N in feed - N in feces - N in urine
 

However, for extremely precise work, the material lost through per­

spiration and cutaneous material should be taken into account (cutaneous
 

nitrogen). For some types of research, the nitrogen in the products 

synthesized -- such as milk, eggs (for poultry), or wool (for sheep) -­

should be considered. For a carbon and energy balance the gases need to
 

be considered.
 

Reference 

Harris, Lorin E. 1970. Nutrition research techniques for domestic and
 
wild animals. Published by L. E. Harris (in prcss). 
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A DIGESTION AND BALANCE TRIAL FORl SHEEP 

Where possible animalsuse for which you wish to have the data apINly. 

If sheep are raised in your country and you wish to have the data apply 

to sheep, use them for collecting in vivo data. The procedure should b, 

modified to fit local conditions and to obtain the desired data fron the 

experiment.
 

Principle 

The animal is fed a quantitative amount of feed for a definite period 

of time and the excreta resulting therefrom are collected quantitatively 

for chemical analyses. The areexereta prcserved Ly refrigeration or by 

freezing to prevent decomposition until they are analyzed. By analyzing
 

the feed and feces, digestion coefficients and digestible nutrients can 
 be 

calculated. By further analyzing the urine and products such as milk or 

wool the amount of some of the nutrients absorbed and retained in the body 

or stored as 
a product may be calculated by difference.
 

Apparatus
 

(a) Metabolism cages. Use merabolism cages which permit the giving 

of a quantitative amount of feed and water and the quantitative collection 

of feces and urine. 

(b) Urine containers. Use (,lass or plastic containers to collect 

urine under the metabolism cage. Use -,, liter glass or plastic bottles to 
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store the urine during the collection period. 

(c) Feces containers. Use gl:.ss or plasLic containers to collect 

feces under the metabolism cage. Use 4 liter cans or plastic buckets to 

store the feces during the collection period. 

(d) Feces stirrer. Use a vertical dough mixer (large Hobart ty-pe 

mixer or equivalent). The action of this mixer breaks up the feces pellets 

so they do not need to be ground. If such a mixer is not available use a 

large electric meat grinder or a hand food grinder. 

(e) Scales. To weigh animals, feed, feces, and urine. 

(f) Containcrs. Ilse bottles with air tight lids or heavy plastic 

bags for collecting samples of grain, and for holding uarlial dried feces 

samples before grinding them in the Wiley mill. Ust , 2b5 ml glass or plas­

tic bottles fitted with air tight lids to hold simples after they have been 

ground through the Wiley mill. Use glass or plastic bottles for urine 

samples.
 

(g) Use air tight, large plastic bags, plastic containers or 20 

liter cans for forage samples. 

Feeding and Watering 

(a) Weigh an amount of feed (forage or grain or mixed ration), the 

afternoon before it is to be fed, which will last the animal for one day 

and put it in a container in front of the animal. 'Ibis makes it possible 

to feed all animals quickly the next morning. 

(b) Arrange to feed the animals at the same time each day (prierably 

between 7:00 and 8:00 a.m.). 

c) If a balance trial is to be conducted ard thei water cintains 

materials which are to be studied, it is necessary to weigh anl analyze 
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the water for these material:; (this is e;pecjllylv I c for t ice miner.als). 

Weigh the water the animal dr inks. Fill bucke, , water .nd set thosewr'l 

on the scales and obtain the gross weight. Let th animal drink twice
 

daily at the same time each day. 
After the animal has drunk its water, 

again weigh the buckets with tihe remaininr water and record he weight. 

If the metabolism cage or stall has 
:amovaable water container, it may he
 

filled and weighed in the morning and then weighed again the next morning.
 

Preliminary Period 

(a) The purpose of the preliminary period is to acqrua int the animal 

with the metabolism cage or stall, to make the eccessary adinstmenru: ill 

order that the feces and urine are collected propt Mi y, and to adjust 

the animal to its intake of feed in relation to the ,'croet i of f.ces 

and urine. It is difficult Lo set a definitc length of tuwn. iC0 LJis 

preliminary period since it depunds ,pmn when tnu ani mal diunsts itself to 

eating a definite amount of feed. I F the animalIs a cEn,,t !rained, it 

may take 3 to 6 wceks to acquaint trhem witi the' YrocLurcs huforv tihey 

begin to eat a defini.a amount of feed or until the conditino..s of the
 

experiircnt are 
met. If the animals are trained, they should he on the 

preliminary period for at least 10 days prior to tre he::inninp of the 

collection period. This refers to the time they are receiving a definite
 

amount of feed.
 

(b) Treat tie animals for external parasites i f neccr ,r-. '" 

worm them at least 10 days bMfore the preliminary pcrio, stn.. 

(c) It is preferable to :cej; the anima)s in slotted floor pens 

during the first part of this period. 

(d) During Lhe preliminary period the animals slc "id be cleaned
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externally to avoid the possibility of any forwign matr,,] conta'inating 

the feces and urine collections.
 

Collection Period
 

(a) Transfer the animal to the collection cage 7 days before the
 

collection period begins.
 

(b) Weigh the animal 3 days before the collection starts and the 

morning after the feces and urine are coll ct:,d to end the period. The 

weighing should ta.e place nt Ihe same tim. each day, pre terabhy beforc 

feeding at about 7:00 a.m. 

(c) The collection period usual lv runs fir 7 consecutive days, but 

it may be varied depending ol hoW .he anial eats and the information 

wanted in the experimnnt. keep track, of the e:iact 1,, thie period starts 

and ends. Arrange to end the e x'eriment so th'ro arc 241 iours pcr day. 

(d) The afternoon betC,re the eollect ion 1S in iiAtt ,d the Lacks 

of the cages and the collection area shiould he clear.d thoroughly. 

(e) The collection period shoul OgJ'in or the norn.i a, after the 

animal has been eating a constant amount of feed for at least 1(0days. 

(f) During the collction period, savn a certain percentage of feed 

sample at the time it is weighed out for feeding. Start saving this sam­

pie two days before the collection of feces begins and end the collection 

two days before the collection of feces stus. 

Collection and Sampling of Feces, Urine and MK/, 

(g) The colle t cn of fe~os, urine nod milk (if the aimal. lctating) 

should be started 48 hours afta.r the coltection pcri,u ;ltnn. :r tLi 

procedure it is astuxnod that & I the fecc.. ,ro cal . t e.t c M,Kcut1'C: 



samples. A good plan would be to remove the feces and urine containers 

beginning at 8:00 a.m. each morning and replace them with clean con­

tainers. Collect feces and urine for 7 consecutive days, providing
 

feed intake and collections have been normal.
 

() Save all feces for the entire collection period. Keep in 

refrigerator at 1 C. If space is a problem, weigh and save 20'a. 

(i) Add 150 ml of 1 to 4 HO1 to each urine collection container 

cach day. Save all the urine for the entire collection period in the 

glass or plastic bottles. Keel) in a refrigerator at 1 C. If space 

is a problein, weigh and save 20'. 

() If th, animal is lactating and a balance trial is being con­

ducted, weigh the total amount of milk each day. Sample by saving an 

aliquot in a glass or plastic bottle. Keep samples in refrigerator 

at 10 C. 

(k) hcigh, the animal 3 days before the collection period starts 

and the morning after the feces and urine are collected to end the 

period:. The weighing should take place the same time each day, pre­

ferably before feeding at about 7:00 a.m. 

Sampling Feces
 

(a) J.cmove all 7 daysr collection of feces from container by 

trans 4 erring to the bowl of the vertical (Hobart) dough mixer. Nix 

obtainfor tlree r intites (or until the pellets are broken up). ieigh to 

total weight. .ividc by the number of days on collection to obtain 

the di ly kuiht. 
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Sampling Orts or Weighback
 

(a) If the animal refuses to eat all its food during the collection
 

period or if any is wasted by being thrown out of the manger, it should 

be saved. 

(b) If the weighback is dry enough to grind, a weight should be 

taken prior to grinding. However, if water was spilled on the weighback 

or if it is wet from saliva, it should be dried in a forced draft oven 

(temperature 650 C), then placed in a room for 48 hours to come to 

Just prior to grinding it should bemoisture equilibrium with the air. 


weighed.
 

(c) Grind the feed sample, orts or weighback and partially dry
 

feces through a mill with a one millimeter screen (if trace minerals
 

are to be run see "Trace Mineral Analyses," page 4101).
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Calculations
 

(a) Apparent digestion. 

Apparent digestion coefficient = 

nutrient in feed - nutrient in feces x 100
 
nutrient in feed
 

Example:
 

N+ apparent (Nof feed per unit dry (Nof feces per unit dry
 
digestion = wt x dry wt of feed) - wt x dry wt of feces) x 100 
coefficient N of feed per unit dry wt x dry wt of feed
 

(b) A balance is the relation of the material in the feed to the
 

output of the same material. For most nutrition work, the feed, feces,
 

and urine are considered:
 

A balance = material in feed-material in feces and urine.
 

Example: 

Nitrogen balance (NB) = 

(N in feed per unit dry (Nof feces per unit dry 
wt x dry wt of feed) - wt x dry wt of feces) - Urine N 

However, for extremely precise work, the material lost through pers­

piration and cutaneous material should be taken into account (cutaneous
 

nitrogen). For some types of research, the nitrogen in the products
 

synthesized--such as milk, eggs (for poultry), or wool--should be con­

sidered. For a carbon and energy balance the gases need to be considered
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