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Composition of
Dehydrated Forages

By H. P. Bivoek, 0. Ray Tuoarsox,! nnd G, O, Kourer, chomists, Weatern
Utitization Rescarvh end Devclopmont Division, Apricuilural Rescarch Service

INTRODUCTION

A constant demand exists for information concerning forage con-
stisuents, especially with regard to changes in constituents with stages
of growth and to alterations brought about by processing practices;
for example, pelleting and regrinding. Many workers huave reported
increased weight gains when ruminants were fed pellets inslead of
dehydrated meals. The cause of this apparent growth stimulation
is ndot clear, and this is one of the factors that prompted the present
study.

A great quantity of compositional data of forages has been re-
ported. With financiul support from the U.S. Departinent of Agri-
culture, the National Research Council of the National Academy of
Sciences compiled and published all available data (24).° Similar
financial support was given by the Western Utilization Research and
Development Division to the Colorado Agricultural Jexperiment Sta-
tion for a study of the storage stability of vitamins 16 and I, and
B-carotene in dehydrated alfalfa. This investigation also included n
comparison of first- and third-cutting alfalfsy with respect to the
content and stability of these nufritive factors, a comparison of com-
meraially dehydrated and of sun-cured alfalfs, and a spot check of
open-matket samples of dehydrated alfalfa (24). Many other stucies
of a similar nature have been curried out In laboratories concerned
with forage composition and utilization (3, 78, 719). However, many
data that are available do not permit adequate correlations, because,
in most of the studies, difterent constituents have been deterinined in
different samples of a forage. It was thercfore decided to select a
limted number of samples and study these intensively. In any such
study a maze of possible analytical schemes is enconntered from which
1t 15 necessary to choose one that will be most satisfactory for the
purposes of the investigation.

For several years many workers who have been concerned with the
task of assessing the feeding value of forages have heen dissatisfied

! Present address: University of Celifornin, Riverside; WURRD nddress:

Albany 10, Calif.
 Italic numbers in parentheses refer to Literature Cited, p. 19.
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with the information obtained from the traditional scheme of proxi-
mate analysis (3, 71, 14, 26, 33). The shortcomings of this scheme
are well known, (1) Fractions determined as crude fiber and nitro-

en-free extract are not chemically uniform (26, 32). (2) These

ractions contain varying percentages of their many components, de-
pending upon the type of plant materinl analyzed and even upon the
stage of growth when considering a single plant species (26, 33). (8}
Wherens the digestibility of erude fiber should theoretically be lower
than that of the nitrogen-free extract, digestion trials have shown
the reverse to be true in almost 40 percent of the cases examined (3).
The proximate analysis scheme is not without some value, but its
many limitations must be recognized.

Many new or revised analytical schemes have been proposed (72,
18, 14), but 1t is not the intention in this bulletin to attempt an evalua-
tion or critique of these proposals. Nor is it implied that all the

rocedures used in this study should be adopted by other workers
1 the field, Rather, data obtained by severa] analytical methods are
Eresented, so that each worker may be better able to select that com-

ination of techniques which will provide him with the information
most suitable to his investigations.

However, some of the data obtained in this study strongly suggest
that a rather simple procedure may be used for the indirect estima-
tion of lignin and total cell-wall material, especially where these
quantities are desired ag indicators of the nutritive value of dehy-
drated forage. Also, a determination of the extent of either benefi-
cial or harmful effects of pelleting and regrinding dehydrated alfalfa
meal {common commercial practices) on the vitamin and other chemi-
cal components of the forage is attempted. For this study six sam-
ples of dehydrated alfalfa meal were pelleted, including tivo that were
treated with an antioxidant (ethoxyquin, 1, 2-dihydro-6-ethoxy-2,2,4-
trimethylquinoline) (9) dispersed in 1 percent and § Percent animal
tallow. The analytical data obtained from these samples are included
for their value as replicates.

Of the 24 sumples annlyzed, 12 were dehydrated alfalfa meals, 6
ware reground pellets (made from alfalfn meal), and the 4 grass and
2 grass-legume mixtures were in the form of dehydrated meals. The
samples were obtained from a number of geographiecal loeations so
that the analytical data might be more generally applicable. Cave
was taken to obtain a fairly complete agronomic history of each sam-
ple, and this history plus the extensive analyses performed on individ-
unl samples should increase the value of the data presented.

SAMPLE INFORMATION
Agronomic History

In order to obtain a wide spread in the “quality” of samples, each
cooperating alfalfn dehydrator was asked to provide four samples
of dehydrated alfalfa meal containing approximately 13, 17, 21, and
95 percent protein, respectively. Because such a wide range of “qual-
ity” is not ordinarily available, it was necessary to collect the samples
over several seasons and to cub the alfalfa at earlier or later stages of
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crop maturity than is usual, in order to obtain, respectively, the high
and the low “guality” samples,

An extensive agronomic history was obtained for ench sample used
in this study. It is possible that information concerning the extent
of fertilization, irrigation, and other cultural practices may help to
explain certain differences in chemical composition of the forage sam-
ples. For this reason, each supplier of sample material was requested
to complete & form listing as much information as wes available con-
cemi}?g the sumple. A compilation of this information is presented
in table 1.

Processing and Storage

Harvesting, chopping, dehydrating, and grinding were all per-
formed by commercinl dehydrators who used their normal com-
mercial procedures. The samples were bugged and shipped to the
Laboratory by railway freight. Unavoiduble delays en route re-
sulted in considerable variation in the time required for shipping; in
some cases this amounted to as much as 4 weeks. In addition, sample
0-3 wag stored, unrefrigerated, for 8 months prior to shipment. All
aifelfs snmples were stoved (refrigerated) for periods as long as a
year prior to performing some vitamin and other chemical analyses.
For these reasons certain indexes used to judge the quality of forages,
e.g., carotene and xanthophyll content, are not comparable and shouid
not be considered to represent true values for freshly dehydrated
alfalfa. These data have been included for the sake of completeness,
but they also serve ns exnmples of quality loss thot may result from
prolonged storage.

When the bagged samples urrived at the Laboralory, they were
transferred to 5-gallon cans and covered with tightly fitting friction
lids. The cans were immediafely stored at 0° . Most of the meals
as received would pass through 40-60 mesh screens; meals of larger
particle size were ground to this mesh in o Wiley mill prior to
analysis,

Portions of samples N-1, N2, N-8, and N—4 were pelleted with a
Inborafory-scale pellet mill, wherein a rotating impeller forced the
meal througlh holes in o rotating stecl die. The pellets produced by
this die were approximately %4 inch in diameter and about 34 inch
long. Tt was necessary to add 3 to § percent water to the meals in
order fo muke pelleting possible, since the mill was not equipped with
stenn Injection as are commaercial-size pellet mills,

Other portions of sample N-8 were pelleted buf an antioxidant aud
animal tallow were added. The antitoxidant and tallow were applied
by slurrying the meal in Skellysolve B*® containing both the auti-
oxidant and the tallow. The slurry was mixed constantly until all
solvent had evaporated. The antioxidant used wss ethoxyquin
(1,2-dihydro-6-ethoxy-2,2,4-trimethylquineline), and the tallow used
was high-grade animal tallow.

* Manufacturers should consuit the Food and Drug Administration, Washing-
ton 25, DG, und the food und drug officinlzs of the individunl Siates involved,
to determine if the use of any nproposed additive is permissible, and if so, what
lhnitations are piaced on its use.
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Taznie 1-—aAgronomic history

Samplo nnd No,

Commor plant or
vorlotal name

Ganos and
apacios

Where grown

Ago
]

o
stand

Date cut

Cut-
thy

Tims
from

HIOVI0US|
cutling

Yield

Duhydrated

N2 iea
N-3

Nuobroaska Comn-

Ruanper

N-

Gl s

o, _
Oullfernin Com-

Medicago sativa_ .

Medicaga sutioa__
Medicapo salivn .

Medicago saliva__
Meditugo suliva .,

Moelieugo sativa .
Metdiergo silion.
Medicago sativa..
Medicago anfiva._.

Meidleage sation_.
Medienge subfea.

(e8]
Debydmled
nlfaifn, pel-
leted wnd
mr\'}l’l nd:

by

Daliydrated
gross and
grass-legiime
‘_mc!.\ls:

[ T S

Al

Reed cannry-
griss,

Cornmon rye-
ArRIS.
lialbon rye

Qrehardgrass_ L

Orelnrilgross
und Lading
whiteelover.

Orehurdgriss,
Ladinowhile-
etover, Altg
foseue,

Meilicngo sntien ..

Aedicago sativa

Medicagn sirtiva_.
Aledlcago saliog..
Medicnpn aativa .,
Medicago salivn_,
Aledicngn aative_.

Plialariy arundi-
NICET,

Fobivwm sp

Qozmd, Mebr_.

..iln
THxon, Culif_.

JUION | [ T

Craylown,
Ohio.

Snobnmish,
Wasl,

-dol

Secale cerenfe..

Paciylia glam-
erafn,

Dactylia glomn-
ermea, Tri-
Jolinmrepens,

Dactylis plom-
erin, Fri-
Jollumrenens,
Festiren arin-
dinneea,

Tort 3mith,
K

rk.
Wallaceburg,
Ontnrle,
Cnnatin,
Ohilliwaek,
Niritisk Co-
lumbin,
Canatls,
Burlingten,
Wagh,

—pE= e A EF B Ao

7-30-50
O~ 3-G0
H-24-66
L-1B-56
B-2)-50
B-27-50
T-23-50
9-15-56
7= 107
- 5-50
G-2L-80
h- 8-57

T-H-55
- 3-56
0-24-50
10-18-50
O-24-56
0-24-56

§- 8-57

f15-57
- 1-57
G=21-55

¥ 2-55

#13-58

I Liroed {n 1851,

t Snmc es debydraled snmple of same nuniber.
1 Lthoxyquin (1,2-dilhydro-B-athoxy-2,2,4-trimethylquinoline) and | pereent tallow added nnd regronnd.
{ Ethoxyquin (1,2-dihydro-fethoxy-22 4-tthmethylqulunline nnd 5 pereant taliow sdded und reground.

FIn duys.

! Orchardgrass, 816 pereent; Ladino whiteclover, 18,2 percont.
T Oreliardgenss, 7.5, Ladine whiteclover, 12.5, and Alta feseue, 13.0 porcent,
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of dehydrated -forage semples

Coodltien of crop
when cut

Proviots
crop

Fertllizer on-—

Cuarrent cron

Troviaus crop

Soil
ueldl-
ty

Boll type

Full bloam, lealy,
stemmy.

PR [}

Corn

u)"ﬂund‘s PET ACTe

Vgundy qier oere
Nitragen

[ {1

Dud, lealy

Bud, vory lonly ...

Fall bloom,
stemmy,

Bud, vory lealy.___

Nid, lonly -
{ bloozn, len
Prebud

Full Boom, fefy,
stampiy,

do
Sugar begis.

Bnrloy

Subur Leols,_
Wiwnt

N, (1053
NEL

-| Hall silt lonm ...

Haoll aflt Ioam. ...

IFine sandy {oom -
G:]muy sty ciny

J— 1]

1]

300 of 6-10-10 ..o

-] 400 of §~12-12 1.

SO0 of 5-20-20

Nltrogen

Bud, lenfy__
Hud, very lan
Bud, lenfy___.

eemnntio LI

Lealy, somestems.
About 8weaksold,
Yery lonfy

Lealy, 10-12
{nches,

Lenfy, 14-10
inches

Pousacnana.

200 of 11-48-0-4-200
of muriate pot-
aal,

N | |

200 of nmmoninm
nitralo.

200 of wmmoniim
nitrate alter
aneh cut,

48.6 N4252 P..._.

D0 af 46 peregnt
superpihosphnte
-+10 of nnrinie
Tiotash 70 of
sulfnte potasl)
40 of ammo-
i nitrate in
4 spplications,

Asoncurcrent erap
+ N end Kalter
eiils,

1]

Yu‘i}lol'-l\ty cloy

Tolado clay lonm..
lirookatoma einy..-
'l‘ulcdo olsy lonm..

Hall silt lonm. .- .

Fing snody loam..
Hull siit lonmn
Flue samly loam ..

Sandy losm

1,000 af 12-12-12
{i trentmonts).

300 of NH-150 of
P00 of KK,

Thnmesville clay
lonm.

Sendy loam

Cliny losm {rivor
battot),
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All pelleted samples were reground in the laboratory to 40-60 mesh.
The reground pellets were also stored in 5-gallon cans at 0° F.

METHODS OF ANALYSIS

Proximate Analyses

1. Moisture—Xxnctly weighed samples, 1 to 2 g., in aluminum
moisture dishes, heated 4 hours-at 100° to 105° C,, cooled in a desic-
cator and weighed.

2. Grit—By official A.O.A.C. {Association of Official Agricultural
Chermists) method (4}, except that carbon tetrachloride was used in-
stead of chloroform (18).

8. Orude fat—Ethyl ether extractives, determined by the official
A.O.A.C. mathod (4).

4, Ash.—By official A.Q.A.C. method (4).

5. Protein—Xjeldahl-Walker-Gunning method, A.Q.A.C. (4).

6. C'rude fiber—DBy official A.O.A.C. method (4).

Summative and Drganic Acid Analyses

1. Nowvolatile organic acids—The method of Palmer (£8) was
used. The acids present in a hot water extract of the sample were
eluted from a formate resin with 6-normal formic acid. Collected
froctions of the eluate were evaporated, taken up in water, and
titrated with 0.0125-normal sodium hydroxide. The rates of elution
and evaporation had to be carefully controlled and kept nearly cou-
stant from one sample fo another, in order fo obtain reproducible
titration data. In this study no attempt was made to separate and
identify the individual acids, so that the data report only “total non-
volatile organic acids” as obtained by this method. Nor does the
method include oxunlic ncid, becnuse this acid would not be obtained
in a water extract of the plant material.

2. Fthanol-benzene azeoirope solubles—For this determination, a
portion of ench sampie, in & paper thimble, was extracted in a Soxhlet
apparatus with the azcotrope of ethanol-benzene {1:2, by volume) as
the solvent. A large Soxhlet extractor was used, and Raschig-type
glass rings ut the bottom of the extractor insured complete drainage of
the solvent from the thimble. Reflux was maintained for 72 hours.
After evaporation of solvent from the residue, the weight lost by
the sampla was determined, and this was taken as ethanol-benzene
solubles. These data checked closely with those obtained by evapo-
rating the solvent and weighing the extracted matter.

3. Ammonium cmalate solubles~—This assay was performed on the
residue obtained after extraction of the samptle with the ethanol-ben-
zens azeotrope. The method used wus a modification of that of Hen-
derson (75) and involved n 4-hour and a 16-hour extraction of the
plant materinl at 85° C. witi1 10 volumes of 0.5 percent agueous ammo-
nium oxalate. The residue was filtered and washed with hot water
after each extraction, and finally air-dried; the moisture content and
welght loss were then determined. This weight loss cannot be con-
sidered as “crude pectin,” because considerable water-soluble material
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15 included and, thevefore, only the designution “aminonium oxalate
solubles™ has been used.

4. Sodiwm chlorite holocellnlose—~The materinl on which this asspy
was performed was that finul residue obtained sfter successive extrac-
tion with the sthanol-benzene azeotrope snd smmonium oxalate, s
described above. The method used was that of Whistler and cowork-
ers (38). Samples were treated at 85° C. for 1 hour, with 4 additions
of acetic acid and sodinm chiorite. Extensive cold waler washing of
the holocellulose residue on the filter was followed by acetone and
athyl cther rinses. The holocellnlose was then air-dried, and mois-
ture and yield were determined.

5. Pentosen—Pentosan material was delermiuned in the chlorvile
halocelluloses prepared as above. The method of Adams and Cas-
tagne (J) wus used to determine the quantity of furfural derived
from pentose upon reflux of the sample in 12 percent hydrochloric
acid. An Bvelyn photoelectric colorimeter, fitted with o 515-niliini-
cron filter, was used for meusurement of the color produced by the
reaction of furfural wilh an aniline acetate reageni. The furfural
measured was maltiplied by the factor 1.55, to convert it to pentosan,
wilh the assumption that all of the pentose was xylose and withoul:
correction for furfural derived from uromic acids. The distillation
of furfurul from peniose materinl is empirical and must be carefully
controlled. Mowever, the formation and measurement of the fur-
fwral-aniline acetate color complex are quite accurate and reproduci-
ble, and the method is much less tedious than the older phloroginein
procedure {4},

6. Lignin—The method of Norman and Jenkins (27), modified
s0 as Lo substitule autoclaving for refluxing (Binger and Norman
(10}), was used for the determination of lignin, hoth in the original
samples and in the chlorite holocellulose preparations, A [Tuely
woven nylon cloth was used for fliration, because nylon was found
to be less aflected by repeated exposure to acid and it retained fine
particles belter than the lawn (cotton broadcloth) specified in the
procedures cited above,

 Vitamin Assays

. Pontothenic ecid—AQ.A.C. method (4).

- Choline—Method of Horowitz and Beadle (17).

. Pyridozine—Method of Atkin and others {6).

. Lnositol—Method of Atkin and others (6).
Riboflavin—A.0.A.C. method {4).

. Nigein—A.0.A.C. method (4).

. Folic acid —A.O.A.C. method {4).

L hiamine—Method of the Association of Vitamin Chemists, Inc.

e 00 = D Ot e 0D LD

o
n

. Locopherols (total) —Colorimetric—(4) saponification in the
presence of an antioxidant; (&) removal of vitamm A and B-carotene
(Parker and MacKarlane} (29); {(¢) determinalion of tocopherol
(Quaife and Harris) 85‘0) .

10. g-carciene—A.Q.A.C. method (4).

11, Xanthophylls —Method of Bickoff and coworkers (8).

12, Vitamin .—Method of Almquist (2).
RE1888 61 - - 2
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13. Betaine~—A modification of the method of Beattie (7} wus
further modified Ly the workers of the Wisconsin Alumni Research
Foundation, as detailed after (he following oulline of the modified
original method: The satnple way vefluxed with barium hydroxide
in 20 percent agueous methanol fo remove wnmonia, and then ex-
tructed snd made to volume in methanol,  Choline was separated by
passing o part of the extract through potussium deealso.  The eluale
was then passed through bariwm dec also, to vetain the betaine.  Adfter
elution with waler, tho Letaine was })IC‘C_llJI['LI.Ld witly LReinecke salt
in difute phosphorie acid solution. The precipitale was sepurated,
washed, dissolvid in acetone, and read in & spectrophotomeler.

The pw(.eduu, was used as stated sbove bub with two exceptions.
() A standard curve was propared on an Bvelyn spectrophotometer,
with a 515-millimicron filter, and all wnalyses were based on this stand-
ard curve. (D) It was advisuble to decolorize (he extracts with norit,
to adapt this procedure Lo forage extructs, which are highly colored.
Decolorization removed u substantial guanfity of intevfering muborial,
which otharwise caused diffieulty on the decalso columns.

Calculation of Dato

Moisture and grit were defermined in alr-dry maferial as received,
and are reported as *percenfage of aiv-dry weight.”  All subsequent.
analytical dala were then calenlated on the basis of “moisture- and
crit-free or*e.gma? nuterial”

The factor 6.25 was used to convert Ijeldahl nitrogen lo profein,
and the other proximate analyses were caleuiated as deseribed in the
Official Methods of Analysisof the A.O.AC. (4).

Nonvolatlle organic ncids were enleulated as “millicquivalents of
acil per gram of moisture- md grit-frec orviginal material”  Because
peither the identity nor the pereentuges of Lhege individual acids were
determined, only an approximation of the percentage content of non-
volatile acids is possible.  For the alfalfa samples, an average equiva-
lent, weight of 80 was used. This figure was caleddated from data
veported by Richardson and ITulme (57) and from data obbained
by an analysis of one ot the smnples of this series, which was per-
formed by D. F. Houston of the Western Utilizalion Research und
Development Division. The average equivalent weights obtained
Trom the daln of Hulme and IIousi on Avere, wbpet‘{:\'el\, vk and 92
These daba illustrate the variation possible in compositional data even
when dealing with u single species.

For an dppzo\mmimn of the percentage content of noanvolatile
orgnnic acids in Lhe grass .dmp!(“;, an aversge squivalent weight of
105 was used. ‘FThis hﬂ‘um was derived from data for per ennial rye-
grass (Loliwm per enney reported by Hirst and Ramstad (16). For
vmss-iawunm mixtures, approprinie pereentages of 105 and 80 were
used to estimale avernge equivalont weighis. "It must be mnph.ls:/t_d
thab percentage contents of ackl calenlated by these average equi v
lent weights are mevely vongh estimations and should not Be used as
absoluie dat.

In ealealuling ethanol-benzene solubles, the data for the dry-weight
losses incurred by the samples upon extr action with the gzeotrope were
converted o pereentages of moslure and grit-free original material.
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The data for the weighi, lost by the azcotrope-extracted residues wpon
subsequent extraction with ammoniom oxalate were converted in the
saimne manner to ammonium oxalale solubles.

Chlorite holocellulose was caleulnted from the weight of material
remaining after dissolution of lignin with sodium chlorite.

The content of Jignin in the samples analyzed was caleulated in the
following manner: Affer the several acid hydrolyses had removed
carbohy&mi;e materml], a residue was obtained that contuined the lig-
nin and mineral fractions.  An exact weight was obtained, the residue
was ignited at 600° . overnight, and the Joss in weight resulting from
this iemition was considered to be lignin,

Al vitamin data wers converted to, and are presented as “milli-
grams per 100 o, of moisture- and grit-free original malerial.”

RESULTS

Proximate Constituents

The data obiained by n proximate waalysis of the 24 samples in the
study are shown in table 2. The data for the moisture and arit
analyses have been included so us to enable the reader to convert any
data to other bases if so desived. Tn general, the relationships shown
in these data, e.o, the inverse relationship of protein to erade fiber,
are similar to those found by proximate analysis of most fornge
semples.

Tanre 2—Proaimete anetysis of alfelfe meals, reground pelicted alfalfia, and
prass and grass-teguue aighire megly
r

]
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When alfalfa meal samples N-1 through N—4 are compared with
their pelleted counterparts N-1-P through N—4-P, it appears that
most of the proximate constituents have been nnaffected by the pellet-
ing and regrinding processes. The exception to this is the greater
quantity of erude fat found in the reground pellets as opposed to the
meals. The average level of fat in the peliets was 22.3 percent greater
than in the meals. This finding has previously been reported hy
Lindahl and Davis (£0) and more recently confirmed by Lindahl and
Reynolds (271). These authors postulated that at Jeast part of the
observed increase in crude fat may result from cellular rupture dur-
ing pelleting, which peumits greater penetration by the solvent. Lin-
dahl and coworkers found, lhiowever, that this increase in apparent
erude fal did not affect the gross energy content of the pelleted alfalfa
as compared to the same alfalfa in the form of meal.

Summative Constituents and Organic Acids

Tables 8 and 4 show the quantities of thie various constituents that,
were assayed in the so-called summative analysis scheme. ‘The cal-
culation of percentage content of the nonvelatile organic acids (table
3) has already been described. In the extraction of the samples with
ethanol-benzene azeotrope and ammonium oxalate, large amounts of
material were removed by the double extraction procedure. Thus, it
was found that from 20 to 40 percent of the crude protein present in

TABLE 3. —&umanative analyzis (solubie conglituenls} and organic ncids of elfalfe
meals, reground pelleted alfelfe, and grass and grass-legwine miziure meels?

Resldue | Crude | Protein-
Nonvolallle arpanle fAgeolrore | Oxolele | from 2 | protein frep
Sample neiils solubles | solubles | extroc- in daubly
Lons regldne | extroctod
residue
Al)fe meal: Aeg. Percentq{ Percent! | Pereent | Pereend | Percend | Percend
T SRS 402 3.2 16.8 1R 6 H.7 .7 0.8
L 350 2.87 15.6 19,6 61.8 12,3 4. b
N Al L 438 L] i 40.4
L5 6. 47 28 35,8 834 10.6 33. 8
L 3.20 2.8 6.7 [2.0 10,0 52.0
47l 3. 51 19. 6 L& AL 9 12.8 18,1
L4 3.5 22.3 40 6 47.2 173 .4
it 4,32 21.8 20.0 14, 2 14.2 HR
LA 2.40 17 8 218 B4 207 50.7
. 406 3.00 20.2 ar 4 idod 14. G 3.8
402 470 20.2 25.9 g 12,8 411
13331 5. 09 2.0 B 1 43.0 1.7 |
480 4.0 13.0 15.6 kg .7 54.8
A5h 4,84 18.10 oL, 1 Bt} 8 i1 0.8
Vihin a. 25 N0 0 fih, 4 13.4 43.0
- R A.42 2.0 0. § LA 18.4 ar7?
W= -1 . .H3 a. 14 .8 2. A T 164 3.2
N-G-P-B-f i e il 4.5 2.0 214 A7 1.3 .4
Cirnsses and prass-legume mils-
tire menls:
Teed conhryErass.. .o .. L2112 FAE] 95,40 L8 51,1 16,1 350
Common ryagrass. 0 200 25, 5 25,3 40,2 174 31.8
Ryoo..._.... f32 &, oft SR 0 0.0 il 8 .7 0.1
Orchardgrnss_ patlt] W14 4.8 18.7 57.8 17.a 40. 6
Orrcharlzrass- -
QOVET e o oas . 2l 2. 85 26 20.8 fir' 1 #3.46
Drebardgrass-Taulino white-
clover-leseucgrass.. ... . a8 3.0 20,4 Wt a5t 4 %] 3r. 5

T A0l daks based ov moelsture-and prit-freo original malarial,
* Assumlng s nversgo equivalond welght of 8¢ for smnples N=L (hroush W-g-1P-E-5, 103 for snibles o
grass menls, 100 for sumple of orghordgriss-Ladine whileelover mixture, and 102 for the last samplo {see Lext) .
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the original sample material was extracted by this procedure, with
an average of 32 percent. Prior to Xjeldahl analysis, the residues
were tested for the presence of ammoniacal nitrogen and were found
to be free of this potential source of error. Evidently, the extensive
hot water washing of the residue removed any ammonia that would
remain from the final ammoninm oxalate treatment, an observation
which confirms a recent report by Waite and Gorrod (85).

TapLe 4. —Summaetive anelysiy {insoluble constituenis) of alfalfa meals, reground
pelicted alfaife, and grasy end groas-legume miziure meals?

Orude Cor-  (Fontosan
Chlorite [protein injLipnin inf rectod 2 in Huintno-
S plo holpewl- | hedoeel- | holocel- | eldorile | holecel- | Tdeon tion 3
llose htlose Tudose holoeal- lulose
Inlose  [{as xylun)

Alluita Mools: Fereent | Percent | Percend | Percent | Percent | Percend
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The data in table 4 illustrate one of the problems encountered in
attempts fo use the sodium chlorite holocellulose assay to determine
cell-wall materzal (72). Residual crude protein and lignin may con-
stitute as much as 40 percent of the chlorite holocellulose isolated from
the forage samples. The quantities of both crude protein and lignin
in the holocelluloses bear some relation to the amounts of those con-
stituents in the original samples, but these are too variable to be used
for prediction purposes.

The possibility of prediction of some components, however, arises
from an inspection of the data in table 5, The data for total cell-
wall material agree very closely with the data for protein-free, doubly
extracted residue, tuken from table 8. In addition, for most of the
alfalfa samples, lignin as a percentage of this residue approaches a
constant of 20 percent.

o
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These observations prompted a stutistical anulysis of the data for
all 18 alfalfa smnples, the results of which are presented graphically
in figure 1. Regression equations were determined, and the intercepl
values were found, by testing, not {o be significantly different from
zero and, therefore, both lines were recaleulated to pass through the
origin. The regression equations for these lines are shown In the
figure. Also shown are the 95 percent confidence limits, within which
it is seen that a 1:1 relationship may be assumed for total cell-wall
material and protein-free, doubly extructed residue. The suime ve-
lationship was shown for the grasses and grass-lecume mixtures.
In this case the regression equation was ¥=1.01991", which is very
similar to that found with the alfalfa samples. Because only six
smnples were available for this study, however, the 95 percent Iuniis
were much wider, but the data in table 5 cleariy show that the same
1:1 relationship exists.

The second plot in figure 1 indicates that, for dehydruied alfalfx
smnples, lignin may be closely estimated as 20 percent of the fignre
obtained for protein-free, doubly extracted residue. Inspection of

L

[ Confidance Limits:
70 / 85%
i /
o0 Total Cell-Wall Material / / 959
50
i_ -
2
w 40 |-
O
o |
w
Q. 20
20

I
0
0 I 20 30 40 B0 60 70O
Protein-Free, Doubly Extracted Residue
PERCENT

Frouns 1—Regression of totul cell-wall malerial and of lignin on proteinfree,
doubly extracted residuc of alfalfa meuls sud reground pelieted alfalfn, as
percentage of moisture- und grif-free original muterini,
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the data in table 5 reveals that there is a species difference in this
case; for grasses, a 20-percent estimate cannot be used. Tt appewrs
that a more intensive study of each species would be necessary to
determine whether or not lignin is a constant percentage of the
residue as it was in the alfalfa samples stndied.

TaARLE b.—Oompurison of cerfain cell-wall dale with hose for prolein-free, doubly
extracted residuc®
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t AT Juts 65 percentage of moisiore- and grit-lroe orlginal material,
1 Cellulose = correztod holovelltlose minus pentosan, .
+Total ectl-wall materlal = collulose 4 pentosan -+ ligols {does not Include pecting.

It should also be remembered that the relations shown here were
obtained by using certain methods of analysis, and that the use of
other analytical methods wiil require confirmation of these results.
The double-extraction procedure, however, appears to be very prom-
ising for rapid estimation of total cell-wall material and for lignin,
where extreme accuracy may not be required ; for example, in deter-
mining the nutritive value of forages (Meyer and Lofgreen (23)).
Another factor that must be considered is the magnitude of the gnt
contamination of the samples, If the grit confent is § percent or
more, it. will have to be taken into account in certain of the analyses.
Data for both protein-free, doubly extracted residue and total cell-
wall materinl include most of the grit fraction. On the other hand,
neither crude fiber nor lignin data include much of the grit, because
their analytical procedures include ignition and compensation for the
unignited residual mineral materinl. The samples used in this study
contained relatively small quantities of grit, and so no corrections
were made in the rfata for the protein-free, doubly extracted residue
or total eell-wall material.
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Vitamin Constituents

Results of the assays for 13 vilamins and accessory faclors are
shown in tables 6 and 7. As was explained earlier, the data for
B-carotena sud xanthophyll content of the alfalfa samples are not
reliable, because of prolonged storage prior to assay. These data are,
however, reliable for the grass and grass-legume samples, as these
were analyzed within a short time of their receipt. These grass
samples are obviously very rich sources of the fut-soluble vitamin
factors nssayed. In general, samples with higher protein content
ulso showed u higher vitumin content. This is true not only for the
fat-soluble, but also for the waler-soluble vitaming and accessory
factors.

TARLE G—Fut-solpble vilamin faectors of alfulfa meals, reground pelloted alfulfa,
ased proas and grass-fgpime mlature meels !

Saraple g-earolone 2 Manthu- Pofal lgee- 3 Vitamin K
phistlls 2 pherols
Alfalin meals: My fHo0 i, Ay fitd p. Ay frod . Afg f100 g,
-1 7.4 16,4 1.7 [}
0.3 18.2 17.3 jt
a0, 48,7 165 Uiy
<t A Hhd P 1.78
12,7 244 pirl ] 197
AR 4.9 8.1 i.82
14,8 40,2 18.9 KAL)
18.5 8.5 14.9 411
7.0 I7.6 11.4 3,12
20.0 5l 5 2.7 .87
0.4 47. 0 2 .93
O-1.. 22,4 45. 8 15,1 LT
Koground
N-l-l*_. .0 18.4 w.ib 2,81
N=2-7 [y 218 17.8 1.4l
N3P 2.7 474 17.3 .4
NP, LE LR 5.1 2,02
n=3eP=FE-1 a4l 0.3 i7.u 1.36
i = 2.4 4.3 15.11 L4l
(russes and griss-le
RRevd ciminryprass.. SR G2, % 242 1.d
COmmen ryegrnss oo eeaaan . 45.1 104, % 23,6 1. 62
[ 4 T, .. 3, i 1442 3.5 .30
Orehard grass oo zen - R 15. 5 18,7 $l4 4.25
Qrehardgriss-Ladine whileelover. | 1x.5 LTI JR1S)
Orchinrdyruss-Tauling toelove
58.3 1,6 35,3 4. 60

y AL data as milliigrams poer 106 £.owgistare- aod prll-free origingd uaterial.
» Vadues are low {or alialfa samples beeause of Jeluy In assay (gee text).

A compuarison of the vitamin contents of alfalfa meal samples N-1
Lo N—4 with their pelleted and reground counterparts (samples N-1-P
to N-4-P) showed that in only two cases did significant decreases re-
sult from the pelleting-regrincling process. Ifigura 2 shows this eilect
on the two vitnmins, inositol and pyridoxine, The loss of inositol
averaged about 25 percent, and the loss of pyridoxine about 30 per-
cent—both losses were considerabie and statistically significant (5-
percent level). The positive correlation of the vitwmins with protem,
previously referred to, is also evident in the figure. Other apparent.
mereases or decreases in vitamin content resulting tfrom pelleting
proved to be not statistically significant.

In this comparison of four dehydrated alfallz meals with theiv
equivalent reground pellets, only changes i inositol, pyridoxine, and
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crude {at contents were detected. It does not seem likely that these
changes are sufficiently important to account for the increased growth
response that many investigators have reported for pellet-fed animals
(22, 36, 37). This phenomenon of growth stimulation may be re-
lated to the increased bulk density oﬁhe pelleted materiel.

Tanre 7.—Waicr-aoluble vitamin factors of alfnife meals, reground pelleted
: alfaife, and prasscs and grass-legume mipture meals’
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The analytical data obtained for the deliydrated alfalfa meal
snmples show definite trends that may be related to protein con-
tent. Therefore, it is possible to simplify the tabulation of data by
the calculation of certain averages, which may facilitate more rapid
location of the data sought. These averages {shown in table 8) were
determined by combining the data of three groups of samples with
similar protein contents that provide average protein values of about
15, 20, and 25 percent. Both positive aud negative correlations of
all constitutents with protein content are readily apparent when the
datn ave pregented in this manner. Such a combination of date would,
of course, be invalid with the grasses and grass-legume mixtures, as
each of these samples is of a different species.

The significance of the vitamin data obiained from the 12 dehy-
drated alfalfa meals is best shown by such information as contained 1n
table 9. This table indicates the extent to which alfalfa can contribute
toward supplying some of the nutrients required in pouliry diets.
The percentages of requirements supplied by alfalfa swere based on
the average vitamin data for the 20.6-percent protein level (as shown
in last part of table 8), and it is assumed that aifalfa meal is only 5
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Figure 2.—Losses of vitamins inositol and pyridoxine as a -result of pelleting and regrinding
dehydrated alfalfa meal. Vitamin data are given as milligrams per 100 grams and protein
as percentage of moisture- and grit-free original material. Differences between meals and
pellets are sig:ifiecant at the 5-percent level. .
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TABLE B—Composition of 12 dehydrated alfalfe meols averaged socording to 3
protein levels

Constltuents

Prateln lovels

15,5 pereent for
sampies N-1,
N-%, G-1, 0-1

0.6 pereent for
snmiples N-3,
-2, O, 0-2,
0-3

248 percent for
samplos N—4,
C-3, 04

Proxlmoic constlituents and organic neidy:
Crurdla fat

Orude Nber
Lt

Pervent

Fereent
.40
26,4
0.3

Percend

e

Sugor, us gl .L.ilu:.lu;.
LML, e e mt smmn e m e — e —————

Nonvolatih orguife neids '.-.-_..,._,.-.....,. .......
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1 Pheso dols enlenduted by differenee.

{ Totat cell-wall materlal = ecllulose + pentosan -+ lgnin (does not lnelade peetin).

' Data ns milligrams per 190 prams of modsture- and grit-lree original materinl.

* Vajues are low because of delay In assoy (see text),

TanLe B, —Alfelfa as a seurce of required viteamin factors for pouliry

Pyrcentoge of re-
quiremetit pro-
vided by using §
pereent of 20-per-
eent proteln nlfulfn
in the diet

Ampint
required
far starting
chicks !

¥itutnin factor

Alp.fih. feed
Q.72

Pyrldozine.

1| National Regeareh Council, Committes on Animul Nubrition (23).
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SUMMARY

Protein content of dehydrated forages was correluted positively
with content of cther valuable nutrients, and negatively with con-
stituents considered to be of no, or low, nutritive value.

The ({)rocess of pelleting and regrinding dehydrated alfalfa meal
resulted in Josses of inositol and pyridoxine vitamins and an apparent
increase in ethyl ether exbmctabfe materizl. These changes were not
large enough to account for the growth stimulation reported for
Ee eted fornges. This phenomenon may be related to the Increase in

ulk density resulting from the pelleting process.

When dehydrated forages were subjected to successive extractions
with ethanol-benzene azeotrope and dilute ammonium oxalate, the ex-
tractions removed 20 to 40 percent of the Kjeldah! nitrogen present
in the original material.

Holocellulose, prepared by the acid chlorite method, did not vep-
resent tota] cell-wall carbohydrate material. Residual crude protein
and lignin constituted as much as 40 percent of the holocelluloses
isolateﬁ from dehydrated nlfalfa, grass, or grass-legume samples.

Total cell-wall material (cellulose+ pentosan+lignin) could be
predicted from a determination of the quantity of protein-free,
doubly extracied residue in a forage sample. Within 95 percent con-
fidence limits, a 1:1 relationship may be used for total cell-wall
material and protein-free, donbly extracted residue with o high degree
of sceurncy, and for many purposes they may be considered to be
equal. This was shown to be frue for all types of forage samples
analyzed.

"The lignin content of a dehydrated alfalia sample (meal or pellet)
could be estimated as 20 percent of the quantity of protein-free, doubly
extracted residue determined in that sumple. This estimate was also
shown to be quite reliable and suiliciently sccurate for many purposcs.
The use of this method would resull in a considerable saving in time
and labor normally required for direct lignin assays of alfalfa.

Tt was not possible to determine a general factor for estimating
Tignin in the grasses and grass-legume ixtures, as only one sample
of ench species was analyzed. If, however, examination of a lnrger
nunber of samples demonstrates thut lignin represents & constant per-
centage of the cell-wall material within a species (as was shown with
alfaifn), then this sume method of lignin estimation will be pessible.

Average values were crleulated for all constituents determined in
the 12 dehydrated nlfelfa meals. These averages were grouped ac-
cording to three protein levols—approximately 15, 20, and 25 percent,
corresponding to the most commonly available commercial products.

Dehydrated aifulfa merl containing 20 percent protein and used
ab a level of 5 percent of a poullry ration contributes significant
quantities of many nutrients essential to proper poultry growth.
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