IDENTIFICATION AND DETERMINATION OF THE EASTLY
HYDROLYZABLE COMPONENTS IN

WESTERN RANGE GRASSES

By
WILLIAM EDGAR BILLINGS
Bachelor of Arts
Oklahoma Agricultural and Mechanical College

Stillwater, Oklahoma

1955

Submitted to the faculty of the Graduate School of
Oklahoma State University
in Partial Fulfillment of the Requirements for
the degree of
MASTER OF SCIENCE
May 25, 1958

OB U



PEL R LA

IDENTIFICATICN AND DETERMINATION OF THE EASILY

HYDROLYZABLE COMPONENTS. IN

 WESTERN RANGE.GRASSES

Thesis Approveds

e Y Phae o

¢ Dean of the Graduate Sehool

STATE UNIVERSITY
LIBRARY

NOV 5 1958



ACKNOWLEDGMENT

The writer wishes to express his sincere appreciatipn to hisv
adviser, Dr. James E. Webster, for his guidance and counsel thrqughf-
out the course of this investigation. He also wishes to express his
appreciation»to Dr. Robert MzcVicar and to the Department of Agricultural
Chemistry for théir assistance and support, andvto Mr. Eo Heo MCIlvain
of the Southern Great Plains Experiment Station in Wbodwa;d, Okiahoma,

for collecting the grass samples which were used in this studyc

iii



Chapter

Iﬁ

IT,

III.
v

VI,

TABLE OF CONTENTS.

INTRODUCT.ION

2O 008EITNNERBOCORCAOSPDOOO00CHIDLADEBOBIRQFIOICOLOIES

REVIEW. OF LITERATURE

CHO0OQCHEOADAVACHOBBABAGOSCNBPIBODGOVOE

EXPERIMENTAL METHODS EMPLOYED

PO OSO0OVDBVODEDERUAORIOTHADOOD Y

DISCUSSION OF METHODS AND. RESULTS

OO0 HODOOROCHTOBINODSOONSD

LITERATURE CITED

PLROTODECIRI OO0 DOACTI DO NCTIOD OO RO ORD

VIT4

®AOICOHCOIDOQGAOCEODAOCLRAD VDO EEOOQRAONOCANCEROT DO RADS

iv

Page

1
2
8
25
29
31



LIST QF TABLES
Table i o o Page

lo Results of analyses of Three Different :
Grasses during a One Year Period srsescasacsssons 17

LIST OF GRAPHS.

Figure Page
1. Easily Hydrolyzed Components ( Method 1 ) cvevoescsoeos 18
2o Fruetosans Content ( Method 3 ) revoasaroan 19
30 Galacturonic Acld Content ( Method A’p ) 6navsssansas B0
Lo Pentosans Content { Method 5 ) sosasocssces 21
5o Comparison of the Fasily Hydrolyzed Components to . .
the Summation of Fructosans, Pentosans, and o
Galacturonic Acid Content of Blue Grama escvcsecse 22
Y« Comparison of the Easily Hydrolyzed Components te-
the Summation of Fructosans, Pentosans, and
Galacturonie Acid Content of Sand Dropseed rsecacs 23
7. Comparison of the'Easily Hydrolyzed Gomponents to
the Summation of Fructosgans, Pentosans, and

Galaeturonic Agid Content of Western Wheat
Grass . asvonscoass Al



INTRODUCTION

Many studies conducted in past years have shown that the widely
used and well known proximate analysis is not adequate to account for
the known differences in feeding value of range grasses for beef cattle.
There are indications, however, that the two principal carbohrydrate
fractions in the proximate analysis, the crude fiber and the nitrogen-
free extract, may possibly account for most of the variation in quali-
ty from grass species to grass species., If there were some way to
make a detailed arialysis of these fractions, this variation in quality
might be better explained. Fortunately, such detailed analyses can
be made.

Cne of the routine methods of analysis for carbohydrates employed
at the Agricultural Chemistry Department of Oklshoma State University
determines the several substances making up these easily hydrolyzed

fractions.
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REVIEW. OF LITERATURE

Farmers and ranchers have known there were differences in grass
quality for many hundreds of years (33), but the evaluation of the
range plants by chemical methods is a relatively recent undertakinge
The first attemplt at a chemical analysis of grasses and animal feeds
came almost 100 years agee This first method, with only slight
modifigationsg ie still in use todaye This method is the well known
proximate analysise Almost all commercial feeds are analyzed in this
way, and the results of the analysis are attached by means of tags 1o
the sacks in whieh the feed 1s solde This method reports such genersl
values as orude protein, fat, erude fiber, ash and nitrogen-free extracte

That part of the grass called nitrogen~free extract is found by
adding the percentages of all the components of the proximete analysis,
and subtracting from 100, In other words, 100 minus (percent protein +
percent fabt + percent erude fiber + percent agh) = percent nitrogen-free
extracte This figure is generally ceonsidered teo be a measure of the
digestible ecarbohydrate eomtent of the grass. (26) -

The carbohydrates are the most abundant of the various grass
sonstituentse When a plant is fed to an animal, the plant carbohydrates
furnish more energy for its life processes than any other class of materialss

The eazrbohydrate content of grasses has been the subject of much
experimentation for many yearss Is any one fragtion of carbohydrates
responsible for the superior nutritive quality of one grass speclies or
is a combination of many such fractions responsible? Do the kinds of

aarbohydrates present determine grass quality, or does the quality of



grass depend cnly on total carbohydrate quanbity? Theseuqueétioﬁs are still
being studied. New answers are still being founds

The overall quality of a grass species does not depend entirely on the
specifie chemical compounds'found in it.. Most of the food consumed by an
aninal is broken down, and iﬁ some cases further shanged by enzyme action.
These products can not in general be identified with any particular com-
pound, sinece simple nitrogen compounds such as amino aseids come from a var-
iety of complex proteins, and sugars come from a similarly cemplicated var-
iety of long-e¢hain carbohydratess Chemical ehanges also ogeur through miero=
organismal aetion, especially in ruminantss The bodies of these microorganisms
are then digested in the true stomach of the ruminant animale CB?)

Processes suech as these make "grass quality” a most élusive valuee
With the advance of kunowledge in anslytieal chemigtry, and with the better
analytieal proeedures that this brihgsﬂ it is the hepe of all workers in
this field thet zetual chemical composition will become a better measure of
qualitys.

One of the problems being studied at Oklahoma Agricultural and Mechanieal
College invelves the determination of wvarious classes of earbohydrates present
in several range grasses grown in northwestern Oklahomae

Polysaccharides are composed of two classes of sugars, hexoses and
pentosess (32) Some of the hexose polymers which have been reported in
grasses are the fructosans (1, 19, 21) and cellulose. (10) Only very small
amounts of starshes are presente (14, 16, ?2} Except for sellulose, the
pentosans have a more dominent role in grasses then hawve the hexosanss
Arabans, xylans, mannans, and many others have been shown by several research

workers to be present in variable quantities in grassess (6, 8, 29)



Cellulose, that earbohydrate which make up the framework of grasses,

is a glucose polymer, but it is encrusted with many other substances.

These substanaees are of two general types: the hemlecelluloses; and lignin.
{32) There are several different types of hemicelluloses, but these in
grasses aré apparently of the polyurocnide type, that is, when they are
hydrolyzed they yield simple sugars and uronic asids. (33) Hemicelluloses
of sheep fescue and sweet vernal grass yield on hydrolysis arabinose,
xylose, and a unidentified uronie acide (4) Those of alfalfa eontain for
the most part xylese, a little arabinose, snd a uronic acide (31} In
alfalfa roots the hemicelluloses consist of glueose, xylose, and a urenic
acid whish is probably glucuronic acide (l1) Pectins, whieh are so-polymers
of pentoses and uronic acids, have been reported only in relatively small
quantities in grassess (5)

The other chief contaminant of eellulose, and therefore of hemicelluloses,
is lignin. Although lignin is generally elassified with the ecarbohydrates,.
its strusture is not definitely known, and it probably is not a sarbohydrate
at all. (32) Lignin 18 generally characterized by its resistance to attack
by all but the stromgest chemiecal treatments. It is alse highly resistant
to attack by microorganismse (32)

Close relationships are thought to exist between peetins, hemicelluleses,
and lignine MNorman (27) has summed up the several thaories of their formation
as follows: pectins undergo trancsformation to ligning hemicelluloses or
ecertain groupings thereof may be converted to lignins polyuronide hemi-
eelluloses are formed from pectins; and all thrée substances are econnected,
lignin being formed from pectins through the intermediate stage of poly-

nrenide hemicelluloses.



Since the nitrogen-free extract contains too many eomponents to be
studied in the limited time available, this research work wes limited to a
study ef the sarbehydrate frastion called fruetosans, as determined by mild
aeid hydrolysise (32) |

The first isolation of a fructose polymer was made by Muntz in 1878,
(13) Sinee that time, many such polymers have been discovered. Most of
these were named according to their eriginwwasparagasin‘from agparagus,
irigin from iriss. In recent times, all sush polymers have been grouped
under the name of “fructosan™, referring the different polymers to their
common origin, D-fructoses

The faet that all fruetosans are not the same may best be illustrated
by the follewing examplese

Inulin (a D-fructose polymer isolated from guayule tissue) on aecid
hydrolysis gave a quantitative yield of D=fructoss. Methylation followed
by hydrolysis ylelded 3,4,6,=trimethylfructofurancse and a small portion
of 123949ﬁgwheﬁramethylfruatofuranowec The ratio of tri- to tetra~ methyl
fructose indicates an average chain length of about 28 fructose residues
per ¢haine

The fructosan of barley leaves on methylation and hydrolysis yielded
1,354,~trimethyl~and 1,3,4,6,-tetramethylfructofurancse, indieating chains
oft D=frugtofurenose units with 2,6 linkages. These chains; apparently
unbranched, are about 10 residues in lengths A fructosan isolafad from
timethy caploeorns shows similar 2,6 linkages, but is 15 to 16 fructose
units longs

Irisin (a frueiosan from the iris plant), apparently containing a
branched-ghain struecture, yielded on methylation and hydrolysis equal

amounts of 3,6-dimethyl- and 1,3,4,6-tetramethylfructofuranose. (10)



As wag mentioned earlier, (1, 19, 21) fructosans are known to be present
in many renge grasses, and as might be expected, considerable variation in
quantity has been noted. The amounts vary not only with grass species, but
also with locality and seasons of the year. For instance, in ryegrass in
England, Norman found as much as 30 percent fructosans, while the same
species in Ohio contained enly about 5 percent fructosanse (28)

Since research on fructosans has been so extensive, many methods have
been proposed for their quantitative determination. These methods range
from the earlier, non-gpecific gravimetric methods (13) to the newer, more
specific methods of colorimetry (23) and chromatography. (18)

One method tentatively adepted at Oklahoma Agrieultural and Mechanical
College consists of boiling an ethanol-extracted sample for 20 minutes in
Q.2 B H28040 This is followed by neutralization, filtration, and finally
measurement of the redusing content by a quantitative volumetrie technique
based on the reduecing astion of monosaecharides toward an alkaline gopper
complex. {32) This method determines the easily hydrolyzed components of
the grassese It was originally assumed that fructosans were the only major
gonstitvents being removed. This assumption is apparently valid when

g

applied to certain plant tissues, but percentages of "fructosans” seemed
miach teo high when the method was applied to such grasses as were studied
in this parti@ular problem. Another more selective method based on the
unigque abllity of fructose to react with resorcinol to form & ecolored com~

pound (23) showed practically no fruetosans to be present, except at certain
seasons of the year in one of the ten grasses testeds

Since only small amounts of fructesans are present in the grasses being
studied, an atbtempt was made to determine what sugars were responsible for

the execessively high values given by the mild hydrolysis mentioned earliers



Several sugars were suspected after a literature searchs Aspinall and Wilkie
disgovered arabinose and xylose in oat straw; (3) and Binger éﬁd Sullivan,
working with orchard grass, found xylose, glucose and galactose, as well as
pome ﬁronic acids. (8) In a study of forage grasses in Palestine, it was
found that the hemicellulose fraction econtained mostly pentosans, while the
cellulose fractions of the grasses were predominantly hexosans. (9) In all,
one or more of 13 substances were possibly present. These were: glucose,
fructose, galactose, arabinose, xylese, rhamnose, mannitol, galacturonie acid,
gluconie aeid, glucuronie aeid lactone, araboniec acid, and galactonic acid.
One of the simplest metheds for the identification of sugars involves
the use of paper chromatography. While eertain authorities will not accept
this as positive proof, it is sufficlently reliable to identify, at least
tentatively, those sugars presente. This is the methed used iﬁ this projesto
The principles which govern the separation of sugars on a sirip of
paper during development of » ehromatogrem are exceedingly complex, and Qill
not be dlgeussed In this paper. 4 diseussion of this mey be found in the

article by Comsden gt al. (1R) Suffiee it to say that, theorstically, the

best separations of sugars are made with filter paper strips approximately
100 times as long as wide, treated with a developing seolution sueh that Re
values are in the neighborhood of Q.2. (16)

To repeat, too little is known about the quality of range grasses, and
while this projeet is shiefly concerned with the quality of the carbohydrates
in grasses, it ig 8 part of the whole study of animel nutrition. When the
importance of forages, snd particularly pasture forage in the eeonomy of

animal production, is sonsidered, the need for studies such as this is readily

388N
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EXPERIMENTAL. METHODS EMPLOYED
" Method 1
Basily Hydrolyzable

Garbbhydrates
Heagentss:
1. 052 N H,s0,
20 10 N NaOH
3 01,25"74 M GuSO, (Fehling’s “ 4 ™)
49 Alkaline tartrafé solution, composed of 346 grams Rochelle salt and 10@

grams of NaOH per liter of solution. (Fehling’s " B ")

9 1 percent starch solution.
be Ooéﬁch Na,5,0, stabilized with 5 grams NaCH per liter.
%a OOOZ%é M KIO, and 09261 M KI, stabiliged with 1 gram KOH per liters
éc 5 E I{zSQﬁ4o
9. Saturated solution of potassium ecxalateo
Procedure;

Mwe;gh Qut QQOOD,gram of extracted residue and place in a 6?9’@;ﬁ
Bgyze%égg bggkera. Add 45 mle G2 N Hy;50, and boil gently in a ref}?xmww
condenser for 20 minstes. Then cool, and add 8+6 mle of 1 y Wa0H to the
sample. Filter through No. 54 Whatmen £ilter paper and make to volume
in a 100 mle. volumetriec flaske

Pipette 25 mle Fehling»s " A" and 25 mle Fehlingrs ™ B ¥ solution

into a 500 mle Erlenmeyer flaske Add 5060 mls of the sugar solution from



the 100 ml. volumetric flask, and stopper with a Tuttle flask covers
Heat the flask over a burner adjusted so as to bring the solution to

a boil in exaetly 4 minutes, and eontinue boiling for 2 to 4 minutese
Add éﬁ mle iodate solution, swirl, add 20 mle of 5 I HESO4 and 20 ml.

of saturated ozslate and swirl again. Let stand one minuﬁe and titrate
with Na S0 , edding 1 to 2 mle of stareh solution near the end of the
titration. In order to saleulate results, a blank is required. Proceed
as above, but substitute 50 ml. of Hy0 for the sugar solution. Cal-
gulations are made with the aid of the levulose. column in the conversion

tables of Munson and Walker. (24)

Method 2
Chromatographic Separation (18}

Beagentsz

1o Duvsloping solvent composed of ethyl acetate, acetic acid, a@dwwgter
in a Volume ratio of 351:3a Mix. thoyroughly, and separate ths organie
phase from the water phase. This mixture is subject to spontaneous
hydrolysis, and thus should be mede fresh for each series to be run.

2e Golor reagent prepared by mizing equal portions of 5 N NH.O0H and Te1 X
Agli03.  These should be mixed immediately prior to uses The AgNOB
solufion should be kept in a brown bottle.

3. Bugar solutions. Prepare a 1 percent standard solution (w:v) of each
sugar suspected to be present in the unknown.

Procedure s
”weigh out 1.0 gram of extracted residue and place in a 600 ml.

Berzelius beakers 4£dd 45 mle 0.2 N H;80, and boil gently on a reflux



10

condenser for 20 minutes. GCool, and neutralize to pH faﬂ.with Da5 g Ba(0H) 24
Filter under suction through Whatman No. 5 filter paper, and evaporate Qvgrra
hot water bath to a volume of § to 10.mls Add a few draps of toluene to each
solution, and store in a refrigerstor when not in actual use.

CGut a pieee of Whatman No. 1 filter paper so that a strip is produced
1QFXV§OTGmo P;ace o pencil dots, 3 ems from sach side, 10 em. from one
end of the papers Place the dots firmly, so that two raised points zppear
on the opposite side of the paper. These two dots loeate the point of
application for the sugar solutiens. Since the unknown hydrolyzate isg
pipetied on one of these dots, it 1s necessary to prepare as many papers
as there are suspected sugars in the hydrolyzate. An unknown must be de-

veloped with each standerd sugar because of individual varistions in the

filter papere Serrate the bottom of the paper with pinking shears to fa-

3

vilitate an even flow of solvent through the paper. (30) Using a micrqw
pipette, apply about 4 to ? miegroliters of solution to one of the raisedw
dotse Do the same to the other dot, using the unknown hydrolyzate. T?-:;ifsh~
should be done slowly and earefully, with a hot alr blower directed‘at“@he
spote The final spot should be about ? to 5 mme in dismeter. The raised
dcﬁ gllqws.@ more careful application of solution to chromatograme (7) The
paper %gm;EW'rgady for development.

‘S§@greia chromatographic solvent assembly (No. G4250 in the general
eatalog of the Scilentific Glass Apparatus Coe Iﬁégy Bloomfield, No Je is
setisfactory) and a glass chamber about 30 am. in diemeter and 60 em. high.,
Wrap a large sheet bf filter paper around the inside of the jar, with the
bottom edge of the paper resting on the floor of the jar, and the top edge
coming nearly to ths top of the jar. The paper facilitates saturation of

the atmosphere in the chamber with solvent. (22)



Flage the prepared papers in the trqugh9 with the spots extending about
3 em. past the glass hangers of the solvent assembly. Apply a sealer Ccamu
posed of a paste of starch and glycercl) to the ground surface of ﬁhgmjar,
and ¢lose the chamber with a glass plate. The glass plate should have a
stoppered hole directly over the trough of the solvent assemblys

When the atmosphere of the chamber is saturated, (about lé hours igu
sufficlent) remove the stopper and £ill the trough with the organic layer
of the developing solvent. Replace the stopper, and allow the chromatograms
to develop for about 40 hourse

Remove the papers from the chamber, and hang them under a hood until
they are dry. Mix the color reagents in an evaporating dish, and 1&y one
of the papers on a large clean filter paper. Cut a plece of filter paper
slightly larger than the chromatogram, run it evenly through the‘ammoniacal
silver nitrate, let the excess solvent drip-off for a moment, and blot the
wel paper evenly over thersumfa@é.@f the chromatogram for about 10 seconds.
If this is dens correctly, ﬁhe chrdmatogram will be uniformly damp, bub
not wet, from the eolor deVQIOpefﬁj Use this ssme procedurs for each
chromatograme. Hang the papers unﬁer a hood again until dry.

Hext plaes a large flat asbé%t@s board on a steam plate. Put the papers
on the board, and cover with anoﬁher sheet of asbestos. After about 10
minutes, the papers can be remoVéda Thgugug&rs spots show up as dark brown
spots on & light bromnaba@kgrouéﬁo

This progedure, with slighg modifications, was adaptéd from the method
given by Jermyn and Isherwood. glﬂ) The length of time for davelOpmgntmand
ehoige of solvent were the same as Fhﬁt given in the artiecle, but the nethod

of applylng sugar solutions to the paper was altered‘sli@htly§ the selutions
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were applied to the raised dets as suggested by Beroza. (7) Color develop-
ment was also changed slightly, the details being given in the body of the

Preceding method,

Method é
Colerinetrie Determination of Fructosans
in Plant Materials Qéﬁ}
Lo B@swfzin ol = 1 gram per liter in éb pergent ethanol.
2o HOL swlution>m 5 volumes of concentrated HCl to 1 volume H,C.
éo Fructese standerd - 100 mgs fructose per 100 mle H,0. (preparsd dail }
4o Saturated nsutral lead ascetates

50 Saturated potassium oxalsts.

Progedure s

Weigh out Oe5 gram samples into 150 ml. beakerss Measure into similar
beakers 1. Qy 39 and 4 ml. aliquots of the standard soluh*ono Add 20 nl.
H,0 to every beaker and heat in a boiling water bath for 50 minutes more,
stirring from time To time. Remove from the bath. UCool, add 2 ml. saturnted
neutral lead acelate to each bsaker, and stir thoroughly. Filter through
Whatman Noo 4 filier papers inte 250 ml. volumetriec flasks with 2 or 3

singss Add 2 wle. {or a slight excess) of saturated potassium

oxalate to sach VOIHmetTiG.fl&Skg weke up te volume, shake well and filter
through Whatman Noo 2 filter papers into 250 mle beakerss

Take 2 500 mle. aliquot from each beaker and plase in separate solorimeter
tubsse Also add 5 ml. H,0 to a tube for a reference POlntw Then add 50 mle

resoreinol and 150 mle HGl to saeh tubee Heat for 20 mimmbtes in a water



bath at 80 + 2% Cs €ool and read the pereent transmission on the Evelyn
colorimeter using a 54Q;millimierén filter. A standard ecurve is plotied
from the readings of the reference tubes, and the concentrations of the
unknown are read from the graph.
Method 4
Determination of Peetic Materials
in Dried Samples (20)
Reagents:
lo Versene solution « Dissolve 5 grems of dry ethylenediaﬁinetetraa@gti@
| a@id te@rasodium Salt (from the Bersworthlchemical Coggvﬁ?ay?ng§§ﬁ?
Mass., underhthe trade‘name of Vérsene regﬁlar)vinli litér gﬁwwgﬁgre
2, Pectinase - A commercial Pectinol 100 D {from Rohm and Haas Company,
Philadelphia, Pao). |
30 Aeetis Acid - Reagent grade, glaciale
43 Sulfuric acid - Reagent grade, consentrated.
5e Ethanol ~ Purified. Reflux 1 liter of 95 percent ethanol with 4 go of
zine dust and 4 ml. of 50% sulfurie acid for 24 hours. Distill using
all-glass apparatus. Add 4 ge of zine dust and 4 go of potassium
hydroxide to the distilled alechol and redistille
6o EBthanol - éS percente
7+ Garbazole Reagent - Dissolve Q.15 gram of reagent grade carbazole in
100 mle of purified ethanol. Solution is slow and stirring is required.
éo Galactuﬁoni@ acid‘monohydrate = Reagent grade. Check the purity by
titrating 005 go with Ool NaOH to pH SoO@ The theoretical equivalent

weight of the acid is 212.
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Procedure:

Weigh 1.0 gram of 40 mesh or finer extracted residue containing 10:tec
40 percent pectin into a 250 mls beaker and moisten with 95 percent ethanol.
Sequester the divalent cations with 200 mle of 0.5 percent Versene solution.
Adjust the pH to 1le5 with 1 N NaOH and de-esterify the pectin and pegtinates
by holding at 25° C. for BO.minutesa Acidify the mixture to pH 500 to 5o§V
with acetic acid. A4dd 0.1 gram of pectinase, stir for about 1 hour, dilute
to 250 mle, and filter. Discard the first few ml. of the filtrate, dilute
2 mle to 100 ml., and také 2 mlo aliquots for eolor developmenta

Me?sure 12,0 mle of concentrated sulfuric acid into 2 25 x 200 mme
eculture tgbeo Ceol the tube and contents to about 3° Co in an ice bath and
add a 2 mle aliguot of solution containing 5 te SDsmlcrograms of de~esterified
galacturenide or polymer. Insert a 5 nl. beaker into the mouth of the test
tube and mix the ecntents thoroughlyo Replace the tubes in an iee bath and
seol to below 5% Co Heat the tube and contemts for 10 minutes in a‘boiling
water bath. ©Gool to 20° Coy; add 1.0 mle of Q9¢15 percent carbazole reagent,
mix thoroughly, and allow to stand at room temperature for 25 1 5 minutes.
Determine the intensity of the color using light of wave length 520 milli-
migzrons. Read the samples in sequence, so that the time and temperaturs

rom the addition of the carbazole to the solor determination are gomparable.

Use a standard curve te obtain the concentretion of anhydrouronic aeid
in the samples. To eontrol daily variation in heating time, include s 40‘
microgram galacturonic asid hydrate stendsrd with each series. Report the

results in terms of percent galacturonic asid in the dried samples



Mathod 5
Offieisl Method for Determining Pentosans
in Geoin and Stock Feeds (25)

Reagentss

le Hydrochlerie seid - Contains 12 percent by weight of HCl. To 1 volume
of HEGL add 2 velumes of H 0. Determine the percent acid by titration
against standard alkali and adjust to proper concentration by dilution
or addition of more HGCl, as may be necessary.

2o Phloreglucinel - Dissolve a small quantity of phloroglueinol in a few
drops of H3804o 4 viclet color indieates the presence of diresorsinol.
A pbloroglﬁ@inol that gives more than a faint coloration may be purified
by hhg f@llowing method: Heabt in a beaker about ﬁGO,mlc of the dilute _
HC1 and 11 grams of commercial phioroglueinol, added in small quentities
at a time, stir constantly until the phenol is nearly dissolved. Pour
the hot solution into a sufficient quantity of the same HCL (cold) to
meke the volume 1500 ml. Allew Lo stend at least overnight, preferably
several days, to permit the diresorcinol to crystallize. Filter im-
mediately before usings A ysllow tint does not interfere with its‘gsew
fulnesss In using, add to the distillate a volume containing the re-
quired quantity of phloroglusinel.

Proseduras

Plage inte a 300 nl. distillation flask sueh a quantity of sample, 2

13

to 5 grams, that the weight of phloroglucide obtained will net exceed Co3

grame Add 100 mle of the dilute HCL and- several pieses of recently dignited
punice stons. Plasge the flask on a wire gauze, connect with eondensery and
heat, mather gently’at first, and then regulate at sush a rate.as to disti;l

over 30 mle in abeut 10 minutess Pass the distillate through a smell filier
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paper. To replace the éD,mle distilled, add a like quantity of the dilute
HC1 by means of a separatory fumnel in such a menner as to wash down par-
ticles adhering e the sldes of the flask, and continue the proecess unti

the distillate amounts to ééﬂrmla Te the totalvdistillate.add gradually 8
quantity ef phloroglucinel dissolved in the dilute HCLl and thoroughly sﬁir
ths resulting mixture. The guantity of_phlexogluciﬁél used should be about
double that of the furfural it is required to treat. The solution turns
yallowg»ﬁhen green, and soon there appears an amorphous greenish preecipitate

that grows darker rapidly uwabil it besomes almost black. Mske the solution

to 400 mle with the dilute HCL and allew it to stand overnight. OColleet the
amorphous blask precipitate on an asbestos mat in a weighed Gooeh crueible,

wash carefully with 150 ml. of HaQ so that the H,O is nob entirely removed

of boiling water. Oool, and weigh in a weighing Lottle. The inereass in
welght is considered to be furfural phleroglueids. Teo. ealeulate pentosans
from phloroglueide, uss the following formulass
ls For a welght of phlorcglueide, designated by “a" in the following formulas
under Cs03 grams:

Pentosans = (a + 0.0052) x 08949,

)

£¢  For a weight of phloreglueide "2", between 0003 and 0.30 grams
Pentosans = {a + 0.0052) x. 0.8866, )

3. For a welght of phloroglucide; "a® over 0.3 grams

Pentosans = (a + 0.0052) x Oogégéo

The results of all the preceding analyses on three different grasses

ars tabulated on the follewing pagess UGrapbs of the various percentages of

eompopents versus btime are alse presented.
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Tab

RESULTS OF ANALYSIS CF THREE DIFFERENT GRASSES DURING 4 ONE YEAH PERIOD (195%)

Blus Grama
Sample deseription Date Trus Froct- Galasburonie Penbosans, % Miid Hyd,
08808 ,%b Aoig,
dormant ; 0,3% 2,08 G .45 8,82 T 87
dormant, trace of gresn 5 G037 1.87 6,60 8,84 7.61
nglﬁﬂéLg “bo hend 55 G, 16 L.74 8,67 757 7929
seed ripe /20755 0,20 2,06 &.0% g.31 10,18
seed stalks dry, leaves 9/14/55 0,08 1 G o U6 7.55 5,10
5086 brown
Winter dormant with trace 13/22/55 0,20 1,33 6,33 786 8,40
of green
Sand Dropssed
dormant 2/15/55 0.4 1.63 8,50 7.52
dormant. tracs of gresm  3/17/5% Codd, 1,95 8,78 8,39
green and tender 5/25/55 0,17 1,70 702 70”?
ssed ripe 7/20/55 0,21 1,60 750 6,58
seed stalks dry 9/14/5% 0,19 1.55% 779 5,89
dormant 11/22/55 0.26 134 8,00 8,28

Haestern Wheat Grass

dormant, trace of green 2/15/55 0,52 2,17 5.49 G.28 8,23
dermant to green 3/17/55 0.31 1.50 6080 8,41 8,81
heading, leaves green 5/25/55 0,39 2.12 7.50 10,01 7o 34
but tough

some ssed ripe 7/26/55 3,81 1.0C 5,78 10.59 9.61
gresn and growing gfﬁf/é" 6,17 1.90 5,95 14,02 11.53
green 13/22/55 310 1,31 5456 9,97 9,18
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Figure 1

VARIATION OF EASILY HYDROLYZED COMPONENTS OF GRASSES
' METHCD 1

1955

% reducing materials

(:) blue Grama
X sand dropseed

T western wheat grass

11

12 month of year
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Figure 2

FRUCTOSAN CONTENT OF GRASSES

METHCD 3
1955

% fructosans (dry weight)

O blue Grama
X sand dropseed

Tl western wheat grass

& & &
3 L 5 6 7 8 10 11 12 month of year
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% galacturonic acid
(dry weight)

Figure 3
GALACTURONIC ACID CONTENT OF GRASSES

METHOD L
1955

C) blue Grama
)( sand dropseed

3 western wheat grass
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11

12 month of year
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Figure L

PENTOSAN CONTENT OF GRASSES
METHOD §
1955

% pentosans (dry weight)

O blue Gama

X sand dropseed

BT western wheat grass

10

11

12 month of year
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% reducing
substances

Figure S

COMPARISON OF THE EASILY HYDROLYZED COMPONENTS WITH
THE SUMMATION OF FRUCTOSANS, PENTOSANS, AND
GALACTURONIC ACID OF BLUE GRAMA
1955

[T summation

O easily hydrolyzed components

10

11

12 month of year
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% reducing
substances

Figure 6

COMPARISON OF THE EASILY HYDROLYZED COMPONENTS
WITH THE SUMMATION OF FRUCTOSANS, PENTOSANS,
AND GALACTURONIC ACID CONTENT OF
SAND DROPSEED

1955

[ summation

(:) easily hydrolyzed components

10

11

12 month of year
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v Figure 7
COMPARISON OF THE EASILY HYDROLYZED
COMPONENTS TO THE SUMMATION OF
FRUCTOSANS, PENTOSANS, AND
GALACTURONIC ACID CONTENT
OF WESTERN WHEAT GRASS
;1955

(:>easily hydrolyzed components

O summation

10

11

12 month of year
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BISCUSSION QF METHODS AND RESULTS

The mild hydralyéis métﬁo&“of;détérmiﬁingrinééluble earbohydrates is
the simplest of the methods used in this projecte. It also givés the highest
results. AS was mentioned earlier in this paper, there is some question as
to what is being hydrolyzed. Only a very small quantity of the total found
proved to be frustosans. If one knew what materials were present in the
hydxalyzate9 and how much éf gach vwas present, some conelusions could be
made aboult the analytical vslue Qf this method when it was applied to the
gragses being studigda ,AS the method stoodg i?'was cbvious that some reducing
materia%@wwere being formed, snd sinee reprodusible results were being obe
tained, certainly some definite fraction, or fractions of polysaccharides
were being hydrolyzed.

With this problem in mind, the sesond method, that of paper ehromat@graph;
was employveds This prosedure s both gualitative and semiquantitative. The
primary purpese, howsver, was to eshtablish just what materialsr%ere in the
hydrolyzates

Results of the chromatographic separations showed that arabinose,
xylose, frustese, galacturonie seid and Ewo unidentified reduging substancss

.Jrere present. MNome of the other nine materials mentioned on page 7 wers
preséntg_at least in large enough quantities to be detected. It is signi-
figant tha® no g}u@Ose wes discovered in the hydrolyzatee _Gluéose polymersy
guch as cellulose, are knewn to be present in grasses. The only conelusion
to be drawn is that the hydrolysis was sufficlently mild that no glucose

wa.s released thereby« A gorollary teo this argument ig that there are ne
glucose polymers in the grasses studied which ave suseeptible to mild hy-

drolysise
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A vigual exemination of the size and intensity of the spots em the de-
veloped chromatogrems indigated arabinose and xylose to be most abundant,
galacturonie acid and fruetose next, and finally the two unidentified”materw
ials to be least concentrateds Indeed, the amounts of the unidentified
reducing substaneces seemed comparatively insignifieant.

“ The third method was the procedure used to determine the amount of
fruetosans. The analysis used was that published by MeCrary and Slattery CE?)E
andmﬁhermethqd is quite suitable for routine analysis} 'Rgsults of this
detezmingpigg showed that the fructosans content ranged from almost O to
asbout 6 pereent in the samples tested.

The fourth method is ecne whisch i%d been developed to measure the galact~
uronic acid comtent of dried fruits. It is essentially the method of McReady
and MeSomb (20). BRepreducibility was éatisfactory9 with about 10 percent
variation observed between duplisate ssmples. Results secured by.thislmgﬁﬁod
showed that the galacturonic acid content reanged from 1 to 2 percent in the
grasses studied.

Since the arabinoss snd xylese present in the hydrolyzate are_both per
toses, thesse substances were determined together as pentosans instead of se-
parately. A satisfactory method for pentosan determination was found in the
ADAC Methods of Analysis. (25) This official method for pentosan determinatio
in grain and stoek feeds, ﬁas used without modificetions As mey be seen in
Eigur@ 4y the pentosans content ranged from 5 te ? percent of the dry weight
éf the grasses.

An inspection of Figures 5, 6, and % shows that the easily hydrelyzed
somponents as daterminéd in method 1 approximately egualed, in almost all

instancss through an entire year®s sampling on three different grasses, the

sum of the three other methods. There are discrepancies, particularly in



L\Iesﬁem Wheat Grass, (Figure ’%) but the error usually lies on the side of
the summation. That iéﬁ when a discrepancy is observed, the higher percen-
tage is vsually the sum of the three specific methods.

Since the two lines on eagh of the last three graphs lie so closs tQm
getherglthere ig a possibility that one of the thres specific methods might
have plcked up the two unknown redueing materialse Certainly if the two
materials had been present in large smounts, or if they were not picked up
in one of the other methods, the sum of the results of the three spegifie

methods should have been lower than the easily hydrolyzed componehts.
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SUMMARY

Three different Western range grasses were analyzed for easily
hydrolyzed componentsAat intervals during one year. Samples of each
of the grasses were analyzed by hydrolysis and paper éhromatographye
The samples chosen were those whieh gave the highest percentage of
Yeasily hydrolyzable carbohydrates”. Development of the chromstograms
showed that arabinose, xylose, fructoség galacturonic acid, and two
unidentified materials were present.

Three speecific quantitative methods were then used on the ethanol
extracted residues of the grasses. A eolorimetric determination of
frugtosans showed that the fructosans eontent ranged from only t:a@esb
o about 6 percent of the dry weight of the sample. Galacturonic acid
acgounted for 1 to 2 persent of the dry sample. From 5 to % pergent
pentosans were found present. The sum of the pereentages found by
thesarthree_mahhods accounted for praetisslly all of the redu@ing‘sugars

'y

prodused by the original mild hydrolysis when they were calculated as

fructosahise
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