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N various articles published by the author’ during the past ten
years, attention has been called to the character of the com-
position of the so-called *‘ nitrogen-free extract’’ of food mate-
rials. Other writers® have also discussed the same subject and
numerous specific researches have contributed a constantly
increasing amount of definite knowledge bearing upon the wmat-
ter. As a result, it is now generally recognized that that portion
of food material broadly included under the term ‘‘ nitrogen-free
extract,’”’ consists of a considerable number of definite chemical
compounds, mostly of the nature of carbohydrates, but of such
evident variation as regards their food value or digestibility, as
well as their chemical and physical properties, that it is highly
inconsistent, if not absurd, to continue to regard them as of
homogenous character or worth in food valuation.

When one refers to the very great number of food analyses
now on record and notes how large a proportion of all vegetable
foods consists of nitrogen-free extract, he cannot escape the
thought that a more definite knowledge of this group of bodies

L Am, Chem. J., 13, 73; 14, 9; 15, 653; 15. 660; J. Anal. Appl. Chem., 5, 421, Agri. Sci., 3,
315; 7, 6: U. 8. Dept. Ag. Div. Chem., Bull., 28, 125: Ber.d. chem. Ges., 23, 3791} 34, 3019}
25, 563 ; Proc. Am. Asso, Advancement of Science, 31, 159; Proc. Soc. Promotion of Agr.
Science, 18g0,

2 See articles by Tollens and his colleagues in J. /. Landwirtschaft, Versuch-Stationen,
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is necessary, if any value is to be attached to work of this kind.
Occasionally a statement of analysis niay be found which refers
to carbohydrates instead of nitrogen-free extract, but the saume
thing is meant in either case, and the results have been obtained
by the same methods. In comparatively few cases is there auy
record of any analyst having attempted to estimate directly in a
food analysis any of the various substances included under uitro-
gen-free extract; and anything like a complete determination of
all these has rarely if ever been attempted. The present niethod,
as almost universally followed for estimating thie constituents of
foods, cousists in directly determining the amounts of moisture,
ash, fat, fiber,and proteids in the material and the difference
between the combined percentages of these and 100 is called
nitrogen-free extract. This amounts, in many of tlie most
important food materials, to more than fifty per cent. of the
whole. It includes, of course, all of the kuowu carboliydrates
and doubtless other materials of unknown character, but gives
no clue to the relative proportion of any of them.

In brief, the present stage of food analysis leaves us largely
ignorant as to the character and value of the principal constitu-
ents of many of the most important foods. Little wonder that
many have come to regard the ordinary food amalysis as cou-
tributing little information regarding tlie actual food value of
any material. It certainly affords 1o means of ascertaining
whether the sixty to eighty per cent. of nitrogen-free extract in
grains is to be valued as an easily digested carbohydrate or a
practically valueless gum or heniicellulose ; it tells us nothiug
as to the presence or absence of sugar or soluble forms of starch
or their relative proportious; it furnishes, in short, no accurate
information as to the quantity or quality of the carbohydrates
which coustitute one of the three essential classes of nutrients
and are aniong the chief constituents of vegetable foods.

Recent contributions to our knowledge of the carbohydrates
have revealed to a surprising degree 10t only their specific chem-
ical and physical properties, but indicate even more subtle and
delicate distinctions as regards their physiological values; their
susceptibility to organized and unorganized ferments; their origin
and functions in the growing plant, etc. Tle tinie is therefore
fully ripe when analytical methods ought to show equal progress
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and differentiate sharply between the various kinds of carbo-
hydrates. That something of the kind is highly important will
be acknowledged, I think, by every chemist who has to deal
with this subject. That such a practice is not already estab-
lished is due, without doubt, to the lack of general information
with regard to the properties of these different substances and
the absence of an accurate and easily performed method of sepa-
rately estimatiug their amounts.

Any method of analysis intended to apply to this case and
which shall be expected to become geuerally adopted, must have
the qualities of simplicity and accuracy. It must be borne in
mind, however, that the class of materials included under the
general head of nitrogen-free extract, are of such a nature as to
render them in many cases difficult of accurate determination.

It is believed that the method here presented satisfies these
requirenients better than any yet proposed. Although ashere
presented, sonie details have been modified, the general method
has been employed in an investigation upon the carbohydrates
of wheat and miaize, the results of which have been published
by the U. S. Department of Agriculture as Bulletin 34 of the
Office of Experiment Stations. The analytical data presented
here are selected in part from this report by permission.

The carbohydrates to be found in food materials of a vegetable
origin, include sugars of different kinds, starch in various modi-
fications and a certain kind of material, intimately associated
with the true cellulose, variously designated as gums, pen-
tosans, hemicelluloses, oxycellulose, and finally the cellulose
itself.

For the determination of many of these substances, methods
already existwhich perniit of very fairly accurate determinations,
but these niethods, as a rule, assume that all other carbohydrates
shall be absent so that their application to a material containing
several of these substances would lead to serious errors and false
conclusions. The most notable examiple of this isthe deterniina-
tion of starch, the ordinary method for which consists in heating
the starch containing materials with dilute acids and determin-
ing the sugar thus produced by titration with Fehling’s solution.

This, as well as other methods for the determination of starch
in the absence of other carbohydrates, is of practically sufficient
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accuracy, but as has been shown, none of these mothods are ap-
plicable to the determination of starch in the presence of such
other carbohydrates as the peuntosans or the hemicelluloses.'

Again, the methods proposed for the determination of the pen-
tosaus are all based upon a destructive distillation of the origi-
nal material with strong acids and the subsequent determination
of the furfurol thus produced. However accurate this final deter-
mination niay be according to one or the other of several nieth-
ods, it is obvious that only an approximate knowledge is ob-
tained as to the actual aniount of pentosans present iu the orig-
inal material.

It seews also desirable that any plan for the differentiation of
carbohydrates in any given material, should, so far as possible,
approximate the selective action of the digestive orgaus in deal-
ing with these sawe materials. ‘This principle has been recog-
nized inthe familiar Weender niethod for the estimation of crude
fiber, which has so long been made use of by food chemists.
For example, those substances which are readily soluble in
mild reagents will evidently be niore easily digested and assimi-
lated than those which are practically insoluble, so that
although we niay not possess complete knowledge of these same
insoluble substances or of their value as food niaterials, we may
still separate them in our analytical tables from those of which
we do know more and which evideutly have a greater food value.

The following inetliod for the detailed determination of the
carbohydrates in vegetable materials is based upon the succes-
sive treatment of tlie same sample: 1, with boiling alcohol to
reniove sugars ; 2, with cold water to remove dextrin and sol-
uble forms of starch ; 3, with diastase or malt infusion to remove
starch ; 4, with dilute boiling hydrochloric acid to convert the
gums, pentosans, hemiicelluloses, etc., into soluble, reducing
sugars; 5, with boiling 1.25 per cent. sodiuni hydroxide, as is
customary in the deterniinatiou of the crude fiber by the Ween-
der method, leaving behind crude fiber.

In all of these successive operations, linen filters are to be used
in order to facilitate the subsequent renioval of the sample.
With very fine starchy materials it may be advisable to fold a
paper filter within the linen omne.

1 This Journal, 16, 726.
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In each of the above successive extracts the respective carbo-
hydrates may be estimated by optical or chemical methods,
although they are all susceptible of titration by Fehling’s solu-
tion in the ordinary way.

This method presents certain marked advantages :

1. It permits of the estimation of these constitueuts in one
and the same sample.

2, The process consumes comparatively little time.

3. The final determinations are made by methods already in
common use, well understood, and capable of being accurately
performed by persons of no great analytical skill.

4. If, by any error of manipulation, any portion of the carbo-
hydrates sought for at any stage escapes solution, it can
scarcely fail to be obtained at the succeeding stage, and so there
can be no failure to sum up in the end all of the carbohydrates
actually present. For instance, any sugar escaping solution in
alcohol would be removed by the subsequent treatment with
water. Any starch not dissolved by the malt extract would cer-
tainly be renioved in the subsequent treatment with dilute acid.

5. No violence is done to our present classification of food
constituents, only those portions ot heretofore classified being
separately estimated and recorded. Even the crude fiber
remaining after this treatment would be fairly comparable with
that determined by the Weender method.

The successive operations may be outlined as follows :

1. The material being finely powdered or grated, from 50 to
100 grams, according to its nature, are accurately weighed and
boiled with 500 cc. of strong alcohol, under a reflux condenser,
daring two hours, or the material may be extracted with boil-
ing alcohol in a Soxhlet extractor. The sugars are thus dis-
solved and removed by filtering off the alcoholic extract. If
tliis contain only sucrose it niay be brought to a given volume
and estimated in the polarinieter. If more than one kind of
sugar, as for instance sucrose and invert sugar, are present, the
alcohol may be carefully evaporated, the sugars taken up in
water to a given volume and estimated by titration with Feh-
ling’s solution before and after inversion, according to the ordi-
unary treatment in such cases.

2. The residue from the alcokolic extraction may contain carbo-
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hydrates soluble in water, as for instance soluble starch and
dextrin, which are specially to be considered in materials
which have been subjected to the action of heat. To this resi-
due, therefore, is added 500 cc. of water and the whole allowed
to stand eighteen to twenty-four hours with frequent agitations.
The watery solution is then filtered, using a linen filter. With
ordinary materials where only dextrin-like substances are to be
expected, this filtrate may be evaporated to a small volume, in-
verted with dilute acids, and titrated with Fehling’s solution in
the ordinary way. If, however, the solution contain soluble
starch in any of its forms, which may be recognized by the
iodine test, a further distinction between this starch and dex-
trin becomes necessary.’ The watery solution is brought to a
volunte of 200 cc., and of this an aliquot part is inverted with
dilute acid and titrated with Fehlling’s solution in order to de-
termine tlie total carbolivdrates in the solution. Auother ali-
quot part may be treated with an excess of a solution of barium
hydroxide, which precipitates the soluble starch. Inthe filtrate
from this precipitate, the dextrin may be determined by inver-
sion and titration as before. The difference between the dex-
trin and the total carbohydrates determined in the first aliquot
portion may be considered as soluble starch. ‘The use of barium
hydroxide for the estimation of the soluble starch directly,
according to Von Asboth’s method, is not permissible in this
place because there are other substances iu solution besides
starch, which seem to conibine with the alkali.?

3. The residue from the aqueous extract of the material is now
brought to an air-dried condition and its weight determined in
order to establish its quantitative relations to the substance as
originally weighed out. 'This step is advisable because smaller
portions are niore conveniently eniployed for the subsequent
operations.

This material now contains the starch and other insoluble
carbohydrates. T'wo grams are weighed, 100 cc. of water added

1 By soluble starch is meant starch soluble in water but still giving the charac-
teristic blue color with iodine, in distinction from some of the more completely broken
down forms of starch, like dextrin, which no longer give blue or purple colors with
iodine. In only rare cases would it be necessary to inake this distinction.

2 It is thonght that barium hydroxide combines with the albuminous substance in
solution. At least a much larger amount is precipitated than can be accounted for by
the total amount of carbohydrates present.
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and boiled thoroughly for thirty minutes in order to convert the
starch into a soluble form, then cooled to 60° C. In the mean-
time an infusion of malt has been prepared as follows: Ten
grams of finely ground fresh malt are covered with fifty cc. of
water and kept at an ordinary temperature, with frequent agita-
tion, from two to three hours, filtered, and ten cc. of the infusion
added to the starch paste, cooled as above.

The starch is subjected to the action of malt extract at a tem-
perature not exceeding 65° C. from two to three hours, or until
the blue starch reaction with iodine disappears. The solu-
tion is filtered on a linen filter and washed thoroughly with hot
water. In many cases this filtration will be facilitated by pre-
viously heating the solution to boiling and filtering hot. The
residue on the filter should give no starch reaction with iodine.
The filtrate is evaporated to 100 cc., transferred to a 200 cc.
flask, receives ten cc. of concentrated hydrochloric acid, and
the flasks with contents kept at the temperature of a boiling
water bath for one hour in order to convert all of the malt sugar
into dextrose. The solution is then ueutralized, made up to a
volume of 200 cc., and titrated with Fehling’s solution. A correc-
tion must of course be employed for the amount of sugar intro-
duced in the malt extract.

4. The residue from the malt extraction still contains the gums,
pentosans, hemicelluloses, and true cellulose. It is carefully
removed from the filter, receives 100 cc. of water and two cc.
strong hydrochloric acid, and is heated to boiling under a reflux
condenser or in a water bath for one hour.

The action of the acid converts the gum and pentosans into
reducing sugars, which may be regarded as xylose.! This is
then filtered, neutralized, made up to 200 cc. and titrated
with Fehling’s solution.

5. We have now reached a stage corresponding to that at-
tained in the determination of crude fiber by the Weender

1 Repeated examinations of the character of this material shows that in most of the
fibrous or woody vegetable materials it is xylan and yields on hydrolysis mainly xylose.
This is the case especially in all materials containing any considerable amount of
hydrolyzable carbohydrates of this kind, although in some special cases mannose,
galactose, or arabinose have been noted as products of this treatment. It isthought
sufficient, however, for all general purposes to regard this product as xylose, since the
error introduced by the varying reducing coefficients of small amounts of the other
sugar would be nominal.
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method after the material has been boiled with one and one-
fourth per cent. sulphuric acid. It remains, therefore, to treat
this residue with 1.25 per cent. sodium hydroxide, to filter, dry,
weigh, ignite and weigh again, in order to obtain what is com-
monly known as *‘ crude fiber.”

It is necessary now to consider the accuracy of each of these
steps in detail, and to present examples of their application.
For the purpose of illustration the following materials havebeen
examined according to the plan here presented : Wheat, two
samples ; wheat flour, two samples; maize; bread made from
each of the samples of whole wheat, flour, and maize ; sugar
beets, and a sample of timothy hay.

I. THE ESTIMATION OF SUGARS BY EXTRACTION WITH BOILING
ALCOHOL.

It is hardly necessary to discuss this method since it is the
generally accepted way of separating sugars from other materials
either for qualitative or quantitative analysis. All of the ordi-
nary sugars are soluble in boiling alcohol of ninety-five per cent.
strength, especially when sufficient volume is employed as is the
case in the specifications of the method here presented. It is
even applicable to fresh materials, such as the sugar beet,
potato, etc., in the presence of a large amount of moisture.

In the treatment of maiy materials, the hot alcohol also dis-
solves waxes and oils, which are readily removed by evapora-
ting the solution nearly to dryness and then taking up in water.
The polarinieter may be employed in many cases for determin-
ing the sugar thus extracted, in preference to the method of
inversion and titration.

The following examples will serve to show how sugars, in
small or large quantities, may be deterniined i a variety of
waterials and with accuracy, by means of this nmethod :

SUuGAR OBTAINED BY EXTRACTION WITH BOILING ALCOHOL.

Sucrose. Invert sugar,

Per cent. Per cent.
Wheat T voever ciiniietiiinneseeivannas 0.51 0.08
Wheat IT v eveeeerrtroscennsevsnonssnns 0.72 0.00
Wheat flour I oo vvervveiniiinienninnas 0.18 0.00
Wheat flour IT. v vveverivennnnnensnnn 0.20 0.00
MaIZE +evee st voennssses snaessesaasans 0.27 0.00
Sugar beet (Fresh) ..oevvvvvinninn 8.38 0.07

Hay (Timothy) ...................... 2.53 0.00
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Sucrose. Invert sugar.

Per cent, Per cent.
Bread (Wholewheat I)...coecveenunnn 0.05 0.32
Bread (Whole wheat IT) «ceovvvvvnnnn 0.06 0.37
Bread (Wheat flour I) «veveveennennn o.01 0.I0
Bread (Wheat flour II) «covevvnennn See 0I5 0.38
Corn cake (Maize)..ovevverveenennnn 0.16 0.I9

2. THE ESTIMATION OF DEXTRIN AND SOLUBLE STARCH.

These materials, while insoluble in alcohol, are readily dis-
solved in water at ordinary temperature.

Usually grains and seedsintheir natural condition contain very
small quantities of materials of a carbohydrate nature, insol-
uble in alcoliol and soluble in cold water which it is sufficient
to designate here as dextrin. Somie attempts to identify these
bodies in a niore specific manner, have been made. In this
place, however, it is only necessary to say that they are
readily changed iuto sugars by inversion witli acids and behave,
to all iutent and purpose, like dextrin. If, however, the mate-
rial has been subjected to heat or friction, as in the grinding of
corn or flour, or to the action of acids, then a portion of the
starch may have been changed into soluble forms and will
accompany the dextrin in the watery solution. The presence
of such starch will be readily detected by means of the blue color
produced with iodine.

In the absence of such starch, it is sufficient to estimate the
dextrin by inversion with acids. When, however, soluble
starch is present, the separate estimation of the two becomes a
more difficult matter. Ordinarily the small amount of dextrin
would render a separate estimation of the two hardly necessary,
in which case the watery extract might be at omnce inverted
with acids and the total soluble carbohydrates estimated in this
way.

Evidently there will be little occasion to assign different values
to these two forms of starch products even after they are sepa-
rately estimated. If desirable, however, the starch may be com-
pletely precipitated with barium hydroxide, according to the
plan proposed by Von Asboth, and a separate estimation made
as indicated above.

These separations have been made in some of the analyses
presented below, and there is no reason to doubt that they are
sufficiently accurate.
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DEXTRINS AND SOLUBLE STARCH EXTRACTED BY COLD WATER.

Dextrin. Soluble starch.

Per cent. Per cent.
Wheat I.veive it iniirtinnnsnennns 0.27 0.00
WheatIT covvivevenenietiinnnsarnnenns 0.41 0.00
Wheat flour Iovevviviriniinierinninnns 0.90 0.00
Wheat flour IT. . ovveivin e vnnnannn s 1.06 0.00
MAIZE ¢ vvernrtvnrvonasrnssonsssnsssnsan 0.32 0.00
Sugar beet (Fresh) «evovvvvivinn e, 0.35 0.00
Hay «.covviiviiiiiiiiiiiiiiiiiiinn, 1.I8 0.00
Bread (Whole wheat I).....coovvne vuen 0.68 1.37
Bread (Whole wheat II) ... oovvvennnn 0.23 2.36
Bread (Flour I)eevrvennvueeniiennnnnss 0.27 1.99
Bread (Flour II).vevevenneninnennenens 0.91 1.74
Corn cake (Maize)eeerevrveeneiinnnnen 0.00 2.80

3. THE ESTIMATION OF STARCH BY TREATMENT WITH MALT
EXTRACT.

The residue from the preceding treatment consisting of many
grams of material, is too bulky for subsequent operations. In
order, therefore, to secure smaller portions of definite quantita-
tive relations to the original fifty or one hundred grams taken,
these residues are desiccated, weighed, and the amount of dry
matter contained therein is determined. The proportion between
this dry matter and that in the original material may then be
established. From this, then, two gramis are taken for the
determination of starch and other remaining carbohydrates.

Many methods have been proposed for the determination of
starch, any of which are fairly satisfactory when applied to starch
in the absence of the other carbohydrates. A review of these
methods aud comparison of their values will be found in a former
paper by the author,' and also in papers by H. C. Sherman® and
by P. Hibbard,’ but all of these methods give inaccurate results
when applied to materials which contain any of the pentosans or
gums or easily hydrolyzable forms of cellulose, since these latter
materials are affected in the same way as starch and give similar
products with the same reagents.

They are not, however, appreciably affected by the action of

diastase,*and thus far it appears that this isthe only agent which

1This Journal, 16, 726.

2 School of Mines Quarterly, Columbia College, 17, 356.

3 This Journal, 17, 64.

4 The somewhat obscure action of malt extract on cellulose mentioned by Brown
and Morris, as well as a similar action upon hemicelluloses, is of very uncertain extent
under any conditions and is practically checked at 60°. ]. Griiss: Wockenschr. Brauever,
1895, 1257.
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may be employed for the accurate separation of starch from these
other substances.

As to the efficiency of this method for the complete removal
of starch, there seems to have been some question. It also
appears from recent investigation by the author that not all
starches are affected in the same manner or degree by diastase.
It may be found necessary in different cases, to subject the
material to the action of diastase for a longer or shorter time.
The operation, however, is wholly within the control of the
analyst, since the final extraction of starch from the material can
be detected by the iodine reaction. Being once in solution, it is
then readily separated from the insoluble residue and couverted
into sugar by the action of dilute acids as above described.

The following table shows the results obtained upon the
material previously extracted and examined for other carbo-
hydrates as described above.

These data were obtained by the use of more dilute acids for
the hydrolysis of the malt extract, than is recomniended above.
The percentages are therefore somewhat lower than those usually
ascribed to these materials. With the strength of acid prescribed
there is no difficulty in obtaining complete conversion of the
starch products into sugar.

NORMAL STARCH DISSOLVED BY MALT EXTRACT.

Per cent.
Wheat Teove vviiiiiiieiene e seosioninisteresssosanes 30.94
TWHeat Tl vt vnie tine tvnnnsoooneeoneevsonnossossonns 30.36
Wheat Bour oo eetiiiieiiiiiirere et iineinenienonenns 46.19
Wheat flour IT.cvevvieeinenens: TSN 34.04
IMAIZE ¢ evee tevevonevenevenesets toseseassensasssnssnes 42.50
Sugarbeet( Fresh) e vevieniiiiiiiiiiiniinanes e 0.00
5 ) R A 7.49
Bread (Whole wheat I).veervereviriiniiniinineeneenns 27.93
Bread (Whole wheat II).eevertonvenstienrianintnnenns 27.08
Bread (Wheat lour I) cveeruirveeerentvenenrennsnnaens 39.70
Bread (Wheat flour II).ceetvverinrtiniiitvaninessnnns 31.99
Corn cake (Maize) e eevenrernienvereveisiaeonenssanns 40.37

4. ESTIMATION OF THE PENTOSANS AND HEMICELLULOSES BY
DILUTE ACIDS.

After removing the more easily soluble constituents of the
material as already described, there remains the somewhat
insoluble substance incorporated in the cell walls and intimately
associated with the true cellulose.
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This woody or fibrous material is very far however from pos-
sessing a homogenous character, but consists of sonie of the
most complex and least understood of the carbohydrate group,
as well as sonie substances which cannot be regarded as carbo-
hydrates at all.

Tollens regards the lignified cells as composed of three gen-
eral classes of substances: cellulose, wood gum or pentosans,
and bodies belonging undoubtedly to the aromatic group. This
last is of non-carbohydrate nature. Of the first two, cellulose
may be regarded as resistant to any of the reagents here pro-
posed, while the wood guni or pentosan is easily hydrolyzed by
dilute acids. In many materials other substances similar to the
pentosans will occur, as for instatice, galactan, maunat, dextran,
even of substances of the nature of pectin, but all these behave
like the pentosans to liydrolytic ageuts and yield specific sugars.
Recent researches by Cross and Bevau throw much lighit upon
the constitutiou of these nou-cellulose materials. The hydroly-
zable portions seemni to be largely of tlie nature of pentosans or
their derivatives.! Tlie most rational treatment of the material
at this stage would therefore seem to be such as would dissolve
this group of similar substances aud couvert them into a form
capable of ready estimation. For this purpose, treatnient with
dilute hydrochloric acid lias been found preferable to auy other.

Tle reagent was selected because, as shown by Couucler,® it
possesses superior hydrolytic power to sulphuric acid towards
these very substances. Repeated use of hydrochloric acid in
this laboratory for the purposesof hydrolyzing large quantities of
guus and similar materials has shown tlat its actiou is quicker
and that fewer by-products result than when sulpliuric acid is
used.

A recent paper by Cross, Bevan aud Smith,’ suggests the use
of oute per cent. sulpliuric acid for this purpose, and heating iu
an autoclave duriug thirty minutes at a pressure of three atnios-
pheres. Their results do not indicate a greater degree of effi-
ciency than the method here presented, while the operation
would prove less convenient for many aualysts.

With regard to the duration of treatment and the strength of

1 Chem, News, 74, 175 ; Ber. d. chem. (Ges., 29, 1457.
2 Chem. Ztg., 16, 1719.
3 Ber. d. chem. Ges., 39, 1457.
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acid to be employed, a systematic study has indicated that one
hour’s boiling under a reflux condenser with 100 cc. of one per
cent. hydrochloric acid, gave the most satisfactory results. The
accuracy of this conclusion was determined by ascertaining the
conditions which yielded the largest amount of reducing sugar
without appreciably diminishing the amount of crude fiber
obtained at the close of the analysis, it being thouglit undesira-
ble to increase the intensity of this reaction at the expense of the
fiber. After one hour’s boiling with the acid of the concentra-
tion mentioned, there remains in the material only very slight
traces of soluble matters which could be converted into reducing
sugars.'

In the absence of other bodies similar to the pentosans this
niethod will undoubtedly furnish a quicker and more accurate
method of determining the latter than the well known destruct-
ive distillation with strong hydrochloric acid and subsequent
estimation of the furfurol thus found.

As a factor for the reducing coefficient of the sugars thus
formed, that of xylose has been chosen as probably represent-
ing the niost common and most abundant sugar present under
these conditions (one cc. Fehling’s solution requires for com-
plete reduction 0.004617 gram of xylose.)®

The equivalent of xylose in xylan as originally present in the
material niay be estimated after the manner of finding the equiv-
alent of dextrose in starch, according to the proportion

CH,O,: CHO, ::100: x.

xylose, xylan.
PENTOSANS DISSOLVED BY BOILING WITH ONE PER CENT. HYDROCHLORIC
ACID. Per cent.
TWheat Teoeerenotereiiiienonnsosoveressnossssssenevenas 4.54
TWHEAt It ttvnvnns tornnnssnsonssosnnsonaosnsssnssnsnns 4.37
Wheat AoUr Tevet cviiiiiiienn it teneontonsnasesannnnns 0.00
Wheat AoUur Il cuetcietviievers tovevnnntrssssasssasonns 0.00
Maize cvoeneveens e 5.14
Sugar beet (Fresh) teveeveiiriiiniieniiiiiiiii e, 4.89
Hay oot oo oriiirrntiiiiniiiii ittt iiniinvinnananssnas 7.14
Bread (Whole wheat I)eeesreiiiiiiiiiiiiinnneneneens 4.16
Bread (Whole wheat II)seeereveeeneneiuenennenennens 4.34
Bread (Wheat flour I)eceeviniuitonieniinieiinienennens 0.00
Bread (Wheat flour II) vevveenrerineninniiaiineninisas 0.00
Corn cake (Maize) evveestiniesotiineniieiieiniiiacnns 3.54

1Cross, Bevan and Beadle, This Journal, 18, 8, state that the residue from a succes-
sive treatment by boiling alcohol, dilute sodium hydroxide, and dilute hydrochloric acid
is free from pentosans and all the more readily hydrolyzable constituents.

2 Am. Chem. J., 13, 73.
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5. ESTIMATION OF CRUDE FIBER.

The residue from the preceding treatment still contains in
addition to the actual fiber or cellulose a considerable amount of
a substance not hydrolyzable to reducing sugars, by means of
dilute acids, but which is readily soluble in dilute alkalies.
This frequently fornis a considerable proportion of the nitrogen-
free extract. Repeated treatmment of such alkaline solutions
with dilute acids (after neutralizing the alkali) have failed to
produce any considerable amount of reducing sugars. An
investigation of the nature of this substance is now in progress,
but there seenis little ground at this time for regarding it as of
the nature of a carbohydrate. It probably deserves separate
classification as uon-nitrogenous and non-carbohydrate iu its
nature.

The residue from treatment with dilute acid is therefore boiled
under a reflux condenser for thirty minutes with 200 cc. of 1.25
per cent. sodium hydroxide, filtered, washed, dried, weighed,
and ignited in the manner prescribed for the ordinary estimation
of crude fiber.

Following are the results obtained in this way :

CRUDE FIBER RESULTING AFTER TREATMENT WITH BOILING ALCOHOIL,
COLD WATER, MALT EXTRACT, BOILING ONE PER CENT. HYDRO-
CHLORIC ACID AND BOILING ONE AND ONE-FOURTH
PER CENT. SODIUM HYDROXIDE,.

Per cent.
WWhHEat Tetvenetenrneirortiatonesionsvenssnsnsssonnnonas 2.68
TWHEAt I e eetnevenere svteeneeonnannessessasesosssnsnnns 2.51
Wheat Aour To oot vviiiiiinnee it viietianennecsnnenss 0.25
Wheat Aour Il ocvr tvtrtirttentvtnsvnsearsenesosonennans 0.25
IMIZE ¢ v evas trae cnvuaeenseoesnonsos sonsstosaneenanness 1.99
Sugar beet (Fresh) cveveeveieieiininiiiiiiiiniiia, 1.00
Hay .................................................. 34.34
Bread (Whole wheat I)eeeetviirereireinennonsenenunnns 2.70
Bread (Whole wheat II)e et veereniuinncrerannnannens 2.02
Bread (Wheat flour I)eeervnreirianineiienine civnens 0.34
Bread (Wheat flour IT)-cveeemrviineennneiniieiinnen, 0.17
Corn cake (Maijze).voevvvveitineniiiiinriieninaniann, 2.22

The percentage of crude fiber obtained in this way will not be
essentially different from the results obtained by the Weender
method.

A better comprehension of the significance of these results
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will be had from their collective presentation in the following
table. From this it will be seen that in each material six, or in
some cases, seven forms of carbohydrates have been quantita-
tively determined, the results showing at a glance the compara-
tive value of the material for use either as a food or for technical
purposes, as no other existent method of analysis could do. The
sum of these various items constitute of course the total carbo-
hydrates in the respective materials.

TABLE SHOWING THE RESPECTIVE PERCENTAGES OF DIFFERENT CARBO-
HYDRATES IN CERTAIN FOOD-STUFFS.

“ .

& g p

Material analyzed g @ £ Y e 2 &

aterial analyzed. E f E 5'5 ;'5 g ©

g 3 ¥ ES g & e 5

& g a % 3 & ]
Per Per Per Per Per Per Per
cent. cent. cent. cent. cent. cent. cent.
Wheat Toecvveeneenen 0.52 008 027 0.00 30.94 4.54 2.68
Wheat TL...oovannnenn 0.72 0.00 04I 000 3036  4.37 2.51
Wheat flour I......... 0.I1I8 0.0 0.90 0.00 4619 0.00 0.25
Wheat flour II........ 0.20 0.00 I.o6 0.00 34.04 0.00 0.25
Maize oervirenneeian 9.27 0.00 0.32 0.00 42.50 5.I4 1.99
Sugar beet (Fresh).... 8.38 0.07 0.35 0.00 0.00  4.89 I.00
HAy covevrrrennennnnns 2,53 ©0.00 I.I8 0.00 7.49  7.18  34.34

Bread (Whole wheatI) o.o05 0.32 0.68 1I1.37 27.93 4.16 2.70
Bread (Whole wheat II) 0.06  0.37 0.23 236 27.08 4.34 2.02
Bread (Wheat flour I). 0.01 0.I0 0.27 1.99 34.70 0.00 0.34
Bread (Wheat flour II) 0.15 0.38 0.9 1.74 31.99  0.00 0.17
Corn cake (Maize).... 0.16 0.19 000 2.80 40.37 3.54 2,22

In many cases it is believed that the total amount of carbohy-
drates thus definitely determined in food materials will be found
to be appreciably less than the nitrogen-free extract esti-
mated by difference. If subsequent research should justify this
belief, the character of this non-carbohydrate aud non-nitroge-
nous substance would remain to be determined. This question is
1ow being investigated and for the present the writer desires to
reserve the subject of inquiry to this laboratory.

This outline is thought to present an analytical method supe-
rior to anything at present available for the estimation of carbo-
hydrates in foods, although it cannot be regarded as in any
sense perfected. It will have served its purpose if it shall sug-
gest to others the necessity of something better and assist them
in the search for it.



