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Abstract:

Certain modifications of the present official crude fiber determinations have been investigated.
Particular emphasis has been given to the effects of varying temperature and pressure on the hydrolytic
processes involved.

The effectiveness of various hydrolytic agents used singly or in combinations was studied. The
comparative results of the modifications are discussed.
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I. ABSTRACT

Certain modifications of the present official crude fiber determina=
tions have been investigated. Particular emphasis has been given to the
effects of varying temperature and pressure on the hydrolytic processes
involved., : ' : '

The effectiveness of various hydrolytic agents used singly or in'com-
binations was studied. The comparative results of the modifications are
discussed, ' :
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II., INTRODUCIION

The term crude fiber as used in thls the51s is deflned as the organlc‘
material whlch remains 1nsoluble after a feed méterlal has been extracted
~ with di-ethyl ethér and subjected to the action of hydrolytlc agents under
. stated conditions of time, temperature, and céncentrations.’

Therfésui%Srbf-recen%*célIébvr%tiveﬁstudyton—feed an%lyses~cérried
out.by several state Aéricultural E%periment Stations indicated that a wide
variation in the .crude fiber contenﬂ‘of'a feed. sample couId'Be eipecﬁedo
It-was noted from this collective study that those Expérimeh£ Stations
.situated in.the higher elevatlons of the- country usuglly reported higher
crude, flber values than those Egperlment Stations which were located 1n
" the areas.of...lnwer.e?l.evation° .The purpose of this. investigation was two=
.fold; The. first problem of iﬁfgreéﬁ,concéfned the.possible_effecté,of
elevated temperatures and pressure on the hydrolitic reactions involvea
in the crude fiber determin;tions° It ﬁas hoped that these variaﬁles in~
the present analyseé could be effectiveiy standgrdized so that the var- -
dations in the results brought about by the difference in altitudes
could be eliminated. The second purpose of investigation was to es-
.tablish the eff401ency of wvarious hydrolytlc agents Wthh could be used

singly or in comblnatlonso




I11. EXPERIMENTAL PROCEDURE
A. M aterials.-

Four different livestock feeds were selected as the basic materials
for this investigation. These feeds were I, oat hay, 2, a standard mixture
dairy feed containing soy bean meal, 3, alfalfa hay, and U, barley. Feeds
No. I and No. 3 were considered representative of feed materials having a
high crude fiber content while feeds No. 2 and No. U were selected because
of their relatively low crude fiber percentage. The feeds were air-dried
and ground in a Wiley Mill to pass through a LO-mesh screen. After grind-
ing, the samples were air dried and stored in tightly closed glass jars.
B. Crude Fiber Determinations Using O fficial Method.-

Several crude fiber determinations were made on each feed material
according to the O fficial and Tentative Methods of Analysis of A.O0.A.C.
(IU). The results of these analyses are tabulated in Table 1I.

TABLE |

Standard Crude Fiber Percentages
Obtained by the O fficial Methods

of Analysis
No. of m Average Highest Lowest
Feed Tests Percentage Percentage Percentage
I 6 26.56 27.85 25.10
2 6 7,it3 7.55 6.30
3 6 23.51 26.12 25.00
b 6 3.56 3.85 3.05

It will be noted Table I contains the information concerning the

highest, the lowest, and the average of the determinations for each

feed
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C. Crude Fiber Determinations by Elevating Temperature and Pressure.-

In order to control tﬁe temperature and pressﬁre, the hydrolytic reac=
tions were conducted in.a standafd iaboratory autoclave,

1, Autoclave,= The autoclave was equipped with the usual pressure
gauge and a thermometer, Furthermore, this particular autoclave was -so
"éonstructuea that the pressure couid,belvafied at will by means of an ad=
Justable diaphragﬁo

2o Containersof The determinations were carried out in 500 ml Erlen-
meyer flasks. In each case, except where otherwise noted; 50 ml of the
hydrolytic agent wérg employed.

3. Pres'smrteoﬂ= During fhe.firsf experimeﬁts a pressure of 10 lbs,
per square_inchnﬁas held, but it was later noted that when the pressure
. was iﬁcreaSEd"tomlS lbso-fer square inch the crude.fiber percénﬁage was
reduced considerabl':y° Therefore, most of the exﬁeriments‘weré‘conducted
‘ “at.a-pressurevof.li lbs. per square inéh, The recorded ‘temperature at
‘this pressure was 116°C, |

_.hom:f£meom Various time intervals rafging from 5 to 20 minutes were
used in't‘hisinvesi_:igation° However, it waé foind that a time interval of
ten minutes was the most satisfactory. Thgrefofé, all the experiments
recorded in this paper except those-employing barium hydroxide were run
using a standard time intervélﬁofulo minutes.

5s Hydrolytic Agénts Employedo= Various aeid and alkaliné‘hydrolyb
tic agents were employed. in this studjo The alkéliﬂé reagents employed
.were sodiumlhydrOXide.and barium_hfydroxide° Sulfiric acid, hydrochloric

_acid, and a mixbure 6f,hydrochlofic acid and acetic acid, were the acid
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hydrolytic agents used. 1In all cases the h&drolytic reactions were pre-=
ceded by the usual ether extraction as designated in the Official Methods.
The temperatures employed during the drying and ignition of the crude
fiber residues were the same as those indicated in the Official Hethods.

6. General Procedure°=. Two grams of the ether extracted feed matefa
jal were placed in a 500 ml Erlemmeyer flask and 50 ml of the hydrolytic
agent were addéd° In addition, it was found necessa;y to édd a small
amount of asbestos and a few boiliné chips., The flasks‘wére placed in the
autoclave which had been set for 15 lbs. per square inch. 'The steam was -
turned on and aftpr the pressure reaqhéd 15 1bs, the time was noted. The ﬁ
time'intervai indicated in all experiments was that inferval-from the time
the autoclave reached 15 1lbs. per §&uaré inch until it was turned off,
After cooling, the flask and contents were removed, and the contents fil-
tered through filter. cloth., The residue was then washed with successive
applicatioﬁs_of water and, finally, with acetone. After the residue had
been removed from the filter cloth, it was dried and ignited according |

to the usual Official Methods. In order to overcome the filtration diffi-

'culties encountered.in feeds No. 2 and‘Nbo.h.by filtration, separation

by centrifugation was used., Two grams of ether extracted feed material
weré placed in.a 100 ml céntrifugé.tubé aﬁd 20 ml of hydrolytic agent
were added togéther with some boiling chips and a small amount of asbes-
tos., THe tube was stoppered‘andlplaced in the auﬁoclave at the pressure
and time meptidned above. The tube was removed, cooled, and centrifuged
five minuteé° The supernatant liquid was poured off and the residue was

thoroughly .agitated with water and after centrifuging again the resultant
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1iguid decanted. This process was re;eated three times., The finél wash=
ihg was with acetone. The résidue was removed from the tube, dried, and
ignited according to the Official Methods.
Dol_EﬁZymatic ProcedufeffbiloWed'in the Crude: Fiber Determination.=

" In order to find how close the chemical .crude fiber resembled the’
digestive crude fiber,. the enzymatic reaction was conducted using papain
and taka diastase in a'properly.bufféréd'solutiono |

Procedure.~ Two grams . of dry ether extracted;sample were placed in

a 250 ml Eflemmeyer flask and 0.5 grams of taka diastase added and 100 ml
of phosphate buffer pH L.8, The mixture was stirred and placed in the‘inu
cubétor at 3705900 The feed was allowed to remain in the incubator for
1,8 hours wiﬂhvoccaéional stirriﬁg@ After L8 hours'tﬁe‘feedlw?s removed;
.filtered'through coafse filter paper, and washed with distilléd water,‘
The feed was returned to the flask and 0,5 grams of papain with a sméll
‘amount. of L cystiene and 100 mi of phosphate buffer'pH_7,2 were added,
The feed was kept . in the incubaﬁor.hB"hours with occasional stirring.
After 18 hours the feed was removed, filtered, and washed. After re-
moval.frém.thé filter_paper the residue was dried. and ignited according

"£o the usual Officigl Methods.




IV. EXPERIMENTAL RESULTS

The results of the first experiment on feed No. | are show in Table
Il. The general procedure was followed until the removal of the flask
from the autoclave when $ ml of 6 N hydrochloric acid were added to the
flask in order to neutralize the sodium hydroxide remaining in the mix-
ture. From here on the procedure was the same as described previously.
The normality of the sodium hydroxide is the same as the normality used
by the O fficial Methods. The increase is approximately .05 on each change
of normality.

TABLE 11

Crude Fiber Percentages for Feed
No. | Using NaOH as the Hydrolytic

Agent
Normality No. of Time Pressure Crude Fiber O.M.*
of NaOH Tests Minutes Ibs/sqg.in. Per Cent Per Cent
0.316 2 10 10 3lu 10 26.56
0.316 2 15 10 Wu80 26.56
0.316 2 20 10 35.00 26.56
0.317 2 5 15 3U.70 26.56

* Official Method

It will be noted that the percentage crude fiber as obtained here was
far greater than that obtained by the O fficial Methods.

The next analysis was conducted on feed No. 3 which resembled feed No.
I in chemical composition. The general procedure was followed for the
times indicated, the hydrolytic agent and the pressure were the same as

used on feed No. 16 The results of this analysis are shown in Table III.
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TABLE 111

Crude Fiber Percentage For Feed
Noe 3 Using NaOH as the Hydrolytic

Agent
Normality No. of Time Pressure Crude Fiber O.M.
of NaOH Tests Minutes Ibs/sq. in. Per Cent Per Centl
0.317 2 5 15 25.00 25.51
0.347 2 10 15 25.20 25.51
0.347 2 5 15 28.00 25.51

The results of this analysis show a very close approach the range of
the crude fiber percentages obtained by the O fficial Methods, The results
indicated that the time of hydrolysis had little effect on the results of
the analysis,,

A complete test of feed No, 3 was conducted using sodium hydroxide of
three concentrations, and varying time of hydrolysis. The results of
these analyses using concentrations of 0,316 N, 0,3li7 Nand 0,li07 N sodium
hydroxide and obtained by times from $ to 20 minutes show good agreement

with the results of the O fficial Method,

TABLE 1V

Crude Fiber Percentages For Feed No, 3 Obtained
Using 1$ Ibs, per Square Inch Pressue and NaOH as the
Hydrolytic Agent

Varying Normalities

of NaCOH
Time No. of 0.316 0.347 0.407 0. M. Range
Minutes Tests Crude Fiber Per Cent *Per Cent
5 2 28.10 26.70 24.90 26.12 - 25.00
10 2 27.05 26.15 25.00 26.15 - 25.00
15 2 28.55 26.80 26.70 26.15 " 25.00
20 2 29.60 27.40 27.60 26.15 - 25.00

Average 28.30 26.80 26.25 25,51
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The results shown in Table IV indicate that the O fficial results
could be duplicated with feed No. 3 using an ether extracted sample.

Feed No. 2 was analyzed using the general procedure and varying
concentrations of sodium hydroxide. The results shown in Table V
indicate that the lumps formed during hydrolysis material. The normality
of sodium hydroxide was larger than previously indicated since lower

concentrations of sodium hydroxide had obtained no usable results.

TABLE V

Crude Fiber Percentages for Feeds No. 2
Using NaOH as the Hydrolytic Agent, 1$ Ibs.
par Square Inch Pressure and a Time of 10 Minutes

Normality No. of Crude Fiber 0. M
of NaOH Tests Per Cent Per Cent
0.107 2 32.% 7.U3
0.030 2 29.7 7.1*3
0.98C 2 3U.1 7.U3

The general procedure for centrifugation was followed, but 10 ml of
6 N hydrochloric acid was added before the centrifuging the first time.

However, the results as shown in Table VI indicated that this method was

not feasible for this feed.

TABLE VI

Crude Fiber Percentages for Feed No. 2 Using
Centrifugation for Separation, NaOH as Hydrolytic
Agent, 15 Ibs. per Square Inch Pressure and a Time of

10 Minutes
Normality No. of Crude Fiber 0. Me
of NaOH Tests Per Cent Per Cent
0.1*07 3 39.95 7.1*3
0.615 3 1*1.65 7.1*3
0.830 3 39.50 7.1*%3
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The results of the sodium hydroxide analysis of feeds No. | and No. 3
indicated that the alkali hydrolysis worked well for feeds with high crude
fiber percentages, but the results of feeds No. 2 and No. it indicated that
sodium hydroxide was not the proper hydrolytic agent.

A series of experiments were performed using barium hydroxide as the
hydrolytic agent. Barium hydroxide solutions were prepared having normal-
ities of 0.160 and 0.320. Feeds No. | and No. 2 being typical examples
of each group were hydrolyzed with barium hydroxide at 15 Ibs. per square
inch pressure for twenty minutes. The results as shown in Table VII in-
dicated a decrease in organic residue when the higher concentration of

barium hydroxide was used.

TABLE VI

Crude Fiber Percentages Obtained Using
Ba(OH)2 as the Hydrolyzing Agent, 15 Ibs.
per Square Inch Pressure and a Time of 20 Minutes

No. of Normality Crude Fiber 0. M0
Feed Tests Ba(OH) 2 Per Cent Per Cent
I 2 0.160 U .00 26.56
I 2 0.320 39,16 26.56
2 2 0.160 32.15 7.43
2 2 0.320 28,70 7.43

The experiments using barium hydroxide 0.3£? N was conducted on feeds
Nb. I and No. 2 and the results showed further reduction in the crude

fiber percentage. The results are shown in Table VIII.
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TABLE VIII
Crude Fiber Percentages Using 0,355 N ’
. Ba(OH)Q as Hydrolytic Agent, 19 lbs. per
Square Inch Pressure-and a Time -of 30 Minutes
o Noo of Crude Fiber 0o Mo ﬁ
Feed Tests Per_.Cent. . - Per Cent
1 L2 31-'-035 . 26056
2. . 2. . 2he20 . | ’ To43

Nb.further experiments were conducted using barium hydroxide as the
normality of the last solution was 0,355 N and no higher normalities could
be obtained using Ba(OH)2 8H O unless a warm solutlon was usedo HAND=
BOOK OF CHEMISTRY AND PHYSICS (10) indicates that 5.k g of Ba(OH)j°8H,0
dissolves in 100 ml of water at 15°C? As room temperature'is generally
about 24° the saturétion~point had about been reached.

' The next group of hydrolytlc agents used was the acids. The first

. acid employed was the 0.255 N sulfurlc acid of the Offlclal Methods. The

increase is approximately .05 on each change of normality. The feeds
. -

tested were Noo 2 and No. b as feeds No., 1.and No. 3 had-been tested

successfully with sodium hydroxide. .The general procedure was followed

using sulfuric acid, 0.255 N, fortvarying times at 15 lbsolper square

. inch pressure.

The experiments were continued usinglﬁigher,cnncehtrations of sul=
furic acid, The results of the sulfuric acid eéxperiments are shown in
Table IX and give percen@ageé of almost double those obtained by the

Official Methods,

.




TABLE IX

Crude Fiber Percentages Obtained Using
Sulfuric Acid as Hydrolytic Agent and 15

Ibs, psr Square Inch Pressure

No. of Normality Time Crude Fiber . 0. M
Feed Tests H2SQli Minutes Per Cent Per Cent
2 2 0.255 5 13.95 7.43
2 2 0.255 10 12.45 7.43
2 2 0.255 15 11.30 7.43
2 2 0.303 5 14.00 7.43
h 2 0.303 5 7.70 3.56
2 2 0.352 5 14.40 7.43
k 2 0.352 5 7.35 3.56

Feed No, L was analyzed using sulfuric acid of three concentrations
and varying times at 1$ Ibs, per square inch pressure. The results are
shown in Table X and indicate no reduction in the crude fiber percentage
was accomplished by either increasing the concentration of the hydrolytic

agent or the time of the reaction.

TABLE X
Crude Fiber Percentage for Feed No, k
Using Sulfuric Acid as the Hydrolytic Agent
and 15 Ibs, per Square Inch Pressure

Varying Normalities

of H2SO,
Time No. of 0.255 0.303 0.352 0. M. Range
Minutes Tests Crude Fiber Per Cent Per Cent
5 2 7.10 6.50 6.40 3.85 - 3.05
10 2 6.90 6.45 7.10 .85 - 3.05
15 2 6.85 7.35 6.65 .85 - 3.05
20 2 7.35 6.90 6.50 .85 3.05
Average 7.05 6.90 6.65 3.56



As there was no great reduction of the average percentage to the
O fficial percentage the experiments using sulfuric acid were not carried
furthero

Hydrochloric acid alone and in combination with acetic acid was used
as the hydrolytic agent. The general procedure was followed using the
following acid reagents: (A) a mixture of ml 0.266 N hydrochloric acid
and 50 ml 0.290 N acetic acid; (B) 0.b97 N hydrochloric acid and (C) 0.976 N
hydrochloric acid. The time for the hydrolysis was 10 minutes and the

pressure 1$ Ibs. per square inch. The results are shown in Table XI.

TABLE XI

Crude Fiber Percentages Using Acid Reagents

REAGENTS
No. of A B C 0. Me
Feed Tests Crude Fiber Pei Cent Per Cent
I 2 33.30 32.75 32.80 26.56
2 2 13.35 13.25 12.70 7.U3
3 2 37.70 33.15 32 .UO 25.51
h 2 7.90 7.25 7.50 3.56

The results of these experiments gave crude fiber percentages con-
siderably above the O fficial Method percentages and these experiments
were not continued.

After the completion of the acid analysis of the feeds, a combina-
tion of acid and alkali reagens was used. The first analysis of this
type was conducted using the reagents of the Official Method, but instead
of boiling the feed material for thirty minutes the feeds were hydrolyzed

at 15> Ibs. per square inch pressure for ten minutes. The feed materials
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were washed and filtered between acid and alkali hydrolysiso The crude
fiber percentages obtained were slightly below the O fficial Method per-
centages in the case of feeds No= I, No, 2, and No, 3, while feed No, I
was within the O fficial range as this percentage approached the highest
O fficial Method percentage. Another analysis was conducted using stronger
reagents and the crude fiber per cent for feed No, ii went down. Table
XII shows the crude fiber percentage obtained from these analyses and the
variations from the O fficial Method percentage,

TABLE H |

Crude Fiber Percentages Using 15 Ibs, per

Square Inch Pressure for 10 Minutes During
Both Acid and Alkali Hydrolyzing Periods

No, of Crude Fiber V ariations From
Feed Tests Reagents Per Cent 0. M. Average
I 2 Reagents of 0, M, 20.65 -5.91
2 2 Reagents of 0, M, 5.70 -1.73
3 2 Reagents of 0, M, 19 075 -5.76
U 2 Reagents of 0, M, 5.10 +1.51
I 2 0.25 N H2SQj )
0.i0 N NaOHa 21.55 5.01
2 2 0.50 N HCI
0.U0 N NeOH 5.60 -1.83
3 2 0.50 N HCI 6.76
0.32 N NaOH 18.75 '
U 2 0.50 N HCI 355 .0.01
0.U0 N NaOH

It is evident from the results of this last series of experiments
that this method of analysis is the best of the methods used for all of
the feed materials in obtaining percentages near the range of the O fficial

percentages.



With the conclusion of* the preceding experiments it was thought ad-
visable to check the crude fiber percentages by using enzymes. The ex-
periments were conducted on duplicate samples. This analysis followed the
procedure given for enzymatic analysis in experimental procedure. The
results of this analysis in Table XIIlI gave the crude fiber percentages

far greater than those obtained by the O fficial Method.

TABLE XI11

Crude Fiber Percentages Using Enzymatic Agents

Crude Fiber 0. M. Variations From
Feed Per Cent Per Cent O.M. Per Cent
I $3.1t0 26.56 +26.8b
2 31.30 7.L3 +23.87
3 51.70 25.51 +26.19
U 20.60 3.56 +17.0b

It is noted from the table that feeds No. I and No. 3 have a crude
fiber percentage of double the O fficial percentage, and feeds No. 2 and

No. b have a percentage of about four times the O fficial percentages.
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V. DISCUSSION

In tﬁis discussion the method of the Official crude fiber determin- -
ation will be compére& with the method employed in this investigation. |
The mechanisms of the reactions will also be discussed and the-use of
various reagents employed in the crude fiber detérmination,

The time of the hYdrol&sis as,giveg in the.official methods ig thirty
minutes for. both acid and alkali reactions.: Though the official method of
analysis is used for the crude fiber determination in;Montana; né ﬁay“of
compensating for differencesuinﬁatmOSpheric pressure is taken into con-

' sideration. As the temperature of the boiling point of a solution goes
down approximately 6°c pef kilometer rise in éltitude, it is evident fhat
boiling temperature of the hydrolytic agents will be less in Montana than
in the coastal regions. Bidwell (1)“boin£ed out marked'variations~in the

' different laboratories throughout the country and Frapes (7) reported

Qariations in the crude fiber results by. laboratory locdtions. Thgugﬁ

these reports were made more than 25-years ago .nothing was done in order

" to standardize the temperature used in the crude fiber determination. .

From a logrithmetic represéntation of the Arrhenius ehuation. “

S Iogb = log A - E
) ‘ - ‘ 2=303 AT

.the effect of temperature changes on the reaction rate can readily be
seen for A, E, and R are constants and only T varies. Therefofe; any
change in the temperature of the reaction changes the reaction rate in

direct relation, i.e., increase in temperature increases the rate and

.decrease in temperature decreases the rate. For this reason the autoclave
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_ was used in order to increase the temperature of the reactlon during the
hydrolytic process° The temperature of the reactlon as recorded by the
autoclave. thermometer was 116°C,

This iﬁcreeée(in pressure not only increases . the boiling point of
the mixture, but deereases the time of hydrolysis at the meximum temper— -
ature° The volume of the hydrolytic agent ‘used by the O%ficial.Method
is 200 ml‘for:both acid and alkali, The volume, using an autoclave preesure
of 10 to 19 bs. per square\lnch is 50 ml, a decrease of 150 ml of
reagent. The use~of a smaller volume of acid and alkali in the inves-
tigation causes no‘lérge‘deviation from the large volume of the Official b
Methods not using pressure. A factor conéidered'here in the ﬁSlng<of 50
. ml of reagent was theﬁheiling-over of the mixture while the pressure was
decreasing.. '

lThe time: of hydrolyeis of the Official Method.le 30 minutes with the“
mixture boilingrfer that.time.or”at:a_maximum.température for 30 minutes.
By using an autoclave in which to. conduct the.hydrdlysis the time of
. hydrolysis is reduced to 10 minutes. From the experimental results the
. changes in time were shown to have no effect on the amount of crude fiber
. obtained from each feéd, However, a time of 10 minutes at maximim teﬁp=
erature was selected as most sat1sfactory for all feeds, |

Winton (19) begins his crude fiber analysis by saying “Extract a 2
gram sample with ether® and this continues with the usual procedure, -An
agricultural chemistry:teit of the same date beglns the discuesion‘of
crude fiber analysis in the same way‘thoqgh hydrochloric acid is used

instead of sulfuric acid in the procedure. Bidwell and Bopst (3).
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use ‘ether extraction to precede the crude fiber determination. In the
methods using inorganic acids aﬁd elkali reagents for the most part the
ether extraction wag usedb--The chief reason for the removal of the fat
material by‘etﬁer extraction is that if the fats are not removed the -
formetion of soaps with the alkali reégent.make:separetion of the residue
much. more difficult. This is especially true if a heavier alkali is used
as the_hyﬁrolyticlagentou Also;,. theréﬂare"few:feedsnwuich will be analyzed
for. crude fiber only.,
Changes in the concentration of reagents have-beenusuggested by J.
H, and EO”WOVbelchar:(IG)g'ﬁ} Lepper. (13).'and. others. -The concentrations
. have values from 2,0 per cent to 3,125 per .cent er:both acid and alkali
reagenteo ‘The results of these experiments usiug a higher concentration
. Indicates that the time of the reaction may be reduced as much as ten
minutes, Also the volume of the reagents may be rediced using. a higher
concentration of acid and alkali, From the experimental results it has = -
beeu shown that both acid and alkali hy&rolyeis is necessary in order to .
""%'aﬁﬁ’i”ic,aebe@he official results on all types of feed samples, It has been’
ffshownitﬁet acidzréﬁﬁve§ some. of the non fibrous. material but not "all of |
it, At the same bime the alkali removes most of the non fibfous material
in-the hay type feeds, but removes little.of the same’material.in the case
o?.gféin and mixed samples, ‘
‘ lhe'aoio hydrolysis of cafbohydrates reduces the starches’énd‘sugars‘
'to 51mple sugars in most cases glucose. Acids in general do not effect
the cellulose molecule unless the hydrolysis is conducted over a long

time interval in which cases some fragmentation occeurs, Alkali agents
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: reécting with the starch molecule cause the formation of a gelo‘ The-éel

formed is not filterable., The use of alkali in hydrolyzing feeds No., 2
and No, l caused the formation of lumps in the mixture which remained at

fhe.end of. the'hydrélyzing period. When the lumps were broken open ﬁith

a stirring rod there was no evidence of a reaction having taken place,

. Alkali reagents have little effect on the cellulose"ﬁoleculesuexcebt over
long time intérvais, in which .case fragmentation occufsm._However, the
concentration of the alkali must be greater than the ones used in this
work o

Proteins are readily~hydréiyz§d into .simple. amino acids and sﬁluble
,pebtides.by both. sulfurie and'hydmchloric“acido For quantitative hy-
drolysis, times of several MQurs are uéed'to boil the acids containing
the proteiﬂo The‘féaction of the acid with the protein molecule probably
caused incbmpleted hydrolysis to amino acids dipeptides, peptones; poly-
peptides, etc., soluble in the wash water.

Proteins are readily hydrolyzed by alkali reagents, Tqé alkali
hydrolysis 'is very rapid and will work readily in cases as.crudé'fibér
analysis where the qualitative.aﬁd quantitative analysis of proteins is
no.t.deéired°

The engymatic analysié-of the saméle was conducted in order to see
how close to a biological. crude fiber the acid and alkali hydrolytic
.end products were apprqabhing° The. main objection tb‘thé‘enzymatic

. analysis is .its slowness as comparedlwith inorganic_methédSb " Woodson
and Mackenzie (20) used the énzyme pangestin to determine crude fiber

percentages. -They found that the values obtained for the crude fiber
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,'percentages wéré.abOut four times the amount obtained with the official’
m.e’ohoﬁs° The results of my paper ﬁere well in keeping with the results
obtained in this papers

The ether extracted feed was first treated with Taka=-diastase to

- ~Temove the carbohydrate material, -After the féed had been washea papain -
was added to the sample with a small. amount of cysteihe td.activate the
enzyme, ‘fhe papain removeé the protein material, After'thes? reactions
have been'completed'the crude fiber is obtained in the tsual way.

After comparing the official methods with the enzymatic method,.it
is seen that the orgénic fesidue; called crude fiber, is not the same
in both.methods., The enzymatic method rgmoves.cérbohydratéS'and proteins
while the acid and,alkali reagents remove thesé producfs and possibly .

otﬁer materials,
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VI. SUMMARY

From the experimental results of this series of experiments the
foiiowing éonblusions can be stated:

1, Crude'fiberJis considered a variable quantity dependent on the
foliowing‘factofs: (&) the temﬁeratu?e of the reaction mixture, (b) the
concentration of the reagent or.reagents used, and (c) the type of reagent
used, ’ |

. 2. ,Results, of the Official Methodqu feeds with a_high crude fiber
content may be apgyggimafed by the uSe‘of a single hydrolytic feagen£ at
elevated temperaturése |

- 3., In feeds containing larger proportions of starch but low cru&e
‘fiber'percéntages accofding to the;d?fgciglyﬁg%ﬁods, unreliable results
are ‘6btained hsing a single reagent%aﬁ éle%a%é&$temperatures, and

ih; . Enzymatic hydrolysis of. feed materials employing the combination
of prétéolyiic gnd carbohydréte splittiﬁg enzjmes were found to yield é-

- ‘considerably higher quantity of organic residﬁes_than>obtained by the

chemical means of the Official Methods,
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