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ON THE DISINTEGRATION OF RICE STRAW

Hisayoshi Twara

1. INTRODUCILTON

Japanese agriculture consists principally of cropping, and the rice
plant 15 the most important and extensively cultivated thronghout the
country. On the other hand live stock farming is very poor compared
with that of foreign countries, and the farmers of this country utilise
their live stock chiefly for agricuitural work and for cbtaining farm
yard manure,

In winter they feed their farm animals mainly on rice siraw mixed
with rice bran and vasious other bypreduct-fodders. In summmer they
use grass growing on uncultivated lands and dykes and ditches of
paddy land, together with rice straw.  Also they use a small amount
of soy bean, barley, ctc. as concentrated fodder for the draught animals.

Rice straw is therefore the moest Important and essential coarse
fodder, cspecially in view of the fact that we have scarcely any meadow
or pasture land i this country.  The straw is generally simply chopped
up and given to the cattle, but in some districts of Japan and also
of Corea the chopped straw is boiled with water for several hours
before being fed to ‘the cattle.  However this is doubly uneconcmical ;
for boiling the fodder reduces its food value (13) while it requires a
considerable amount of fuel. It seems therefore to be very important
to settle the guestion of how the boiling of the straw affects its nutri-

tive value.
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It is also desirable to study some method such as straw-disin-
tegration for improving the focd value of the straw, in order to produce
an abundant supply of good coarse fodder.  In Germany since 1804
numerous investigations in regard to straw disintegration (7) have been
carricd out, and during the great war many scrts of straw were dis
integrated on a large scale.  The experiments however were made
with rve, barley, oat straw etc. and work with rice straw has never
befure been attempted (3). Hence the author has studied not only the
eftect of boiling it with water, but alsu the action of wvarious dilute
alkaline solutions on the composition and nutritive value of the straw.

2., THE EITECT OF VARIOUS TREATMENLS ON TIIE INCRUSTING
SUBSTANCES OF RICE STRAW

It is known that the disintegration of the straw 1s due to the
dissolution of incrusting substances and perhaps to the forcing or
springing of the bonds uniting them to the other constituents.  Ac-
cordingly the effect of various treatments on the incrusting substances
was examined.

The straw wsed was harvested from the neighbourhood of the
Kyushu Imperial University in 1923 Fvery 150 g of straw, chopped
into 2~3 cm. Jength, was treated with water, or with solutions of
sodium hydroxide, sodivm carbonate, calcium hydroxide, cither by the
cold or hot process, as shown in table TL

The cold process (at 22-25°C ) employed was as follows.  The
sample was put into a large beaker, and soaked in various solutions
for 4, 6, 8, or 24 hours. The amount of Jiquid in each case was
equivalent in weight to cight times that of the straw. In the case of
the hot process cvery 150 ¢. of the straw was put into a large flask,
and 1200 cec. of water or of one of the solutions NaOll, Na.CO,,
Ca(OI11),, of a definite concentration, was pourcd into it. These mix-
tures were boiled under a reflux condenscr, part for 1.5 and part for
4 hours.  After being thus treated, the alkaline liquor was filtered
through linen, and the straw was thoroughly washed with water until
the wash water no longer showed an alkaline reaction, and was then
dried in the air.

This disintegrated straw had a clear yellowish green colour as
long as it showed an alkaline reaction; but when neutral it became
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dark brown. The brittleness of the disintegrated straw gradually in-
creased as the degree of disintegration proceeded.

Each of the samples thus obtained was submitted to tests for the
determination of ash, silica, lignin and the chlorine number.

Proceeding the determination of fignin (8), the author compared
the WiLLsTATIER'S method which uses 4204 HCI (16), with the Osr
and WiikrNing's method which uses 7225 H.SO, (1o and 11).  Macnus
(9} emploved the former method in his investigation, and Arciibarp
employed the latter, after modifying it himself (1). He diluted the
hydrolysed solution with ordinary tap water to a strength of 394 of
sulfuric acid and filtered with linen and a goech crucible, but the author
diluted with distilled water and {iltered with ordinary flter paper.

With five sorts of disintegrated straw the following results were
obtained.

Table I. Comparison of WILLSTATTER'S method with
OsT-WILKENING'S method.

Noof sample  WILISTATTER-Lignin 0“"“;‘{‘“:'[‘1'!\'& Ratio — 'v-Fignin
Jgnim O-Lignin
i 12.55 345 0.933
z 12.41 13.00 0.948
3 12.27 13.08 0.938
4 11.67 12,26 0.952
5 10,01 1049 0.954
Average Q.045
IFrom this table it is seen that the results of these two methods
coincide well with cach other, deviating only by 5 per cent. There

fore the author employed the simpler and easier mecthod namely Osi-
WILKENING'S.

The chlorine number was measured by a modification of the
method of Waextie and CieriscH (14 and 15), the principle of which
consists in the combination of chlorine with lignin.  The methad in
brief was as follows: 10 g of coarsely milled straw was put into a
chlorine absorption cylinder and moistened with 20 cc. of 126 hydro-
chloric acild solution.  The chlorine gas, saturated with water vapor,
was passed through the straw for 30 minutes, then air was passed
through for 13 minutes in order te expel the excess of chlorine gas
remaining in the absorption cylinder, and then the amount of chlerine
absorbed was measured.  The amount of maximum, absorption in per-

centage gave the chlorine number.
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Table II The incrusting substances of the treated straw

Treatments Incrusting substances 24 { Loss 25
e - = U ) I = e (s~ s G T~ R | E—=
i e | Yield 2 |
Riagenp | Coticeits Tempera.| Howrs|| Ash | Silica ! Lignin I CLinmber] s Ash | Silica  Lignin
tration ture | S ; > |
Untreated straw 20,03 | 17.52 L1460 10.4 107,00 — ‘ —_ —
Water | —n 22.26°C| 4 | 1062 1745, 14.36 5.4 | go.51 2,33 1.67| 1.65
" s Roiling P. 3 | 15,46 16,72 1435 5.1 Gtz 4.27 1 3,15 2,30
NaQIT o.25 | 22-25° 4 ‘ 12331 1345, 14.47 15,4 56y ot 5050 230
,, a.50 W i l 15.36] 1347 14.34 150 $3.33 7.16| 630 =274
1.00 » » 144 9.39 348 16,2 75.75 | 1140 1040|447
» 1.50 " a o3 8.3 229 14.4 7150 | 12,050 11,55] 5.0
" 2.00 N " ro.zx| 8Bag| Ti52 127 Gaaz | 1307 1LO6 ] 673
NaOIT 050 | 22-25° 8 1555 1397 1419 7.0 8122 707 603 3.02
" 1.00 i a» 10.36( Ggo| 1333 3.5 7327 | 12,34 1L} 492
- 1.50 " g 0.20| 700| 1195 I3.5 72 13.72] 12,58 6.36
4 2.00 ” W 1036 7.66. 1Lz £2.2 67.20 1zo7| 12.37] 7.22
NaOH .50 24 | 1649 1301, 374 16.7 52,67 .30 6.02| 333
3 I.co w ji 03| 675 E3.36 127 142 | 13,65 12,70 513
B [.50 i . 6.04i 392 I1Loy 13.7 65,13 | 16,20 1497 7.47
p : st 2
NaOH o50  BoilingT! 4 13,51 2.0 7031 ' =12 5050 7.54
. ogo |, 15 re.s8 13.6 7652 & 6a7] 5.23 52
i 1.co " i 12.46 19,2 6676 T anS1l o.21| &3
Na,l0,| o066 | 22-25° 6 | 17.94 ! 19,3 55,260 4531 330 =247
” 1:33 s » | 16,31 19.3 65.45 4.45| 4360 243
| i - - ~
T 199 ” o | 1844 1444 1441 19.1 8340 1 4.75| 46| 287
Na,((),| 066 |BoilingP. Lg | 16a7| 18.02| 12,39 14,5 7719 Oto| fz3| 594
" 133 . o 17.51| 1567 1116 13.1 T379 6,99 | 5.06] 6.40
" Loo |, L AN SEL T I BN 20 | AT 797 | 883 753
| wresy, —
Cal) 1.CO 22.25° 24 i 20,34 | 13.49 — - 54.37 297 6.14| —
» 1.25 " » || 20007 1367 | 1263 153 5336 | 3.30| 443 414
55 100 [BoilingP) 4 22035 w0z 1206 15,0 S51.090 200 541 492
i 1.25 5 w2500 16,13 12,00 151 76.52 0,09 515|544
I i
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WarxTIG reports that the chlorine number carresponds nearly to
1509 of the amount of WILLsITATER-Lignin, but according to this ex-
periment it was found by measurement to be 120-140% of the
WILLSTATTER-Lignin, and 110-130%% of OsT-WILkENING-Lignin.  How-
cver, the amount of lignin and the chlorine number were nearly pro-
portional o each other. '

The results of analysis together with the decrease of the incrusting
substances during the disintegration process are shown in table I, in
iy matter percentages.

When the straw was only immersed in distifled water for 4 hours,
a slightly dilute dark brown extract was obtained, but no appreciable
decrease in the amount of the incrusting substances or of the chiorine
numkber was ohscrved.

When it was boiled with distilled water for 4 hours, there was
almost no change compared with the former process, except that the
contents of ash and silica were slightly decrcased which may be due to
the loss of sand adhering to the straw.

When trcated with solutions of sodium hydroxide cither by the
cold or hot process, the influence of concentration on the degree of
disintegration was very remarkable In the case of the cold process
such difule solutions as 0.25 or 0.5% of sodium hydroxide did not
affect the amount of silica and lignin or the chlorine number; however
the disintegration increased suddenly when the cencentration became
higher than 142 of sodium hydrexide, but was not proportional to the
concentration.  The analysis of the results of disintegration with cold
sodium  hydroxide  solution indicates that the content of silica  was
always less than that of lignin, while all the other disintegrated straw
showed the reverse.  The maximum extraction of silica was alrcady
reached when treated with the 1.5¢; caustic soda soluticn for 4 or
8 hours; actally more than half of the total :ilica contained in the
straw was removed.  As regards the extraction of lignin it differed
somewhat from that of silica, in that it was not noticeably promoted,
even when the concentration of the reagent was increased as high as
1.3 or 29 sodium hydroxide ; also its loss in percentage was so small
that it didd not reach half of that of the silica.

When boiledd with 0596 or 175 caustic soda solution, part for 1 3,
part for 4 hours, the loss of silica was smaller than when treated by
the cold process, on the contrary the lignin and chlorine number Jec-
reased very remarkably compared with the cold process,
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When immersed for 6 hours in one of the following cold sodium

carbonate solutions 0.66, 1.33 and 1.997% of Na,C0),, equivilent respec-
tively to o5, 10 and 1.5%; of NaOH, in every care there was no
remarkable effect on the content of lignin and the chlorine number, but
the amount of silica siightly decreaced.  On the other hand when boiled
with the same sodium carbonate solution as above for 1.5 hours, the
dissolution of lignin was much accerelated, while scarcely any silica was
eliminated.

When treated with calcium hydroxide, only slight losses of ash
and silica were observed and sometimes the content of ash showed a
little increase, because the calcium hydroxide could not be thoroughly
washed out.  But the content of lignin and the chlorine number con-
siderably decreased, and their numerical value approximated to that of
the straw which was treated with sodium hydroxide solution (1.0 or
1.526 NaOH) at ordinary temperature.

I'rom the above facts, the following statemcents can be made.

1) It was hardly possible to disintegrate the rice straw with cold
ar boiling water or with solution of 023, 0.3%5 sodium hydroxide
and 066, 1.33, 1.09% sodium carbonate, at erdinary temperature.

2)  When treated with solutions that contain more than 175 of sodium
hydroxide, the amount of both lignin and silica were considerably
decreased.

3} When disintegrated with boiling milk of lime (10 or 1.259 CaQ)
a considerable portion of the lignin was removed, but the silica
was searcely touched.

4)  When beiled with the solution of sedium hydrexide and sodum
carbonate, a noticeable guantity of lignin was extracted, compared
with the cold process.

5} As regards the influence of the time of treatment with cold sodium
hydroxide sclutions upen the dissolution of the incrusting sub-
stances, the greatest amount of dissolution took place in the first

four hours (2 and j5)

3. THE ETFECT OF THE TREATMENLT ON THE COMPOSITION AN
NUTRITIVE VALUE OF THE RICE STRAW

The quantitative effect of several trcatments on the incrusting sub-
stances of straw having been studied, the author now tricd to find out
the offect of these treatment on the natritive value. '

The samples were prepared as follows.
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Untreated rice straw :—The same as that employed for the previous
experiments.

Boiled straw :—Every 2 Lkilos of chopped straw were boiled with
16 liters of water, keeping up the amount of water by supplying
hot water, for 3 hours with frequent stirring.  The brown liquor
was then dramed off.  The straw was washed with water and
then dried at 50-60°C.  This boiled straw became dark brown and
fragrant.  Rams and caitle rather prefered the wet boiled straw
to the dry.

Soda straw [ —Every 6 kilos of the chopped straw was put into
a large pot, about 60 liters capacity, provided wilh an outlet tap
at the bottom to drain ofl the lye and wash water. Then 48 liters
of 07575 caustic soda solution, weighing 8 times as much  as
the straw were added, and thoroughly stirred.  The mixture was
allowed to stand for 3 hours, under the pressure of a weight stone,
at ordinary temperatuve 20°C. The allkaline dark brown liquor
was completely drained off and the straw was thoreughly washed
until the wash water showed a necutral reaction, and then dried
in the atr.  This soda straw 1. had a dark brown colour and
fragrant odour; its criginal form was not changed but it became

somewhat hrittle. Kams and cattle ate it readily either wet or

(5]

dry."
Soda straw II:—TTreated with 1.5%% caustic soda selution at ordi-
nary temperature 20°C. with the same procedure as above.  This
preparation had the same appearence as the straw I, and was
eaten readily by rams and cattle.

Soda straw [I[:—Treated with 0.23¢2 caustic suda solution at 8°C.
by the same procedure as above, and dried at 50—60°C. This
preparation was dark brown and as hard as the originid straw.
The rams and cuttle showed as little relish for it as for the un-
treated straw cither in the wet or dry state.

Lime straw ~—kvery 2 kilos of chopped straw was boiled with 16
liters of water and 160 g. of calcium hydroxide for 3 hours with
frequent stiring. It was then washed with water until the wash
water became colourless.  This air dried lime straw lost the lustre

1 Afterwards Lhe straw, thus teeated and containing aboul 8¢8 of mwoisture was fed
to a cow and a horse at the Imperial College of Agricultre and Forestry in Morioka,

and they ate 10-15 kilos of it per day, mixed with concentrated fodder.
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of the original straw, and became fragrant and brittle. Rams and

cattle liked it and ate it readily in cither the wet or dried form.”

Proceeding  the determination of the nutritive value, these six
preparation were analysed in the usual way, crude fiber being determined
by the WeENDE process, and the protein by  STurzer- BARKSIEIN'g
method.  The results of analysis are shown in table VIL

In order to investigate the nutritive value, the digestion coefficients
were estimated  according to the ordinary method.  Two rams were
kept in the feeding box and fed on a definite ration of fodder.  After
the preliminiry period of 3-8 days, the main period was continued for
10 days.  The faeces were collected during the main period every day,
and 1/10 of its amount was dried at 55-60°C, and then submitted to
the usual analysis.  Since both the untreated and treated straws were
very poor in protein, Cenge hay (Astragalus sinicus L.} which was
made at the Farm of the University in June 1024, was given together
with the sample, mixed with 10 g. of common salt.  All of these
fodders were completely consumed by the rams in cvery case.  In
the first feeding experiment the digetion coefficients of Genge hay were
ascertained, and then those of the other six samople fodders were
determined one after another.

The rations of each period and the drv matter contents of each
fodder are shown in the next table.

Table III. The rations of each period

D ) Weight g.
Period TFodder vy ;",uuﬂ —_— e
/e Ram No. L | Ram No. 11
] Genge hay 86.38 7co 700
2 Genge hay 34 81 350 35¢
Lntreated straw 87.69 250 250
3 Genge hay 86.38 350 3¢
Soda straw I ! G061 260 250
4 Genge hay 88.66 350 350
Soda straw 11 GO.33 300 300

D Afterwards the lime straw, thus disintegrated and containing about 8225 of moisture,
was mixed with concentrated fodder, and fed to live stock for 70 days at the huperial
College of Agriculture and Forestry in Morioka, 15 kilos of it wus caten daily by a horse,
n kilos by a cow, and 4 kilos Ly a pig, with good result in regard to their body weight

and nilk production,
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Table II1. (Continued).

Weight g -

Peried Fodder Dry ;ia“" .
’ Ram No. L | Ram No. IL
i TP :
5 . Genge hay §5.66 350 3350
Lime straw 91,23 3C0 100
4] Genge hay 91.19 350 350
Boiled straw 9173 250 200
7 (éenge hay 91.19 350 3350
Soda straw JTL | 93.17 250 \ 250

The daily excretion of fueces during each main period is as shown
in the appendix, and the average quantity of dry matter per head per
day is shown in the next table.

Table IV. Excretion in grams of the dry matter of the fueces.

Ram [ Ram IT

Period Fodder
1 Genge hay ! 254.6 2471
2 Untreated slraw 258.4 2431
3 Soda straw L {0.75% NaOH) 2133 208.5
4 Soda straw 1I. (1.5% NaOIT) 2341 | 2283
5 Lime straw (1.25 (a0} 249.% . 259.9
6 Boiled straw i 2614 } 235.6
7 Soda straw 111, {0.2525 NaOH) 2758 272.1

The digestibility of nutrients of Genge hay was calculated as
follows, according to the data of table III, IV, and V (a).

Table V.
Ist period :—Genge hay

a) Composition of dried substances.

Faeces
Genge hay - -
Ram No. T | Ram No, IL
: % g _.._;%__
Organic matter ., . . . . . 092.03 88.81 E 88.07
Crude protein . . . . . . . 21.08 1612 | 15.63
Nitrogen free extract, . ., . 38.11 28.22 ! 29.35
Crude fat , W% e W 3.32 2.59 A 2.61
Crude fiber . . . . . . . . 30.42 41.88 | 40.46
FProtein 19.56 }
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b) Calculation of digestion coefficients.

Ram No. 1. Live weight gr.o—40.1 K.
Liry (h'g;micj Crude N, [ree | Crude Crude
malter | natler | protein | extracl | lat. . Liher
0 4 O &
. | - oeslfoasiss: fioe JOR. SPTOR SUN
Genge hay jcog. o . . . ‘ Goq.7 s61.0 1 127§ 230.5 201 183.09
TFaeces excreted 254.8 2203 41.1 7.0 6.6 106.7
Diigested . . . I 340.9 335.6 S6.4 158.6 13.5 5.2
Digestion coeflicients, . . . 57.85 50.73 67.76 €881 o7.6 41.08
Ram No. I Live weight g420—42.0 K.
Genge hay o0 g . . . .| Gos7 561.9 127.5 230.5 2en1 1839
Jaeces cexereted . 0 L .. 2475.1 2176 38,7 72.5 [ ] 1C0.0
Digested . . . . . . . .| 3576 | 3143 | 88 | 1580 ; 137 §3.0
Digestion cocfficients . . . 59_14' 61,27 69.65 t8,55! 68,16 45.62
Average digestion coeft, . | 583 6o,5 6Ly €87 c7.y 438
i i

I'rom these results it is seen, that the Genge hay contains about
13 46 of digestible protein, and its starch value is 38.3 ¢2.  This hay
thercfore can be considered to be one of the very good coarse fodders
in this country.

Next, with the help of the data shown in tables I, 1V and
V1 (a), and the figures obtained as to the composition and digestibility
of the Genge hay, the digestibility of the untreated straw and the other
treated straws were calculated as follows.

Table VI
2nd period :—Untreated straw.

a) Compositicn of dried substances.

FYacees

Untreated straw -
Ram No. 1. Ratn No, TI
% | % %
Organic matter . . o . . . . 79.87 77.95 77.28
Crude protein . . . . . . . . 6.15 10.8g 10,01
Nitrogen free extract . . . . . 36.61 3181 3z.14
Crude fat . . . . . . . ., 1.89 2.41 2.36
Crude fiber . . . . . . . . . 35.22 32.54 31.87
Protein: « © w « o & o » o o 5.84
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L) Calculation of digestion coefficients.

Ram No, 1

Live weight

Crude | ‘N frec

227

40.05 —39.0 K.

‘ CUraele

Cryde

Tiry ‘LU“ ANig

malter | waller | protein | extract fat fiber

g | e g | oo g g

e . 3 I S T sy
Gonge hay 330 ¢, 26,8 | 275 5 G206 113 0.9 05,3
Untreated straw 250 g 220,06 | 1787 13.5 ‘ Sog 1.2 7.5
Amount consamed, 5168 i 151.5 70T 1533 6 14.1 1067.3
Vacces exereted 268 4 201.4 /1 o2 0.2 84.9
Amount digested | 258 4 236.1 45,6 I1I.4 7.0 82,09
Trigested from hay : Bk s T 474 ‘ irb) 6.0 37.9
Digested Tvom straw | S6.7 5.4 56 336 .3 45.0
Digestion coefficients 39,41 4861 4148 41,47 | 33.95 58.06
| !

Ram No. IL Live weight 43.0—41.3 K.

Amount consemed (s;}ge It_U) 5E6,5 451,5 i 76,1 l 193.6 : 14,1 ! 167.8
Faeces exorcted 243.1 1879 ‘ 26.5 780 5.7 i 77.5
Amount digested | 2737 2636 i 4.6 ; 115.% f 5.4 | Q0.3
Digested from hay 17:.5 1600 0 430 i e 6.7 ‘ 41,2
Digested from straw | 08,2 094.6 ‘ ¢.0 i 180 LT 40
Average digestion coell. | 42.0 Lz 13.0 i 4.5 - 357 \ 60,7

i L
3rd period :—Scda straw 1. (0.75 26 NaOII}

a) Composition of dried substances.

Organic matter.

Crude profein

Nitrogen free extract .

Crude fal
Crude fiber

Frotein

471

Soda straw [ Lo
Ram Now
- [*24
2
36,15 78.39
575 ! 14.25
18.62 : 30.45
1.64 2.85
40.34 30.84

Yacces

1 Ram No 1.

% %
78.23
14.32
3027
3.01
30,03
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b) Calculation of digestion coefficients.

Ram No. L.

Live weight 30.4—30.7 K.

Crude

| Dry | Organie | Crude © N. free ‘ Crude
matier | matter | prolein ! extract | far fiher
g £ . g g g
_ T T _\ |
Genge hay 3t0g. ., 302.3 260.9 617 1152 10.0 02,0
Soda straw Eo250g . . 220,5 1G5.4 13.0 ;. 875 3.7 QL4
I
Aunount eonsumed 5288 476.5 767 l 202.7 13.7 183.4
Fazces excreted 213.3 | To7.2 30.4 64.9 6.1 €58
Amount digested | . 315.5 | 300.3 46.3 137.5 7.6 1176
Digested from hay 174.9 167.8 - B 0.3 6.5 4.6
™ T [ T ‘ S ar S oo =y
i L 140.6 1483 iy 305 [oX ] 766
Digestion coefficients " 62.c8 ‘ 72.34| 23.8g l 06.86| 24327 8643
| i l
Ram Na T1 Tive weioht 41, - 41,4 K
Awcliil LN 1d ALV rw\,lbllL 41 A

Amount consumed (:ﬁge }0 ; 528.8 476,35 76,7 2027 13.7 183.4
Faeces excreted o 208.5 163.1 29.9 63.1 6.3 03.0
Amount digested | v 37003 3834 465 130.6 ya 1154
Diguested from hay 3 1788 1721 44.4 79.0 €8 42,0
Digested from soda straw T 141.5 141.3 2.4 €0.6 0.6 77.5
Digestion coefficients, . 62,47 72,24 18.46 00,26 16,22 84.70
Average dipestion coctf, fz.3 =2, 21.2 68.1 20,3 86

b Sk = - 50 2 s Ve Tk

4th period :—S5oda straw 1L

(1.5 % NaOH).

a) Composition of dried substances.

Soda straw I1E

Orpanic mattter

Crude protein . .

Nitrogen free extract .

Crude fat . .
Crode fiber . . .

Protein , . ., .

ta

oo
o o
o
skl

[*F)
L] o
e
i

—3
75,16
14.50
29.27
2.67
31,22

Faeces

Ram No. 1. | Ram No. IT.

i
76,27
[4.52
25.45

2.90

30.31
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b) Calculation of digestion coefficients.
Ram No. I Live weight 39.6—-38.09 K.
Dry | Oxganic | Crude | N, free | Crude | Crade
matter | matter [ protein | extract fat fiber
g g g g & g
Genge hay 150 g. . 310.3 288.4 6e.4 118.3 10.3 4.4
Soda straw 1L 300 2. 271.0 233.4 15.4 a7.1 4.6 1163
Amount consumed 561.3 521.8 8.8 215.4 14.9 210.7
Faeces excroted 234.1 1830 34.4 68.5 7.0 73T
Anmount digested 347.2 338.8 46.4 146.0 7.9 137.6
Ihgested from hay 179.3 172.3 44.3 81.4 6.9 36.0
Diigested from seda ateaw TL 167.7 166,5 2.1 65.3 1.0 8.0
[hgestion coethicients . 61.88 21.34 | 13.64 67.46| 2174 84.26
Ram No. IL Live weight 40.8—41.2 K.
o pen o o
Amount consumed (5?{’: t{‘) ! 581.3 | 5218 80.8 215.4 14.9 210.7
Tavces excreted X 228,35 174.3 332 61,0 6.8 60.3
Amount digested | 352.8 347.5 47,6 150.4 &y 141.4
Thgusted from hay 1833 170.7 45.6 511 7.0 43.1
Digested from seda straw 11, . | 166.3 170.8 2.0 60,3 LI 98.3
Digestion coctiicients . . 2,47 73.18 12,99 7L.37| 23.91 84.52
Average digestion coeft, | | 622 ! 723 33 69.4 22.8 84.4
sth peried :—Lime straw.
a) Composition of dried substances.
Faeces

Organic matter |
Crude protein
Nitrogen free extract .
Crude fat

Crude fber .

Protein ., .

Lime straw.

Ram Na. 1.

79.02
4.75
28.97
1.84
43.45
4.17

ol
)

7072
14.45
26,24

2.77
27.26

Ram No. IL

%
70.36
13,43
26,62

273
27.58
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h)  Caleulation of digestion coefficients.

Ram No. L

Live weight 392395 K.

(GGenge hay 3go o
Line straw 3o g,

Amount consumieed,

Tacees exvreted

Amount digested
Digested from hay
Digested fram Hie «traw

Digested coctllcients |

[y Org:mi(‘.‘ {rde } M. free | Crude

malicr

Ram No. IL

malier | protein | extract fat
£ g - A8
e N [ 17,,
285 4 654 . 1183 10.3
| 2163 4o | 793 59
' se47 | 784 | 1076 | 153
| b 1 36 0g.5 6.0
38 42.3 1321 8.4
! 1723 443 1 814 6,9
| ags8 [ — | 50.7 1.5
22,03 — 1 3,03 3.0
: |

Cinde
hber
o
04.4
119.0
2134
68.1
145.3
39.6
I 1057
88.82

Live weight 400— 306 K.

sanue tay

Amount consumned £
A Na. L

Facces exerefed

Amumnt digestcd
Digested from hay
Drigested from lime straw
Digestion couflluients,

Average digestion coelil

]

a)  Composition of dried substances.

Drganic matter,
Criele protein

~Nn FOZEIL {res extract
Crucle fat

Crude fiber |

Protein

! 564.7 78.4 | 197.6 15.3 : 2134
| 1822 G 0 6oz pr | mEg
. 321.8 435 128 4 8.2 i 141.7
Dby 450 " 8nr 7.0 1 431
145.0 ' — 473 L2 ‘ 33,6
07,08 | 59651 24.% 8286
ji {13 | 618 27.0 { 8538
Oth period :—Boiled straw.
Faeces
Boilad straw oo e meme o R S
I Ram No. | llam No. IT,
L _-_"?-,é _’ o Sl _?3 i R _._%_
80,07 v8.00 7927
5.7 ‘ 1128 1187
3072 i 31.5% L350
L.75 ‘ 215 2.7
3053 | 32499 3373
= |
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b} Calculation of digestion coefficients.

Ram No. L Live weight 40.2—400 K.

Dry | Organic | Crude i N. free | Crude Crude
walter | owaller | protein | extract fat fiber
| & g g £ 8 8

Genge hay sg00 0 0, L | 310.2 200,60 ¢ B7.3 1216 0.6 7.1
Boiled straw 250 ¢ . ., .| 2293 185.7 3.7 84.2 4.0 818
Awmomt consned, L, | . 48,5 482, 3 81,0 23588 14,0 150,09
Facoes vxercted . . 251,4 203.9 20,5 Bah 5.0 86.2
Amoant digested L L2871 2%8.4 5L.5 123.2 5.0 o P04
o Digested from hay . . . L 1847 177.2 45.6 §1. 7.1 4o.8
Digested from boiled straw 102.4 1012 5.9 39.5 g 539
Digestion couftloients, | . . 44.66 34,50 4399 46.91 | 47.50 64,32

Kam No. II. Live weight 385 —39.1 K.

i b
Genge Iy 3300 . . . . .| 3Io2 2066 0 &y 1216 to.6 G7.1
Botled straw 250 ¢ . . . .| 1833 186 | 110 | a%.4 3.2 7.0
Amount comsumed, . . L, [Sain 445.2 7585 ! 15360 13.5 164.1
Facees exereted . 0 0 L1 2356 1868 280 | 742 5.1 70,5
Adanount digested . . .1 2670 55 1 50,3 ! 114.8 a7 R
Digested from hay  , , ., 1888 181,57 46,9 ! 3.4 7:2 44.3
Ihgested from hoiled straw, 28,5 ; 76.7 34 ‘ 3.4 1.5 40,3
Digestion cocliivients ., ., ipilir) . (A RE 30,01 46,35 46,57 fo Ly
Average digestion cocf, . ., 457 | 530 7.0 467 47.2 62,2

7th period :—Saoda straw 1. (o.23 20 NaOH).

a4} Composition of dried substances.

Taeces
boela straw TIT.

Ram No. T. Ram No, 11
. e , b o o
Organic matter . . . . L, . Ho03y F7.00 7701
Crude protein . . . . . . L . 5,00 11,356 11,48
Nitrogen {rec extract S573 32.20 3273
Crade fat ., . . . . . ., 1,01 1.94 2.03
Crode iber . . . . . . . . L] 36,0y 32,95 316G
Protein . 0 L . L L0 L L, 321
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b) Calculation of digestion coefficients.

Ram No. L Live weight 40.0—39.4 K.
Thy Organic | Crude | N free | Crade {Crude
matter | matter | protein { extract fat fiber
Genge hay 550¢. . . . . . 31,2 200,06 67.3 1210 w6 G7.1
Soda straw 111 2508 . . .| 2329 157.2 14.F 53.2 57 86.1
Amount consmmed L, 5521 4838 514 104.3 14.3 1838
Faeces exceeled |, . . .| 27558 215.1 314 588 5.4 80,0
Amount digesied .o 276,3 205.7 45.5 1160 5.9 94.2
Digested from hay . ., 154.7 177.2 45.6 537 7.1 405
Digested from Soda straw TTI 91.6 al.g 3.9 gt L5 53.4
Digestion coeflicients, . . . 39.33 43,488 2766 | 388z 4865 | 62.02
i
Ram No. IL Live weight 40.4—39.0 K.
Amount consumed (iﬁge lto) 552.1 483.8 SI.4 204.8 14,3 133.2
Faeces exereted . . . . | 2721 2120 3E2 59.0 5.2 8b.2
Amonnt digested ., . . .| 2800 2718 0.2 1158 0.1 47.0
Digested from hay . . . | 1568 1817 46,49 83.4 i 44.3
Digested from soda straw I1L | 91,2 go.1 55 S 1.9 52.7
Digestion coefficients , . 39.10 4803 2340 35.641 56,35 6121
Average digestion coeff. | || i) 48.5 25.5 RERH ‘ 50,0 61.6

In accordance with these data, the amount of digestible nutrients
of the six sample fodders were calculated; also the starch value by
KELLNER's method for untreated straw, boiled straw and soda straw I
The same method was used to calculate the starch value in the case of
the two latter because they were quite similar to the untreated straw
in respect of the contents of digestible matters; however in the case
of intensely disintegrated straw, such as soda straw 1, IL and lime
straw, FINGErLING's method (4} was used.

The results of this experiment coincided very well with those of
the previous one (compare tables II and VII). They show that whilst
scarcely any lignin or silica could be extracted by the o.25 26 NaOH
solution, 0.75 25 or 1.5 9 solution extracted a certain quantity of both;
and the boiling milk of lime (19 CaQ} extracted the same quantity of
lignin as above but no silica.  The effect of caustic soda on the rice
straw was almost the same as on other kinds of straw reports of which



Table VIT. Composition and nutritive value of untrcated straw, boiled straw and

disintegrated straw

In 100 parts of dry malter (%) Loss or gain due (o freatinents {9)
Untreated| Botled Soda straw Soda straw oda straw Lime straw | Boiled Soda Soda Soda Lime
straw straw HI; - -~ L1 (1% Cal)) | straw  fstraw IIT| straw [ | straw LL| straw
F (o.25% NaOH)(o.75% NaOH;| {1.5%NaOH) A |
o ! | ; :
Yield 1oy - BB g4.897 | 76.55 ‘ 70.68 Ba.16 H —IL66| —G.I3 —23.43| -=22,32| —15.54
Organle matler 70.87 | BT 50,39 56,35 8612 7002 —5.36| =360 | —13.74| —1L250 —13.37
Crude protein ., 6,15 ! 5.7 6,00 5.75 5.08 4.73 —585| —o4n L 178 —l,ﬁz‘i —2.15
' |
b Nitrogen free extract bbbt 3672 5.7 6.6 1553 2h.97 — I8 | -2 —703 .00, —12,23
s . vy | - . ; - o . ) s .
,5 Crude fat ., . ., . 1.8y : 1.9% 1.61 .64 1.70 1.84 .0 3| —o36 —2.63] 2354 —034
Tz Crude fiber . . . ' 3322, 36.53 38,99 40.34 42,91 4346 L —206 — 13 —4.33| —I1.23 =130
& B i [ - ) i i i T
E‘ Crude ash . . s | 20.T3 0 1903 149,67 13.03 13.605 095 . —3.33| —L.33 - —gb5| —nobl —z47
(=i [g— . i .
| Silica, . LIRSz 1730 K7.23 1175 11.60 1326 © —ay| —103  —3320 —8.230 —abl
Pentesan . | . 26,32 | 2238 22.45 223 24.82 22.30 L —I1.53| —I1.47 —2 961 —I.54 —2.43
| Lignin , , . . . 14.60 14.14 14.50 13.20 12.66 12.12 —2.20| —0.84 —4.358) —a.63| —a4dn
{ Chlovine number , 1.4 | 170 15.5 16.4 15.5 13.5 — — — — _—
42 Organic malter . 40.39 | 4300 30,00 62.43 H2,26 55.00 201, —3.00 +642 #5672 +35.40
Q| 3 i i
= | Crude protein . . | 264 1 221 1.55 EZ3 .76 - —0,6y| —I.17 . —IJI| —2.03| —2064
e o : 5 d ! o
& | Nitrogen free extract 16,2 ¢ I17.15 13.90 26,130 24.57 17.00 Co—LI4| —313 4305 +3.53 +1.23
R . i ;
= Crude fat . , ., . 0.57 083 0.81 033 0,30 0.50 +0.00| +0.19 | —o4z| —o8| —ouz3
@ni Crude fiber , . . | 2138 | 2272 22.79 34.53 36.22 17.29 —L30} +o0.z4 | +3.06|  +7.45] +10.00
Z| Protetn ., |, . . 2,33 IIX 0.70 0,15 = = ! ==
Starch value |, | 20,71 20,30 17.45 55,26 5795 52,57 +24.53

Meng 23ry Jo uoneadanuisiy Ayl uQ

¢tz
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have been made by many investipators.  But as regards the lime
disintegration, Becrmawy (2}, Howcsme (6) and Macxus (9) think the
lignin combines with calcium to form a hard soluble compound which
prevents further disintegration of the straw. However the author's
experiments with rice straw do not suggest such a conclusion.  The
content of pentosan rather increased in the ease of rice straw, which
15 the opposite of the results obtained in the case of other sorts of
straw (9}; al the same tme there was a total loss of pentosan of only
1.5—2.5 9.

The content of fber remarkably increased by the trealment with
0.75 or 1.5 % sodium hydroxide and hoiling mulk of lime; that is to
say about 40 ¢ of crude fiber was containe:d in the soda straw 1, 1I,
and lime straw, whilst therec was about 35 22 in the untreated, straw
and also in the boiled straw and in the soda straw IT.  The content
of nitrogen free extract was hardly changed, except in the case of lime
disintegration.  Both fat and protein decreased a good deal, but the
absolute losscs were negligible.

The digestibility of the total organic wmatter, of crude fibcr and of
nitrogen free extract was remarkably promoted by the trestment either
with © 75 or 1.5 %5 sodium hyedroxide cold solution. The lime  dis-
integration increased the contents of digestible organic matter and
crude fiber to the same extent as with the cold caustic soda solution ;
but that of the digestible nitrogen free cxtract was only slightly in-
creased.  The amount of digestible fat and protein decreascd in every
case, but the absolute amount of losses was negligible.

The starch value of the untreatcd siraw was 20 %%, which agree
very well with the results of the wide researches of Profl T, KaTavama
andd Mr. (GoTo {not yet reported).

Comparing the nutritive values of these six sample fodders, the
starch value of soda straw I, II, and lime straw was more than 50 72,
ncarly three times that of the untreated straw. Jaen when these was
some loss of nutrdents by the treatments, the starch value increased o
about 2.5 times that of the untreated straw. The treatments with

0.25 45 sodium hydroxide solution and beiling water however had no

straw  exerts no effect on its nuotritive value.  Tlowewver it mnust be
admitted that the cattle can eat a larger amount of hoiled straw owing
to its good taste and {lavour; moereover in winter i can supply a
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certain amount of heat energy to the animal body. In the case of
boiling, however, it is rather advisable to use & parts of lime for 100
parts of straw, since the starch value can be easily doubled and also
the taste improved.

The relation hetween the muatritive value and the quantity of in-
crusting substances can be explained from the above results as follows.
The boiled straw amd soda straw [[L contained a large quantity of llgnm

straw ; the soda straw 1 and I[ contained considerably less lignin and
silica, and was of high starch value; while the content of lignin in the
lime straw approximated to that of soda straw I. and II, and that of
sifica approximated to that of the original straw, yeot its starch vaiue
was nearly equal to that of soda straw T and IL

Hence it may be concluded that the increase in the nufritive
value produced by disintegration is lo be mainly attributed to the
removal of @ certain amount of lignin, though the removal of the silica
probably exerts no appreciable effect upon the nutritive value.  Also
it is seen thal the increase of the starch value was not proportional to
the decrease of the lignin content, hence that increase may he due not
only to the decrease of lignin but alse to the physical and chemical
(12) changes in the incrusting substances.

4. SUMBIARY

The author has investigated the effects of boiling with water and
dicievbagratioan woith all-aline N [ 1y tlha chemaieal ey ssition |
il E;IL LILGL v llll ellisctlitdn SULERLIL LY l.U! Ll ploarirell wioanl PR}

nutritive value of rice straw.  The results are summarised as follows.

1) The starch value of the straw fn dry matter was about 20 %5
which agrees with the result of Profl T. Karavans's experiments.

2} The boiling for 3 hours in water did not clhange the chemical
composition and nutritive value of the straw.

3) When the straw was soaked in 0.23 92 sodium hydroxide solution

for 4 hours, h:—m!l}-’ any of its Incrusting substances were remeoved,
its digestibility was not promoted, and also the starch vatue, per-

cent of dry 111:{11(‘:1', was nearly the same as that of the uatreated
straw.

However when the straw  was immersed o3 or 1.5 24 sodium
hydroxide solutiom for 4 hours, or when it was boiled with the
milk of lime {1 ¢2 CaQ) for 3 howrs, a considerable quantity of
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the incrusting substances were extracted, the amount of digestible
matter was much inereased, and also its starch wvalue became as
much as thrice that of the untreated straw ; actually it contained

53--58 % of starch value in dry matter.

When the centents of the lignin and chlorine number decreased,
the starch wvalue of the treated straw increased, but nat propor-

tionally.

The data obtained in dry matter percentages were as follows :

. % ; Soda Roda Sada T.ime
& ‘ ,
ngt:iﬁEd B;):]\id straw T11 straw 1. straw 1L straw
P o252 NaOTTi0.75 26 NaOTL) (1.3 % NaOH; | 125 Ca0)
Content of digestible i
organic malter . | 40.59 | 43.00 35.90 62.43 62,26 55.00
Chlorine number |, 14,4 17.0 15.5 16.4 15.5 13.5
Content of hignin. 14,69 14,14 14.60 13.20 12,66 12,12
Starck value . . . 2041 21,30 17.45 55,26 57.0% 5257

T. Karavama under whose guidance this investigation was made, and
also Mr S, Argara and Mr. J. Yasunaca for their valuable assistance

In conclusion the author expresses his best thanks to Prof. Dr.

during the feeding experiments.

Jan. 10, 1925, In the Laboratory of Anmmal Nutrition, Department of Agriculture,

Kyushu Imperial University.
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APPENDIX

Excretion of faeces

Ist period Genge hay
Tam No. L Ram No. T1.
1924 . cmp(?j'ature Water Fresh | Liry Water Fresh Dry
drink laeces faeces ¢ drink facces laeces
L. g g i L. g £
September 26 21,5 1.5 754.5 251.5 3.45 654.5 224.2
27 235 1.55 7915 275.9 3.20 057.3 223.2
z2b 22.0 1.50 647.2 247.9 w00 | €o7.g 2207
20 22,7 1.90 740.9 274.6 2.95 1 665.3 218.6
30 230 1.05 663.7 254.5 2.75 717.3 243.1
October 1 2353 1.90 663.5 235.9 2,40 8585 280.8
2 25.0 210 634.0 24L.0 3.30 924.1 281.3
3 23.3 2,20 5720 | 2300 340 g75.0 | 277.6
4 25.0 2,05 655.0 266.6 1.20 5835.0 243.1
5 24,5 2,10 G780 265,5 300 673.0 232.1
Daily average 245 1.96 652.1 254.5 3.04 7565 247.1
2nd period Untreated straw
Tiam Nao. I, Ram No.o IL
{ulzy ! Emp‘?iamw Water ; Fresh Dy Waler i Fresh Diry
924 drink drink tacces drink taeces facces
i L o o Ls: g g
22 28.5 2.50 653.0 275.6 3.33 54G.0 240,7
23 24.7 270 | 6olo | 2549 | 365 | 6oL§ | 247.2
24 30.0 2.40 66o.0 274.6 3.40 632.0 279.3
23 3.3 310 398,53 | 2560 3.50 5525 | 241.8
26 20,0 2,25 623.0 254,4 3.25 628.5 250.5
27 39.3 290 614.5 259.1 3.23 552.5 2347
28 30.5 3.15 013.0 236.5 3.65 577.0 223.4
29 30.3 2.60 779.0 288.% 315 545.0 213.1
30 305 330 | 6330 | 2458 | 385 | 7000 | 2439
31 3.5 310 ! 6860 236.8 3.10 653.5 240.9
Daily average 30,0 2,53 649.8 255.4 342 i 6064 243.1
i
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Soda straw I (0.75 26 NaOH)

Ram No.

Rom INo

1L

(J;'[l;(;]fr ‘ 'l‘mn}:nj{ulurc Walcr | Iresh vy Warter | Fresh | Dry
drink.  facces [aeces drink faeces laeces
\ 1. g \ g L. u 8
| et S
1 20,3 LB0 § 47L0 233,2 310 46,0 2184
12 23.0 165 1 514 212.4 3.23 42.4.0 207.2
I} 22,0 1,50 ‘ 5u2.3 2328 300 b2 229,3
14 25.0 1.5 O42.0 220, 2455 RELT 1743
g 235 1.8y CHERNe 2140 3irg EON N3 26,5
16 215 1.50 5757 Fug.0 Lo . 222,58
£ 14,0 1.(0o 66 1.0 2307 360 3060 195.0
16 15,3 I1.40 5150 23013 ¢ 2w 320 1907
19 1u.0 1,59 Gu0 2100 | Zupd 4380 2107
20 10.5 1.45 : €17.0 202.4 2.55 4420 220.0
Daily Average 20,4 1,65 507.3 213.3 3.01 422,3 236,3
4th period Soda straw 1T (1.5 ¢5 NaOI1I)
Raun: N T Ram No. IT.
N(J:ﬁiﬂlher { Cmpil,_‘amm U water | Fresh | Diry Water | Tresh Ty
ks - drink facces | faeces | drink facces | facees
L. o & L. G .
3 15.5 1.50 Ho6.0 267.8 l 2,00 1210 2228
4 16.0 1.40 5010 2081 440,0 215.8
5 16,0 .35 6470 207.9 4810 213.0
6 13.5 125 . 5150 220.3 1.65 ;18,0 226.8
i 133 Lo | 6120 2619 2,20 4495.0 2008.7
§ 15 103 554.5 2378 1.50 613.0 | 2407
y 13.0 1.05 600.0 2417 1,45 b32.5 240.6
10 14.5 1.f0 5400 207.5 | Ly 100 202,3
1 ! 14,5 1.20 557.5% 220.1 L.60 610).5 2434
12 15.0 1.25 705.5 2507 1.83 633.0 2673
Daily Average 14.0 1.38 593.1 234.1 .81 5537 | 228.5




sth period

O the Disintegration of Rice Straw

Novewber

Tewjprratare

Lime straw (1 2¢ Ca()

Ram No.o [

239

Ram No. 11

Woter

Fresh

1oz o Wl }:'resh. [)r’\:- \\rg[er sht ' _L)ryb
drink faeces faeces | drink | faeces 5 fueces
. L g g Lo g g
i i
15 i 15.0 ; 1.40 55,5 210.3 1,60 637.5 ot
19 7.0 1.55 755.5 236,1 1.50 040.5 201.4
20 , 1.0 135 G 3.E 218, 1.460 brt.s *73.3
21 ! ¥ .20 0 G600 booseb 1.50 575.5 ERLH
22 ! 13.8 I.40 ;2.0 : 2075 1.55 657.5 agis
2 | 12.G T.I % yza.0 240,50 £.25 766.4 g
;i P30 1.40 G330 260.6 505 £573.5 284.4
A | i3.0 i.30 61,0 254.5 1,70 703.C 2687
26 14.0 1.33 40,0 241.0 1.50 6245 250.1
25 : 14.0 | 130 4740 E:5rolds 1.55 647.5 273.5
Daily Average | 14.0 { 1,34 5745 244.7 T 054.0 250 9
6th periud Boiled straw
‘ Ram No L Ram No. IT
T“el;)l:z:;r}' 'I‘et17}22-;;11111‘e \V.}tt’r Fresh Liry Water | Fresh Dry_
E drinlk favces faeces drinlk faeces {aeces
I. Q. Q. L. . 9.
5 ih.o 2,05 30.G 27509 1.85 5110 227.9
G i5.0 230 694.0 247.5 250 2180 246.3
7 6.5 1.50 645.0 228,5 1.50 463 © gaig
i 12,5 1.50 763.0 2033 1.75 435 206.0
g 11,0 .60 5120 210,2 2,00 445.0 215.8
o 11.0 1.50 574.0 264.3 1,55 415,0 197.3
i 12,0 1,60 673.5 200.5 1.45 §551,0 2591
Iz 10.5 1.55 757.0 ' 204.4 1,60 556.0 204.9
13 1.0 1.50 521.5 224.2 05 625.0 266.6
14 I1.0 [.75 771.5 it B 1,60 513.5 2410
Daily Average i et I.71 i G74.2 261.4 b2 506.,7 ‘ 235.6
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7th period Soda straw III
Ram No. T Ramn No. 1T,
Fc?ru'&_r.\’ Temperature| woier | Fresh | Lry | Water | Fresh | Dry
925 ‘ drink § faeces | faeces | drink | faeces | facces
L e | & L. o g
20 110 1.0 7510 298.6 1,50 601.0 252,0
21 11,5 1.65 836.0 313.7 1.70 640.5 279.4
22 11.0 2,00 767.0 2820 2,05 643.5 3143
23 5.5 1.60 818.5 249,0 .20 507.5 201.2
24 7.0 1.50 671.5 252,2 1.30 024.0 271.5
25 6.0 1.20 764.0 267.6 1.4C 1 605.5 206.1
26 7.0 Lye | 1945 292.4 .55 504.0 | 2623
27 6.5 1.65 817.5 2729 1,40 577.0 246.2
25 7.0 1.35 867.5 302,0 1.85 634.0 2720
May 1 S0 1.;0 510.5 275.9 1,70 724.5 266.5
2 8.5 2,75 706.3 248.7 2,00 652.5 261,0
3 9.5 1.8o 7815 256.2 1,65 725.5 250.5
Daily Average 5.2 1.72 763.0 275.8 [ 1,71 639.4 Il 272.1

B N e




