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ON THi': DISINTEGRATION OF RICE STRAW 

Hisayoshi IWATA 

1 . I~TRODl:CTION 

Jdpanese agriculture cUllsists principally of cropping, and the nce 

plant is the most important and extensively cultivated throughout the 

country. On the other hand live stock fanning is very lx)or compared 

\vith that of foreign countries, and the farmers of this country utilise 

their Ji\T stock chiefly fur agricultural work and for obtaining f.:1.rm 

yard rnanllre. 
In winter they fecd their fann animals mainly on rice stra\v mixed 

\\lith rice bran and variolls other byproJuct-fodders. In summer they 

use grass growlIlg on uncultivated lands and dy-kcs and ditches of 

paddy land, together with rice straw. Abo the.y usc a small ;:!moul1t 

of soy bean, barley, de. as concentrated fodder fOf the draught animals. 

Rice ::;traw is therefore the ill.ost important and essential coal'se 

fodder, especially in view of the fact that \vt:: have scarcely any meadow 

or pasture land in 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 uoiled with .. vater for several hours 

before being fed to ·the cattle HOWe\Tf this is doubly' uneconomical; 

fi)r boiling the fockler reduces its food valLie (13) while it requires a 

considerable amount of fuel. It seems therefore to be very important 

to settle the lluestion of how the boiling of the straw affects its nutri­

tive \'.1luc. 
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It i ~ also desirable:: to study some n:ethod s lich as slra\\'·di ..., in · 

tegri'ttic)Jl for improving the foe d value cf the straw, in un.lt r tu prvJ ucc 

an abul1drtnt supply of good Cl)ar.'T f;)ddc:r. In Germany since 1:)94-

numerous illvcstigatiuns in regard to .-;traw tlis int.egration (7) han: b(:'en 

carried Qut, and during the g reat WJr m any ~ll rts uf .'-traw we re di :-i 

integ rated on a large scale . The experiments }1()we\'u \\ 't:rc:: made 
with rye, barley, oat straw de. and wo rk with rice st raw h,1:; 11(:: \'(;:: (" 

berure bee n attempted (3). H ence t he author has studied nul unly the 

effect c f boil ing it \vith water, but al~u the action of va ri()u ~ d ilute 
alkaline solutions 011 the COlllpJ:,-ition and nutr itive value of the ~ tra \\' . 

2. THE EFFECT OF VARJQLS TREATME NT::; 01\ TIlE INCRCSTli\(j 

SUDSTA!\:CK'3 OF RICE STRAW 

it is known that the J i ~integl-al ion of the st ra w is cl ue to the 
d is-so lution of inc rusting sllbstances (l IlU per haps to the fo rcin g o r 
springing of the bonds uniting t hem to the other con~titucllt S. A c­
cording ly the effect of variou !; treatments on the incrusting substances 

was examined. 

The straw usnl ,,'as harvested frolll the neig hbourhood l ,f the 

Ky u::. hu Imperial Unin .Tsity in 1923 Every I SO g-_ fif stra,,-, d\( )pped 

into 2 - 3 CIlI _ Jength, was treated wi th wa le r, o r \\-irh su lutioll :-; of 
sodium hydroxide, sod ium carbOJlate, calciulll hydroxide , cither by the 

cold or hot proceS::-i, a:-:; :-:i h O\\'Il in table II. 

The cold pr()c e~~s (at 22-2 S0C) empl oyed was as full ows_ The 

sample was put into a la rge beaker , and ~oaked in various solutions 

f(lr 4, 0 , 8, or 24 hours, The amou nt uf liquid in eac h case n-as 

equiv:t knl ill \\-eighl to eig ht times that of t he straw_ I n the case of 
the ho t tJroccs.s evcry 150 g. of the .st raw \\ -as pllt into a la rge fla sk , 

and 1200 C.c. of water (Jr (J one of the solutions :"iaO] I , ;\a~CO~, 

Ca(Oll) .,/ . of a definit e conce ntration, was p0un.: c.1 into it_ These mix­

tu res wcre boiled under a reflux condenser, pa rt for 1.5 alld part f (.)1-

4 l lOlIl'~. After being thu s treated, the alkaline liquor was ti! te rt d 
through linen, and the straw was thoroughly washed with water until 

the wash \\-a le r no longer sh(Jwed an alkaline reaction, and was then 

d ried ill the air. 

This disintegrateJ straw had a clear' ye ll owish g reen cu/ollr as 

lung as it showed an alkaline reaction ; but when neutral it became 
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clark brown. The brittleness of the disintegrated :;traw gradually in­

creased as the degree of disintegration proceeded. 
Each of the samples thus ()btaincd was suhmitted to tc . ..;;ts for the 

dete rmination of :1sh, silica, lignin and the ch lorine number. 

P roceedi ng the determination of lig'nin (R), the author compared 
the \·VI1 .L::;'T~\TTER\ method which uses 4 2~~ He] (T6), with the ()ST 

;:l nd \tVIUCE)l IN( ;" S method which uses i2 ?/~ H ~S04 ( 10 ;:md I I). I\J..v;NCS 

(9) e1l11 ) 1 ~\y{'d the former method in hi s in ve':';fi gatioll, an (I AKCllllL\.LI) 

employed the latter, after modif}'ing it himse lf ( I). H e dil uted t he 

hyd ro J)'osed ~olution with o rdin :lIY tClP water to a strength of 3 ~~ of 
su lfu ric.: acid and fill crcd with linen <'Ind a g0(~'<.:h c rucible, out the <luth()r 

diluted wit h di!ilil!ed water <J nd filtt: rcJ \\ it h ord inary fil te r paper. 
\Vilh five sorts of di ."integ rafed straw the fo llowing resll its were 

obtai ned. 

::-'-f) 

T able L Comparison of \VILL.'-iT,\.TTER' S method with 

OST-\V1LKE:\"10"G'S method. 

of ~'l.lnple \rILLsr!\ TTER- Li gnin (lsT- WILK£.NI!'G- Ratio = \\~- ~J~nil~ 
l,j gllin O-Lignin 

12·55 13-45 0·933 
2 1 2 04 1 13- 01) 0.948 

.; 12.27 1:;.015 0.938 

4 IdJ7 1 2, 2 6 0.95 2 

5 10.01 10-49 0·954 
1\ H' r ;\ge 0·945 

From this table it is seen that the results of these two methods 

coincide ,re I! n'ith eaeh other, deviating only by 5 per cent. There­
fi »)"c the authur employcu t he simpler and easier rnclhod lumc1y 0 5'.1'­

\VILK ENIl\G'S. 

The ch lurine number was mea c; ul'cd by a m odification of the 

mc th(xl of \VAt<:KTIG and CIERISCH ( r4 and 15 ), the principle of which 

c()n~bts in the combinJ.tion of chlorine with lignin. The method in 

brief wa . ., a." follows: 10 g. of coarsely rdll ed straw was put into a 
c hl orine abso rpt ion cylinder and moisten ed with 20 C c . of I ~G hydro­
chl oric acid solution. The chlorine gas, satu r~~ t cd \dth water \'apor, 

\\·rl.S passed through the straw for 30 rninntes, then air was passed 
thrnl.lgh [or I j minutes in order to expel the execs", of chlorine gas 

rC'l1<li ning in the absorption cylinder, and then the <lfI1011nt of chlorine 
'lbsorbcd was measured. The amount of ma :-.: imlllll. absorption in per­

centage gave the ehlm-inc numbe r. 
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Table II The incrustin g substa nces or the treated stra\\i 

Treatmenls I __ I~SS % 
Y ield % I I ---;1,------

i\ ~h Sil ica ; Lignin 
- -~-- . I' COlleen- Tempera 

cagent trat ion t ure 

11 _ _ __ Inelu~tl11g sub .. tancc::. }b I 
Hours \sh I ~lll\.:n I r I ~nm ! C{~num" :~ 

, '! 

\ V"ter 

NaOn 

l\aOIf 

KaO li 

CaO 

Untrea ted straw H)·4 Ioo·~ ___ I __ -- . -----
12~' 2 50CI~ - ' 4 

_ __ ':Illng 1'1 II 
4 II 
.. I 

14.:,i) 

14·.1S 1 ~; . I 

l-";',f" ',331 , ,6; 

1- :::::'-1 ;::: :':,: ::;: 0·:2 5 

0.50 

0.00 

1.50 

" '" 
0.50 

, 00 

l.5D 

'.00 

0.50 

I.CO 

0.50 

0.50 

ICO 

0.66 

1.33 

, 99 

0 .66 

1 .13 

1.99 

I.CO 

1.2 5 

0.00 

22 - 2 5') 15·33 

IS_:;6 

14·47 

14·34 

1.).4 8 

12· :::9 

11. 5 2 

f,3.33 ;. 16 6.3" 2.;4 

.. I 
" , 

--.J 
8 1 

11-44 

ro.lJ 

I O.2.! 

j 10.36 

~;t; 1 
1,3.9 7 

f)·5 0 

Tn\} 

; ,66 : 

'4. 11) 

13·33 

11.95 

I I. I:! 

17.0 

[5.~; 

13·S 

12.2 

75·1-:' 
7 I .[,,(-, 

()().12 

7:P7 

67.2 0 

1 1.4 6 

1 : . .:15 

r J.')] 

I Z.1)7 

[ 0.40 

I I .55 
11.:;(' 

I [. ! :J 

I 9'" 

_::....II-'~'i6 ---I--{- -
24 , 16.4'1 I J.< H : 13·74 

I (·°3 G.7SI 13.36 

6.04 i 3·9~ I 11.0<) 

16.7 

1:;·7 

7 r-42 

65 .1 3 

1 3·6~; 

r6.2) 

Uoiling r_!--4- ~ 11::.5 1 -' OA() I 9.74 

"
,'51,1 Ii . if. 15.6;1 JI. G:' 

10.0 

13.6 

12.46 IO.9S 9.1 9 rO. 2 66.76 11 ); 1 

22-25" ---'6" -.~ 1,.94 to.55·; 14.33 ' r'-'-'~I-[,'5~':!f> 'j" 4·::;3 

I
l fo.J I I ': .4fl ' 4. :14 . 19-.1 "5 .4'-' 4 . ~; 

" 1 10.44 14.4,t 14.4 ' I 19. 1 ;,; 3.4 1 4.75 

' 1.5'1:-;;'_7 1 ~ .9:! I;~~;;- li 14.5 'j~. I ~j ~ 
" 17.G1 15.67 11 . 16 13.1 73.79 6 .9<) 

I" 17. ':;0 It .!') 1('1. I S I~.T 70 ·:jr 7·97 
- I 

BoilingP. 

::!-2So ----;:- :!O.;; 1-, .49 1 
20.07 15.6 7 

04·37 

4 14·95 

16. 13 
i 

12.09 

I .~ .:J 

'5. I 

6.oz 

12.70 

14·()7 

10. 2 1 

6.14 

4 -41 

5-4 1 

5. 13 

7," 

';·33 

5.13 
7-47 

:!A7 

i·53 
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\VAEKTIG reports that the chlorine number corresponds neari.y to 

T 50?'~ of the amount of \VILL"TrATER~Lignin, but according to this ex~ 

perimcnt it '\'as found by measurement to be J 20~J40?G of the 

\V1LLSTATTER~Lignin, and 110~I30?'~' of OST~\VILI<E:-l"TNlJ~Lignin. Huw­

ever, the amount of lignin and the chlorine number were nearly pro­

portiuned to each other 

The re:;ults of anal)Tsis together with the decrC'ase of the incru.;;ting 

substrtnce:" during the disintegration process ;}rc "llOl,yn in table II, in 

(lr:y matter percentages. 

\Vhen the straw l,vas only immersed in c1i:~tilled water for 4 !lours, 

a slightly dilute dark brO\vn extract \\-a" obtained, but no appreciable 

decrease in the amount of the incrusting substances or of tbe ch/(wine 

number was observcd. 

\\'h('11 it was boiled \\-ith distilled water for 4 hours, there was 

alrnost no change compared with the former process, except that the 
cuntents of ash and silica were slightly dccreao;ed which may be due to 

the 10s:-; of ~and adhering to the straw. 

\Vhen treated \vith solutions of sodium hydroxide either by the 
cold or hot process, the influcnce of concentration on the degree of 

disintegralion was very remarkable In the case of the cold process 

stich dilute solutions as 0-25 or 0.5S'~ of sodium hydroxide did not 

affect tlle amount of silica and lignin or the chlorine 111l1nbcr; however 

the disintegration increa'ed sudc1enly when the ccncentralion became 

higher than I ~,; of sodium hydroxide, hut I'i:as nl)t proportiun~d to the 

concentration. The analysi:;;; of the results of disintegration with cold 

."odium hydroxide :;()lution indicates that the content oC :=-.ilica \\'a:" 

always lec;,", than tint of lignin, while all the other disintegrated stra\\· 

showed the revcr."e. The maximum extraction of silica was already 

reached ,,"!Jen treated with the !.5 0G callstic soda :iolution for 4 or 

8 hours; actuall:y mCJfC: than half of the tntal ~iliCrt contained in the 

As regctnls the extraction uf lignin it differed 

SOHlCl,\llClt from that of silica, in that it l,l."as not noticeably promo,tcd, 

even when the concentration of the reagent was increased as high as 

r.5 or 2 ~'~ sodium llydroxide; also its loss in percentage wa.'; so sInal! 

that it did not reach half of that of the silica. 

\Vhcn boiled with 0 5(;~ or I?~ caustic soda solution, pCl.rt for! j, 

p:u-t {()r 4 hours. the loss of silica was smaller than when treated by 

the enid proces.c;, on the contrary the lignin and {:hlorine number dec~ 

rea,"ed very remarkably compared with the cold process. 
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\Vhen immer.':}ed for 0 hours in one of the follmving cold soclium 

carbonate solutions 066, 1,33 and I,99?~ of Na"C03 , equivalent respec­

tively to 0.5, r 0 .1nc! I, 5 '?~ of .0l aO H, in every C,lye there ,vas no 

rem(lrkable effect on the content (l lignin and the chlorine nllmber, but 

the amount of silica slightly decr{'a~;ed. On the other hand \\'hen hoiled 

\\'ith i he :::ame sodium carbonate sniuti()n a~ above f;if 1,5 hours, the 

dissoluti(!Il of lignin was much acccrelatcd, ",hile sCrtrcely any silica \vas 

eliminated. 
\Vhcn treated with calcium hydroxide, only slight ]f)SSCS of ash 

and .c.:iiict werc ob!"en'ec] and .c;o1l1etimes the content of ,1sh showed a 

little jncrca~e, hecltlse the calcium hydroxide could not he lhorollghly 

"yashed out But the content of lignin and the chlurine number con­

siderably dccrc;lsed, and their numerical value dPproximated to that of 

the 5tra \\' whicll 1\'aS treated with .-;odillHl h}"droxide soll1t1011 (1,0 Of 

l,5 t
;; Na()H) at ordill<lry temperature, 

From the above facts, the follo\dng sta.kmcnts can be meHle, 

I) It ,,\,a5 ha.rdly possible to disintegrate the ricc straw 1\"ith cold 
or hniIing water or \\'ith ,.;;olution of 023, o,5S; so(iiul1l hydroxide 

and 066, I 33, {·99?; sodium C1l'hOlldtc, at ordinary temperature. 

2) \Vllen treated lyith solutions that contain more than I r!~ of sodium 

hydroxide, the amount of both lignin and silica werc considerably 

decrea.c;c( I, 

3) \Vhen disintegrated with boiling milk of lirne (10 or J.25°~ CaO) 

a considerable portion of the lignin \Va:;; removed, but the silica 

was ~c;lrcely touched, 

4) \Vhcn boiled ,,\'ith the ;c;nllltion of .o;cdium hydroxide a11cl sodium 

carbonate, a noticeable qU:lJltity of lignin \\";1."; extracted, compared 

"dtll the cold process, 

5) As regards the inflnencc of the tilne of tlT:ltmcnt with cold ~odium 

h:ydro'{ide solutions upon the di,c;solution of the incrusting sub­

.<;tancc,,,', tLe g:re:lte~t amount of di~s()lution took place in the lint 

four hours (2 and 5) 

3, THE EI'FECT Of' THE TREA'fl'llENT 0;-.; THE CO~lPOSLTTO:\' AND 

l\,PTKJT1\'!:: V~\Ll1E OF THE RICE ST1{A.W 

The quantitative effcct of several trcatments un the incrusting sub­

~t(lnces uf stra,\' having bcen studied, the author nnw tried to find out 

the effect of these treatment on the nlltriti\'e value, 

The sarnple.:; were prepdred as follows. 
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I) Untreated rice straw :-The szl.tne as that employed for the previous 

experiments, 

2) Boiled straw:-Every 2 kilos of chopped .".lr;nv were boiled with 

I 6 liters of water, keeping up the amount of "\vater by supplying 

hot water, for 3 hours \vith frequent stirring. The brown liquor 

was tllen drained off The str3\\/ was \vashed ·with \vater anu 

then dried at 50-Ga°e. This boiled straw became dark bro\vn and 

fragTdnt. Ram . .,; and cattle rather prefercd the wd boiled straw 

to the dry. 

3) SoeLl straw I :-Every G kilos of the choppcu ,:,traw was put into 
a large pot, about 60 liters capacity, provided with an outkt tap 

at the uottOIll to drain uff the lye and wash \vat.er. Then 4S liters 

of 0 75 ()~ cdustic soda soJutiun, weighing g times as much as 

the straw were adJed, zlild thuroughly stirred. The mixture \Ll:i 

allc)\\'ed to stand fill' 3 huurs, uncler the pressure of a weight stone, 

at ordilLLl)" temperature 20°C. The alkaline dark 01'0\\11 liquor 

was completely drained off and the straw \\,,is thoruughly washed 

until the wash \vater showed a neutral reaction. and then dried 

haJ a dark brown colour and in the air, This soda stra\v 1. 

fragrant odour; its 

sOl11n\"lut brittle. 
dry.') 

original form was not changed but it became 

Rams and cdttle ate it reaL1ily' eit.her \vet or 

4) Soda ~traw II :-Trcolted \dth J ,5 ~ •.. ~ caustic soda solutiun at ordi­

ILlry temperature 20°C. \vith the same prucedure as abo\'e. This 

prq)]ration had the S(fmc appearence as the stra \V 1.. anel was 

eaten readily' by rams and cattle 

j) SocIa straw III. :-Treatcc1 with O,2j S~ caustic suda 50lution at g0c. 
by the same procedure as abuvc, and dried at 5o-600e. This 

prqnfation was dark brown and as Inrd as thc origin .. l stLl.\L 

The ram.,; and etttle showed as little relish for it a-::: for tbe un, 

treated straw either in the wet or dry state 

6) Limt~ straw:-Every 2 kilos cf chopped straw "\\'as boi1cu with 16 

Iiter~ ()f Welter and 16<.") g, of calcium h:rclroxide for 3 hour~ with 

frequent .'-:.tirring It \\'as then \\'ashed "\\'it.h "\vatcr until the "\\"a~;h 

water became colourless. This air dried lime Mra\\' lost the lustre 

i\.ftcnvarJs the straw, thus treated amI eOlitaiIJillg: Clb(.u.t SC5·; of moisture was ft"d 

to a cow and a hor~e at the Impt:rial Collegt: of Agric:ultre and Forestry in \Torioka, 

and they ate /0-15 kilos of it per day, mi;.::ed with concentrated fodder. 
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of the orjginal straw, allu became fragrant and brittle. karns and 

catt le liked it and ate it reaLiily in eithe r th e: wet or dried form.2
) 

P roceeding the determination of the Ilutritive value, these ~ i x 

prep:lr;ltion were analysed in tlI t.; usua l way. cruue fIber bdng determined 

by the \V.EE.~nE precess , and the prote in hy STCTZER - BARKSTEIN' s 

rtl t thod. The rc.,-;ults of ;:lIuJy:;i s Jre shown in table VII. 

JJl o rder to investigate the nutritive \',du e , the digestion coefficient5 

wcr<;: e:d imated accu rd ing to the o rdin ary IlI cthuu . T \\ ' 0 rams were 

ke pt in the feeding box alld led on a d efi n ite r.lt ion of fodder. Afte r 

the p rei illliinry pLriod of 5-8 d <IYS, the main ~X.' r i oJ W;15 continued fo r 

(0 days. T he faeces We re collec t c·J d uring the lIuin period eve ry d ay, 

and 1/ 10 of its amount was drj(,~d at 55 -60°C , and then su bmit ted to 
the lIsua l analy;;;is. S ince both t he l.I ntIe .lted and treCl tcd straW$ were 

\'ery po~ )r in protein, Cenge hay (Ast ragalus ~i n i cllS L .) which \\, .1.'; 

l1lade at the Farm of the L·n iversity in J une 1924 , was given together 

with the .'iample, mixed with t o g . uf common salt. All of thc ,c:;e 

fodders were completely consumed by the rams in every case. In 

the first feeding experiment the d ige tion coeffici ents of Genge hay were 

ascertained, and then those of the othe r six sample fodtlcrs \verc 

determined unc: after anothe r. 

The rations of ea.ch p t: riou and the dry m :ittcr contents of each 

foducr arc shown in t be: next table. 

T ab le 11 L The ra t io ns of each period 

--- -,---- - -- -- - ---

I
DI'\' matte r I \\'e i~ b t g. 

Per iod 

2 

J 

4 

___ F_U~deJ . ____ ' ,~ ___ . -;1-1~ ~~-I ~~:: ~o. ~~~ . 

Cellgc hay 86 . .,8 7CO 700 

Genge hay 84 S f -'S O 350 
Llllreated st ro.w 8 7.99 250 250 

Genge In}" 86 .. "\8 
Soda straw 1. 90.6 1 

Genge lul.Y 
~;oda straw 11 

88.66 
yO·D 

35 0 3~ c 

250 25° 

350 350 

'';00 300 

~) .-\ft~rwa rds the li llle st raw , thw; disinlegl :t tcd .1nd conta ini ng a/,uut S 1 ~'; , of mui!-!ure, 

was 1I\ lx<.'d with co ncent rated fodder, :U\d (t'd to Iivt: sto{:k for 70 days at tlw Imperial 

Colloege of Agr iculture and F ore:.t !"y in Moriok a. I ; k ilns uf it was eateu d a ily by a h OISC, 

II ki los by a cnw, and 4 k ilo;; vy a p ig, w it h good resul t iu regard 10 lhc : r body weight 

a nd m ilk production. 
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Table III. (Continued). 

Dry m a ll .:' r W eigh t .. 
Fodde r 

% 
Ram XO~_:~.1. RatTI No. II. 

Period 

Cenge- hay 88.66 .150 350 

T .i me straw 91. 2 3 :iCC 300 

b tienge hay 91.1 9 35° 350 
Boiled SHaw 91 73 'So 2 0 0 

Genge hay 91.1 9 350 35° 
Soda straw ITr. 9.1. 17 '50 15° 

7 

TIle Jaiiy excretion of facs.:: e. during each main lJe ri ucl is as ~ llU"'ll 

III the appendi x, and the a vc l":lgc quantity of dry matter per head per 
day b: shown til the next table. 

Table IV. Excretion 1Il g rams of tLe dry matter of t he faeces . 
.. _-_. 

Period Fodd er Ram I Ram II 
. - - - -

Genge h ay 25 4· G :14 7· 1 

2 Untreated sLraw 258.4 Z4-3· 1 

3 Soda straw l. (0·75% )/ll.OH) 21 33 , oS·5 

4 Soda straw 11 . (1·5% Kc,Oll) 234 · 1 228·5 

5 Li me straw ( 1.% ("aO) :'49·7 259·9 
6 J)oiled st raw 261-4 2.15·6 

7 Soda straw III. (o.25~;; N,OHI 275.8 272. 1 

The Jig'cst ibility of nutrients of Genge hay was calculated as 
follows, according to tbe dala of lable III, IV, and V (a). 

Organic ll1att eT. • • 

CruJe protein . 

Ni trogen free ext rad. 

Crude fat. 

Crude tiLer 

J'rotein 

Table V. 

I 

I Gong' hay 

--

,.1--92.93 % 

21.()8 

38. 11 

3·3:! 

F::l t'(;t: s 

Ram ~o. T. [~~~1_~(~}~~ 
% 1 % 88.Sr 88.07 

I 
J6.J2 I 15.65 

:>8.22 I 29·35 
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b) Calculation of dige5tioll codiicient-s. 

Ram No. T. L i\"(' weigl It 4 L ,0 - 40.1 K, 

Gellge har 7co g. 

F :tec(':o; I:'xcrcied . 

Djge~ fed . 

D iges t ion cocll'icienls. 

(; (' l1F.;e hay 70) g 

]',If:CeS c ~crd"u 

n i!!:t:stt'd. 

D lgbt ioll cocttKic' l1tS 

A I·t' mgl· uigi'slioll cocfl". 

Dry 
111 :'1 1 t e l 

g . 

(;047 

~54 ·8 

34~' ·9 

57.86 

IN fn:e i 
I e~ tInd i 

[

. Org <i nic' (rwJ\' 
matler Il pr01c'ill 

g g. 
1_. _ _ ._ .. , __ ._ .• _., .• , ._ I 

! I 
51"1.9 1 2 7 . ~ 

:.! ·~6. :l i 
! 

.US· () 1 

59-73
1 

2] 0 ·S 

7 1.9 

158.6 

(881 

Crml ,' 
lal 
g. 

~O. l 

6.0 

13·5 

H.<l.111 Nu. 11. Lil:e wt:ight ,P·O - -4:!·Q 

604.7 

: 47· 1 

357.6 , 

59. 14 1 

58.5 

----·-·-- 1"·-·--·-

Sin.9 I 1:2 7.5 I 
217.f) :;,s, ; 

J .. H ·3 ~.8 

6 1.27 "9.° 5 
60.5 6" -..:>. ; 

2](l·5 :(>.1 

7'·5 6-4 

158.0 13·7 

tS ·55 68, 16 

'8.7 67.' 

Crud t" 
Jill~r 
g. 

1~3 ·9 

106.j 

7j, · ~ 

4 J.~ 

1(. 

IS,) 9 

ICO.O 

~J ,() 

45 .6 : 

43 8 

From the~e re~ult s it j,s :-:eell, that the Ge nge hay contain s about 

f 3 'j.~ of digestible protein , ~mcl its starch vallie is 3B· 3 s~. This hay 
ther{;f0re ca n be cOllsidereu to be (llle of t he vcry good c(Jan;e fodders 

in th i~ country _ 

:-.lext . with the help of the d :lta !-:i hd\\'n in tables III. I V anJ 

V I (a) , and the fi gu r("~s obtained ~s to 1 he C() I11\Xls i1:iu n and digestib ility 
of t.he Genge hay, the digestib ili ty of 1ht:' untrc ~{t('d straw and t.he othe r 

treated st r,HVS \yere calculated as follow ::; . 

Table VI 

2nd pe riod :-Untreated st raw. 

a) Composition of dried s ll h~t:lIl CC5 . 

.Fa("c("s 

U nt reateu ~traw ._-------- .J ~~~ 1)l No. If: Ram Nu. I 
.. _ ---

% ~, 

I 

7J 
Orgall ic n,attcr 79.S7 77.95 77. 28 

Crude prote in 6.15 10.8Q 10 .9 1 

N it rogcu free e~tract :}6_61 31 •8 1 

I 
)'2. 14 

Crude fa t 1.89 2-4 1 2.36 

Crude fi ber. 35. Z2 32 .[:4 

I 
3!·8i 

Protei n \.84 
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b) Calculation of dige"Otioll cueHlcients 

Ram No. 1. Li\c weight 40.03 - 39.0 K . 
. ---

I 
Thy o Lt';:l 11 ic ( ~rU(h' .'J. fn',' ( 'md", ('rllot' 

ill:JLter n1:1ltc[ pr (J t~in <,,,I fact LIt iiber 
g. g-. f.~. g. g-. g. 

G~llgt' hay 150 g. 2('/).8 275 u (J2.(i 11:;,1 r.l.f) ii".:,) 

1;ntreated stlaw 25° g 220,0 175·7 13·5 SO'.~ _1.2 77·5 
AillOunl c011sllmed. 5 16.8 -1St.5 7(,.J 1'/3 6 14·1 II!7.:; 

l:u('(e~ excreted 25 3.4- 101·4 28.1 3:>·:: (J.2 84.9 

Amount digested 258 -4 2.')0.1 4:;,0 IlIA 7 ·S) 82.9 

Digest ed from hay' J7 1·7 I t'J.~. i 4 24 77·::; 6.C 37·9 
n;gc~ted hum slr,.'w 56·7 S5.4 5.6 33.6 '·3 45·0 
I)igcstion coetf. ~-i e ll t ~ 39.4 1 48.61 +1,48 4 1 .47 .,)·95 S8.06 

I 

Ram No. II. Live .. "eight 43 0 -41.3 K. 
~-.. ------ .. __ ._----

l\lllount (same to) CUnSl>IlH:d Ko 1. 5 16.S 45 1.5 76 ,1 193.6 14.1 167.8 

F ae(l'~ ev-r([tu 243. 1 187.4 26.5 78.1 S·7 77 . .1 
Amount dige~1<'Ll :'73,7 26J.6 4'}.6 I I 5.5 S,4 90.] 

Digested frum hay I 7 .~ . 5 1("1.,) 4\.() 77.) 6.7 4 I ,2 

i)igesttd from straw (;8.2 94,0 (J.O ·):,.0 1·7 4Q.I 

Ayemge digestion (ueff 42.0 51.2 43·(1 44·5 .35·7 60.7 

3rd period :-Sed" slrdlV J. (075 9~ NaOII) 

a) C011llX)sition of (lriecl sullstanccs. 
--. ---_. -- --_._--_. 

Suda straw I 
Ram N .. kalll No IT. 

Organic matter. 

Crude protein 

}.·itrogen free t"xlr.lc/. 

Crude fal 

Crude fiber 

l'rotcin I 
I 

"~ ,0 
86.1) 

5·75 

}8.62 

1.04 

40.34 

4.7 1 

0'" / cJ % 
78.39 78,23 

14·15 14J2 

.1°.45 3027 

2.S5 3.01 

3°.84 30.63 
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b) Calculation of digestion coefficients. 

karn No. I. 

Dry Organic \ 

m~I"_I-'"'~t" 
Crude 
proteiu 

g. 

N. f r:';:-c~:1~1~~TUdC 
ext;;~d f~.t I ti~er 

Genge hay 350 g .. 

Soda straw 1. 250 g 

Amount consumed 

302.3 200.9 IlS.2 10.0. 92.0 

Fal;ces e~:creted 

Amount dige;;ted 

Digested hom hay 

Digested hom :'oda straw I. 

Dige.<tion coefficients 

JI5·5 
174.9 

62.c8 1 

I 

I95.tJ 

476.5 

107. 2 

167.8 

~'t •• :) • 

72 .34 J 

30 .4 

46.3 

43. 2 

23.85 

137.8 

5'".5 I 
66.86 

3·7 91.4 

183.4 

65.S 

11].6 

i":"V 

86.43 

Ram No. II. Live \veight 41.- 41-4 K. 

Amount consumed (same to) 
No. 1. 528.8 4-7 6.5 76.7 202'1 13·7 183.4-

Faeces excreted 208.5 163. 1 29·9 63. 1 6·3 63·9 

Amount digest<od 3 20.3 :1 13.4 46 .g '39.6 7A- ng·s 

Digested from hay I i8.8 172.1 44.4 'Y.O 6.8 42.0 

Digested from soda straw T. 14 r.S 14 1.3 2.4 60.6 0.6 77.5 
Digestion coefficients. (,2.4-7 72 .24- 18-46 (:19. 26 16.22 84.79 

Av.-:ragc ,--liNt'''!-;'''' <'nt'ff (2.3 
, 

72·] 21.2 68.! 20·3 85.6 -·b--.-~-- ---_. 
I I 

4th period :-Soda straw lI. (150/; NaOH). 

Orgunic mattter 

Crude protein . 

Nitrogen free extract 

Cmde fat 

Crude fiber 

Protein 

a) Composition of dried subEitances. 

---------c--

1--- Fat:ct' s 
Soda ~traw 11. 

---!---~ 
~0 

86.12 

5.6S 

N.arn No. 1. I Ram No. II. 

1--- 16'~-7 % ~0 
7J.16 

14·70 

31 •22 30 .3 1 
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b) Calculation of digestion coeffic ients. 

Ram No. I. 

matter mattc r protem I extract fa t 
g g g g g. 

Crude 
fiber 

229 

Genge hay 350 g 

Sod a straw II. 300 g . 

Amount consumed 

F :'.<'ct"::o t'~(: rc1cd 

.'\ molln l digested 

j)ig\' ~lt:o"l from Il ay 

Un 'lorgalllC Crude I N. r';~e 'I e lude 

I j I O ' 3 1~~ ~I--::- 94.4 

IJ6 . .:; 

2 10·7 

73. 1 

J j1.(' 

39.6 

yK8 

84.26 

ni~"'!" I ('d fW Ill .~('.fI a ."jrmv TT. 

J) igll"si inn coeiflcicnl5. 

27 1 .') 

5 ~; 1. 3 

234.1 

347.2 

179·5 

167.7 

6 1.88 

:::! 33·4 15·4 

,2 1.S 8':':.R 

183.0 34·4 

1 72 ':~ 44·3 

((,6. 5 2. 1 

71. :;4 j 1.1.64 

21 5.4 
68.5 

146.') 

8 1.4 

65·5 

67.46 

4 .6 

14 .9 

7.0 

7-9 
6.9 

' .0 

R am No. II. L ive weight 40.8- 4I.2 K. 
--- ----;---~-;--.-- ... _--

1\1I1 0un l ( Sallie to) c.\JIl~ll med :'\0. 1 , 58 1.3 52 1 .8 80.8 2 15.4 14.9 210·7 

T" ,1l:ce~ (;>:(" r C: h ' d 2::8.5 114·3 33· ~ () 5 .o 6.8 69·3 

j\mo\1n l di gt,~ ted 3$::>$ 347·5 47. f) 1 $0-4 8 .• I41.4 

1 )\~L·!O l ed fr(l ill h ay 183.5 176.i 45.6 .e I.I 7·0 43.1 

r 'ige!'.led frum Sl'ld a sl T"-w II. 169.3 170.8 ~ .O 6(). 3 ... ,)101.3 

J) iJ.),cs!i(1Il cocflicit'nts. 6::-47 73· 18 12·99 71.37 23·9 l 84.5 2 

A vcmbc d igestio n nlt"' ll. 62.2 72.3 13·3 69·4 22.S 84.4 

5th pericd :-Lime straw. 

a) Comp()."ition of dried suhstances. 

[ 
I· 

F acce.'; 
I Lime .<; tr:1w. 

Ram r\(). T. R am No II. 

-~-6 " Ji 
i 

I') 
Urgani c matt e,"!" • 79.02 70.]7. 70 .36 

Crurle protein ! 4 .75 14·4 5 13.4.:; 
Nil roge- rl f rf'f' n trQct. : I zK97 26. ::4 26.02 

(' T\1(l e f"-t I 1.84 2·77 2 ·73 I 
Crude til»er I 

43.46 2 7.20 27 ·58 
Pro teill I 4, 17 
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b) Calculation of clige~tion coefficients. 

Ram ]\0. I Live \\'Cight 39,2- 39.5 K. 

LilIle straw ~r 0 f,';. 

Amollnt (:olhllllled. 

Fa('ct:~ (excreted 

Amount diliC,-lC({ 

Dig-eslerl frum liay 

J)ig('stul front Jilll(' .(raW 

Digested cocflLienh . 

Dry Org:1Ilic 

I 

matter 

". 
lilaltl;r 

g. 

:)10·3 28:),4 

27:\.7 1 216.:; 

S84.o 504.7 

24(J.7 17 1\1) 

),14.:) J2S.1 

17')·5 17 L.J 

15.-\..S I ISS.S 

" ·,.1 72 .°.) .' .. ., .. 

Crude I N. free I erucIc 

PTr.'kill I' eXlrac.t., fat g. f:·· g. 

---'--i---
b5.4 J IS.3 10.3 

14.0 79·3 S·C! 

78.4 197.6 IS·] 

31'>.1 (IS.S 6.9 

42.) 13 2 • 1 84 

44·3 81.4 6.9 

5°·7 1.5 

6,.93 30 .');) 

I 

Crude 
h\ler 

"-
94.4 

119.0 

213.4 

(is. I 
145·3 

39.6 

105.7 

88.82 

Ram No. II. Li"ve \\·eight 40.0 - 396 K. 

/I.muunt COnSlllnU\ 
(~anK 

Nn ;0:,) 584.0 5C4·7 7S.4 197.6 15· 3 21 34 
F~('C(s excreted 259.9 IS2.'/ .H·9 t>q.2 7. 1 71 .7 
:\m"llnt digc"tcd 3 24.1 VI.S 4.:;.5 I2S.4 H.2 141.7 

Dige:';lt(\ fmlll h:1Y 1,\\.5 J 7".7 45.b 81.1 7.0 43. 1 

llig':stul from limt ~ ;t [", [II' l4\..'." l4)·[ ·n·,) I.2 (A~.6 

Digestiull codILiell( s . 5 I '.;7 67,e8 i 59. 6 5 24·hl 82.S!) 

A~'<""'"[gc dige~lj(l!' uwl! 54.8 ('9. 6 
i 

bl.8 27.0 85.8 

6th period :-Boiled straw. 

(l) C01l11lOsition (If clrie(l ",ubstances. 

()rganif: matter. 

Crude prutcin . 

~i1l'ogcll frtce cxt [!''. ! . 

CnH\e fat 

Crtl(le fiber 

protein . 

-------------

Hoikd ~t raw 

80,<:1/ 

S·')7 

I.75 

30.5; 

4.86 

Faeces 

H,;1I11 1\'0. [tam Nu. IT. 
-----.- ~0-

78.00 79.27 

11.28 11.87 

2.17 
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b) Calculation of digestion coefficients. 

Ram No. 1. 

Gt'I'I~:C hay :;50 g 

Jloiled !->traw 25° g 

AIllC)UTlt cnilSIIllied. 

Facl:ts excreted 

,\ IlH:>lllll dl;;csted 

Dig ... stecl frolll In)" 

I )igC~ko.l ir'J)u h")il('d straw 

niW~Sli(l1l t:odfkit,nL~ . 

Dry I Organic 
lll:ll\er I l\laller g_J g 
3J 9·2 296.6 

229·3 18S.7 

541).5 482. 3 
2~.l1.4 203.9 
28 7. 1 278.4 

184.7 Ii7.2 

102.4 101.2 

4,1.66 54.5 0 

R.am No. IT. 

Ccngc' 11<\)' .",.'io g . 

Buikd .~traw 250 6 

,\lnollnt (:onsulllui. 

Y,lcTCS c\:crctcd 

\IIIOUIiI (ligc;;tl"d 

f)ig;blcd from hay 

Ilig:c:~ted fHlill ]l()ikd ~trr1w. 

J 'ig(',-lioll c"dli,'i'·nt~. 

:\ycrage digestiun (oeff 

31 '}.2 

IX".5 

502 .7 

235.0 

21)7. J 

IS8.8 

78.3 

4~J\7 

43·7 

:096 .6 

148.6 

445. 2 

18':).8 

:.'5S.4 

181.7 

7b·7 
S I.i>} 

, 

I 5::>·1 

Live \\'eight 40.2-40.0 K. 

Crude N. frce Crude Crud(' 
protein extract fat fiber 

g. g g. g. 
---- -

67.3 121.6 1(1.6 97. 1 

1)·7 84.2 4.0 8-,.8 

81,0 2)5,8 14Ji ISO.9 

ZQ·5 82.0 5.6 86.2 

5 1 ,5 123,2 90 94.7 

45.6 83·7 7-I 40.8 

5·9 .19·5 1.9 53·9 

43.0 1 46 .()l 

I 

47.50 64.32 

Live \vcI ITht 38 5 - 39 [ K. b 

---_. 

(;., " 

/'.' I ~I.I) 10.6 97·1 

11.0 ('7·4 ~1'- 67. 0 

78.3 l;;~).O J 3.8 164. I 

28.0 74. 2 5·' 79·5 

50 .3 Iq.l~ ::.7 :-'4.6 

46.9 :;J.4 P 44·3 

3··l 31 .4 
! 

1·5 40 .. ) 

,,0,91 46·SS i 4(>.i'7 60.14 

.46.7 
, 

02.2 _,7·0 ! 47. 2 

jth period :-Soda straw III. (0.25 q,~ NaOH). 

()rgflIlic matter 

('mde pre,j('in . 

Nitrr'b,>li free e:xtrad 

Crude fat 

(\tI(!c hher 

a) CompositinTl of dried substallces. 

Fae(e.~ 

Ram No. T. HCiIll .No. 

J; 
,':0.3') i/.,;:; 77.')1 

b.06 II·56 ,. 
11-4" 

::>5·71 3 2 .20 32 .7 1 

1.61 1·94 2.03 

36,9') j2.!i; .J r.(H) 

5,':1 

II 

~,; 
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b) Calculation of digestion coefficients. 

Ram No. I. Live weight 40.0-39.4 K. 

----I -T)';:-IChgon;, I Cmd, I K r,,, I Cmd, 
matter matter protein I extract fat 

~~~:: II ;;: !I-- ~;~ Ii ~;;.: .~:: 
--- -- ----

Genge hay 350 g 

Soda ~traw III 250 g. 

Am(J\lnt cons\lmed 

Faeces excrcLcn 

Amount digested 

Digested fr"Ill hay 

Dig;ested from Soda st.raw TTL 

Dig-est ion coenicicnts . 

552.1 48,}.8 br,4 :::°4.3 14.3 

275.[-; I, 

21 5.[ i 31.9 1 );8.E 5·4 

276.3 II 26K7 4'}·S I 116,0 3.9 

1~;4.7 177.2 45.6 8:;·7 7.1 

91.6 I 91.5 3·9 ]2·.1 I.S 

39.331 4~;.~;81 27.6{) 38,82 

Crude 
fiber 

g. 

97. 1 

86.1 

94.2 

40 .1.1 

53,4 

62.02 

Ram No. II. Live weight 404- 39.0 K. 
----- ----- -----

Amount consullIed ("ame to) 
No. 1. 5$2.1 483.S 31.4 204.3 14·3 18.;.2 

Faeces cxc:reteri 272. 1 212.0 ,11.2 09.0 s.z S6.2 

Amollf]t digested 280,0 27 1.8 50 •2 115.[; Sl.l 97,0 

Dig:(~s!e d from hay 100.8 TJlr 4\'~ 
o,l..\ I i'- 44·:; '~>Oi 

Digested from soda straw III. 9 1.2 9 0 . 1 )·3 .12·4 1·9 SZ·7 
Dige~tion cocffi(:ients. 39. 16 43.13 23,40 38.941 5 1.35 61.21 

Avnage d ig<:Stioll codf. 39.2 41';,5 25_5 33.9 
I 

50.0 DLD 

In accordance \vith these elata, the amount of digestible nutrients 

of the six sample fodders were calculated; also the starch value by 
KELLNER'S method f;)r untreated strarv, boiled straw and .soda stra'\\' III. 

The samc method was used to calculate the starch value in the case of 

the twu latter because they were quite similar to the untreated straw 

in f(,5pect of the contents of digestible matters; however in the casc 

of intensely disintegrated straw, such as soda stra.\V L, II. and lime 
straw, FIX(;'ER.LI:,C'S method (4) '",-as used. 

The re,".ults of this experiment coincided very well with those of 
the previous one (compare tables II and VII). They shO\v tlBt whilst 

sClteely any lignin or silica could be extracted by the 0.:25 r:~ "\TaOH 
solution, 0·75 t;G or 1·5 ~'O solution extracted a certain quantity ()f both; 

;m<l the boiling milk of lime (I % CaO) extracled the same quantity of 

lig-nin as above but no silica. The effect of callstic ,'iodct on the rice 

straw was almost the sanIe as on other kinds of ~tra\"r report~ of l,vhich 



" .2 

t 
E e 

" " ., 
~ 
" ~' 

~i 

Table Vfr. Composition and nutritive value of untreated stra\v, hoiled straw and 
disintegrated straw 

~ntreatedl 
~tra\\ 

Yield ! ICYl.O~) 
--------

Organic matfer. 7').87 

Crude protein 

Nitrogen free ext.ract 

Crude fat 

Crude nher 

Crude ash 

Silic.l., 

6.15 

30.61 

I.S9 

35.22 

20. T 3 

Ii·52 
Pentosan 2I.32 

Lignin 14.69 

Chlorine number 19.4 

Organic matter 

Crude protein 

Nitrogen free extract 

Crude fat 

Crude fiber 

Protein 

40 ·:}9 

2.64 

ID.2() 

0.67 

2I.33 

2·33 

I 

Boiled. 
~traw 

ij~L32 

;;0·97 

5. 1)] 

36 .7 2 

J. 75 

36 .5.1 

19.03 

17.30 

22.38 

14. 14 

17,1) 

43.00 

2.21 

17. 15 

0.83 

22.72 

IoII 

In 100 parts or dry malter (%) 

'I Soda straw I Soda stra.wl Soda straw I 
ITL I IT. 

(o.zS%NaOH)j(o.75%NaOHj {l.s%NaOH) I 

()4.l:l7 76.5~~ N.6H 

30·39 
(J.o(i 

35.73 

1.61 

30.99 

I')Jn 

17. 2 5 
22.45 

14.60 

IS.S 

3;;.99 

1.55 

13· r,)O 

0.81 

22.79 

0·70 

l>6·35 

5· 75 
3i).fiz 

1.64 

40 .34 

13·(}5 

11·75 

24. 2 3 

1:;,20 

16.4 

62.43 

1.22 

20.30 

0,:\3 

34·.,3 
0.10 

86.1 :2 

5.G; 

35.E3 

1.70 

.\.2.1)1 

13)'); 

11.69 

24.S2 

12.66 

IS.I) 

02.'26 

0.76 

24.87 

0·3i) 

36.22 

-,--, i--
Starch value ~O,71 I ZI,30 17045 SD.z(j 57,95 

I,ime straw 
(I% CaO) 

[;4. 16 

70.02 

4·75 
21:;.97 

1.34 

43.46 

2°4; 
15.26 

22·39 

12.12 

13·5 

55.00 

17.<)0 

0·50 

37.29 

5'.57 

Luss or gain due In treatments (;%) 

Boil,d I-S:'la-I-~,.~a I Soda II 
straw straw IIll straw LI ~traw II. Lime 

~traw 

-:, . .;6 

, 1--' _11.6;; I -5.13 ,-23 .. 1-2 -.-::n . .lzi 

-13.74 -11.25 i -3.6:> 

-15);4 

-13<17 

_:).w; 1 _:1.."\.'1 

-4. 18 _·-::.t)'J 

-:)·34 

--2·9tJ 

J.J­

-2.24 

-1.55 
-2.2::1 

II 
-'0' 

, -~:(\) 

-Q.36 

-~U3 

-1.53 

-1.15 

-Ln 
-0.S4 

-3.90 

-1.17 

-1.141 -3.10 

+0.00 

-I·V 

-·1·35 

, 
+0.10 

+0.24 

-l.67 

-~.')O, -4,r6 i 

-1.751 _1.02 -2.I5 

-7.'13 '·'0.06 -I2.::q 

-).63 -.1·54 ~·").34 

-4·33 -1.')3' -I.3fi 

-Sl.6;; -:).0[; -2 .. '-\7 

-:';.521 -S.z3 -4.6~; 
-2.76! -1.54 -2.4;; 

, 

-4.58: -4.63 -4.49 

_=-1 __ ,-
+6.9 2 

-I.71 

+ 3·:;5 
-0.42 

+5.06 

-2.1<) 

+0.721 +5.4-1 

-2.03 -2.04 

+ 3.531 +1.23 

-:).j6 

~·~;l 
-0.25 

+ 10.011 

+ 23.<)~1 +25.41 : + 24.53 

o 
" 
? 
o 

:? 
5' 
~ 

" ~ g. 
o 
~ 

~ 
o 

en 
~ • 

'" w 
w 
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have been nU.de by many investigators. But as regards the lime 

di'.iintegration, RECK!lL\~~ (2), HOKCAMP (0) ,mel J\IAG.:\L3 (9) think the 
lignin combines \vith calcium to form a hard soluble compound v,-hich 

prevents further disintegratioll of the str,:nr. However the autl}()['s 

experiments \\'ith rice str;-nv do not sugge:"t such a conciu."'ion The 

content of pentosan rather increa::.ed in the GL'-'.C of rice straw, which 

i:,; the opp(y:;itc of the rc.o;ults obtained in the case of other sorts of 

str'i\\.' (9) J at the s,=tlne time: th<-:re \v,]s d tuLal russ uf pent(Jsdil o[ nnIy 

1.5-- 2 .5 
The content elf fiber remarkably increa';cd Ify t he treatment \vith 

0·75 or r.) S~ sodium h)/droxidc and boiling lIlilk of lirnc; th"t j,S to 
say about 40 ('6 of cnHk fiber \Va:, contained in the sorb ."haw I, 1T, 

and lime straw, whilst there \\'<1."i about 3S ?; in the untreated, str;t\\" 

rtnel also in the boiled straw and in tIle soda straw lIT. The content 

of nitrogen frce extract \Vas hardly ch:mgcd, c~c('pt in the case of lime 

disintegration. Both fat and protein dccrca~ed a guod de.-ll, bllt the 

ab . .;;olutc losses were negligible. 

The digestibility of the total organic trL{tier, of crude fjbcr and of 

nitrogen free extract 

with 075 or 1.5 qG 
integration 

crude fiber 

incre3sed 

\".-'as remarkably promoted by the treJtmcnt eithcr 

sodium hyrlroxirlc cnld s,·,!utiotl. The !illle dis­

the contents elf dige:·itihle (lrgcl.nic :-llatlcr ;lnd 

to the same cxtent as with the cold call,~jic soda solution; 

but tlHt of the digestible nitr(l~;en free e."(tract \\-<1S e,nly' slightly in­

creased. The amount of digestihle rtt d_nd protein decrea:c;cd in ever)' 

C;{5e, hut the absolute amount of los.';e::; \\·;:[s negligible. 

The starch value of the untreated ',;tLt\\- was ~o f:~, " 'hidl agree 

very ,-veIl \\.-ith the result::; of the wide l"c<;(';Jrcllf:s of Prof. T. l-\:,\TAYA!lL\ 

and :,][ C;OTO (not yct reportcd). 

Comparing the nutritive value; of t/w'e si:---..: ~~:-unple fodders, the 

starch value of soda ."itre[\".· I, II, and litTle str,{W was more tlun 50 r;;) 
ncarl}' three times that of the untreated str,H\". E\'cn when these wac; 

some loss of nutrients by the trcatmellt'i, thc ..;tarch value increased to 

about 2.5 times that of the untreated 5t1'<1\\'. The tre,ltrnents u·jth 

0.25 (:~ sodium hydroxide ~,oJuti()n cUll] boiling \Llter hO\\·cvcr had no 

l1oticc.lblc effect on the stfii"cll v,due . 

..i\s it i:.; obviolls from the above st<ltemcnts. the boiling of the 

."itraw exerts no effect 

admitted that the cattle 

to its good tasle and 

011 its 111l1riti\'e valuc . IIo\\'c\"cr it lIlust be 

can cat a Lugcr' ;:Ullnunt- of boiled straw owing 

ihvour; Illoreover in \I'inler it can supply a 
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certain amount of heat energy to the animal body. 1n the case of 

boiling, hm\'ever, it is rather advisable to u::;c: 8 parts of lime for 100 

parts of straw, since the starch value CdIl be ea.c;ily doubled and also 

the taste Improved. 

The relation bd\\ccn the nutritive yaluc and the quantity of in­

crusting substances can be explained frum the above re.sults as follows, 

Thc boiled stra,v and :;ucia straw IU. contained a large quantity of lignin 

"traw; the soda straw 1. and I r. coni;{incd cOl1c;jderabl)/ less lignin and 

,(;iJica, and was (")f high sbrch V,dllC; whik the content of lignin in the 

lime straw approximated to tInt of ",oda straw I. and II, and that of 

silica appro.'<.:imated to that uC the origind straw, yet its starch value 

,\'as nearly equal to tlLlt of soda stLlH' I and II. 

IT ellce it may be cuncluded that the increase in the nutritive 

value produced by di'~intcgrdti('11 E' to be mainly attributed to the 

removal of a certain ;Ull1lUnt of lignin, though the relTlOva( of the silica 

probahl).l exerts no <1ppreciahlc effect upon the Ilutritive valuc. Also 

it is ~eell that the incrca>'C of the stJrch valuc WetS not prnpurtklll::d to 

tIle (lecrcase or the lignin content, hence tInt inerca,sc may he due n',lt 

only to the decrCrt~e of lignin but a!~(J to the physical ;mcl ChClllica.l 

(12) changes in the illcru,~ting substzlIlces. 

The author ha~ inve:.;tig;tlcd the cffi:cis of boiling with water and 

di:.;integratiun ,vith alkaline :~(Jlllti()n::; un the chemical C()ll1PV;itiGi1 and 

nutritive value (!f rice straw', The results are sumillari.c:ed as follow." 

I) The -"tarch v<llue of the ,strd\V ill dry matter \vas about 20 S~, 

which dgrees ,vith the re-slllt of Prul" TKAl'ilYX~\L\'S experiments. 

2) Tbe boiling for 3 hours 1I1 \\'a1er did 110t C hdnge the chemical 

composition and nutritive vallie of tllC ",traw. 

3) \Vhen the straw \I.';l.'; scuLed in 0,2.3 ?~ sodium hydroxide solution 

for 4 !HHlrs, lun!!y ,my or its incrusting .";ubstances 'were removed, 

its digcstihiJity \V,J.:; !l'lt promoted! and abo the c;t:uch vaillc, per­

cent- of dry matter, was nearly the same as th(lt of the untreated 

,--::traw, 

Tfowevcr when tIle :-.;tra\v \\-;!s immcTs("(l 0 75 uf 1·5 S-~ sodium 

hydroxide so]uticm [.,r 4 hours, or when it \vas boiled ,dtll the 

milk of lime (1 sS CaO) for 3 hOlliS, a con.c:iderable quantit}' of 
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the incrusting substances were extracted, the amount of digestible 

matter lvas much increased, and also its starch value became as 
much as thrice that of the untreated straYv: actually it contained 

53 - - 58 1'~ of starch value in dry matter. 

4) \Vhen the contents of the lignin and chlorine number decreased, 
the starch valuc of the treated stra \V incrca.-;cd, but not propor­

tionally. 

5) The data obtained In dry matter percentages \vere as follows: 

Content of digestihle 
organic malter 40.89 43.00 31)·99 62.43 62.::;6 55·00 

Chloyim; []uml)cy . 19.4 17.0 18·5 16.4 15.8 13·5 

Content of lignin. 14.6 <) 14.14 14.60 13.20 12.66 12.12 

Starch vaille 20.7 1 21.30 liAS 58.26 57·95 52 .57 

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

T. KATAVAl\IA under \vhose guidance this investigation was made, and 
also I\h S. AIHARA and :".11'. J. YA"-;CNAGA for their valuable assistance 
during tbe fceding experiments. 

JaIl. 10, I':}z:i In the Laboratory of Animal Nutritiun, Dc:partmc:nt of Agric:ultme, 

Kyushu Imperial University. 
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25·3 

25. 0 

24·5 
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APPENDIX 

Excretion of faeces 

Cenge hay 

\\ at!.:1 ~H;~h 
drink laecc~ 

I g 
--- ---

u: 754·5 

1.65 79r.5 

I.So 647. 2 

1.')0 746JJ 

1.95 665.7 

1.90 663·5 

2.10 6.)4.0 

2.20 572.0 

2.05 650.0 

2.10 678•0 

u)6 682.1 

Dry 
faeces 

g. 

251.5 

275·9 

247·9 

274.8 

254.8 

235.9 

241.0 

230·9 

266.6 

2(j8.S 

254.8 

Water 
drink 

L. 

3. 15 

3. 20 

3.00 

2·95 

2.75 

2.40 

3.30 

3·40 

3.20 

3.00 

3.04 

Untreated straw 

237 

Ram Ko. II. 

Fresh Dry 
faeces raeces 

g. g. 

654.8 224. 2 

657·3 223. 2 

607.5 226.7 

665·3 238.6 

717 ·3 243. 1 

858.5 280.8 

924. 1 281·3 

975·0 277.6 

835.0 243. 1 

673. 0 232 •1 

75 6.8 247. 1 

-----

I J:,m 
No. L Ram No II. 

Temperature - \v-,--:--
Fresh DTy \Valer Fresh 

I 
Dry Co a er 

I dflnk drink faeces drink faeces faeces 
I.. g. g. I.. g. I g 

28.5 2.80 683.0 275. b 3·35 549.0 240.7 

29·7 2.70 601.0 254·9 3.65 601.5 247. 2 

30,0 2.40 660.0 274.6 340 632.0 279·3 

30 .3 3. 10 598.5 256.0 3.50 552.5 241.8 

29.0 2.25 62 3.0 254.4 3.25 628.5 259·5 

30 .3 2.1)0 614·5 259. 1 3.25 502.5 234,7 

30,5 3. 15 618.0 238.5 3.65 577.0 223-4 

30.3 2.60 779.0 288·7 3,15 548.0 21 3. 1 

30.5 3.30 635.0 245.8 3.85 709.0 243·9 

JO·5 3.10 686.0 236•8 3.10 68 3.5 246.9 

30 ,0 2.83 649.8 258.4 3.42 606-4 243. 1 
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- '--1

1

-.. J <n Il"lK().I~- ········'· --,--Rnm ~~'-l-r ---

' I 'Clll~~~atur f! I \V<J l l~-- I_-}~h-'i~ Wa/a ' FTC~h Drv 
,lrini-. . fncC!;~ b('( ('~ dr ill k II f .-lt l.:':'; ( ,\t: l :'t:'i 

I.. g g. I.. 1.: C 

2Jf .l 

2 1 .0 
I :~ ~:: ~~~ !:,: I :~i 
I u :, ',0,._0 "4.') ,-C) 1'''-'' 

J:- -1.3 

:2.)6 ':'; 

.:n· 5 

1 ,),0 

18.5 

ly.O 

ll) ·S 

20.4 

' \'e mrJt:'ralU1"<~ I 
CO' ' 

15·,ri 

. 6,0 

1 6 .0 

11., 
15 5 

1 ~ .o 

1.~>O Si ~ .. ) 1':'4.6 

1. (.0 66 ;.'':> z.:; .. :.; 

1.40 5-1 j·() 2) ' ·3 

1.50 6",].() ::! J u . 1 

l AS (; 1 7 ,0 2 0 2.4 

1.60 59':) ·] 213.3 

y::» 

3·&.) 

2.~)O 

z.')- ) 

2.35 

].0 1 

, 
! 4·17· ') 

306.0 

.l:; -:? ~ 

43°.() 

44 3 •0 

4 22 .3 

Sud a stra\\ II ( 1. 5 ~G NaOIl) 

Ram N, '. J. 

\ValeT F resh 
(lr in k b cet's 

1.. g. 

1.35 

1.25 

1.qO 

1.05 

1.05 

l.~o 

1.:W 

J. Zj 

606.0 

')01.0 

647.0 

') 1::; .0 

(> 1 2.0 

SL:4· 5 

000.0 

5l j(j.o 

557·5 

70:=:· 5 

593. 1 

Dry 
faeces 

g, 

220·3 

2 4 1 . 7 

2117,S 

2 ':0 . 1 

2 ;0· 7 

234· 1 

\Valer 
d rink 

L. 

2.00 

2 .10 

1.; 5 

1.6S 

I .SO 

(. 70 

[.60 

1.05 

I .S I 

52 1 .0 

4Y9.0 

48 1.0 

'1 10.0 

4 95.0 

OI ].O 

632 .5 

5° ;/.0 

(, ] ~)·5 

609.0 

55~·7 

~ 22. OJ 

J ~"i.6 

" ]0·7 

2 1-:) · 7 

220.6 

2 :><J . j 

ZIG.S 

2 1 y ) 

226.G 

::qO. j 

::qo.6 

202. ':; 

2(.-;. ,; 

2:::0·5 



(.Ill the Di~integra\ion of Eice Slra\y 239 

5th period 

Novemher 
192..-\ 

I 

T~lLpt'rnt'lre 
('0 

----------

20 

2'-> 

2; 

6th pcriud 

------- -----------

Fd:,ru:HY 
1')2) 

l. 

7 
., 
9 

w 

" 
12 

, -, 
'4 

Daily An~ru~c 

17.0 

1,.:; 

12.0 

:;: ;.0 

I.l·O 

14·0 

1<].0 

14.6 

-1'emp<:rature 
Co 

Ig.O 

18.0 

lb.) 

12·5 

11,0 

'1.0 

12.0 

10·5 

11.0 

11.0 

13,2 

\Vakr 
drillk 

L 

1 .. _1.0 

1·55 

I ::;5 

1.20 

1 • .:j0 

i .. )O 

1·3) 

1.30 

1·34 

"'-,l\er 
drink 

r. 

2.05 

2.10 

1.70 

1.'10 

1.60 

1.50 

1.60 

1.55 

1.50 

1.75 

J.7 1 

Lime ~tr;nv (I q~ CaO) 

H.:Ull No L 

Fn~sh 

faeces 

(~~;.o 

Dry 
faeces 

2IO·3 

256. I 

25 1.6 

254·) 

Boiled straw 

l{am ;\0 

I Fe"lo I Dry 
fUt'CCS _ [[HoCeS 

g. I g. 
._---_._---

~30.C 279·9 

6'14.0 :Q7.S 

645.0 220.5 

763.0 293,3 

5 12.0 2H).2 

574.0 2('14.3 

673 . .1 290.5 

757.0 294-4 

52 l.5 224,2 

771.5 2'JI·7 

674. 2 261.4 

\Vater 
drink 

1,. 

1.60 

1.80 

1.60 

J .~;o 

loS5 

1.70 

l<am ?\o. II 

Fn:~h 
fa<:Ct'5 

040 .5 

6~ 1.5 

553·5 

Dry 
LW(t,S 

g 

'73·3 

2Jl.[; 

:::14·4 

- - - - ,--~----~ .. --------.-~.-- -
Ram No. Il. 

--------

\Yaler Fresh 

I 

Dry 
drink faeces faeces 

L g. g 
---- ----

1.1)5 511 .0 227.9 

2.10 5,B.o 246.3 

I.~;O 463 a 222.9 

1. 75 4345 2oE.() 

2.CO 445·0 21E.g 

1,55 4 16,0 197·3 

1.4.1 55 1,0 :2 57.1 

I.bo 5~;6.o 269·9 

2 OS 627.0 266,6 

I . .so 513,5 241.6 

1.:;2 500,7 235.6 



7th period 

F cbrullry 

' 925 
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T(:mp~ r :lturc 
C ~ 

11 ,0 

11 .,5 

II.O 

5·5 ,.0 
6.0 

7,0 

6.5 

7.0 

s,o 

S·5 

~·5 

S.:2 

Hi sJ.yoshi Tw:tfa 

\Yater 
drink 

L 

1.7° 
1.65 

2.00 

I.tO 

1. 5 0 

1,20 

Soda straw ) IT 

i<am No. L R aUl :t\o. It. 

}' rcsl~'I- - D ry \\'a l~ r I Fresh 'I L"" 
1:.H·cc~ I faeces drin " fat'ce... facces 
g. l " L. " g -;--- - ---"---- -- - -----

75 1 ,0 

l::lY:i.o 

!H S. 'i 

67 1 .5 

754.0 

794·5 
3 1 i .5 

~6;·5 

810·5 

i¢ ·5 
781 ·5 

793.0 

3 1 3. 7 

2£2. 1 

2..J.9.0 

25 2 ,2 

26 7.6 

292 .[; 

2;'2· 9 

302,0 

275 .9 

24S.i 

25 6 .2 

275.3 

I .So 

1. 70 

2.05 

L ZC 

1.3° 
1 .40 

1.70 

2·90 
1.65 

1.; J 

601.0 

690.5 

643·5 
597·) 

024·Q 

6°5·5 

594. 0 

57 7.0 

634.0 

i:q· ) 

65 2 .5 

7:20·5 

{")39 A 

252 ,(1 

2 79·4 

314.1 

2() 1.2 

27 1.0 

266.1 

262.3 

246 .2 

2p.O 

zf:r.. S 

2~: I.O 

2iO·5 

2;2. l 


