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FORWARD

The results reported.in this thesis were secured fron.inwest-

igations conducted over a period of the past three years.

In order to simplify presentation, the results have been

divided into three parts. Part I was an intestigaticn of several

different techniques for determining the digestibility coefficients

of forage for dairy cattle studied with orchard grass hay out at

four stages of'nsturity; Part II was a study of the digestibility

of lignin in orchard grass hays out at various stages of'naturity

and an.ineestigation of the composition of the lignin isolated

fren.these orchard grass bays and the corresponding feces. In

Part III a more detailed analysis was:made of the crude fiber and

nitrogenpfree extract fractions and the digestibility of the

various constituents reperted.
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STUDIES ON THE DIGESTIBILITY OF ORCHARD GRASS

WITH DAIRY CATTLE

A comparison of several techniques for determining digestibility

coefficients with dairy cattle was made with four stages of orchard

grass hay fed to three milking cows. Digestibility coefficients cal-

culated by the conventional ten day consumption-excretion ratios were

compared with the coefficients calculated by the chromium, ligiin

and plant pigment ratio techniques with the total collection samples

and also with partial collections or "grab' samples.

Comparable digestion coefficients were secured with the standard

ten day consumption-excretion method and the chromium and plant pig-

ment ratio techniques. Digestion coefficients calculated by the

crude lignin and the corrected lignin ratio techniques using the

total fecal collection samples were both significantly lower than

the digestion coefficients calculated by the standard consumption-

excretion method.

Digestibilities of the various constituents in the four stages

of orchard grass hay of increasing maturity were; dry matter, 69.0,

70.4, 63.9 and 59.4 percent; protein, 65.7, 60.7, 55.4 and 54.3 per-

cent; crude fiber, 82.5, 78.6, 72.0 and 69.1 percent; and nitrogen-

free extract, 69.3, 74.7, 68.0 and 57.3 percent, respectively.

The apparent digestion coefficients of lignin in the orchard

grass hays fed ranged from 3.8 to 16.0 percent. The lignin isolated

from the four stages of orchard grass of increasing maturity had

nitrogen contents of 4.25, 74.16, 3.53 and 2.41 percent. The average

nitrogen contents of the limn isolated from the corresponding

feces were 5.19, 4.13, 3.62 and 2.91 percent.



The benzoic acid excretion in the urine per 100 grams of lignin

fed was lower when feeding the most mature hay then when feeding the

other three less mature hays. There was no relation between the diges-

tion coefficients of lignin and the urinary excretion of benzcic acid.

The total methoxyl content of the hay fed was lower than the to-

tal methoxyl content of the corresponding feces on a dry matter basis.

The methoxyl contents of the lignin isolated from the various hays

was higher than the methcxyl contents of the lignin isolated from

the corresponding feces.

Digestibility of the total methcxyl content and the non-lignin

methoxyl content of the ration decreased with increasing maturity of

the orchard grass hay. Digestion of the lignin methcxyl groups ranged

from 20.3 to 31.6 percent and showed no consistent trend in relation

to the stage of maturity of the hay fed.

A more detailed system of analysis that included determinations

of the starch, sugars, organic acids, pentosans, alpha cellulose, and

lignin on the orchard grass hays and the corresponding feces was used

to study the constituents of the crude fiber and nitrogen-free extract

fractions.

This system of analysis accounted for a greater percentage of the

dry matter ef the immature orchard grass hay than with the more mature

orchard grass hay. Higher percentages of the dry matter were also de-

termined in the feces of animals fed the imature orchard grass hay

than in the feces of animals fed the mature orchard grass hay. con-

siderably higher percentages of the total dry matter of feces were

determined by this systcn of analysis than were determined Iith the

same analytical techniques on the forage fed these animals.
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and 10 to 25 percent associated with the trial. They pointed out that

average digestion coefficients should be adjusted for the proximate com-

position of the particular sample being used. They also suggested that

a greater amount of the variance could be related to composition of the

feed if other nutrients, in addition to those determined in the usual

proximate analysis, were ascertained.

Interest in the so-called inert material 'ratio techniques" of

determining the digestibility of th various constituents of feed has

been stimulated largely 03 the fact that it will permit digestion trial

studies to be nude under the same conditions and with the same animals

that would normally be Used for the feed investigated. Furttermore,

addition of an inert material to the daily ration of a grazing animfll
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are not readily feasible with the conventional total fecal collection

technique, if direct comparisons could be established between these

methods.
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Diwestion trial techniques involving the total collection of feces

over a specified period of tize while the animals are on a constant feed

ntake 211d ce.lculation of the digestibilit3' of the various nutrients from

the nutrient intake-excretion rutio's have changed but little since tlei1r

adOption by Henneberg and Stohmann (91)
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cesuive usjn warld mat eggoct the calcrltted diLCSTiJllfuiCS. Recent

dst: of Lcuc, JCCQLSun and Loure (10;) Slovtd a ijiflti’l 1L fine coLccn~

trst'vn of CLanjc guide in iu€iviguel .cssa as c} feces tirfiu,10vt a 23-

horr period which dues Rafi rqroo ”5E1 Jarl'q (G?) scnuunfiion fikfit tlerc

v93 2 consfifint rclffiiqn letveLn fine Cironic oxide and five VFT1OES con-

stituents in the feces.
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9n; ni;Li fcccc, ELL '€“c fiat alvrfs Li_Ko" *ur one thaw tuc 0* or r.d

sufivevtcd thfi t1: nar+ieL tol‘nctlcn a? feces Sfigplrs he done fTrc: Loni

tie cxrtire "cf-chu~‘1rfi.

Ch“ (4?, '"1"p1'1;, “A“ 91%; t FLL U‘le \37} 113,J *1 C N‘JWULic 0-3JV‘ rfifw<1

LCCLAifUC Lo s£cdd t1, d' or jlilifiy o; Caro ewe L' ‘0"? ,.L 05+: fCJ

dried wrasss. .‘fifi’: arms 4:19 2+.“1 “no 1 ccllcv“ an ’rechni we v.9 (:oyn'mc'

wffih file chromium rnfiu feaniqno. RTOg mixn: wifk fhe cancenfir to pur—

ticn of £10 rfifiiuu of lactcfiing 302%», 10?.0, ?9.1, 99.1 9L1 96.0 percent

of the cLlonic cxid; fofl TTS reccvc ed in tle Je"cs in four cxhcriments

with four difjeregt QUPfP. ”he oppfirent digestibility of carote;e by the

094:, V339 Ilcterrilmd b I 4:04:91 001190’312; n in lue‘hr‘lxvlisru crates arid 9.13:) I?"

tLe curoALu rftio techninue. 3; the totul colleciion techpique the di-

cstibilitics of carotene in faur acats mere 68.7, 32.7, c1.8 and

merceut. The CCrrcsnonling di'esfluilitics obtained from the 53:1c feces

saLplefi by tVe chromic ozi&o rptio bcfiLOd ware C7.., 62.9, 61.9 and 59.0

percent.

EriksscnkC3 ) Comp910d+ufic diLOS"ifln coefficfcnts ohfoinofl Lv +ne

tal fecal collection mcho* in diEanemce trials wifh_mtfiiers with those

calcwlatcd for cows b;r +‘e chrom um rrtio technique 9nd Concluded tuft t 0

total collncticu method have the most r0Mlim1 r sults.
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dluestion 006 “1W1 of feeds wken using a two dry collection period

gave as accurate coef?icicnts ts tie total 011Cotiun hotbed in a scvcv

i n
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iron three Ina-els over 5 p0 r10 of 4a HPQS. iue ewe1cde ULL§V+lun (0-
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efficients of the 2 periods were nearly tie strc
-

calowlation. The digestion coeff1cicmts calculated b7 the totel collection

and one chrom.ium zotio techninucs rosoeoiiVCl" 1me;01‘LP-1‘iiC u9£50r 71.7

. 7 n

GHQ 71. LC

‘ I‘

1ctein, 74.5 ah’ 74.1; etler extract, 7(). l t;d 39.6; nitroen—

'
3

free extract, 77.2 93* 76.8; end crude fiber, 53.7 and 52.9. They furtLer

showed that the averere dinestion coefficient was independent of

lenth of the collec+min period (two to ten deys) but that the standard

deviation decreased rapidly with increased length of the period.

‘J

.u. 
11 min B:tio Tec:1niqne

LLNninas been quite widely stUdied during tize pest few years silce

if it could be established that it is an indiiestible substance, it would

also meet the requirements of being a natural constituent of the plant

material.

Lignin has been reported to be irdig stible by steers (46); by cows

on a mixed feed and by sheep on dried Sudan grass (62); y cows on al-

falfa hay (84); by sheep (83}; by sheen on mixed feeds (1"9); by slecp

on Korefn lCSUedeza hay out it four stames of mrturit L7 (11% by steers

on pasture forage (69); by cows on a rrtion of lealfa silage, corn sileyc

add grain, and also on a ration of elfflIfa hfi, corn silage and grPin

(1C5); and by cows fed wheat Straw (CC).
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Swift 33.3}! (178) had 16 trials usin. s}eep on mi:{ed retions andP,“

i.)

1 0

compared the d15estitility coefficients calculated by the lignin ratio

method with the conventional total collection method and found the two to

check very closely and standard errors of t31 digestion coefficients de—

termined by the tuo methods vere of the same 5eeL1er91. ms5nitUde.

Forbes and Garrigus (70) used the 115nin r?tio to fin 2v to stud: the

di5-stibilitJ of pasture fora5es b; steers and wethers. The evera5e re-

(
4
‘

y
.covery of 115nin in seven di5estion "531 ‘With steers was 102 :.7 percent.

Comparisons of the dry matter intckes 8nd the digestibiliti

of the dry matter as calculated by the lignin retio m.thcd and the plant

pi;xent ratio - towed extreue V9.rietions in the stuly reported tr Cook rid

ore-e OJHSUmetion as determined b1 the lifnir ratio tech—- . \
k) . .4- .— . -- .__ .us t ‘J .I ;_’. _ - .-.

1
1

Harris (40).

nique, however, 95reed closely with the calculated dry wetter intaxes

commonly accepted for the various sizes of sheep. In addition, the cel-

culeted di5e stibilitg of the ds; met;er o3 ‘ne use of tfe 115nin rPUio
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‘etors on Similfir fore es. This w“s not trU with all s

for calculations made by t.e plant 915me1t ratio technique.

Ellis Latronc 9nd Lfiynnrd (52} determined di5estibility coefficients

by the conventional total J9ecnl collection technique and also 1y the 115nin

ratio technique usin; various rations with cows, rethits end sheen. 1ney

secured very close cFecks oetween the t"0'methuds for di5ostihility of the

dry matter and the other feed constituent.. They further showed very

small dailj Virications in the liJin content of feces from three sheep

fed timothy hay, which would mfke tbe sno~,-ned collection period of the

pzrtinl fecal collection techniqve sntisi‘:cto-rJ.

~- ‘ 1‘: .. . ..-_ 1.1. ' ”5' H 1 _

ncle, D"UCH;1 and LUlfmaJ (94) pionosed test 1: “1n be deed so an

indicator for tie study of oi estibilit? in the romen SiiC9 lijiin did- A
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from no etive values to £9 heroent vere renerted L; Furres end Swift

4 I \ O : .

orLCs and Gerri us (70/ repozrted 9. totel of 70 5r9z1xg 913 toth

‘ O

steers end wethers usimg the li51in ratio teoLuique and conducted heri Clo

t'lels in l‘ ostion stells using out forflJe and tot° l Fecal collections

to conFiRm tie reliabilitg of the li5rin retio tezlnique. Tue e.vele o

. , ._ h o 0 _‘ . o _ _ '._ ‘- .9 . L.‘ ~ I r .,

leoowezy o1 llinn from Steels fed 1A tte dig“? iwn stalls “”3 103 + 5'8

percent, 9nd from lambs the evnrs5o recove1; vms 111 + 8.7 percent. lhey

$
.
1
0 ' ' .. ,‘ 3. .\ ,.

nycsr1 stem +.: not.<vnl cou-
(J

did not present data, ELt steted that they

tert of he fore5e lignin Rid the Faces lignin tut cold not accouLt For

the Slinhtly hj_gl legeverics ctual gdnhfpl.)nq of the di5eotibili+j

coefficients theinod be tie CCHVGflinu?1 metILQd e.nd tie licuin rrtio
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method age mode In e ltter newer o» :o1oes 91d :011l5ys (Ii) fro vely
.. ll

500d 9,:eearrt betvern tie two methods ere evident. Di notion coef1ioionts

obtained for li5uin b5 tVO totel collection t obniquo were low extent for

hi5}1 1ab°tlve cor“"icients in four trielt Witfi "ttfiers rdlei W “h mod

eLevioi5o.
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Holler, Breedlovo and likely (90) used the normal iron content of a

ration as the indicator substance for determining the digestibility of

rations for rate.

Silica Ratio Technique
 

1'he silica ratio technique for the determination of digestibility

of feeds has utilised both tho naturally-contained silica and also

added amounts of silica.

Gallup (77) used tho silica ratio technique with rats on a diet con-

taining one percent of added silica and secured results which checked

closely with those obtained by standard methods. Gallup and Kuhlnan (80)

used cows on a ration which contained approximately three percent of

naturally-occurring silica and 0.6 percent of added iron oxide and secured

rosults which indicated that the silica naturally contained in the feed

was superior to iron oxide as an indicator substance in digestion trials.

a later trial with mung bean silage was conducted by Gallup and Kuhlnan

(81). This mung bean silage contained approximately 20 percent of silica

which was more than six times the concentration previously used. 'l'hey

found the silica ratio technique unsatisfactory because the ratio of food

constituent to silica ratio of the feed varied from day to day. The ratio

of feces constituents to silica content showed such wide variations during

a 24-hour period that random sampling of the feces was not justifiable.

lhile they did not deternino the cause of tbse variations, they postulated

that they could be due to an uneven distribution of the silica in the feed

and also to stratification and loss of silica in its passage through tin

intestinal tract. Gallup, Hobbs and Briggs (79) made a study of a series

of rations using steers and sheep for comparison of the silica ratio tech-

nique with the standard nethod and for calculation of silica recovery. The

recovery of ingested silica was practically quantitative when the steers

wore in stanchions and the feces collected seminanually. When the steers
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wcre in dry lot and tLe feces collected in canvas sacks, the average ex-

cretion of focal silica excccicd the calculated intake by about 1U percent.

”hen the steers were on costure, fecal silica excretion was as p rcent

her flan the calculated ir;

t3 the grazinp aninals. in th shrew trials in rotabolfisn crc+es, fecal

sflica content svcrcécl 107 percent of tie calculated irt"kc. Th“; felt

J—‘.. . ‘» .' -. . . 1 1‘ ‘c . l 3 . . . .. ' ..

cast COHEOhILatLJr 00cm rod wv-n the feces wore QJhCnec to bflrh dust during

Liqrc is adantfiblo t, digestiju +rinls w t“ stocrs P"i s'0 n 1? t‘n ra-

COVGBJ of silica is rossunnbly clcre tn 1WU ncrccrt. Lxfirs precauthHS

Ore atjflrnntly necessary in usinf the silica r¢tio incbnicue tn loan con-
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LC‘THeazl tic: CfLAlO lifbcz' cpxlte.fi: “4‘ filkaé-‘x/Lli‘zr. -3211. .E' S 91ml Sl-"p°a

tic relviiun between ]i min cuntent agd &i¢es+lb;‘if" segucl more n rhea

than thWOuH crude filer and diLCFfiiLilifig.

Lellsworth (9U) used the publislnd rcsu ts of igccfiiLility trials

L; of er Turknrs +u slaw a ling' rclfiti n lctreen t7o rchCgfrgc of oruio

fiber znd tnn digestibi;i,J of fihc ur “mic LCtLCT WT feeding snuffr. fl

li1_c':.r Misti-3:1 was also eshzblislei 1.;r:*.L.7.-'9c~rw tie S'*':‘:*ci. C"_uii9.7(.‘1'.t of” r??—

knre Lfirbflge ELd tho crch '1er cc tenh. The relafiio; hoitcru stare r-

quiv‘lcnt apd cruie ‘iler fur fi Tide r2; 3 cf bacfi.re aficcics 'Td F1L€r

Cghfcgts could f0 expressed bf tic SQUCpion, Stirch fituivalcnt = 73.5C -

0.3”1, WLQre

K = th porccm“age of crufie Titer.

bimilff results v9“c rcnvrtcfi E; Lr-rl ($9, 100} usix; file r¢sv1ts of

nrcviogslj c,‘duvcrd dipCC¥3Gh trial: fa nogngro fTe Tibfir c;r+e t Hf

Lays with file diwcctibilitics. Ln fqumd “ na_afiivc corrolstiou Lctwoan

tTc Evicr conic.“ Sufi flc Si efltjtilitioc Pf + c 1330. 44019311 (11, 1r,
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iii J10 dictu :fLa r:]13t*;n 1fi"w~?91 *Cc:<3i;¢rifiigili+y of‘. 19 or {wiic :;r.+<p

:;;1 tie <;»1 .1.” GI ‘JYU.{3 filcc‘ 1::i? 9 rPifi_r1 fif’tuffill’ 'T‘l SIGCT‘ is 511: L

1,. 13:19 035.451 .1911, .L ' pIOQ. — 0.03.1, "'11CL"? i if: 4C“;- _- L;"»";..L1 7.1.11.2”; 1-)? in,"

org, 4.310 1115.810: ‘11‘1 X. i: be Firm: $9,}.- «3.11.:1: 9.111"? "_11 “3:70 Calf ...

Ifirdfcldfi “f Pi. (l~1} snifucucd a ecdig~ cxficriuznfi Vifil fiiPCereyt
...... .. .

le=cls of cruic fiLLr in file r‘fiun of dTir= COTS. Lilor cuLfiU~CIfig o? 1L6

ritiflul bliweéfiille yxmgtoirzrgil tut”? rfi__~r*lilc -art;ir;tc, :wvrc hcwrh nfn—

Stu t. Fuuv diff?"egfi ravioiu were fcfl, "9 follovn; A'W £1.30 puu~ds 0f

7'0. rmmie
. fl “n .2 .

UL ;. i “if?

' ‘u 1 ‘. “4' " " I -, .5 .-~. -'<) A, .V : ”w 'a'l.’ ‘- -.r- r. as ,- --1. ~- '

H1. .SS 3.11; ha. K133 91.40. D ’12. ,1.- 3b 1;'T‘....C. 1‘ Dr <9. . ‘ .~ ‘3‘ i3 “'11-'32; J ”11-1%-AWS Of

1., 1‘ 11 " 1L ‘ ‘ : 11. 1 _ -4. ,1- , ..1, ., .‘ q - g l...‘. ~ .1 w . ,

Plfiv9¢d Gnu tuvfii 11 9: iwie MVJIHJLHJ a}? 1:“9 uv -;1u ?lgr3fh10 plan:

0

" 2-‘ f ‘ . 1 A 1 "P' , \I' .- 1 .5 . .... ~9~ - f-I l~r 1. ~ »

SQJ' L'C'J" Ull lar'aL, lleaU 134;": .L, _L,L._ (I L;.€;u l 1 .11.! LLU_:.1..F'L‘,C°.. I; 0 CL '1. L,‘ ..'- 1 .-,t...(.' (1);-”

J» '- , f‘ ‘ . . " .. . ‘ -. .' ., .. .. J.. 1 n ,~ . . ., 1-1L. ”F r. 1 w _ .

“Cup 011 45:! TL- 1u-.21‘ J. “1:; I11?! .I. 1 DJ. \fi'_1.':“/Q DJ 0.3.; 1.19 «an-CF T as ‘C l.U..L'.“‘s-'?7:

‘ r." '7 " '! r“ ‘ '1 .. , 1 ‘ n 1 4' ~ ..1‘ ,v, r11 no ‘ _ 4-x .

A, zJL.s; :3, .Ln'. ,3 ‘4, 1..l; 5’1" y, L. .C natal” 11:3 e1iev Of ...-Me level

.h -. ‘ “.‘l .' — .1 _.., 1 ..2'1 .. _v-_- _ ..-, 1,' 1., 1‘, '11.. __ .

U). CLHAQ J u-"I‘ 4.1,. t:.C fund. 14- U“, 4144,}. FL‘t‘le‘C: V_L1I;l ..uHS i1. 11_LJ f? ”Wi'J. _!.(1 'j’lL.

- .1 — ‘ u - l‘ n . ‘ ‘ q ~ ‘ —' l. . “-1 . -.. A n q ‘ h-o ... , I, _ -_‘ x f ‘ , . 1' -:' i g -1 L

.ulCIl 4.31.9 CI Lw J .L1_ 1 1' (,u . ’21“, 0.1. L .41: 1. e‘wJ. .1335 1.1119 1 L. .2136} 31 H J 9 la T‘C‘! CCILU,

a urnh in mi L PL'UUULLQQ occurred. T?e 9VC38;0 nuilj 4 percnut 1a;

correc“ci milk praancfiimn per cow for 12 weeLs was 2C.6 pmuude on rctiun

A, 21.7 poqnls on r iiqn E, 93.} pwuuls on rhtivi C, P;& 33.9 DULRCS on

rgfliog D. "LctL2r okLcr Cixuiuefiiowe if iced: niijfi Law” a different

optimum level of crufle Sibcr ix fi‘w rafiun use moi Tfi¢¢ sLuvnh

L?L0astfir (11) gave analytxcfii “nfi nigestihilitv fiat; for 11 SHOUL-

lerd; “ecwis Chi} ;if: rchJpfixj'q. Li;;t1W, I30111110:62 PUG. crky’e fWRM‘r {C11 Ifwi

& dapressin eff.ct unuq fihc divcsbibllit; of or;?vic manic: n3 r awn Lg

5L6 correlation coefficiévts Q? —,.C7°, ~0.91b and —“.074 {hr f}: di_“st-

ibilities of he 0?'flnic mathnr 913 £29 pnrcsntn;o natiegu of liTLiJ,

cellulocc and C”ud0 fihor, rszpcctivclf.



Luficclan (127) 3.170 091011131023 9. corral: t3. )1. (:xef‘ficicnt of J3 €44

lattes-1; 3.7.16 crude I'll/("1‘ (ton-Tie; .‘- and ti" d1“ff-“J11:,3 .- n {3.0 Org?-

Letter of fséds rerrtcl by Jo:dm°n (IS?) which is identical W'Lh t’c

correlation 006ff:0:th rcyor ted Ly Lnucactcr I‘1o\

Phillips and Lough15.11 (151) rualyz-d 23 carries of esentiu.ll‘~r pure

stands of forage from various lalvraturiws 14 the Lnitcd States that had

served as the sole ration is feeding experiACLLs v.1t1 c LL18. Eho 11 min,

proMtmil celluloe and CLL§O fiber contents of the SFMpICS were all more

or less closeld related to LLeir yield of‘ encr but at different lewels

of 451.920 cor-.S‘ti’tueirts for tillo'LLy and alfalfa. ..itiuin 9. snecies, crude

fiber was less closely celxclatcd ith digeLLiLllicr of energy find drv

1 sitter tLar. was tLe li gin content.

‘ w

Stccnsacrg aLd'hintlcr (175} conducted dide stioilitb trials viL‘
1

luoera taken at curl5, normcl 9nd late first cuttin s. TLe laLcr cuttings

increased in crude filer COINtQL and

matter decreased.

Sctcla (171) did not get a consistent relation between the crude

fiber content of‘w art; oats and barley hays and digcstibilLLv of tLe

various nutrisits with increasing maturity. This study ipcluded ripe

grains which produced an ircreased crude fiber content of the stems con-

‘ _1

ccmitantNitn ixrcreas es in the readily digested carbohydrates of the

matu'ing Lends. The relationsLip between the digestibilim' of t:0 dry

matter and the crude fiber content of the stems and leaves only would

likely give Consi stent results. This assumption is partially substan-

tiated by later work by Sotola (173) with digestibility studies of Lree

stages of smooth bromegrass. Crude fiber increased from 19.77 to 55.92

,ne Dlflnt grew from 4.5 to 36 inclcs in ”t The dry



1

matter was 81 percegt a: estible at the 4.5-inch stare agd only 55.3 percent

digestible
97’s the 33-541011 84C?)

1

ASZ'v‘i [‘t E: _9_1_. (178) conducted digestibility wrials with lambs 9:.d 9.99:»

fed a basal diet of good quality of alfalfa and timothy hay, corn veal and

linseed cake meal. when crude fiber sunfiloments in the form of straw were

1-4—
added, fhe di‘estibilitv coefficionfis of the profiein, ctlcr civruct, crude

4’“ 1- .... h . . __ _. 1,7. L, .__- . 1- . . , ,_ 1 _ .1 ,.._ . 3,. .

i1 “u; and chm“; uf we 1~'-'-:-.)10 r9.ic-1; (12(71'99.SC.1 92:1 bx: {,m.al :11qu of mo-

tcin and ether extract di;osficl was reluccd.

. w‘ A ‘ a r.’ \ ‘ o _' _Q I _

turgefi SLd uar31=us (,n. feign correlation COCffJClefltS of —O.7% for
u "4

J
o

J... ‘ ‘ A b - L‘ 1 IL .L» ~- -‘ 1 ' -v J- ” 3 ' ... O 3», » ~ 4! .-,-—. _LJ',

8 ubel's slid -0. 6'1 .1. Jr I’PC uiiel S UC\J1‘.B'5IL L410 (.Lljcs Vi OLlLt‘l Oi hilt) OFLJS‘JJJ. C 1:18;: \Jer$

-V- .. W ‘- "-‘ . ‘a- . .1— -. ..—.. . .. -~.— ~ - -— s u- -3 ~—- - -
and 1L6 cruuc iiUQf CUJtedu uf Lzaaed fULa CS. The Lost Celxelabion betuecn

'_7

Cleuical composition awd oréaaiu matter digestibll yv was obfiaincd Viva
II

li »~‘lLlIl.
KJ

“ .1 I. ‘ ‘ " ‘ A -‘ ’- -.—.~ -~. —- .- -. . ‘r ‘nu -»

neia \iSZ) Fflcengf lepvrtcl a Currciciiun coefficient of +0.885 Lchecn
V

0the crude fiber Cuntcnt and file total di.e:tibl. nutrients conheht of the
' J

Crfimpbon and Jackson (44) dia not find the crude fiber content of

~ an 0 ‘ -m.

pasture herbage to be closely correlated to seasonal CgmLS‘S 1n hue di—

, :.:fi_:_-, -_ r. ... D- .-_.

GestibiiitJ uf tueue iorioes.

° - .- . - z . n1-.- . <0 , .. .m ..‘ w n:1.

A COlelfitiOfl of the r992985LOL egfl«u10h3 relatin; Vie atuue iiaer con-

tent of 0 feed +o ihe u19estiuilifr of the drT matficr is given in T3010 3.
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n.4remxicn er tions relating deestihility 0f mnv

ha {It/01‘ to CZ‘IUEC f 1161' CanLue'Iu Of 1‘ 1:1: 7J3!

Represslou Lguafiuu Corral. "thcrifil 30?erence

Coeff.

1 " 33.9 - 0.7JL -O.7¢é AJTalfa khillips & LOULHliu (151).

Y = 2:303 "' 20.1.1]; -Oo:“:rj F'liili'.) til;- " fl 7!

Y ; 87.8 - O.?-X --- -—- Axclncon (1?).

I = {$4.4 - 0.55}: “3.37 --- Kurdfullf‘; (173 .

Y = 96.1 - 0.227" -- ——~ Clo?ssmn (149).

Y z 95 ‘ I'CCK —O.;4 1?: are Forbes agd

(59"ers) Garrigus (70).

I z E}: " 1001?. -O.C‘A.g FaudAl'F‘ £30?sz “Nd
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Since they felt that these were excretory products of lignin breakdown, it

indicated a greater degradation of tie lignin in the younger clover than in

the more mature clover fed to sheep.

Mce’lnally (119) reported a loss of lignin during digestion of straw in

the rumen and also with rumen contents in L132. Bondi and Meyer (27) re-

ported that the digestibility coefficients of lignin with sheep ranged be-

tween 35 and 64, depending upon the plant material fed. They also reported

that feces lignin gave lower methoxyl values than plant lignin which they

believed indicated an attack on the lignin molecule during passage through

the digestive tract. Louw (113) reported that sheep were able to digest

24.5 percent of the lignin in grass one-month-old and only 11.6 percent

when the same grass was four months old. Davis Io_t_t_1_. (50) fetmd the di-

gestibility of lignin in pea vines and lime. bean vines as 16.0 ani 10.6

percent, respectively.

E1115, Matrone and Maynard (62) and Gray (8:5) have used an enzymatic

digestion followed by a dilute acid treatment before allowing the material

to react with the strong acid in the determination of lignin. They have

shown with this method of determination that the lignin of certain forages

is completely indigestible. Crampton and Maynard (46) had previously re-

ported lignin to be digestible to the extent of more than :50 percent in

feed barley, wheat screenings and feed cats, but was almost completely

indigestible by the modification of Crampton and Whiting (47) in which

the lignin is determined by difference. The principal source of dis-

orepancy may be the varying preportions of non-lignin materials accounted

for by the different methods of determination. The negative digestion

coefficients reported occasionally are probably explained on the basis of

smaller nitrogen contents of the lignin isolated from the feeds than are

obtained from the lignin isolated from the feces. Armitage, Ashmrth and
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Effect of Kethoxyl Content of Plants on Digestibiligi

There is some indication that changes in the lignin molecule or in its

distribution through the cell wall may have more effect on digestibility of

other constituents than the quantity of lignin present. Mongold (115) and

Neodman and Stewart (190, 191) have stoma that the decrease in digestibility

of grasses with increasing maturity may be accompanied by rather small in-

creases in the lignin content. As plants mature, the lignin content usu-

ally increases and there is also an increase in the methoxyl content of

the lignin. (156, 147, 148, 149).
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of the dry matter from-51.6 percent in the control period to 43.5 percent

in the supplemented period.

Swift st 31, (177) extended the work reported by Burroughs (33) to .

a comarison of the metabolizable energy and methane production of sheep

fed a basal ration containing 40 percent ground corn ache and the basal

ration plus alfalfa ash. They reasoned that an increase in the apparent

digestibility of dry matter and crude fiber would be of no value to the

animal if there was an increase in methane production corresponding to

the decrease in fecal output. The digestibility of all of the ration

constituents was increased by alfalfa ash supplementation, but the increase

in the digestibility'of crude fiber was the only one found to be highly

significant. The increase in the crude fiber digestibility was accom-

panied by a small increase in.methane production-which was small enough

that the net effect of alfalfa ash supplementation was to increase the

amount of feed energy available to the animal.

Associative Effect of Feeds and Digestibility
 

.Associative digestibility is the term-applied to a change in the

digestibility of a feed when incorporated in a ration with one or more

other feeds as compared to its digestibility when.fed alone. EW1ng and

Wells (65) were apparently the first to use the tenm, "associative digest-

ibility“, when they studied mixed rations composed of corn.silage, cotton-

seed meal, and starch. The coefficients of digestibility for the cottonp

seed meal calculated from.the mixed ration with silage were higher than

the values for cottonseed meal fed alone, but the differences were report-

ed to be not significant. They later (64) investigated rations composed

of corn silage, alfalfa, and velvet bean meal in various combinations and

proportions. In the silage and alfalfa ration, silage and velvet bean
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enly natural feed supplement used. The addition of crude fiber te the ra-

tien in the fem ef eat straw reduced the total amount of protein and ether

extract digested.

Graves 23 _a_]_._. (82) did not conduct digestion trials in connection with

their experiments, but reported what appeared to be very little difference

in efficiency fer milk production of the total digestible nutrients derived

frn the alfalfa and that derived frem the grain, hay, and silage ration.

Fifteen Helstein one were kept en alfalfa hay alene fer twe er three lac-

tatiens and altheugh the cm were unable te censum as much tetal digest-

ible nutrients as in a hay and grain ratien, they were able te.utilise the

nutrients eensmed with abeut the sam efficiency.

Effect of Antibietics en Mibdlity

Many recent reperts have sheen increased gains and accelerated grewth

ef several species ef animals receiving varieus antibiotic supplements.

Sens ef these experiments tend to indicate that a nere efficient utilisa-

tien ef nutrients by the animl are respensible fer the increased growth

er weight gains, but since digestibility comparisens with and without

these supplements have net been made these experiments will net be re-

viewed. Several experiments with different species ef animals have shewn

that certain antibietics have a preneunced effect en the niereergenisns

in the intestinal tract. Since the ruminant is primarily dependent upen

an active nicrebial flera fer efficient digestien ef certain feed cen-

stituents, it seems reasenable that antibieties night affect the digest-

ibility ef these nutrients depending upen the greups ef erganisns that

were nest greatly affected by the antibietic material used.

Bell, lhitehair and Gallup (20,21) studied the digestibility ef a

basal ratien ef prairie buy, cern, seybean eil meal, benemeal and salt
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with three steers. The same basal ratien plus 0.2 gram ef crystalline

aureeqcin hydrechleride wee fed ts three additienal steers, ens receiving

enly aureemycin and twe 45 gram urea plus aureemycin. l‘hs steers were

kept in netabelisn stalls and fed a censtant aws‘mt sf ratien during a

ten-day preliminary and a fifteen-day cellectien peried. The third day

after aureenycin feeding was started twe steers develeped mild snerexia

and diarrhea. About the fifth day all three steers became slightly cen-

stipated with symptens ef bleat and their feces became dry and fibreus.

the effeet ef aureewein en the digestibility sf varieus feed censtituents

by steers is illustrated by nterial in table 7 taken from the data ef

Bell LE. _al. (21).
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“b1. 7e

1m.» of Aureomycin on Digestion Coefficients with Steersl

 

Percent Apparent Digestibility
 

  

Steer 3-Day' Dry Crude Ether Crude NeFree

lo. Period Hatter Protein. Ext. Fiber Ext.
17.... .._—... .._—.._. .._... .._...

all! (Basal Ration)

5 l 69.07 51.93 63.31 66.35 74.91

2 68.38 52.68 $ 58.38 62.77 74.93

3 70.69 55.42 65.94 67.01 76.20

4 69.37 55.15 66.93 65.45 75.40

5 72.67 60.83 71.52 70.60 Z_’I_._9_6_

Ar. 70.04 53.20 65.26 66.44 75.68

3-- (Basal Ration.+ Aureolycin)

l 76.36 65.64 74.63 66.29 81.86

2 63.71 56.27 62.76 49.71 70.48

3 58.00 47.60 66.31 35.88 67.25

4 54.06 45.31 60.50 30.72 63.49

1

and (Basal Ration + urea.+ lured-vein)

6 l 74.58 72.10 71.58 69.98 79.65

2 66.23 67.46 62.77 52.70 73.52

3 63.84 65.05 65.44 51.37 70.20

4 59.53 68.42 67.57 39.78 66.79

5 59.58 67.86 65.13 42.86 66.89

1mm 13-11 33 _._1_. (21).

    

It appears that the west pronounced effect of eureomcin was on the

digestibility of crude fiber which night suggest that it had a detrimental
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effect on the cellulose digesting nicroorgsnisns of the intestinal tract.

the digestibility of the dry netter and crude fiber of the rations was

nrkedly reduced in the latter part of the experiment.

SUMMARY OF IKE REVIEW OF LITERATURE

Digestion trials involving the total collection of feces during a

ten day period of constant feed intake have become a standard method for

determining the digestibility of various feeds.

Several inert materials have bem preposed and studied as a means of

conducting digestion trials by the co-called inert materials "ratio tech-

nique“. A satisfactory inert material should be fully recoverable in the

feces and should have analytical methods available that are easily con-

ducted and accurate. In some instances it would be highly desirable to

have the inert material a naturally occurring constituent of the plant

being studied.

Chroniun, iron, silica, lignin, indigestible nitrogen, certain plant

pigments and various synthetic dyes have been proposed and studied as

inert Interials for use in the ratio teclnique for digestibility studies.

Controversial results have been reported with each of these naterials

that have been studied by independent workers. Chronic oxide has given

satisfactory results for several investigators. he uthod of preparing

and feeding the ehreniun nay be an inportant factor in its successful

use as an inert material with runinsmts. 1lids ranges in the recoveries

of lignin have been reported for various feeds when fed to different

animals and when the lignin analyses nere nade by different methods.

The successful use of lignin as an inert material depends upon a pre-

vieus hailedge of its recovery from the feed in questien and with the

animal species involved. Digestion coefficients calculated from iron
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ratios have been highly variable and in sane cases iron recoveries have

been very low. Unsatisfactory renalts with the silica ratio technique

have been reported when using the naturally contained feed silica and also

when using added anounts of silica. A naturally occurring plant pignent

or groups of pignents have been reported which are fully recoverable in

the feces and have also given satisfactory results when used as an inert

nahrial in digestibility trials with several forages. Only limited con-

parisons have been reported with the plant pignent ratio technique of

studying digestibility. Further studies of synthetic dyes are necessary

.to eveluate their usefulness in digestibility studies. No studies have

been reported in which more than two inert naterials have been studied

in the sens digestion trial using the sane feed and the sane animals.

lignin, crude fiber and cellulose all show high negative correlations

with the digestibility of the dry utter ef feeds. Analysis of feeds for

their content of crude fiber has been criticised because the crude fiber

is ‘net of uniform conposition when isolated fron different feeds and the

distribution of the various constituents between the crude fiber and

nitrogen-free extract fractions varies widely with different feeds.

PLAN OF EXPERIMENT AND “13008 USED

this study was planned to nake a comparison of the digestion co-

efficients deternined with nilking dairy cows fed orchard grass hay cut

at four stages of naturity by the fellowing digestion trial techniques:

(1) fetal fecal collection technique. A

(2) Chroniun ratio technique (total collection). .

(3) Plant pigment ratio technique (total collection).

(4) Lignin ratio techique (total collection).

(5) Chroniun ratio technique (Grab samples).

(6) Plant pipent ratio technique (Grab samples).
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the orchard grass hay used in this study was out from a second growth

that had been previously sprayed with 2,4—D for the control of weeds and

clover. Annoniun sulphate was applied at the rate of 100 and 150 pounds

per acre approximately one nonth and one week respectively, before the

first experinental cutting was nade. ‘rhe different stages of maturity

were harvested at approximately two week intervals as follows:

Stage 1 6 to 7 inches high. (Pasture Stage) Cut May 19, 1949.

Stage 2 8 to 10 inches high. (Late Pasture) Cut may 31, 1949.

Stage 3 10 to 12 inches high. (Early hay) Cut June 14, 1949.

Stage 4 12 to 14 inches high. (Mature Bay) Cut June 27, 1949.

the first cutting was out in the field with a forage field chopper

and the chopped naterial blcu directly into wagons and hauled to the

barn for artificial drying. The last three cuttings were left in the

field for approxinately one day and then windrowed with a side delivery

rake and chopped fru the windrew with a forage field-chopper. All lots

were dried on a slatted floor barn drier with supplemental heat. After

drying, each lot of hay was baled am stored until fed.

Digestion trials were conducted on each lot of hay using three nilk-

ing cows in digestion stalls that permitted mechanical separation of the

feces and urine. fen day proliniuary periods and ten day oxperinental

periods were used for each lot of orchard grass studied. The aninals

were kept in the digestion stalls during the entire prelininary and

exporinental periods except for a daily period of walking for exercise.

The feeding schedule for the various stages of orchard grass hay fed is

given in fable 8 and the conposition of the grain nixturc fed is given

in table 9.
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fable 8.

Animals used and quantities of feed fod during the digestion trials

 

Animal Orchard 55‘“ hay Ho. 86 gain

154 e 20 lbs. 7 lbs.

165 u 25 lbs. 5 lbs.

2408 26 lbs. 9 lbs.

17635 16 lbs. 7 lbs.

* Used with stage 4 hay only.

"I Not used with stage 4 hay.

table 9o

Composition of No. 86 Grain Ilixture

Ground Corn 97 parts.

Bone meal 2 parts.

Salt 1 part.

Chromium oxide was added to tie grain mixture by mixing 15 percent

chromium oxide with wheat flour and baking into a hard bread which was

dried and ground through a media mesh screen in a wiley mill and than

mined with each individual can ration in amcmts that would give daily

intakes of approximately 15 grams of chromium oxide per cow.

The feeding schedule for the different stages of orchard grass hay

is gixen in Table 10.
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Table 10c

Feeding Schedule of the Orchard Grass Hay Cut at Various Stages

 

  

of Maturity

Dates (inclusivg) £31122 Material Fed

1-24-50 to 2—2-50 Preliminary Period Stage 4 Orchard Grass

2.3-50 to 2-13-50 Experimental Period " " " "

2-14-50 to 2-22-50 Preliminary Period Stage 3 Orchard Grass

2-23-50 to 3-4—50 Experimental Period " " " '

3-5-50 to 3-14-50 Preliminary Period Stage 2 Orchard Grass

3-16-50 to 3-25-50 Experimental Period " " " "

3-26-50 to 4-4-50 Preliminary Period Stage 1 " "

4—5-50 to 4-14-50 Experimental Period " " " "

During each 10 day experimntal period daily aliquots of feces sam-

ples were collected in duplicate as follows; (1) dried to constant weight

in a circulating air saqlo drier for daily determinations of dry utter

content and ccmpositod for the 10 day period for chemical analysis. (2)

froscn daily and composited for the 10 day period for determination of the

plant pigment concentration, and (3) lecmpositod in concentrated sulfuric

acid for nitrogen determinations. the samples of the hay fed daily were

collected in duplicate as (1) a 200 gran sample dried to constant weight

for determination of the dry matter content and compositod for the 10 dw

period for chemical analysis, and (2) a daily saaple oomposited as fed for

determination of the plant pigment concentraflon.

two samples of a daily aliquots of the urine were collected in du-

plicate and stored while canposited as follows; (1) frozen daily for

bonsoic acid determinations and (2) acidified daily with dilute (20 per-

cent) sulfuric acid for nitrogen determinations. Daily determinations
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of the specific gravity of the urine and total volume of the urine excreted

were made. Aliquots amounts of milk from each milking were preserved with

formaldehyde and were composited for each 10 day period for butterfat and

nitrogen determinations.

In addition to the daily aliquotes of the feces, 'grab' samples were

taken from two passages daily of each cow on three successive days during

each ton day experimental period. the “grab” amples were taken from two

forcneon and two afternoon passages of feces at approximtely the time of

day that had been shown to give representative concentrations of chromium

and lignin in the feces of previous trials (104). Duplicate smoplos were

dried for moisture determinations and chemical analysis and duplicate

samples were froson as voided for determination of the plant pigment con-

centration with the exception of the stage 4 orchard grass hay. lash

duplicate daily grab sample was handled an! analysed as an individual

eagle designated as “first day partial, second dq partial and third day

partial“ for each stage of orchard grass hay fed. Corrections were made

for the dry matter content of the "grab" sample to the total fecal dry

matter excreted during the ten day collection period.

he dates of collection of the 'p-ab" staples are given in fable

11.
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Table 11

Collection Dates of the "Grab" Samples taken of each Stage

of Orchard Grass Hay
 

 

 

Orchard Grass Dates of Focal ”Grab” Samples

1st day 2nd day 3rd day

Stage 1 Apr. 10 Apr. 11 Apr. 12

Stage 2 Mar. 21 Mar. 22 Mar. 23

Stage 3 Feb. 28 Mar. 1 Mar. 2

Stage 4 Feb. 8 Ebb. 9 Feb. 10

ANALYTICAL METHODS

Proximate Analyses

Proximate analyses of the feeds and feces were made according to the

procedures described by the Association of Official Agricultural Chemists

(7) for crude protein, ether extract, crude fiber, ash and nitrOgen-free

extract.

none

Ligxin was determined by the method of Ellis, Matrone and Maynard

(62). '

Plant Pigments

The extraction of plant pigments in the feed and feces were made by

the method of Reid 33 El: (158) bit a unit was arbitrarily defined as that

amount of plant pigment per milliliter of 85 percent acetone extract that

gave a density of 1.0 with a Bochnam model DU spectroPhotometer when read

in a 1 centimeter cell. Absorption curves of the extracts from the feces

and orchard grass hays were very similar to those reported by Reid 23 2}.

(158) for mixed hay and corresponding feces.



Chromium
 

The method used for the determination of chromium onide was a modifi-

cation of the method of Edin it. 31. (61). Sufficient sample to contain 20

to 40 mgs" of chromium oxide was weighed into nickel crucibles and ashcd

until free of carbon. The crucibles had a volume of 125 milliliters, a

height of 6 centimeters, and a diameter of 6 centimeters. i'ho ashed ma—

terial was fused with a flux consisting of 4 grams of potassium hydroxide,

2.7 grams of sodium hydroxide, and 5.8 grams of a mixturecf 138 grams

(1 mol) of potassium carbonate, 106 grams (1 mol) of anhydrous sodium car-

bonate, 202 grams (2 mol) of potassium nitrate, am 170 grams (‘2 mel) of

sodium nitrate. the total 12.5 grams of the fusion mm. was cums

out and added to cash crucible with precautions to limit the water uptake

of the fusion mixture. The crucibles were then heated on a hot plate until

the mixture became liquid and swirled at 5 minute intervals during an addi-

tional heating period of 20 minutes. ‘lhilc the material was still hot a

nickel wire, 1 millimeter thick and 15 centimeters long and formed into a

spiral at one end, was placed in the fused material. After the mass had

solidified, the crucible was quickly heated with a glass flame to melt the

material around the walls so it could be lifted out with the nickel wire.

The melted material was placed in a 600 milliliter glass beaker, the

crucible was thoroughly washed with warm distilled water, and the washings

transferred to the beaker. rho nterial was then dissolved in 150 to 200

milliliters of water. One milliliter of 30 percent hydrogen peroxide was

added to the solution for reduction of any 6 valont manganese to the 4

valent state. Khan the solution had boiled for one minute, it was filtered

through a sintorcd glass filter fumol into a 500 milliliter flat-bottom

flask in order to remove the precipitated manganese dioxide. Then 8.3
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milliliter of concentrated sulfuric acid and 2.5 milliliter of hydrogen

peroxide (30 percent) were added, and the solution heated to and kept at

boiling temperature for 5 minutes in order to destroy nitrites present.

lhcn the solution had cooled, 2 milliliters of hydrogen peroxide (30 per-

cent) and 34.5 milliliters of 6.75 normal sodium hydroxide were added and

the mixture heated again and boiled for 5 minutes to oxidise the reduced

chromima salts to the chromate. Without interrupting the boiling, 5

milliliters of 5 percent nickel nitrate were added, and the boiling was

continued for 5 minutes longer to destroy the excess hydrogen peroxide.

After cooling, the solution was acidified slowly with 18.3 milliliters

of concentrated sulfuric acid, which had been boiled previously for 4

hours. When the solution had cooled, 10 milliliters of the 10 percent

potassium iodide solution were added and the solution titrated with 0.05

normal sodium thiosulfate using a 1 percent starch solution as the in-

dicator.

EXPERIMENTAL RESULTS AND DISCUSSION

The average daily dry matter consumption of each animl receiving the

four stages of orchard grass hay and the focal dry matter excreted are given

in Table 12. The dry matter consumed in the grain fed each indiwidual cow

is the same for each digestion trial while the dry matter consumption of

the various stages of orchard grass hay varies slightly for the same ani-

mal due to slight variations in the dry matter content of the four stages

of orchard grass hay fed. The chemical composition of the grain and the

four stages of orchard grass hay fed and the corresponding feces for each

animl used in the digestion trials is presented in Table 13. Each
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analysis is the average of at least four determinations secured by making

replicate analyses on A and B samples of each material. The range in the

stage of naturity represented by the four stages of orchard grass hay is 1

indicated by the decrease in protein content from 24.78 percent to 12.58

percent ani the increase in the crude fiber content from 26.88 percent to

35.05 percent with increasing maturity.

The apparent digestion coefficients of the constituents of the total

ratien calculated from the constmpticn-excrotion ratios on samples fron

total fecal collection are given in Table 14. It is evident that there was

less change in the digestibility of the various constituents between the

stage 1 and 2 orchard grass hays than occurred between the stages 2, 5 and

4 orchard grass hays. The apparent digestion coefficients of the various

stages of the orchard grass hay alone were calculated by correcting the

figures for the total ration using the digestion coefficients for corn

reported for cattle by Schneider (161) and are given in Table 15. All of

the constituents of the proxinte analysis have a considerably higher di-

gestion coefficient in the orchard grass hay cut in early naturity than

in the hay out in late nturity.

Digestion coefficients were also calculated for the total collection

sanples using the ratio technique with crude lipin, corrected lignin

(crude lignin - Nitrogen x 6.25), chromium oxide all plant pigments. D1-

gestion coefficients for the inert materials ratio techniques were cal-

culated from the following formula:

Digestion % Inert natorial in Food % Nutrient in Feces.

Coefficient % Inert Material in Feces 7% Nutrient in Feed.

 
 

The concentrations of these constituents in the feeds and feces used for

calculating the digestion coefficients on the total collection samples
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are given in Table 16. The composition of the feces collected as “partial

collection couples“ on three days of the ten day total collection period

and used for calculation of the digestion coefficients by the ratio tech-

niques on the partial collection samples are given in Table 17. Lignin

analysis of the partial collection samples were not made since incomplete

recoveries of lipin were secured with the total collection samples, thus

giving somewhat lower digestion coefficients when calculated by the lignin

ratio technique than when calculated by the conventional total consumption-

excreticn ratios of the various constituents.

The digestion coefficients of the various constituents for each in-

dividual cow when calculated by the ratio technique on the total collection

samples are given in Table 18 and the digestion coefficients for each cow

on each of the three partial collection days calculated by the ratio tech-

nique with chromium oxide are compiled in Table 19 and when calculated by

the plant pig-ant ratio technique are given in Table 20. A culinary of

these various techniques of calculating the digestion coefficients is given

in Table 21, using the average digestion coefficients of the three cows

used with each stage of orchard grass hay. The digestion coefficients

calculated by the chromium ratio and pignent ratio techniques on both the

total collection samples and the three day partial collection samples com--

pare very closely with the standard total collection technique for all of

the constituents of the proximate analysis. Digestion coefficients cal--

culated by the lignin ratio technique using the crude lignin contents of

the ration and feces gave slightly lower digestion coefficients than were

obtained by the total fecal collection technique. The digestion coeffi-

cients calculated by the true limin ratio technique are slightly lower

than those calculated by the crude lipin ratio technique.

a review of the literature on various digestion trial techniques

indicates that previous comparisons of digestion trial techniques have
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not included a comparison of several methods of determining digestion oc-

officients in the some digestion trial. The present study has ado a con-

pariscn of seven different methods of calculating digestion coefficients

with each of four different stages of orchard grass hay fed with a uniform

Inount of grain. A

Analysis of variance by the mthed of Snedecer (169) shows a signifi-

cant difference between these seven methods of calculating digestion co-

efficients. There is a close check, however, between the digestion oe-

effieients calculated by the standard total fecal collection, the chreniun

ratio, and the plant pigment ratio techniques. The results showed that

the fecal recoveries of lignin are smewhat less than 100 percent which

gave lower digestion coefficients calculated by the lignin ratio technique

than those obtained by the total fecal collection technique. lurthor

studies would be necessary to ascertain if the digestibility of lignin

in orchard grass hay is due to differences in the nature of the lignin

isolated fro the feed and feces studied; whether the metabolisn of lignin

in orchard grass hay is different than lignin metabolism in some other

plants; or if lignin metabolism of second growth orchard grass hay night

be different thin that of a first growth of the plant. Satisfactory re-

sults with the lignin ratio nethod of calculating digestion coefficients

have been reported for other rations (62, 69, 71, 103, 178).

The dry utter digestibilitios of the rations containing Stage 1 and

Stage 2 hays were sinilar (Table 21). The slightly higher dry setter di-

gestibility of the Stage 2 hay compared with the Stage 1 hay was accompanied

by a decrease in the lignin content. The stage 2 hay was presumably cut

during the period of the nest rapid rate of growth of the grass. Huffman

(98) has pointed cut that the decreased digestibility of the dry matter
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of plants is believed to be associated with lipification of the cell wall

althoud: the total asnunt of lignin does not appear to be the determining

factor.

The apparent digestibility of the crude protein and crude fiber was.

higher in the ration containing stage 1 orchard grass than in the ration

containing Stage 2 orchard grass but the digestibilities of the nitrogen-

free extracts were similar. Digestibility of the dry nutter, protein,

crude fiber, and nitrogen-free extract fractions decreased progressively

in the Stage 2, Stage 5 and Stage 4 orchard grass .hays.

SUMMARY

A comparison of seven different methods of determining digestibility

coefficients was nado with each of four digestion trials using three milk-

ing cows fed orchard grass hay cut at four stages of maturity e11 a, simple

grain nixturc. The conventional ten day total fecal collection nethod was

used as a standard for comparison with the results of the other techniques.

Chroniun oxide was added to the grain ration as an exogenous inert sub-

stance. Lignin and certain plant pigsents were determined as inert na-

torials normally present in the ration. The concentrations of those three

inert naterials in the ration fed and in the fecal samples taken fron an

aliquots of the total collection were used in calculating the digestion

coefficients by the inert naterial ratio technique. Additional 'grab"

samples taken on three days of the ten day collection period were analysed

and the digestion coefficients calculated on each of these days by the

chroniun ratio and plant pipont ratio techniques. Incomplete recoveries

of lignin with each of the total collection trials made it inpractical to

calculate the digestion coefficients by the lignin ratio technique with

the 'grab" samples.
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Comparable digestion coefficients were secured with the standard ten

' day oonsunptien-oxoretion method and the chromium and plant pigment ratio

techniques when calculated with both the total collection staples and the

averages of three days partial collection or “grab“ samples.

Digestion coefficients calculated by tho crule lignin and the corrected

lignin ratio techniques using the total fecal collection sanqalos were both

sipificantly lower than the digestion coefficients calculated by the stan-

dard consumption-excretion method in these trials.

The change in chemical conposition of the orchard grass hay within-

creasing maturity resulted in a decrease in protein content of from 24.78

to 12.58 percent and an increase in crude fiber content of from 26.88 to

55.05 percent.

Digestibility of the various constituents in the four stages of

orchard grass hay of increasing maturity was; dry natter 69.0, 70.4,

63.9 and 59.4 percent; protein, 65.7, 60.7, 55.4 and 54.3 percent; crude

fiber, 82.5, 78.6, 72.0 and 69.1 percent; and nitrogen-free extract,

89.3, 74.7, 68.0, and 57.3 percent respectively.



1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

67

LITERATURE CITED

Andersen, A. 0.

Die Patternittelanalyse und die Besti-ung dcr Verdaulichhoit

der Futtenittel. Stand. Arch. Physicl., 69:55-58, 1934.

Anderson, A. 0., and L. Frederikeen.

Verdaulichheitsversucho an lilchkuhen. Biodernanne Zentralbl.

{. Agriculturohcnie u. rationellen landwirtschaftsbetr., 5:534,

935.

Anderson, I. 0., and J. I. Iinther.

rord/ elighedsforseg nod Malina/or. 111 On Boots-else af

Ford/jelighcd red Edins saakaldto “Ledkropps Hetedo.‘ Ber.

Forddelab. (Oopenhagcn), 1553117-186, 1954.

Anitage, E. 3., R. Asherth and W. 8. Ferguson.

Determination of lignin in Int naterials of high protein con-

untc Jo SOOo Chin. me. fund”), 678241‘243, 1948c

M'by' H. P.

The Nutrition 35 Farm Animals. The Macmillan Co. New York. 1917.
 

Anstreng, D. G., H. Coo]: amt B. Theme.

The lignin and cellulose contents of certain grassland species

at different stages of growth. J. Ann. Sci., 40:93-99, 1950.

Association of Official Agricultural Chemists.

Official Methods of Anal‘sis ;f_ _th_e_ Association of Official

I'Mcumts. ngton, Flirt—Rm

Axelsson, J.

The scientific basis of starch value. (Trans. title.)

Biedernanns tantralbl. (B) Ticrnahrung. 11:176-m5, 1939.

Seen in abstract only. Nutrition Abstracts a: Revs" 9:762,

1940.

mlsson, J.

Bedoutung und wort der Rohfaser Fur das Futber dos Blades.

Biedernanns chtralbl. (B) Ticrnahrung, 12:414-445, 1940.

11018.01, Jo

The fiber content of the dry utter and the effect of the nu-

triment in the fodder of duestic animle. (Trans. title).

m. Lantbruksakad. Tidsh., 79:334-544. 1940. Been in ab-

stract only. nutrition Abstracts a Revs” 123504, 1943.

Axelsscn, J.

The digestive capacity of runinants. (Trans. title). Bioder-

nauns Zentralbl. (B) Tiernahrung. 143212-2352, 1942. Seen in

abstract only. Nutrition Abstracts & Revs" 12:684, 1943.



18.

13.

14.

15.

16.

17.

18.

19.

21.

68

Anelsson, J.

The analysis and determination of the value of pasture. (Trans.

title). Bvenska Vall. o. Mosskulturf. Ivartalsskr. 5:580-392,

1942. Seen in abstract only. Nutrition Abstracts .9. Boys. ,

153527, 1944.

Arelsscn, J.

The ability of cattle, sheep, horses and swine to digest the

nutrients of the feeding stuffs. Ann. Roy. Agr. Coll. Sweden,

16884.100. 1949c

Amelsson, J.

Connection between contents of nutrients and digestibility of

grassland crops. Kgl. Lantbruks-Bcgskol. Ann., 17:320-541, 1950.

Axelsson, J.. and 8. Briksecn.

Comparison between the accuracies of the direct and indirect

methods in digestion trials with ruminants. Xgl. Lantbruks.-

Bogsk. Ann., 173375-595, 1950.

Anlsson, J., and 8. Iriksscn. -

The availability of the nethod of dotsrnimtion by difference of

the effect of individual feeds. Sons treat-nut of the data of

Mopoan -tabelic experinents with growing pigs. Kgl. Lantbruks-

Hogsk. Ann., 173161-205, 1950.

Anelsson, J.. and A. Kivinao.

Comparison between the accuracies of the direct and indirect

nethods in digestion trials with wethors. Acts Agr. Scandinavica,

132829290, 1950..

Baker, P., and 8. T. Harries.

Microbial digestion in the runen (and caocun) with special refer-

once to the decomposition of structural cellulose. Nutrition

”MOt. & Mo. 1783-12. 1947c

Barnicoat, c. R.

lsti’tion of apparent digestibility coefficients by neans of an

inert “reference - substance”. R. Zeslend J. Sci.- Tech” 27:

202-212, 1945.

"11, no Co, Co Xe “itch“: m We Do Gallup.

The effect of enrocuycin on digestion in steers. J. Animl Sci. ,

9:647-648, 1950.

311. M. 0.. Co I. maul, m '0 D. G‘n‘w.

The effect of aurecnycin on digestion in steers. Proc. Soc.

3131:. 3101c “do. 768284-286. 1951c

”’91.. 01“.

Intestinal Chenistry. Iv. A nthod for tb study of food utili-

$‘u.n or “‘CUtiulitYo Jo ”Clo M, 70829-34, 1926c



25.

24.

25.

26.

27.

51.

52.

33.

34.

69

Bergoin, Olaf.

Intestinal Chemistry. 7. Carbohydrates and calcitnn and phos-

phorus ntabclisn. J. Biol. Chem, 70:55-45, 1926.

Bergein, Olaf.

Intestinal Chemistry. '1. A nethod for the study of absorption

in different parts of the gastrointestinal tract. J. Biol.

Chen.,70:47-50, 1926.

Bargain, Glue

Intestinal Chemistry. VII. The absorption of calcium md

phosphorus in the small and large intestines. J. Biol. Chen. ,

70:51-58, 1926.

Blather, I. L. and H. R. Mitchell.

The factorization of the protein requircnents of runinants and

of the protein values of foods, with particular reference to

the significance of the metabolic fecal nitrogen. J. Animal

Sci., 7:351-372, 1948.

Bondi, Ac Ho and Ho Meyer.

On the chemical nature and digestibility of roughage carbo-

Wake. Jo Agr. 5°1o, 332123.128. 1945c

Bendi, ‘e He ‘nd Ho layer.

Lipins in young plants. Biochem. J., 43:248-256, 1948.

”hi“, '0 He

The apparent digestibility and nutritive value of beardloss

wheatgrass at three stages of maturity. J. Agr. Research,

618471-479, ”40o

Burroughs, 1., Horns A. Frank, P. Gerlaugh and R. H. Bethke.

Prelininary observations upon factors influencing cellulose

digestion by runen microorganisms. J. Nutrition, 40:9-24,

1950.

Burroughs, W., L. 8. Gall, P. Garlaugh and R. 11. Bethke.

The influence of casein upon roughage digestion in cattle

with runen bacterial studies. J. Animal 801., 9:214-220,

1950.

WN‘hI, '0, m P. GCPICllgh.

The influence of soybean oil neal upon roughage digestion

1‘ OQttICe Jo m1 8°1o, 883-8, 1949c

Burreudls, '0. P. Gorlaugh and R. M. Bethke.

The influence of alfalfa hay and functions of alfalfa hay

upon the digestion of ground corncobs. J. Animal Sci., 9:

207-213, 1950.

Burroughs, m, P. Gerlauai, B. H. Edgingtan and R. u. Bethbe.

Further observations on the effect of protein upon roughage

digestion in cattle. J. Animl 801., 8:9-18, 1949.



55.

56.

37.

59.

41.

42.

43.

44.

45.

<70

Burroughs, m, H. G. Hoadlcy, R. l. Rothko, ad P. Gerlcugh.

Cellulose digestion in good and poor quality roughages using

an artificial runsn. J. Animal Sci., 9:513-522, 1950.

Burroughs, m, J. Long, P. Gorlaudi and R. It. Bethke.

Cellulose digestion by ruin nicroorganiaes as influenced by

cereal grains and protein rich foods eon-only fed to cattle

using an artificial rinse. J. Aninl 901., 9:523—550, 1950.

M‘, Re. 301“ Mo 01”“. “W Lo “0153““ ‘3‘ no Go O'len.

The use of chromium sesquioxido to nsasure the digestibility

of carotene by goats and cows. J. Agr. Sci., 41:179-186, 1951.

“19"., Ho re, Ho ‘o newt, Jo Re ”Claw and Ao B. “One

The nutritive value of tinothy hay at different stages of na-

turity as compared with second cutting clever hay. J. Dairy

Sci., 52:659-664, 1949.

Connittcc of American Societies of Agronomy, Dairy Science, Aninal

Production, and Range Management.

Report on pasture cm range research technique. Dance. 1950.

“.k, Co '0' “d L. E. mrile

A comparison of the lignin ratio technique and the chrcnegen

nethed of deter-ining digestibiliw and forage censmapticn of

‘8'.” mg. ’1.th by IbCPe Jo m1 801., 108565-573, 1961c

Germ. Jo I.

Unpublished thesis, Univ. of Kentucky, 1947. Cited by Forbes,

R. 11., and l. P. Garrigus. J. Animal Sci., 7:575-382, 1948.

arm, JO 3., m R. I. hrh'O

Dye as a reference nterial for deter-lining the digestibility

of a ration with lanbs. J. Animal Sci. , 10:574-580, 1951.

Cranpton, I. 'o

Pasture studies. m. The nutritive value of pasture herbage.

Bone problems in its ostinaticn and one results thus far ob-

tained at llacDonald College. Sci. Agr., 19:545-557, 1939.

Cranpton, I. W. and I. R. c. Jackson.

Pasture studios. m1. Seasonal variation in chemical ocu-

positicn of pasinre herbage an! the relation to its digesti-

bility by steers and sheep. J. Animal Sci. , 5:555-339, 1944.

crqm. to we Md Lo no L1.ydo

Studies with sleep on the use of chronic oxide as an index of

digestibility of ruminant rations. J. Nutrition, 45: 519-527,

1951.

crqm. 3. '0 ‘m L. A. “ward.

The relation of cellulose and lignin content to the nutritive

value of m1 feeds. J. nutrition, 15:383-595, 1938.



47.

51.

52.

53.

54.

55.

56.

57.

Cranpton, s. I. and 1". Ihitisg.

A reposcd scheme of feedingstuffs analysis. J. Animal Sci.,

2: 78-284, 1942.

Osenka, P. A. , M. Phillips and D. B. Jams.

Studies on lignin ntabelisn. J. Biol. Chem, 85:65-75, 1929.

Daniel, 1'. I., r. B. Iolberg, V. L. lillcr, J. H. Alswager, II. I.

lnsninger, ani A. A. Bpielsln.

Chemical composition and digestibility of flat pea forage in

three stages of naturity. J. Animal Sci., 5:80-86, 1946.

Defle, R. 3., C. 0. min-r am I. L. Lindahl.

Apparont digestibility by .h..p .r 1191; in (dehydrated) 1...

and line been 1m... J. Agr. Research, 74:285-288, 1947.

M“. Jo no. Do Vs [0’1“ m Re Re Gr‘WIo

Yield, chenical composition, and feeding value for milk pro-

duction of alfalfa hay cut at three stages of maturity.

UoSoDo‘o 2.th Bulls 759, Gate 1940.

um. r. J.. “d J. G. 9.3qu

Ligain in grass (with special reference to the nitrogen present

in the lipin preparation). Rec. Trav. Chin. Pays-Bas., 69:

270-276, 1950.

makflr‘. Io Do I

The digestibiuty and feeding value of artificially dried grass.

(Trans. title). Versl. handbook. Ondcrsook., 1949. Been in

abstract only. Nutrition Abstracts a: Revs., 20:208-209, 1950.

mikltr‘. Io Do ‘Id 3. Denver.

Digestibility and feeding value of grass newed at different

periods. Verslag. Landb. 0ndersoek., No. 45, C, 1-45, 1939.

Dr‘”1‘g 'e Jog Le co my.” “d lo Io mm.

Pasture Studios. Inn. The effects of maturity of the lent

and its lignificaucn and subsequent digestibility by Is

as indicated by netheds of plant histcleg. Sci. Agr., 27:

56-41, 1947.

Bruce, 3., and J. 8. 'Iillcox.

The application of nsdifiod procedures in digestibility studies.

hpire J. Bxpt. Agr., 17:188-192, 1949.

kanrth, J.

A statistical c-parisen of the influence of crtslc fiber on the

dipstibility of roufilage by bos indicus (sobu) all has taurus

cattle. mp. Agr., (trams), 23:4—8, 1946.

Bunlcp,A.A.,andl.R.0eup.

The nutritive value of panpas grass (Certaderia Sellcana),

s. mam J. 3.1. 90.11., 321.21.“, 1951.



59.

60.

61.

62.

63.

67.

69.

72

m, n.

Orienterande forsek over on pa lodkroppspincipon grundad noted

att bests-n en foderblandnings maltbarhet. ledd. Ir. 105

191:. Centralanst. Per Porscksvasendot pa jordbrukscnradot.

Bdin, B.

Fortsatta forsek nod indirekta pa 'ledkroppsprincipen' grundado

netodcr for bestanning av fodrets snaltbarhot. Centralanst. P.

Forsoksvas. pa jordb.-onr. lcdd. 309:1-79, 1926.

Min, He, Go “On and So Fordfeldt.

A Wind description of I'Edin'e indicator utbd" for the

deterninatlcn of the upstibility or foods and feed nixturos.

8111s, 9. H., G. Matrons and L. A. Kaynard.

A 72-poreent 32804 method for the deter-instion of lipin ad

its use in aninal4nutrition studies. J. Aninl Sci., 5:285-297,

1946.

lrikkssen, 3o

Digestion experi-nts with dried best food nixture. Ann. Roy.

we c.11o ”d011, 168167-178, 1949c

m, P.V.andr.H.Slifl1.

Digestibility of corn silage, velvet-bean meal and alfalfa hay

when fed singly am in ccnbinaticns. J. Agr. Research, 13:

611-618, 1918.

”1“, Po 'o and Co ‘o “llIe

The associative digestibility of corn silage, cottonseed neal

and starch on steer rations. Ga. Agr. Bxpt. Sta. Bull. 115,

1915.

Ibrguscn, I. s.

The digestibility of wheat straw an! wheat straw pulp. Biochen.

J., 56:786-789, 1942.

Forbes, R. I.

Sons difficulties involved in the use of focal nitrogen as a

unsure of dry utter intake of grazing aninls. J. Aninl

801., 8819-23, 19‘9o

Forbes, I. B., R. 1. Elliot, 2. I. Swift, I. R. Janos and Vivian

P. Smith.

Variation in dotsrninations of digestive ospacity of sheep.

Jo m1 301e, 58298-305, 1946c

Forbes, no Ivo u 'e rs Mi‘qu

The digestibility and notabelisability by lanbs of a standard

ration of alfalfa md corn and one containing cottonseed hulls.

Jo we R’Mh,788480-488,1949e





71.

72.

75.

74.

75.

78.

77.

78.

79.

80.

81.

7%"

Forbes, Re lo M 'e Po “riflUo

Sons relationships between chuical cenpcsiticn, nutritive value,

and intake of forages grasod by steers and wethers. J. Aninl

“1o, 98354-362, 1950.

hrb., a. no, “d '0 PO Guts-“.0

Sons effects of forage conpositien on its nutritive value wbn

out and fed green to steers and waiters, as dotsrnined conven-

genally and by the lignin ratio. J. Animal Sci. , 9:551-559,

50.

Forbes, B. 8., and R. I. Swift.

Conditions affecting the digestibility and tin ntabolisablc

energy of feeds for cattle. Pa. Agr. kept. Sta. Bull. 452,

Sept. 1948.

Foster, 1... and L. A. Merrill.

Alfalfa or lucernc: The cutting tin. Its feeding value.

Utah Agr. mt. Sta. Bull. 61, 155-214, 1899.

Francois, A.

The error connitted in the calculation of the forage value of

a composite nutrient as a function of errors frcn chenical

myu.c Ana Agra" 198‘52-465, 1949c

Francois, A... A. I. Leroy and Genevieve Levy.

The fate of uthexy groups during digestion of pectin and

lipin by runinants. Ccnpt. rend. , 252:1325—1525, 1951.

5‘11", '0 D. .

The digestibility of the proteins of sons cottonseed products.

J. Biol. one... 76:45-53, 1921.

«11". '0 DO

A note on the deter-nation of the digestibility of protein

by Borgein's ’tbdc Jo 31.1e chem, 818321-324, 1929.

Gallup, '. D. , and B. l. Briggs.

The apparent digestibility of prairie hay of variable protein

content, with some observations of fecal nitrogen excretion by

steers in relation to their dry _ntter intahs. J. Animl Sci.,

7:110-116, 1948.

9‘11", no Do, as 8o KCbe m no 11. Briggs.

The use of silica as a reference substance in digestion trials

with ruminants. J. Animal Sci., 4:68-71, 1945.

Gallup, I. D., and A. H. Kuhlnan.

A relifinary study of the determination of the apparent di st-

ibglity of protein by nodifiod procedures. J. Agr. Ibsearc ,

42:665-669, 1951.

6‘11", I. Do, and ‘0 E. Kth’n.

The conpcsition and digestibility of nnng-besn silage with obser-

vations on the silica-ratio procedure for studying digestibility.

Jo “to B‘.O&1°Oh, 523889-894, 1956c





82.

83.

84.

85.

86.

87.

88.

89.

91.

92.

93.

74

G’MC, Re Re, Jo no mu, Do 'o ”P1“, ‘o Lo Ktt and Ac Go

Van Horn.

Feeding ccws on alfalfa hay alone. U.S.D.A. Tech. 3111. 610:

1-46, 1938.

any, ’0 Vs

The digestion of cellulose by shop. The extent of cellulose

digestion at successive levels of the alinentary tract. J.

Expt. Bic1., 24:15-19, 1947.

Hale, E. 3., C. 1'. Duncan and c. F. Baffin.

Rtmn digestion in fine bovine with sons observations on the

digestibility of alfalfa hay. J. Dairy Sci., 25:955-967, 1940.

Ellmrth, Es Go

The relationship between the crude fibre content of pasture and

other feeding-stuffs and their digestibility and starch equiv-

alent. J. Agr. Sci., 59:254-258, 1949.

“run, To So, H. He Nimbll ma we Ge Immo

The digestibility and notabolisablc energy of soybean products

f0: cheep. Illo A‘ro EIPt. Stays Bulls 303, 1928c

Hamilton, T. 8., H. R. mtclell, C. B. Kick and G. 9. Gannon.

New mthcds tested in digestion ‘ln-ials. 41st Ann. Rpt. Ill.

me We Sta” 119-121, 1927-28e

”'1”, In. re, “d ‘e Ge NOMo

The differentiation of henicolluloses. Ind. Eng. Chem, 24:

1190-1194, 1952.

Hcaddcn, I. P.

A study of alfalfa and some other hays. Colo. Agr. Bxpt. Sta.

Bull. 39, 1897.

3.11.15 vo’ Go, 0. Ho Breedl.” am 'e uhlyo

A cenparisen of the Bergein and standard nethods of detcrnining

coefficients of utilisation with suggested nedifications. J.

Biol. Chem, 79:275-282, 1928.

Wherg, Jo 'e Jo Cd Fe Steinem.

Beitragc sur Begrundung eincr raticnellen Futtorung dcr

loiderkancr. Braunsclweig, Hofta 1 uni 2, 1860-1864.

hsnb, T.

The connection between the content of lignin and digestibility

in animl feeds. (Trans. title). Borges landb'rukshflgsk.

rumummfi.smchnm,m«.Sunuamuutmn.

lutriticn Abstracts d: Reve., 19:470, 1949.

mm, as P.

Reughage quality and quantity in the dairy ration, a review.

J. Dairy Sci., 22:889-980, 1959.



94.

95.

97.

98.

100.

101.

102.

103.

104.

75

Hungato, R. E.

The anaerobic neeoPhilio collulelytie bacteria. Boot. Revs.,

1411-49, 1950.

Bvidsten, H.

layerinents with cellulose for ruminants. (Trans. title).

11.14. lorges WMMgsk. 26:615-234. 1946. Seen in ab-

stract only. Nutrition ibstruts a: Revs., 17. 265, 1947.

Irwin, I. 1., and B. W. Orupten.

The use of chronic oxide as an index naterial in digestion

trials with Int-an subjects. J. nutrition, 43:77-86, 1951.

Jacquet, R.

L‘indigestible glucidique ot 1'abserption intestinale.

Application aux techniques analytiques do 1a chinie alinentaire.

Report to a conference held on 10th Jan. 1946. Lab. Bieehen.

Hut. , 0.].R.S., Seen in abstract only. Nutrition Abstracts a:

Revs” 181230, 1948.

m1. ’0

The offset of the content of plant fiber on the di stibdlity

and the nutrient value of northern types of hay. Trans.

title). Nerd. Jerdbrugsforskning. 2031-32, 1938. Seen in

abstract only. flutritien Abstracts a: Rovs., 9:222, 1939.

J"). F.

'The accuracy of Edin's indicator nethed fer digestibility

egnrinents. Kgl. Iantbruks. Bogshcl. Ann., 183785-788, 1949.

Julg r.

Digestibility trials with cattle. 2. Hay, fodder, roots,

oilcsbes and other foods and hay fren harvesting trials at

mayo. Kgl. Lantbruksho gsk. Stat. Euedjursforsok Medd.

“Co “81.60, 1950.

Jones D. 8.

factors for converting percentages of nitrogen in foods and

feeds into percentages of protein. 0.8.13.1. Ciro. 183, 1981.

Kane, 3. 1., l. c. Jacobson and L. A. lbcre.

Digestibility studies on dairy cattle: A comparison of the

total collection methods: Conventional versus chromium oxide

and lignin techniques. J. Animal Sci., 8:623, 1949.

lens, I. 1., '9. c. Jseobsen and L. A. Moore.

A oonpariscn of techniques used in digestibility studies with

dairy cattle. J. lutrition, 41:583-596, 1960.

Kane, 9. L, l. G. Jacobson and L. A. Moore.

Diurnal variation in the excretion of chroniun oxide and

lignin. J. Nutrition. In press.



105.

108.

107.

108.

109.

110.

111.

112.

113.

114.

78

m“, Ge 3., I. Be 30”.? m Ge 3. Katha.

23pmn experincnts with wethors. Wye. Agr. Expt. Sta. Bull.

. O

m“. Jo 0., E. Io “for m Re I. Hedgson. ‘

The determination of apparent digestibility by ndifiod pro-

cedures. Pr”. 21st Ann. Meeting Western Div. her. Dairy

Sci. Assoc. 47-50, 1935.

m“, Jo Co. He Io h”? u Re R. H.d:.°ao

The deterninaticn of the apparent digestibility of green and

cured grass by nedifiod procedures. J. Agr. Research, 53:

556-568, 1986.

Ireula, I. 8.

Absorption of carotene fren carrots in nan end the use of the

quantitative chronic oxide indicator nstlnd in absorption or.-

peri-nts. Biochem. J. , 413269-273, 1947.

momr. R. J.

The neasuronent of food intake by casing cattle and sheep, I.

A uthed of calculating t1. digestibility of pasture based on

the nitrogen content of feces derived from the pasture. ll.

Zealand J. Sci. Tech., 311331-38, 1949.

LUGWI‘. I. J.

letabelin trials with New Zealcrd feeding stuffs. IV. he

relative sipifioanee of lignin, cellulose and crude fiber in

the eIaluatien of foods. I. Zealsnd J. Sci. Tech., 251215?-

61, 943.

Lancaster, 2. J.

Estinatien of digestibility of graced pasture fren feces

“trOCQe lature, 1638850-331, 1949.

Lloyd 1». I.

‘I'he use of chronic oxide as an index of digestibility .: the

dry not-tor of a hog ration. Unpublished data, llaeDoncld college,

Cited by Graspten, E. 1., ad L. 3. Lloyd, J. lutritien, 45:319-

327' 19510

1‘“, J. G.

The relative digestibility of the constituents of the carbo-

mdrate couple: of grasses at successive stages of growth with

reference to their partition into crude fiber end nitrogen-free

extract ascending to the standard nethed for feeding stuff

analysis. Onderstepeert J. Vet. Sci., 173186-179, 1941.

llaeDeugall, D., and I. A. Deneng.

a study of nothods for the extraction of nitrogenous nterial

fren plants with particular reference to absequent detoninap

tion of the lignin oentsnt. Can. J. Research, 3.28.457-483, 1948.



115.

118.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

”Id, Be

The digestion and utilisation of crude fiber. lutrition.Ab-

streets a Rovs., 33647-666, 1934.

Harshall, R. A.

The digestion of pontosans in hay by sheep. Brit. J. lutrition,

331-2, 1949.

um”, Go, Go He 31118 and Lo ‘e IGMe

A nedified Noreen-Jenkins nethed for the deteminatien of cell-

u1ose and its use in the evaluation of foodstuffs. J. Aninl

Sci., 63306-312,1948.

[tyne-e, Bo. u no Tiberie.

Die nethoden dor analyse bei verdaulichheitsversuchen und die

sieh daraus ergebcnden variationsn der verdauliehkoitsheoffi-

sienten der rchfaser in den Puttemitteln. z. Tierernahrung

htternittelk" 8382-96, 1944.

“11" R. A.

Digestion of straw by the ruminant. Biochen. J., 363392-399,

1942.

Ideally. R. 4., and A. T. Phillipsea.

Digestion in tin runinent. Biol. Ben, 19341-54, 1944.

leBee, 8. He

The anaerobic thernephilic cellulolytio bacteria. Bast. Revs.

14361-63, 1960.

leculleugh, 11., B. P. Elliot and G. 11. Bastin.

Use of the chrenegen(s) technique in the deterninatien of

seasonal changes in digestibiliw of dry latter and protein

of pasture herbage. J. Dairy Sci., 343494, 1961.

“Ohm. Go P.

A note on the relationship between crude fiber afi tin digest-

ibility of organic utter. I. Zealafl. J. Sci., Tech. 26A3l32-

163. 1943.

Hills, 1. A.

Alfalfa, or lueerno. Utah Agr. But. Sta. Bull. 44, 1896.

litehell, H. H.

Theevaluation of foods on the basis of digestible and

netsbolisablo nutrients. J. hinal Sci., 13169-173, 1942.

Iorri‘son, LB.

reeds endlhe82%. 21st Edition. Ithaca, 1.1., lbs lorrisen

P56125351} 948.

“01", no '0. 3. 8e GM”, L. D. $11 “ A. D. M“.

A study of its digestibility of a ration fer steers. 111.

We ”to Sta. Bulle 172, ”14o



128.

129.

150.

131.

132.

153.

134.

135.

138.

137.

138.

139.

140.

78

Hm, I.

Beitragc sur lentnis der Vordauliehheit der pflsnslishon

Behfaser and ihror Bestandteile. xtschr. Tierernahrnng

Futternittelk., 33193-246, 1940. ‘

lowlandor, J. 4., B. B. Bllonbsrgcr, 0. ll. Canburn and C. H. Jones.

Digestibility of alfalfa, tincthy, and soybeans as silagos and

“ 11‘er Vte mo Expt. .St‘e mlle 450. 1958e

leller, C. 11., D. L. 8111 and B. s. lnndquist.

Observations on the use of the chroncgen technique in detornining

forage consumption of lilting cove. J. Aninl Sci., 10 31072,1961.

nordf.1dt, Se. Io 1"“, Re ”’1“. Le ‘e m and m. Xe 8. 1'01.

Influence of crude fiber in the ration on efficiency of feed

utilisation by dairy cows. J. Dairy Sci., 33:473-486, 1960.

lerdi’eldt, 8e. 0o Svenborg ‘m Go 0180"”.

Analysis of crude fiber. Acts Agr. Suoeana, 33136-177, 1949.

llornan, A. 6.

The composition of crude fiber. J. Agr. Sci., 263629-640, 1936.

19m, A. G.

CICIII. The composition of forage crops. 1. Bye grass. (western

welths). Bloch... J., 3031354—1362, 1936.

Hernan, A. 6.

The association of xylem with cellulose in certain structural

eelluloses. Biochen. J. , 3032064-2072, 1936.

I‘m. ‘e Go

The Biochemis%wof Cellulose, n. Polyfldos, g, etc.

We a are enes,

lornan, A. G. '

Bieohuioal approach to grass problems. J. Amer. Soc. Agron.,

313761-760, 1939.

I‘m‘. Ac Go “a. We Be Fuller.

Cellulose decenpesition by nicroorganisns. Adv. in anyfllegy,

Hanan, A. a. and S. H. Jenkins.

The deternination of lignin. II. Errors introduced by the

presence of proteins. Biochen. J. , 2832183-2168, 1934.

Olofsson, 8.

lot energy content of pasture and tin relationship between

crude protein content and feeding value. Svenska htes 0.

Vallforen. Arsskr. 333133-148, 1938. Seen in abstract only.

lutrition Abstracts am Revs. 83882, 1939.



141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

79

01.0,». ’0 Bo, 'e Ho Peter.“ Ed. Eo Co made

Effect of 11min on fernentation of cellulesio anterials. 1nd.

lng. Chem, 2931026-1029, 1937.

Olsson, 1L, G. Kihlon an! I. Cagoll.

Sultberhetsforsok nod hastar. Lantsbrukshegskol. Bncdjnrs-

fcrseksanstalt. lledd. 36, 1949.

Palohoine, L.

Die Yerwendung der Saurehydrolyse sur Ligainbestimg.

Biochn. 2., 1663463—484, 1925.

Palohein, L.

Beitragc sur Ligeinbssti-sung nit Saurehydrolyse. Bieohen. z. ,

2143161-174, 1929.

P”, Jo 3., m 'e to "hue

Pasture studies. mIII. Effect of lignin content and of stage

of naturity of dry clover forage on the urinary excretion of

aronatic acids by sheep. Sci. Agr., 28339-46, 1948.

Phillip. ll.

The,quantitative determination of nethoxyl, lignin and eellu-

1... 1‘ Plat ”uri‘lo Jo “DOCe Off. l‘ro Me. 158118-131,

1932.

Phillips, L, Be Le mu. m H. De W811”.

Ccnpesition of the tops and roots of the tincthyplent at successive

stages of growth. J. Agr. Research, 843 633-646,1’1942.

Phillips, l., and II. J. Goes.

Conpesiticn of the leaves an! stalks of barley at successive

stages of growth, with special reference to tin fornation of

lipin. J. Agr. Research, 613301-319, 1936.

Phillips, L, l. J. Goss, B. L. Davis and H. Stevens.

Composition of the various parts of the cat plant at successive

stages of growth, with special reference to the fornation of

lignin. Jo “to Research, 598319-366. 1939c

Philli s, 11., H. Woihe, D. B. Jones on! P. A. Cscnka.

Thedouethxylation cf 11min in the animal body. Proc. Soc.

lxptl. Biol. lied., 263320-321, 1929.

Phillipl, 1'. Go and I. Be Leughlin.

Composition and digestible energy of hays fed to cattle. J. Agr.

Research, 783389-396, 1949.

Bathnew, H. D.

chr dos Yerhalton dos Eisens Hahrung Wehrond der Pausenverdaueng

dos Sohafes. Inaug. Diss., Munich, 1938.



153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

201d, Jo To

Evaluation of roughages by chemical and biological none.

Free. Cornell Nutrition Conf., 67-68, 1960.

Reid, J. T.

Personal Coummieatim. 1962.

Reid, Jo To. Po Ge MOIfOIk, We ‘s Hardisen, Ce no Martin, ‘e Lo

Mtg. Old Re 'o Immune

A procedure for nsasuring the digestibility of pasture grass

under grazing conditions. J. Dairy Sci. , 343494, 1961.

3.16.. Jo to. Po Ge WOOIfOIk, 'o L Hardinn, Co E. Martin, ‘e Lo

Brundagc and B. I. Imfnann.

A procedure for measuring the digestibility of pasture forage

under grasing conditions. J. Nutrition, 463266-269, 1962.

bid. Jo To. Po Jo "001:0“. C. no mfl‘rdlp Jo Kc 1.9811, Io Lo

Turk, J. 1. Miller and R. E. Blaser.

A new indicator nethcd for the deter-nation of digestibility

and c;nsunption of forages by runinants. J. himl Sci., 83

36, 949.

n.1d, Jo To, Po Go “001:0“. Co no ”ands, Re 'o hm. Jo Io

Leesli, K. L. Turk, J. 1. Miller and R. B. Blaser.

A new indicator nothcd for tln deterninaticn of digestibility

and consumption of forages by runinants. J. Dairy Sci., 333

60-71, 1960.

Bitter o. J.

Chamistry .3 ma. vn. Relation between nothewl and 13pm

in wood. Ind. Eng. Chen., 1631284-1268, 1923.

881311, 8e 00g Co Co m.‘ a Go 'o “MRI-1o

hporinnts relating in the tin of cutting alfalfa. Bans.

mo mt. Sta. Tech. Bills 15, 1925c

Schneider, B. B.

Foods of the mrld, their Di estibili and 3133931“.

Urgent-own, '. '75., W. gr. . a., .

Schneider, 8. B. an! H. B. Bllenberger.

Apparent digestibility as affected by length of trial and by

certain variations in the ration. Vt. Agr. szt. Sta. Bull.

270’ 1927.

Schneider, Be 11., “d as Ice “file

in. nanitude of certain sources of variability in digestibility

data. J. Ani-l Sci. , 93604-612, 1960.

Schneider, 3. a., n. L. 1...... any Ann Cipelleni, us 3.1.1: 13.

Paleoh.

Tb prediction of digestibility for which there are only prox-

inate composition data. J. Aninal Sci., 11377-83, 1962.



165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

1-73.

176.

81.

Schneider, B. a., H. L. Lucas, Helen M. Pavloch and Dry A. Cipolleni.

The value of average digestibility data. J. Aninal Sci., 93373-

379’ 19w.

Schneider, B. B., B. L. Lucas, Helen ll. Pavleoh ani Mary A. Cipolleni.

Estimation of the digestibility of feeds fron their proxinate

conpesiticn. J. Animal Sci., 103706-713, 1961.

881113011, ‘o Fe, Lo E. “01d fid Ee We cmuno

The use of chronic oxide as an indocx for deternining the digest-

ibility of a diet. J. Nutrition, 413629-636, 1960.

Skulnwski, J., A. Saynanski lid 1. Wyssinski.

Praktisch Anwendung einer neuen, der sogenanntcn “qualitativen‘

odor Indikatcr-Methode sur Besti-suq dcr Verdaulich‘neit dos

Putters. Ber. Landw. Porschungsanst. dos General-gouvernenents.

1376-104, 1943.

Snedecer, G. W.

Statistical Methods.
P

The Iowa State College Press, Anes,1cwa.

3.3.1. J.
931.31.. .3 natm'ity c. the nutritive 1.1.. .3 313.3, second .331

third cuttings of irrigated alfalfa. J. Agr. Research, 353361-

395, 1927.

303018, J.

The chenical conpo sitien and nutritive value of cereal lays as

«3.3.3.3 by plant nun-13y. J. Agr. Research, 643399-416, 1931.

Sotela J.

The chuical composition and apparent digestibility of nutrients

in crested wheat grass harvested in three stages of naturity.

J. Agr. Research, 61:303-311. 1940.

Setela J.

The chemical cenpesition and apparent digestibility of nutrients

in not trons grass harvested in three stages of uturity. J.

me Research, 638427-432, 1941c

m1... Ge 3., ”d '. Eo Dinusson.

A cenparisen of the relative accuracy between seven-day and

ten-day collection periods in digestion trials. J. Animl Sci.,

103244-260, 1961.

Steonsberg, V. and J. B. Iinther.

Digestibility trials with lucerne, and nsal of fresh lucerns and

“1' 333.313.3131.). Forsfgsleb. K/benhavn 9.3.333. 11.. 250.1-

12 , 1 60. Seen in abstract only. Nutrition Abstracts a: 8v»,

213208, 1961.

Swanson, B. 1., andB. A. Harm.

n3. digestihllity of Korean lospedesa hay and ground Korean

lespodesa seed for dairy heifers. J. Dairy Sci., 273263-268,

1944.



177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

82.

S'ift, Re 'e, Re Lo “m, Go Po mron, Xe He Maddy “d Be Co Gnae

The effect of alfalfa ash upon rcudxage digestion in sheep.

J. Aninal Sci. , 10:434-438, 1951.

Swift, R. 1., E. J. theater, A. Black, J. 1'. Bratsler end I. E. James.

Digestibility of rations for ruminants as affected by proportion

of nutrients. J. Animl Sci. , 63432-444, 1947.

m.. BO. “d D. G. “mug.

A study of some netheds at present used fer

0: 11m Jo “to 301e, 398335-346. 1949o

the determination

m.m0d, 3. Jo, and Re Jo M0113.

Geroal hay production in Intern Australia. II. the influence of

tin of cutting on the chemical oolpcsitien and digestibility of

m‘t “a ...t' “Ye Jo We We ““13” 21841-51. 19“o

Virtanen, l. Io

Ciud by Oman. ‘e 'o and Le Ee ”Cfie

319-327, 1951.

J. Nutrition, 45:

Iatson, 0. J. , J. A. Cambell, I. ll. Davidson, 0. H. Robinson and

G. I. [“115

Digestibility studies dth rxuinants. VIII. Associative di-

gestibility of hay and grains. Sci. Agr., 223250-270, 1941.

“teen, 0. J., J. A. Campbell, I. ll. Davidson, 6. H. Robinson and

' Go we mro

Digestibility studies with ruminants. Ix. Associative digest-

ibility of 3 wheat bran, gluten feed, and soybean oil noel.

Sci. Agr., 22:561-570, 1942.

Iatsen, O. J., I. ll. Davidson, J. C. Woodward, c. H. Robinson and

Ge 'o mire

Digesfibility studies Iith rulinants. Y.

ibility aung roughages am succulent feeds.

175-192, 1939.

Associative digest-

801. me, 208

“tun, 0e Jo, Jo ‘o M13011, We no ”man, as H. Rmun 3“

G. I. Hair.

Digestibility studies with runinants. VI.

gestibility of grain" barley, eats an! oil cake.

201238-253, 1939.

Associative di-

301. m‘0

“tun, 0. Jo. Jo 'e I‘M, 'e no mm’n. 0e no Robinson m

Ge 'e Mr.

Digestibility studies with ruminants. 1.

effects of the roughagos, tinethy and alfalfa, with barley.

Agr., 271175-182, 1947.

Relative associative

8.1e

loom, H. Be

the role of cellulose in nutrition. Biol. Rev., 5:275-296, 1930.



  



188.

189.

190.

191.

85.

Woodman, H. 3., R. E. Evans and D. B. norm.

lutritivo value of luoerne. 1. Preliminary studies of yield,

Wflitin' and mus-t1” "1“.e Jo Agr. $01e. 238419-”. 1933.

mm. He 3., Re no N Gui Do Be Home

Nutritive value of lucerne. II. Investigations into the influence

of systematic cutting at three stages of growth on the yield,

composition and nutritive value of lucerno. J. Agr. Sci., 24:

283-311, 1984.

Woodnn, H. 3., and J. Stewart.

the lechanisn of cellulose digestion in the mminant organisn.

II. The transformation of cellulose into glucose by the agency

of cellulose-splitting bacteria. J. Agr. Sci. , 18:713-723, 1928.

‘Cm, Bo Bo and Jo Stewart.

the mechanism of cellulose digestion in the ruminant organism.

III. The action of cellulose splitting bacteria on the fibre

Cf oumn mic“ Min: CWUe Jo Ago 301e, 228527-547,

1932.



TABLES



85

fable 12.

Average Daily*Dry“latter censuned and Excreted by Cows Fed

lbur Stages of Orchard Grass Hay.

 

 

 

3 Dryfflatter consumed 3 Dry

3 3 letter

Bay Pod Animal 3 Bay Grain. _ggtal Bxereted

We mflo We OHSo

Stage 1 155 3 10,052 1,981 12,055 3 5,455

2408 3 10,454 5,557 14,011 3 5,782

533;. 2 155 3 10,515 1,981 12,295 . 5,4718

2408 3 10,727 5,557 14,284 3 5,668

N655 3 6,601 2,786 9,587 3 2,518

Stage 5 165 3 10,241 1,981 12,222 3 4,117

2408 3 10,651 5,557 14,208 3 4,548

H655 3 6,554 2,786 9,540 3 2,649

Stage 4 .154 3 7,290 2,496 9,786 3 5,516

2408 3 10,550 5,557 14,087 3 4,955

N655 3 6,480 2,786 9,266 3 5,102
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Composition.of the Dry matter of Foods and Feces used in.Digestien

Trials of Orchard Grass Hay.

 

 

 

Ether

[8‘50”‘1 RD“in ”Mr Ne Fe Ee MQCt “h

97 F T 5

arm 86 9e 18 2e17 81e14 3e 63 5.88

Orchard Grass

8138‘. 1 24o 78 26o88 55o02 5e 99 9e 35

Stage 2 15.80 28.15 45.82 5.46 6.77

5333;. 5 15.00 51.77 34.24 5.91 7.08

Fbces

Stage 1

165 24.86 15.60 55.72 8.09 15.75

2408 26.45 14.26 57.45 7.27 14.80

3555 26.97 14.69 55.79 7.67 14.88

Stage 2

165 20.19 20.25 58.18 7.65 15.75

2408 20.75 18.92 41.42 6.82 12.47

N655 19.58 18.44 41.74 7.19 15.25

Stage 5

165 15.96 24.47 59.27 7.84 12.46

2408 16.84 22.69 41.11 7.18 12.18

3655 15.46 22.95 41.74 7.55 12.54

Stage 4

154 12.64 24.76 41.88 7.45 11.14

2408 14.54 25.76 45.88 7.06 10.96

3655 14.50 24.22 45.84 7.09 11.55
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Ia'b1o 14.

Anparont Digestion Coefficients of the Ration (hustituents by

Cows Fed Four Stages of Orchard Grass Hay

Dry Ether

Matter Prcte in Fiber N.F.E. Extract

2:52 71.5 68.1 80.5 76.1 41.2

2408 75.0 66.0 81. 5 78.4 49.8

I655 74.8 66. 1 80. 9 81. 6 50.0

1‘”er 73e1 66o? 80e9 78o? 47e0

St_a‘e 2

I 71.8 61. 5 76. 2 79.1 58.0

2408 74. 5 63e1 77o? ”.4 51o].

3655 75. 5 65.4 77.7 81.8 48.4

Average 75.8 65. 5 77. 2 80.4 45.8

Sta 5

165 66. 5 56. 5 69. 5 75. 7 51. 6

2408 69.4 57.0 71. 5 76. 5 45.0

3655 71. 6 65.0 71. 7 78. 6 44. 1

Average 69. 1 58.8 70. 9 76. 5 59. 6

Sta 4

ES! 66. 1 59.8 67. 5 72.1 55. 7

2408 64.8 56. 2 68.8 69.9 59. 4

1655 66. 5 so. 6 67. 6 72. 4 41.4

Average 65. 8 58. 9 68.0 71. 5 58.8
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table 15

Apparent Digestion Coefficients of the Constituents of Orchard

Grass Hays cut at Four stages of Maturity

 

Dry Ether

Matter Protein Fiber 11.1.26. Extract

Stage 1

166 68. 6 67. 6 81. 5 69. 5 55. l

2408 68.6 64.8 85.0 68.4 58.2

1655 69. 9 64. 6 85.0 70. 5 55.6

Average 69.0 66.7 82. 5 69. 5 55. 6

Stag: 2

165 69. 1 69.8 77.0 75.0 28. 2

2408 71.4 59.1 79.1 74.4 57. 2

1655 70.6 65.1 79. 6 74. 7 52.7

‘70:." 70.4 60.7 78.6 74.7 32o?

Sta 5 , ,

166 62. 5 64.0 70. l 67. 5 21. 7

2408 65.8 52.8 72.7 67.6 29.1

1655 66. 5 59. 5 75. 2 68.-9 27. 2

13.34;. 55.9 55.3 72.0 55.0 25.0

Stage 4

164 59. 5 66.6 66. 5 59. 5 20. l

2408 57. 6 51. 6 69.8 56. 9 26. 6

1655 58. 2 65.9 69.0 56. 6 24. 7

Aura.” 58.4 64o: “gel 57.5 2&4

sDigestion coefficients of Orchard Grass Bay calculated “by difference"

using the digestion coefficients of corn reported by Schieidor (1947).
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Table 16

Cognition of the Dry latter of reeds and roses used for Calculating

Digestion Coefficients by file Ratio Technique on Total Collection Samples

 

3 Ligin Content 3
 

Chroniun Plant

 

 

‘ Crude Corrected 3

laterial ' Ligcnin Lignin 3 Oxide Pigment

7! X % mitt/ol-

Brain 86

166 .518 .605 .7541 5.41

2408 . 516 . 605 .4518 6.41 .

I655 . 518 . 505 . 562) 5. 41

154 . 625 . 607 . 5200 7. 65

Orchard Grass

Stage 1 7.77 5. 71 - 901.5

Stage 2 6.74 5.l 2 - 595. 5

Stage 4 9e56 Bela - 484e0

roses

1

166 21. 61 14. 77 . 4567 2654.0

2408 20. 20 15. 69 . 4246 2205. 5

9656 20.65 15.74 . 6667 2414. 2

Stage 2

165 19.04 15. 25 . 4520 1779.0

2408 16. 99 12.11 .4562 1742.6

1655 17. 65 12.71 . 6515 1897.1

Stage 5

165 19.52 14.52 .5552 1268.9

2408 17. 56 15. 18 . 5556 1274.7

I656 18. 12 15. 56 . 5262 1595.0

Stage 4

154 18.65 15.09 . 5974 965.5

2406 17.88 14.72 . 5167 994.7

1656 18. 64 16. 25 .4852 997.0



Table 17.

Celpositien of the Dry litter of'Fccco used for Calculation of Digpsticn

Coefficients by'the Ratio Technique on.Partia1 Collection.8alp1oa

9O

 

Stu.

tad Ether Chmondul. Plant

hinal ng Proton Fiber 5. P.E. Extract Oxide P1 t

9% fl % 7K 7» unit-50-

6tage 1

166 l 22.65 16.51 40.24 7.75 .4654 2570.6

2 25.78 14.41 59.05 8.02 .4565 2494.6

5 24.51 15.60 57.64 8.06 .4459 2455.1

2408 1 22.91 14.46 42.50 6.74 .4541 2049.9

2 22.60 14.25 44.29 6.54 .4251 1985.5

5 22.84 15.77 45.51 7.28 .4299 2192.1

I655 1 24.51 15.64 41.66 6.71 .6672 2167.6

2 26. 54 12.52 41.52 6.86 .6540 2147.6

5 25.64 15.02 59.85 8.29 . .6692 2259.0

2

166 l 17.24 20.66 41.78 7.65 .4566 2080.6

2 17.65 20.22 41.77 7.55 .4586 2005.8

5 17.87 20.55 41.71 7.69 .4289 2066.8

2408 1 20.54 18.92 41.62 6.76 .4527 1881.2

2 17.56 19.02 45.54 7.08 .4716 1816.4

5 17.57 18.74 45.40 7.00 .4715 1768.6

3655 1 19.46 17.55 42.45 7.75 .6979 2127.1

2 18.55 18.12 44.27 7.16 .6820 1959.6

5 17.46 18.15 44.45 7.55 .6676 1884.5

Stage 5

165 1 14.80 25.70 59.91 7.90 .5560 1460.0

2 14.98 24.56 40.81 6.11 .5756 1486.2

5 14.91 25.52 41.54 6.51 .5768 1552.2

2408 1 16.08 22.70 40.45 8.54 .5805 1406.7

2 16.15 25.91 41.15 8.08 .5470 1565.5

5 14.66 25.18 42.79 7.77 .5511 1579.6

1656 1 16.02 21.49 45.15 7.65 .6746 1292.2

2 15.71 24.00 42.94 7.92 .6749 1588.4

5 16.70 21.25 45.71 7.92 .6678 1450.7

Stage 4

164 1 12.46 24.21 44.26 7.00 .4195 --

2 12.51 24.40 44.72 7.16 .4400 --

5 12.74 25.59 44.40 7.55 .4264 ~-

2 15.00 25.99 46.10 6.91 .5520 --

5 15.68 24.24 44.54 7.41 .5259 --

5655 1 15.25 25.70 46.44 7.14 .5000 --

2 12.42 24.21 45.64 7.50 .4714 --

5 15.46 25.64 44.66 7.25 .4885 -
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Table 18.

Digestion Coefficients Calculated by tb Ratio Technique on the

Total Collection.8mnplcs

 

 

Dry Bthcr

htbd 33L “1”]. Matter Protein F1“? NeFoEe Extrm

Chromium Stage 1 I65 72. 3 73. 6 81. 1 74. 4 43.0

2408 74.2 67.4 82.1 79.3 51.3

N635 74.6 65.8 80.7 81.4 49.6

Stage 2 165 72.6 62.5 76.9 79.7 39.8

2408 76.6 66.6 80.0 82.0 55.7

N635 74.8 64.9 77.6 8152 47.2

sag. a 165 64.5 64.5 67.8 72.2 27.9

2408 67.9 54.9 70.1 75.4 40.2

N635 68. 2 58. 5 68. 2 76.0 37. 3

Stage 4 154 66.6 64.3 68.9 71.1 36.6

2408 65.7 57.3 69.6 70.7 41.0

N635 65.3 59.2 66.6 71.4 39.3

P122“ Stage 1 165 71.4 72.7 90.4 75.5 41.1

2408 69.7 61.8 79.1 75.8 43.0

N635 73.9 64.9 80.2 80.9 48.2

2408 74.3 63.2 78.0 80.2 51.2

N635 77.8 69.2 80.4 83.5 53.6

Stage a 165 62.8 62.1 66.5 71.9 24.5

2408 66.8 53.4 69.1 74.6 38.2

N635 71.6 63.0 71.6 78.6 44.0

Stag! 4 .154 62.5 59.9 65.0 67.5 28.7

2408 63.5 54.5 67.6 68.8 37.1

N635 65.2 59.0 66.5 71.3 39.1

Crudo

£1213 Stage 1 166 69.6 72.0 79.2 71.9 37.4
2408 70.6 63.0 79.7 76.5 44.7

N635 73.0 63.6 79.5 80.2 46.4

3%8‘9 2 X65 69.9 58.7 74.5 77.6 33.7

2408 70.1 57.0 74.0 77.2 43.3

N635 72.8 61.5 75.5 80.1 43.1

Stage 3 X65 65.0 54.9 68.3 72.6 28.9

~ 2408 65.3 51.2 67.7 73.4 35.2

H635 68.7 59.2 68.8 76.4 38.4

St‘p 4 154 60. 7 58.0 63o 3 65.9 25o 2

2408 58.8 48.6 63.4 64.8 29.0

N635 63.4 57.0 64.8 69.9 36.0
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Table 18. Continued.

 

Dry Ether

lethod Bel Animal Matter Pratein Fiber N.F.E. Erbreet

Liigln 2408 68.0 59.6 77.8 74.3 39.7

N635 69.9 59.6 77.2 78.0 40.0

Stage 2 165 67.7 55.8 72.7 76.1 29.0

2408 68.0 54.0 72.2 75.6 39.3

N635 71.2 59.2 74.0 78.8 39.7

Stage 3 I65 63. 6 53. 2 67.0 71. 5 26.0

2408 63.7 49.0 66.2 72.2 32.3

I635 66. 2 55.9 66.3 74.5 33.5

Stag. 4 154 58.9 56.1 61.7 64.4 21.9

2408 58.6 48.4 63.2 64.6 28.3

N635 63.1 56.5 64.4 69.5 35.3
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Table 19 .

Digestion Coefficients Calculated by the Chromium.Ratic

mechniqne cn.th6 Pertitl Ccllection.8umples

 

Collection Dry Ether

an} Animal Day Matter Pr6tein Fiber N. F.E. Extract

Stege 1 165 1 75.9 75.4 82.5 75.5 48.7

2 72.2 70.5 82.5 74.5 45.5

5 72.9 70.5 81.5 76.0 44.4

2408 1 75.8 75.4 75.0 78.1 57.8

2 74.1 71.8 8 2.1 75.4 56.1

5 74.5 72.0 85.0 76.4 51.9

N635 1 74.6 69.2 80.8 81.4 49.6

2 75.5 66.0 82.8 77.5 55.6

5 74.7 60.9 85.0 79.6 47.0

Steep 2 165 1 74.0 69.6 77.6 78.9 43.1

2 75.0 67.7 77.2 78.1 41.5

5 72.4 66.6 76.6 77.6 59.1

2408 1 76.5 72.5 79.4 79.9 51.8

2 77.2 71.6 80.0 81.1 54.1

5 77.2 71.7 80.5 81.1 54.7

N655 1 76.1 66.4 79.7 82.0 47.0

2 75.5 67.6 78.5 80.8 49.9

5 75.7 69.4 78.4 80.8 47.7

Stage 5 165 1 66.6 60.1 68.2 75.4 51.6

2 68.1 61.5 71.2 74.1 55.1

5 68.4 62.0 72.7 75.9 52.0

2408 1 71.6 62.0 75.5 78.5 57.0

2 68.9 60.8 69.5 76.0 54.6

5 69.2 62.7 70.7 75.7 57.9

N655 1 70.8 60.7 72.7 77.2 41.5

2 70.9 61.5 69.5 77.4 39.6

3 71.5 62.4 75.6 77.5 40.9

2 69.9 68.6 72.5 75.5 44.8

5 68.9 66.5 72.4 72.8 41.7

2408 1 66.7 62.9 69.8 69.9 44.2

2 67.2 65.0 70.6 70.5 44.7

5 66.6 60.4 69.9 71.0 59.6

N655 1 66.1 60.9 68.1 71.1 40.5

2 64.1 61.0 65.4 69.2 55.2

5 65.3 59.2 67.4 70.9 58.1
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Table 20

Digestion Coefficients Calculeted by the Pigment Ratio Technique

on the Partial Collection Samples

 

Collection Dry Ether

Bel Animal Dal Matter Protein Fiber N.F.E. Extrcct

2 69.8 67.7 80.9 72.3 38.3

3 69.0 66.1 78.8 72.6 36.5

2408 1 67.1 63.8 76.9 70.3 42.6

2 66.0 63.1 76.6 67.8 42.4

3 69.3 66.2 77.5 71.5 42.0

N635 1 70.9 64.8 78.0 78.8 42.3

2 70.6 62.7 81.1 75.1 49.1

3 71.8 66. 6 81.1 77.4 41. 2

Stag. 2 165 1 76.0 "71.9 79. a 80. 5 47. 3

2 75.1 70.1 79.0 79.8 45.9

3 75.7 70.5 79.4 80.3 46.4

2408 1 76.2 72.2 _79.3 79.8 51.6

2 75.3 ‘69.3 78.4 79.5 50.3

3 74.9 68.9 78.3 79.2 50.2

N635 1 80.2 72.3 83.2 85.1 56.3

2 78.3 71.3 80.8 83.0 55.7

3 77.7 71.9 80.2 82.4 52.0

2 68.3 61.6 71.3 74.2 33.3

3 69.2 63.0 73.4 74.5 33.7

2408 1 69.9 59.8 72.0 77. 3 33.7

2 69.0 61.0 69.6 76.2 34.9

3 69.4 '62.9 70.9 75.5 38.2

3635 1 69.4 58.7 71.3 76.1 38.6

2 71.5 67.1 70.2 78.0 40.9

3 72.7 63.6 74.7 78.4 43.5

(1.) Suitable euplee were not available for determination or the plent

pipent concentration of tin feces for all animals need in t1» trial

'Iith Stage 4 Orcherd.Grnee hwy.
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Table 21

Comparison of Digestion Coefficients Calculated by several

methods on Four Stages of Orchard Grass my plus Grain

  

 

 

: Mlleotion mangle s :Partiafillectien

: sChtomiunx Iifiin Ratio :Pignentzm

Constituentfitandardx Ratio :Crude : Corrected: Ratio : Ratio 3 Ratio

8 e l .

tter 73 74 71 68 72 74 69

Protein 67 69 66 63 67 70 65

Fiber 81 81 80 78 80 81 79

11.9.8. 79 78 76 74 77 77 73

Ether Ext. 47 48 43 38 44 5O 41

Stage 2

Dry Matter 74 75 71 69 75 75 77

Protein 63 65 59 56 65 69 71

Fiber 77 78 75 75 78 79 80

LLB. 80 81 78 77 81 80 81

Ether Ext. 46 48 40 36 48 48 51

Stage 3

Dry Hatter 69 67 66 65 67 70 70

Protein 59 56 55 55 56 62 62

Fiber 71 69 68 67 69 71- 71

N.F.E. 76 75 74 73 75 76 76

Ether Ext. 40 55 34 31 56 56 57

Ste 4 '

'D'FyBFtter so as 61 so 64 e7 --

Protein 59 60 55 54 58 65 -

Fiber 68 68 64 65 66 70 --

1.1.3. 72 71 67 66 69 71 --

Ether Ext. 59 59 50 29 35 41 --





PART II

STUDIES ON THE COMPOSITION OF LIGNIN ISOLATED FROM ORCHARD

GRASS HAY OUT AT FOUR STAGES OF MATURITY AND FROM THE CORRES-

PONDING FECES



INTRODUCTION

Lignin has been reported to be indigestible by a number of workers

(7, 9, 13, 14, 16, 17, 19, 38). Other reports indicate that varying amounts

of lignin may be digested or broken down in the ruminant digestive tract

(4, 8, 10, 11, 18, 21, 22, 27).

Since the chemical structure of lignin has not been established it is

not feasible to isolate or determine a product of uniform composition from

different materials. Certain characteristics of crude lignin preparations

vary considerably depending upon the material iron which it is isolated and

the method used for its isolation. Extensive studies have been made of the

characteristics of lignin isolated from various woods but only limited

studies have been reported on lignin prepared from forage plants important

in animal feeding.

Phillips 33 El' (55) found 4.34 percent nitrogen in the lignin ob-

tained from oat plants 7 days old which decreased to 1. 26 percent nitrogen

in the lignin from plants 84 days old. Bondi and Meyer (4) reported from

1.18 to 1.65 percent nitrogen in the ligiin from four grass species and

from 2.92 to 5. 36 percent nitrogen in the lignin from four legums. The

lignin isolated from the corresponding feces all had slightly higher nitro-

gen contents. They also showed that the lignin nitrogen was resistant to

hydrolysis by strong acid (5 N sulftn'io acid) and weak acid (0.5 N hydro-

chloric acid) and by pepsin added to the weak acid. These results led them

to conclude that the nitrogen in crude lignin preparations was not present

as protein nitrogen. Furthermore, the digestive enzymes of the ruminant

did not reducethe nitrogen content of the lignin.



98

Ncrnan and Jenkins (25) believed that protein degradation products

following the treatment of plant material with strong acid resulted in high

lipin yields rather than protein per ... Palcheimo (26), Mann and

Stevens (40), Phillips (28), and Dalian and DeHeus (12) have corrected crude

lignin values by deducting the nitrogen content nultiplied by the factor

6. 25. Phillips (29) later felt that because there was not a constant re-

latien between the amount of protein added to samples for tb determination

of lignin and the size of the error involved that the apparent lignin values

should not be corrected but the percent of nitrogen in the lignin should be

reported.

Thomas and Armstrong (39) found amino acids in the hydrolysates fron

crude lignin and proposed that the factor 6. 25 for converting lignin nitro-

gen to protein was valid. Dutch and Defions (12) found the tyrosine and the

tryptophane nitrogen in the lignin isolated from Loliun perenne was in

agroomnt with that for the true protein of tin grass. The tryptephane

nitrogen was deterdned on lignin isolated without the use of concentrated

sulfuric acid.

Bondi and Meyer (4) found about 5 percent nethexyl in the lignin ob-

tained from legunes and about 10 percent nothoxyl in the lignin isolated

from various grasses. {they also found very little difference in the nethexyl

content of the lignin isolated from the corresponding feces which would in-

dicate that there is very little breakdown of the other linkages in the

liain nelecule during passage through the digestive tract. Oxidation of

the linin from various plants gave yields of from 4.2 to 21.6 percent

aldehydes while oxidation of the fecal 1i pins gave negligible quantities

of aldehydes, indicating a change in the side chains attach to the lignin

molecule during passage through tin intestinal tract. in. lignin from the
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grasses gave a much higher percentage of aldehydos following oxidation than

the legumes but the ratio of vanillin to p-hydroxy-bensaldehyde was approx-

imately 2 to l in all cases.

Stone, Blundell and Tanner (37) found that the ratios of vanillin to

syringealdohyde did not rennin constant in the wheat plant at different

stages of growth since the percentage of syringealdehyde was lower than

vanillin in the young plants and higher in the more mature plants. Con-

current increases in the methexyl content of the lignin were observed.

Csonka, Phillips and Jones (10) and Phillips 3331. (34) reported a

loss of 36.7 percent of the methcxyl groups associated with the lignin in

a ration of hay, grain and silage fed to a cow. Francois, Leroy and Levy

(15) reported that 50 percent of the methoxyl content of the lignin dis-

appeared in the digestive tract of ruminants fed alfalfa hay alone and in

combination with wheat, and dried beet pulp. The apparent digestibility

of the lignin of alfalfa was approximately 8 percent.

Pazur and DeLong (27) Phillips 23.5.3.1: (34) and Csonka, Phillips and

.Jones (10) have reported increased urinary excretion of hippuric acid when

increased amounts of liglin are fed and felt that this indicated a metab-

olism of lignin in the animal body. Rogosinski and StarfevyslsaE (35) felt

that lignin was indigestible by sheep and played no part in the formation

of hippuric acid. E ‘ “a

This study was conducted to determine certain characteristics of the

lignin isolated from orchard grass hay out at four stages of Jturity‘\:nd

from the corresponding feces of dairy cows fed these forages; -1 ' \

EXPERIMENTAL PROCEDURE

Il'he method of conducting the digestion trials and the collection and

handling of the samples have been previously presented (Part I).
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The nitrogen content of the lignin was determined by the microk‘deldahl

method of the Association of Official Agricultural Chemists (3) on samples

of the lignin isolated from the various materials by the method of Ellis,

Hatrone and Maynard (1:5). .

The total methoxyl groups in the feeds fed and the feces voided and

also the methoxyl content of the ligiin isolated from these materials were

determined by the method of Clark (5, 6).

The bonsoic acid concentration in the urine was determined by the

method of Kingsbury and Swanson (20).

RESULTS AND DISCUSSION

The amounts of lignin consumed and excreted and the percent recovery

of lignin in the feces and the percent of lignin digested are given in

Table 22. Since lignin recoveries were all somewhat lower than is desirable

for a material to be suitable for use as an inert tracer material it ex-

plains the tendency for the lower digestion coefficients previously pre-

sented (Part I) that were calculated by the lignin ratio technique. When

planning this experiment it was postulated that if the lignin of orchard

grass was partially digested that there might be a range in the digestibil-

ity of lignin that would show higher digestibilities of the ligin in in-

nature orchard grass than in the more mature stages. Since lower digest-

ibility of the lignin in the immature orchard grass hay ration was secured

it seemed desirable to investigate some of the characteristics of the lignin

isolated from the feeds and feces from these digestion trials. The nitrogen

content of the lignin isolated from the four stages of orchard grass hay

and the corresponding feces are presented in Table 23. 'lhe lignin isolated

from the inmature orchard grass had a higher nitrogen content (4. 25 percent)

than the lignin isolated from the most mature orchard grass (2.41 percent).

Lignin isolated from the corresponding feces had average nitrogen contents
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of 5.19 and 2.91 percent respectively. The protein content of the dry

matter of the imature grass was 24.78 percent while the protein content

of the most mature orchard grass was 12.58 percent. The protein content

of the corresponding feces averaged 26.09 and 13.83 percent respectively.

Snall differences were obtained between the nitrogen content of the lignin

from each stage of orchard grass hay ani the nitrogen content of the lignin

isolated from the corresponding feces. The "true lignin" contents of each

stage of hay and tin corresponiing feces were calculated by correcting the

crude ligain content for the nitrogen content of the lignin nultiplied by

the factor 6. 25. While there is considerable controversy concerning the

nature of the nitrogen present in the lignin preparations, the work of

Dolan and DeHeus (12) and rhesus and Armstrong (39) indicates that the

use of a protein factor may be justified in converting the nitrogen pres-

ent in the lignin to protein.

The crude lignin ecntents of the four stages of orchard grass hay of

increasing maturity were 7.77, 6.74, 7.97, and 9.56 percent respectively.

Lignin is generally considered as a constituent tint increases with ad-

vancing maturity .r the plant (2, 9, 23, so, 31, 32, as, 35, 41). Other

work (2, 24) with orchard grass has shown that the lignin content initially

decreases and then progressively increases with advancing maturity and

these changes are concomitant with progressive increases in tin crude

fiber content and progressive decreases in tin crude protein content.

these results are in agreement with those found in this investigation.

there is evidence tint similar obnges occur in timothy (31), cats (53),

perennial ryograss (2), tall fescue (2) and burnet (2). This pattern of

change has not been observed in alfalfa, trefoil and yarrow (2). mother

these changes are a physiological characteristic of the growth of certain
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grasses or whether there is an inherent error in the determination of lignin

in i-nture grasses has not been determined.

The true lignin intakes and excretion for each stage of hay fed was

calculated and these data with tie recoveries and digestibilities cf the

true lignin are presented in Table 24. The apparent digestion coefficients

for true lignin are higher than those calculated for crude lignin. If the

recoveries of the true lignin were higher than those found for the crude

lignin one could assume tint a higher digestibility of the nitrogen contain-

ing fraction of the crude lignin had resulted in greater losses of this pen-

tion in passing through the digestive tract. Comparison of the nitrogen

contents of the lignin isolated from the various orchard grass hays and

the correspeniing feces (Table 23) does not indicate that this occurred.

Since other studies (10,27,34) have indicated that degradation pro-

ducts of lignin may cause increased urinary excretion of bonsoic acid,

determinations were made of the bonsoic acid excretion by each animal fed

the four stages of orchard grass hay. Table 25 gives the amounts of crude

lignin and true lignin fed and digested by each animal and the urinary

excretion of bonsoic acid per 100 grams of lignin fed ani digested. The

bonsoic acid excretion per unit of lignin fed is somewhat lower in the

’ture hay than in tin other three stages of less nature hays. If the

mount of urinary bonsoic acid excretion is influenced largely by the

degree of lignin degradation these figures would indicate a lower di-

gestibility of lignin in the more mature orchard grass hay. This is not

supported by the consumption-excretion figures for crude lipin given in

Table 22. It is possible that other constituents of imature orchard

grass contribute to the formation and excretion of bonsoic acid.

The nethoxyl contents of the feed and feces on a dry weight basis

are given in Table 26. A progressive increase in the total methoxyl
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content of the hay occurs with increasing maturity from 1.41 percent to

1.85 percent and similar increases occur in the methoxyl content of the

feces from animals fed these hays. The mothexyl content of the lignin from

the i-aturo hay is lower (7.84 percent) than that from the other three

stages which are similar in methoxyl content (10.60, 10.73 and 10.41 per-

cent). Comparable changes occur in the mtlnxyl content of the lignin

isolated from the corresponding feces. Bendi and Meyer (4) found approx-

intely 10 percent uthoxyl groups in the lignin isolated from several

species of grass. Their work also indicates that each structural unit of

the lignin nlecule from grasses contains two metbxyl groups which would

give a theoretical methoxyl content of 9.9 percent. Phillips :3 _a_1_. (33)

found the nethcxyl content of the lignin of cats increased from around

4 to approximately 15 percent during growth to 84 days of ago. Similar

changes occurred in the lipin of barley plants (32) and timothy plants

(31) during development. The percentages of the total nethoxyl groups

that were associated with the lignin in the four stages of orchard grass

hay increasing in nturity were 31.9, 35.1, 40.7 and 45.4 percent, re-

spectively. Adana and Castagne (1) found 82.4 percent and 81.7 percent

of the total nethexyl groups of wheat and cat straw, respectively, in the

lignin fraction. Phillips ani Goes (28) found from 52.0 to 81.1 percent

of the total mothcxyl groups associated with tie lignin fraction of barley

plants at various stages of development. From 39.3 to 85.7 percent of the

total nthoxyl content of the cat plant as found in the isolated lignin

by Phillips :3 _a_1_.. (29).

There is net nuch change, however, in the percentage of the total

nethoxyl groups which are associated with the lignin isolated from the

feces of cows fed orchard grass hay cut at four stages of maturity. libis

weuld suggest that there is a higher digestibility of the non-lignin
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methcxyl in the immature forage and this is evident in a comparison of the

digestion coefficients of the various fractions of the methcxyl groups that

are also given in Table 26. Digestibility of the total methoxyl content

of the ration and the methoxyl groups not associated with the lignin both

decrease with increasing maturity of the plant while there is practically

no change in the digestibility of the methoxyl groups associated with the

lignin.

SUWARY

The apparent digestion coefficients of lignin in rations containing

orchard grass hay cut at four stages of maturity ranged from 3.8 to 16.0

percent.

The ligiins isolated from four stages of orchard grass of increasing

maturity had nitrogen contents of 4.25, 4.15, 3.53 and 2.41 percent. The

average nitrogen contents of the lignins isolated from the corresponding

feces were 5.19, 4.13, 3.62 and 2.91 percent. Apparently no degradation

of the nitrogen associated with the lignin in orchard grass hay occurred

during digestion by dairy cows. There may be errors in the determination

of lignin that are unaccounted for in the analysis of materials differing

widely in other constituents.

The apparent digestion coefficients for the liain corrected for nitro-

gen content was somewhat higher (7.5 to 19.8 percent) than the digestion

coefficients for crude lignin.

The bonsoic acid excretion in the urine per 100 grams of lignin fed

was lower when feeding the most mature hay than when feeding the other

three less mture hays. There was no relation between the digestion co-

efficient of lignin and the urinary excretion of benzoic acid.

The total methoxyl content of the hay fed was lower than the total

methoxyl content of corresponding feces on a dry matter basis. The methoxyl
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contents of the lignin isolated from the various hays was higher than the

methoxyl contents of the ligzin isolated from the corresponding feces.

The percent of the total methoxyl content in the hay that was associated

with the lignin increased with increasing maturity of the orchard grass.

Higher proportions of the total methcxyl content of the feces was associated

with the lignin in the feces and only slight changes in this percentage

occurred when hays of a wide range of maturity vere fed.

Digestibility of the total methoxyl content and the non-lignin methoxyl

content of the ration decreased with increasing maturity of the orchard

grass hay. Digestion of the lignin methoxyl groups ranged from 20.3 to

31.6 percent and showed no consistent trem 'in relation to the stage of

maturity of the hay fed.
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Tfibl‘ 22o

Crude Lignin Fed and Excreted by Each

Animal Receiving‘Various Stages of

Orchard Grass Hay plus Grain.

 

 

lwerage

Average Daily Crude Daily

Lignin Consumed Lignin Ldgnin Lignin

Hay Fed Animal Hay_p GrEIn TotEI Excreted Recovery Di ested

gas. gms. gns. gms. J? 3:

2408 812.3 18.4 830.7 763.9 92.0 8.0

N635 499.8 14.4 514.2 479.7 93.3 6.7

2408 723.4 18.4 741.8 623.2 84.0 16.0

H635 445.2 14.4 459.6 408.7 88.9 11.1

Stage 3 165 816.3 10.3 826.6 795.4 96.2 3.8

2408 848.9 18.4 867.3 754.8 87.0 13.0

N635 532.4 14.4 536.8 480.0 89.4 10.6

Stage 4 4154 696.9 15.5 712.4 624.6 87.7 12.3

2408 1006.6 18.4 1025.0 886.0 86.4 13.6

N635 619.4 14.4 633.8 578.2 91.2 6.8



Tab1e 23o

Nitrogen Content of Crude Lignin Isolated from

Various Stages of Orchard Grass Hay ani the

Corresponding Feces

111

 

 

Stage of Crude Truey

laturity Material Animal Lignin Nitro gen Lignin

73 7‘ %

Stago 1 Bay ---- 7.77 4o25 5o71

F9008 165 21.61 5.07 14.77

2408 20.20 5.16 13.69

N635 80.63 5.34 13.74

Sta‘o 2 Bay “--- 6074 4o15 5o00

F0008 X65 19.04 4. 35 13. 23

2408 16. 99 4.07 12.11

N635 17. 63 3.98 12. 71

Stage 3 33y ---- 7o97 3.53 6o21

F300. 165 19e32 3.49 14o92

2408 17. 36 3. 69 13.18

N635 18.12 3.67 13.36

Staee‘4 Hay ---- 9.66 2.41 8o12

Feces X54 18.83 3.18 15.09

2408 17. 88 2. 69 14. 72

N635 18.64 2. 85 15. 25

}/ crud. Lignin minus (N x 6.25)



112

Table 24o

True Lignin Fed and Excreted by Each Animal

Receiving Various Stages of Orchard Grass Hay

 

 

 

plus Grain

Average

Average Daily 'rrue Daily

F2331“ Consumd Limin Lignin Lignin

Hay Pod Animu ay Grain Total Excreted Recovery Di ested

gas. gas. gms. gms. .

Stage 1 165 573.4 10.0 583.4 507.0 86.9 13.1

2408 596. 4 18.0 614. 4 517.7 84. 3 15. 7

N635 367.0 14. 1 381.1 319. 5 83.8 16. 2

Stage 2 165 515. 3 10.0 525. 3 459. 2 87. 4 12. 6

2408 535.9 18.0 553.9 444. 2 80.2 19.8

N635 329.8 14. 1 343.9 294. 7 85. 7 14. 3

Stage 3 165 636. 3 10.0 646. 3 597. 8 92. 5 7. 5

2408 661. 7 18.0 679. 7 573. 1 84. 3 15.7

N635 407. 2 14.1 421. 3 353.9 84.0 16.0

Stage 4 154 59 2.0 15. 2 607. 2 500.4 82. 4 17. 6

2408 855.1 18.0 873. 1 729. 4 83. 5 16. 5

N635 526. 2 14.1 540.3 474.1 87.8 12. 2
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Table 25o

Urinary Excretion of Benzoic Acid by Animals Fed

Orchard Grass Hay Out at Four Stages of Maturity

 

 

 

Average Average Benzoip Acid Excretion

Daily Daily (ans/100 gms. Gnu/100 he.

and Crude Li in True Li nin Total Crude Lignin True Li grin.

Animal Pea 515.35.; F93 Bigestsd Daily’ F53 Digests! FEE Digestaa

We “Be mSo We gns.

Stage 1

165 791 49.5 583 76.4 139 17.6 280.8 23.8 181.9

2408 831 66.8 614 96.7 115 13.8 172.2 18.7 118.9

N635 514 34.5 381 61.6 80 15.6 231.9 21.0 129.9

Stage 2 .

165 706 45.1 525 66.1 136 19.3 301.6 25.9 205.7

2408 742 118.6 554 109.7 156 21.0 131.5 28.2 142.2

H635 460 50.9 344 49.2 115 25.0 225.9 33.4 233.7

Stage 3

165 827 31. 2 646 48. 5 122 14.8 391.0 18.9 251.5

2408 867 112. 5 680 106. 6 118 13. 6 104.9 17. 4 110. 7

N635 537 56.8 421 67.4 97 18.1 170.8 23.0 143.9

Stage 4

I54 712 87.9 607 106.8 104 14.6 118.3 17.1 97.4

2408 1025 139.0 873 143.7 92 9.0 66.2 10.5 64.0

H635 634 55. 6 540 66. 2 61 9. 6 109. 7 11. 3 92. 1
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Tabl. 26o

Methoxyl Content of the Feed and Feces Dry'Matter and the Lignin

Isolated from.these Materials, and Digestion Coefficients for

Various Fractions of Methoxyl Groups

 

Lignin Digestion Coefficients

Stage Methoxyl Non-

 

and Total Lignin in Total Lignin Lignin

Material Animal Methoxyl Methogyl Total Nethggyj Methoxyl Methogzi

f f .

Stage 1

Say 1.41 7.84 31.9

Feces 1:65 1.84 7.75 63. 6 58.4 16.0 77.3

2408 1.77 7.39 59.3 59.7 23.5 75.4

N635 1.72 7.70 63.4 61.0 21.5 79.2

av. 1.78 7.61 62.1 59.7 20.3 77.3

Stage 2

Bay 1.51 10.60 35.1

F9098 X65 2e09 8e80 58o4 56o4 28.4 70.8

2408 2.08 8.78 53.4 57.8 35.1 69.1

N635 2.08 8.88 56.7 57.9 31.3 71.3

Av. 2.08 8.82 56.2 57.4 31.6 70.4

Stage 3

H‘y 1e62 10e73 40o?

Feces 165 2.25 9.30 62.2 47.5 20.7 65.2

2408 2.08 8.68 57.2 52.7 33.0 65.3

N635 2.40 9.52 55.4 47.4 27.2 59.9

Av. 2.24 9.17 58.3 49.2 27.0 63.5

Stage 4

Bay 1.85 10.41 45.4

Feces 2408 2.35 9.77 60.9 45.5 22.8 62.8

N635 2.50 9.96 59.6 42.4 17.7 60.6

Av. 2.43 9.87 60.3 44.0 20.3 61.7



PART III

A STUDY OF THE CRUDE FIBER AND NITROGEN-FREE EXTRACT FRACTIONS

0F ORCHARD GRASS HAY AND THE DIGESTIBILITY OF SOME OF

THE CONSTITU‘ENTS BY MILKING COWS



INTRODUCTION

Certain.1imitations of the widely used system of foodstuffs analysis

inaugurated by Henneberg and Stohmann (22) have undoubtedly been recognised

since the method was first proposed. The value and usefulness of this

system of analysis has also been recognised and demonstrated through many

years aocumulation.of results on a'wide variety of feed materials. The

extensive compilation of feed composition and digestibility data by

Morrison (36) and Schneider (44) are a tribute to the past and present

usefulness of the Henneberg system.of feed analysis. The studies of

Axolsscn (3, 4, 5, 6, 7), Dijkstra (12), Duckworth (13), Hallowerth (20),

Bomb (24, 25), Jarl (26, 27), Lancaster (29), McMeekan (s4), Nordfeldt

:3 3_1_. (s7) and Olofsson (4o) .11 indicate definite value in determining

the crude fiber content of feeds since tin high mgative correlation be-

tween the crude fiber content an! the digestibility and feeding value of

a feed certainly Justify the continued use of the crude fiber determina-

tion in the absence of a more desirable scheme of analysis.

There are numerous reports in the literature discussing the merits

and limitations of partitioning the carbohydrates of feeds into crude

fiber and nitrogen-free extract fractions. Several authors (8, 9, 10,

29, 31, 33, 35, 37, 38, 39, 49, 51) have criticised the Neande system

of determining the content of crude fiber in a feed and calculating the

amount ef’nitregenrfree extract as being unsatisfactory'principally'be-

esuso the constituents that make up the crude fiber and nitrogen-free

extract fractions vary greatly with different plant species and different

'materials and also with different conditions of determining the crude

fiber fraction.
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Craman and Maynard (10) have compared the average digestion co-

efficients of the nitrogen-free extract and crude fiber fractions in

various classes of feeds. Dry roughages, pasture herbage and silage had

39, 67, and 28 percent, respectively, of the cases in which the crude fiber

was as high or higher in digestibility than the nitrogen-free extract.

This demonstrated the variability in the composition, digestibi1ity, and

feeding value of crude fiber from various sources.

Norman (38) pointed out that crude fiber determined by the conven-

tional method was not a single compound but consisted of cellulose and

lignin with some hemicellulose and pectin. Several modifications of the

Weende system of analysis for crude fiber have boon proposed but they

all have the same criticism even though the reproductibility is satis-

factory. Nordfeldt 3.1:. 51;. (37) compared several methods for the de-

termination of crude fiber and found them to give good reproductibility

but different methods gave different values for crude fiber. They also

showed that the composition of the crude fiber was different in different

foods and the crude fiber from a particular feed was different from that

of the corresponding feces. They also demonstrated a selective digest-

ibility of the lignin, cellulose and pentosan fractions which are the

main components of the crude fiber. This work emphasized the value of

lignin, cellulose and pentosan determinations to supplement the crude

fiber determination and thus would give more useful information of the

nature of the carbohydrate fraction in foods and feces.

Knowledge of these limitations associated with the determination

of crude fiber has stimulated interest in other systems of foodstuffs

analysis that would not leave such a large portion of the feed analyti-

cally undetermined. A few investigators have attempted to account for
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nearly all the dry utter of various feeds and feces by analytical deter-

tlnations which leave comparatively small amounts of undetermined sub-

stances.

Probably the earliest studies of the summative analysis of semen

feeding stuffs in the United States were done by Headden (21) md Widtsoe

and Stewart (50). He‘adden (21) partitioned clover hay into sugars,

dextrims, starch, xylans, lignones, cellulose, moisture, ash, proteins,

saterials extracted by other and materials extracted by alcohol and water

corrected for sugar and dextrins. He had 4.8 percent of the total plant

material undetermined by this system of analysis. Widtsoe and Stewart

(50) partitioned the dry matter of alfalfa into the ether extract, water

extract, acid extract, alkali extract, fiber, and ash in the fiber frac-

tions. They made progressive extractions with each solvent on the resi-

due remaining after previous extractions thus accounting for all of the

dry matter. This sytem would not be too useful for digestibility studios

since the material extracted by each solvent from the feed and feces

would probably vary widely.

Crampton and Whiting (11) proposed a scheme of analysis which de-

termined the percentage of lignin by difference after making analytical

determinations of cellulose and soluble carbohydrates. Ferguson (15)

analysed wheat straw for its content of ether extract, crude protein,

ash, lignin, true cellulose, pentcsans in cellulose and furfnraldehyde.

With this system of analysis he had 13.7 percent of the dry matter un-

determined which he called ‘other carbohydrates". Ferguson (16) also

analysed several forage; samples for the individual structural constitu-

ents of the cell wall and also the non-structural constituents and

secured variable quantities of undetermined constituents. Analysis of
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very young high protein grass gave undetermined fractions amounting to only

4.5 percent of the dry setter while the mere mature forages had over 16

percent of the dry matter undetermined. Reid (42) reported that larger

amounts of the dry matter of mature grass than of younger grasses was un-

determined by the sum of the lignin, cellulose, huicellulese, pectin,

starch, total sugar, ash, crude protein and ether extract percentages.

Flanders (17) recently reported a summtive analysis of timothy hay

by determining ash, benzene-alcohol extractives, water extractives, pectic

substances, hemicellulcses, alpha cellulose, lignin and proteins.‘ A study

of the four hemicelluloss fractions extracted indicated that they were

mixtures and their composition varied from one plant source to another

(18). The homicellulcse fractions showed comparable variations in the

uronic acid anhydride and pentcse contents within plant families but not

between plants of different families.

The present status of our knowledge of the carbohydrate constituents

of forage has been well described by Percival (41) in a recent discussion

of the subject. He stated that, "Although an immense mount of routine

analytical work has been carried out on forage crops in the past, we are

still inorant, in the main, of what is measured under such headings as

crude fiber, total carbohydrates and so on.”

It seemed desirable to study certain of the chemical constituents of

the crude fiber and nitrogen-free extract fractions that could be deter-

mined as either definite chmical substances or that would be representa-

tive of similar substances when determinations are made on widely different

materials such as feeds and feces. While such a method of analysis is not

readily applicable to routine determinations it would give useml inform-

tien on the relative digestibilities of various fractions of the carbo-

hydrate complex of forage plants and also might permit logical grouping
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of certain of these constituents that would be biologically similar and

also might be easily grouped for convenient chemical determinations.

The object of this investigation was to determine the digestion co-

efficients of certain constituents tint are ordinarily grouped in the crude

fiber and nitrogen-free extract fractions and also to ascertain what per-

centage of the dry matter of the feed and feces would be accounted for by

a more detailed system of analysis.

EXPERIMENTAL PROCEDURE.

The method of conducting the digestion trials and the collection and

handling of the samples has been previously described (Part I).

Cellulose was determined by the method of Matrone, Ellis and Maynard

(52).

Pento sans were determined as the furfural yielding constituents ac-

cording to the official method of the Association of Official Agricultural

Chemists (l) and the weight of furfural phlorogluoide calculated as the

pentosan equivalent. The pentosan content of the crude Matrone cellulose

was determined on a sample of crude cellulose. which was divided into

separate samples for determinations of the pentosan and cellulose con-

tents.

Staroh was determined on the grain samples by the official diastase

method with subsequent acid hydrolysis of the Association of Official

Agricultural Chemists (1). Starch was determined on the hay and feces

samples by the method of Hoffpauir (23).

Determinations of the reducing sugars were made by extracting the

material with 80 percent alcohol according to the method of Thomas, Melin

and Moore (48), inversion with hydrochloric acid, and determining the

reduced copper after boiling the extract with copper sulfate-alkaline
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tartrate solution by the dichrcmate-ferrio sulfate-diphenylamine procedure

described by Leonard 3331. (30).

Organic acids were determined by the method of Scmers (45). Aqueous

extractions of the material were made in a Waring blender after addition

of sufficient 3 normal hydrochloric acid to bring the pH to approximately

1.0. The acidified extracts were heated in a steam bath to remove carbon

dioxide, made to a convenient volume at 25 degrees centigrade and then a

50 milliliter aliquots was adjusted to pH 7.8 with sodium hydroxide (5 nor-

31 followed by 0.05 normal sodium hydroxide) and titrated to pH 2.6 with

0.05 normal nitric acid. The organic acids were calculated as the equiv-

alent amount of malic acid.

RESULTS AND DISCUSSION.

The composition of the crude fiber and nitrogen-free extract frac-

tions of the feeds fed during the digestion trials conducted on the orchard

grass hay cut at four stages of maturity are given in Table 2'7. The con-

ventional proximate system of analysis for foods includes determinations

of the protein, ash, ether extract, and crude fiber percentages and cal-

culation of the nitro gen-free extract fraction of the feed by difference.

With this system, the percentages that were determined by difference

(nitrogen-free extract) ranged from 35.0 to 45.8 percent of the dry matter

of the bays. When analyses were made of the sugar, starch, organic acid,

pentosan, alpha cellulose and lignin contents of the hay the undetermined

portion of the total hay ranged from 8.6 to 18.5 percent of the dry matter.

These percentages of the undetermined portion of the dry matter of feeds

are within the cm range as reported by Ferguson (15, 16). Reid (42)

accounted for somewknt higher percentages of the total dry matter of

forages.
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A greater percentage of the dry matter of the immature orchard grass

hay was accounted for by the more detailed systas of analysis than in the

more mature orchard grass hay used in this study. This trend has also been

reported by Reid (42). Differences in the percent of dry matter accounted

for in the innature and mature forages by this system of analysis may be

partially due to the increase in thdproportion of the dry utter of the

hay which the crude fiber and nitrogen-free extract fractions represent

with increasing maturity. The total of these two fractions increased from

61.9 percent in the immature hay to 76.2 percent in the mature hay. Errors

due to conversion of the nitrogen content of young plants to protein equiv-

alent may also be greater in young plants thn in older plants. It is also

recognised that the undetermined fraction includes any analytical errors

involved in each of the individual analyses. With tin proximate system of

analysis these errors are included in the nitrogen-free extract fraction.

Several authors (2, 19, 28, 43, 47, 52) have given smative analyses

of seeds that are remarkably close to 100 percent of the original material.

lost of these moriments have included .the total carbohydrate fraction of

weeds in preparations of helecellulese. There is evidence that properly

isolated helecellulese retains nearly all of the pentosans, acetyl groups

and the carbon dioxide forming material originally present in the weed.(45).

Another approach to the nmmative analysis of forages would be to include

several of the carbohydrate fractions present in forages in a single de-

termination ef related materials such as those included in helecellulese

preparations. ms feasibility of such a system would depend upon suitable

techniques for isolating the helecellulese fraction from forages and would

also necessitate a knowledge of the digestibility ef the various constitu-

ents ef the helecellulese fraction.
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The limin, total cellulose, and pentosan content of the innaturo

orchard grass hay was lower than that of the mature orchard grass hay.

The organic acid content of the orchard pass hay decreased with advanc-

ing maturity. The sugar content of the most imature orchard grass hay

was lower than in the hays out at later stages of maturity. The sugar

content of the bays out at the three later stages of maturity pro gross-

ively decreased with advancing maturity. The low sugar content of the

i-sature hay is probably due to its being placed on the barn dryer at

a higher moisture content than the other stages tlms permitting plant

cell respiration to continue for a longer period than in the other three

stages which were partially dried in the field before being placed on

the barn dryer.

The detailed composition of the crude fiber and nitrogen-free ex-

tract fractions of the feces of each animl used in the digestion trials

is shown in Table 28. The nitro gen-free extract in these feces ranged

from 35.7 to 44.6 percent. lhen a more detailed system of analysis was

used including the deteminations of sugars, starch, organic acids, pentc-

sans, alpha cellulose, beta and gamma cellulose, and lignin, tb undeter-

Iined portion of the feces dry matter ranged from 0.1 to 9.6 percent.

The rare detailed systan of analysis accounted for a higher percentage

of the dry matter of fecal material than of the hays.

When orchard grass hays of increasing maturity were fed the alpha

cellulose, pentosan and lignin contents of the feces increased. The in-

crease in the lignin content of the feces is small compared to the change

in the lignin content of the hays since decreases in the digestibility of

the total dry matter reduce this change.

The content of reducing sugars was very low in all of the feces.

The starch content of the feces ranged from 1.2 to 3.8 percent and showed
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about the same range of values for the three cows when fed each of the

four orchard grass hays.

The cellulose aggregate isolated from plant material by the Matt-one,

Ellis and Maynard (32) method includes a large part of the h-icelluloso

and related materials which are furfural yielding constituents ani are

included in the pentosan fraction in this study. This does not permit a

summative analysis of the forage to be made using the crude cellulose

since it would duplicate a portion of the pentosan fraction inthe crude

cellulose fraction. Determinations of the pants san content of crude

cellulose isolated by the method of Matrone, Ellis, and Maynard (32) were

made in order to calculate a "corrected Matrono oolluleso‘I inch was free

of pentosane and would not cause duplication in a system of su-nativo

analysis which also included the pentosan fraction. Alpha cellulose was

determined on separate samples of crude cellulose and the balance of the

crude cellulose which was not determined as alpha cellulose and pentesons

was calculated as beta and gain cellulose. These data are shown in Table

29. Apparently the proportions of alpha cellulose and pentosans in the

cellulose material isolated by the natrone, Ellis and Maynard (32) method

dees not change appreciably with increasing mturity. Nrtbrmore, the

ratio of alpha cellulose to pentosans in the crude latrone cellulose

isolated from the feces does not differ greatly fras that isolated from

orchard grass hay. me fraction designated as the “beta and gains cellu-

lose" was calculated as the residue from the crude Matrone Cellulose that

was not determined as alpha cellulose or pentosans. This fraction is

quite variable in the amount present in various materials.

The contont of “corrected Matrcne ce llulose" follows the same trends

in the hay and the corresponding feces as the crude Matrone cellulose.
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The apparent digestion coefficients of the various constituents of the

carbohydrate fraction and related constituents are given in Table 50. It

is evident tlnt the apparent digestion coefficients of the crude Matrone

cellulose, corrected Matrone cellulose, alpha cellulose, helecellulese,

pentosans, total carbohydrate, organic acids and undetermined fractions all

decreased with advancing maturiw of the orchard grass hay. The digestibil-

ity coefficients of the starch and sugar fractions were high with all of

the four stages of maturity. A comparison of tb apparent digestion co-

efficients of the crude Matrone cellulose and the corrected Matrene cellu-

lose would indicate that there is very little difference in the digestibil-

ity of the alpha cellulose and pentosan fractions of the crude Matrone

oolluloso. A comparison of the apparent digestion coefficients of the

total pentosan fraction of the feed and the crude Matrone cellulose in-

dicates that the pentosans not associated with the crude Matrone collu-

lcse had a somewhat lower digestion coefficient than the pentosans in-

cluded with the crude Matrone cellulose.

The apparent digestion coefficients of the undetermined fractions

were calculated by assuming that these fractions were of the same com-

position in the feed and feces. The digestibility of the undetermined

fraction of the immature forage indicated that this fraction is as highly

digested as the starch and sugar. The digestibility of this fraction do-

eroased with increasing ’turity an! was digested to about the same ex-

tent as the alpha cellulose in the most mature stage of orchard grass.

A comparison of the digestion coefficients of the corrected Matrone

cellulose, alpha cellulose, helecellulese, and pentosan fractions of any

one stage of maturity of orchard grass hay would indicate that the di-

gestibility of these groups are similar enough to justify grouping them
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into one fraction of similar substances such as might be accomplished in

a helecellulose determination. The object of a more detailed analysis of

the carbohydrate fraction is not to increase the analytical determinations

necessary but to allow intelligent grouping of various constituents into

groups of substances that would be similar from an analytical, biological

and chemical standpoint.

SUM]!

A more detailed system of analysis that included determinations of

the starch, sugars, organic acids, pentosans, alpha cellulose, and lignin

was used with orchard grass hay cut at four stages of maturity and the

corresponding feces to study the constituents ordinarily grouped in the

crude fiber and nitrogen-free extract fractions.

A greater percentage of the dry matter of the immature orchard grass

hay was accounted for by this system of analysis than with the more mature

orchard grass hay used in this study.

Higher percentages of the dry matter were accounted for by the de-

tailed system of analysis in the feces of animals fed the immature orchard

grass hay than in the feces from animals fed the mature orchard grass hay.

Considerably higher percentages of the total dry matter of feces were

determined by this system of analysis than were determined with the some

analytical techniques on the forage fed to these animals.

Cellulose isolated from the orchard grass hays cut at four stages of

maturity and from the corresponding feces by the method of Matrone, Ellis

and Maynard contained approximtely 25 percent of furfural yielding con-

stituents calculated as pentosans. The apparent digestion coefficients

of the cellulose corrected for pentosans was not appreciably different

from the digestion coefficients of the crude cellulose fraction.
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The apparent digestion coefficients of the crude Matrcne cellulose,

corrected Matrone cellulose, alpha cellulose, pentosans, total carbo-

hydrates, organic acids and undetermined fractions all decreased with

advancing mturity of the orchard grass hay. me digestion coefficients

of the starch and sugar fractions of 1:13 orchard grass hay were high with

all of the four stages of maturity.

The similarity in the digestion coefficients of the alpha cellulose,

helecellulese, pentosan, and crude Matrone cellulose fractions indicate

that a large part of the forage that is ordinarily included in the crude

fiber and nitrogen-free extract fractions could justifiably be grouped

into a helecellulese fraction fiaat could be analytically determined.
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Table 27e

Composition of the crude Fiber and Nitrogen-free Extract

Fractions of the Feeds used for Digestion Trials on Various

Orchard Grass Hays

‘ Orchard Grass Hay
 

 

 

Stage Stage Stage Stage No. 86

1 2 3 4 Grain

Protein 24e8 15e8 13.0 12e4 9e 2

‘Ash 9.3 6.8 7.1 7.2 3.9

Ether Ext. 4.0 5.5 3e9 4.2 3e 6

Sugars 2.1 9.5 5.4 2.4 1.4

St”0h 1e 2 1e4 0e8 0e9 65.0

Organic Acids 6.3 6.0 5.4 5.0 --

Pantosans 15e1 15e8 16e8 18.1 6e4-

Alpha 0911111080 19e5 19e8 19e1 27e7 2e?)

Beta a Gamma

09111110 80 3e4 5e4 3.8 2e 5 --

Lignin 5.7 5.0 6.2 8.1 0.5

Undetemined 8e6 11.0 1805 11e5 7.?

Crude Fiber 26.9 28.2 31.8 35.0 2.2

N.F.E. 35.0 45.7 44.2 41.2 81.1

Total I

Carbohydrates”) 49.9 63.0 64.4 63.1 82.8

Holocellulo“(2) 46. 5 52.0 58. 2 59.8 16.4

(1)Total Carbohydrates - (Crude Fiber + N.F.E.) - (lignin 4 Organic )

Ac ds

(2)Holocellulose - Total Carbohydrates - (Starch + Sugar)
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The Crude Matrone Cellulose Content of Orchard Grass Hays and

Table 29 e

l
'7

6

the Corresponding Feces and the Distribution of its Virious Constituents

OeGe H

355er

St3e 2

Stgo 3

Stg. 4

Fbces

Stage 1

165

 

2408

N635

Stage 2

165

2408

N635

Stage 3

165

2408

N635

Stage 4

154

2408

N635

Constituents of‘Matrone Cellulose

 

Crude .Alpha Beta & Corrected

lhtrone Cellulose Pentosans Gamma matrone

Cellulose Cellulose Cellulose (1)

34.0 62.6 25.3 11.1 25.1

34.7 61.0 28.6 10.4 24.8

37.7 61.7 25.8 12.5 28.0

40.3 67.5 26.4 6.1 29.7

17.8 61.4 25.1 - 13.5 15.3

17.8 61.4 25.1 13.5 13.3

16.8 58.4 24.4 17.2 12.7

23.9 57.9 25.4 16.7 17.8

22.2 64.2 27.4 8.4 16.1

21.8 55.5 22.6 21.9 16.9

26.6 61.6 25.4 13.0 18.8

26.2 61.7 25.7 12.6 19.5

27.1 61.6 25.2 13.2 20.3

27.7 67.1 26.8 6.1 20.3

27.1 63.5 24.2 12.3 20.5

27.2 60.8 24.7 14.5 20.6
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Table 30.

Apparent Digestion Coefficients of Carbohydrates and Related Constituents

in Orchard Grass hay Cut at Four Stages of Katurity

 

 

 

 
 

 

 

 

 

U)

.2: '8
w G

m 'U o m m m h oa
(n a} m 1 U) 1 In 1 £1 1 '6 {-3 f:

o .2 o t o 1 o 1 m P? O P 0

‘L '4 0'4 1 or; If; 1 5 '6 a r4'8 '2 m .818
a“: 9 'grg 2.3 1.L:j 0.4 .9 H m m.9 9's 0 o

and 3'4 “'4 it "“4 G q g) -p a awn 'o m
a o c m 1.: m pg 0 m .e 1 o m ,h o n a

C w' cut) CDC) ant) etc) a. U) U) 51C) \3-¢ rain

3 59:33.3;
X65 82 82 8 82 78 97 96 86 '55 95

2408 82 81 8O 85 79 94 97 87 52 99

£655 85 82 82 85 73;. 98 94 88 53 C4

“2 “2 “l ’" 7‘ f” 97 ‘7 53 9“

St“_e 2

£65 77 79 78 79 72 95 99 84 6O 91

2408 79 78 77 79 75 95 98 85 58 82

N655 79 77 78 79 74 97 98 86 52~'_.§g__

iv. 79 77 79 79 74 96 99 85 57 89

wt¢"c 5

X65 72 75 69 75 64 97 98 79 52 85

2408 72 72 68 75 66 95 99 81 49 90

I655 72 71 69 74 67 97 98 82 48 87

Av. 72 72 69 74 66 96 98 81 50 87

Stave_4

X54 7O 7O 75 69 64 97 95 77 46 69

2408 69 68 75 69 65 94 95 76 45 77

3655 69 68 71 68 62 97 95 77 44 75

Av. 69 69 72 69 65 96 94 77 45 74
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