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CHAPTBa I 

INTRODUCTIOW 

Rougha^s and forages make up the ma^or portion of the diet of 

the ruacLnsnt animal, ^e tvIoub botanical apeeiea and Tarietiea of the 

grasaea and fora^a used for feeding ruminanis rary not only in their 

adaijtlon to eliaatiCf soil^ and topographical conditima but also in their 

nutritive value to the ruminant animal. In eases a sproiea or 

variety of a forage aey thrive well in an area but prove to have a low 

nutritive value* 

Eaiperimental work ia in progreaa in the testing^ developing^ breed 

ing, and feeding of forMg^a to discover plants of high nutritive valuta 

ehich are edagitible to fenneaeee cmditions* 

Animal nutritionists work with ̂ e agrononiata in the teating of 

pasture species and varietiea with both the nutritive value to livestock 

and the adaptability and yield of the crop under Tennesaee conditions as 

their final criteria of acceptihility* Mew pasture apeeiea and hybrids 

are continually being developed and tested here, and varietiea fr«a other 

state and federal experiaiental statlona are being brou^t in and tested 

for possible recoaaBindaticm for introducticni into the state of Tennessee. 

There az>e many new varietiea and species of forages and (Hily those 

ahich show possibilities are actually tested for envlrtHuaental adaptibillty. 

Because of time, eapenae, and limited facilities, animal grazing trials in 

turn are run only on a few of the above* However, they are necessexy for 

the final evaluation of a new forage species* 



2 

Work was begun to modify the existing artificial ram«i techniques 

and a metitiod was developed that nagr be used to evaluate the nutritive 

value of the various forages^vitro« This method Is Intended only as 

a screening devise to eliminate those species of grasses of lower nutritive 

value and Is not recommended to replace actual grazing trials with live 

animals* However* by eliminating those grasses of lower nutritive value* 

the tlTO* animals* land* and expense Involved In grazing trials may be 

used to better advantage with those grasses which show greater prmlse. 

This mthod was used In the present studies to show differences 

In digestibility of forages by rumen mlcroorganisas due to stage of growth 

or plant maturity and fertillzatlcm* There are possibilities that this 

method m^ be used to find wcys of Improving the varieties idilch are 

poorer from the nutritive point of view* but whleh are excellent from the 

agrtmomlc point of view* by aupplementing Uiem wltii the various minerals 

and o^er nutrients which are very critical to romen adLcroorganlame* nils 

work would* of course* have to be followed up by live animal digestion or 

grazing trials* 

Etumen mleroorganlsms pLay an Integral role In the digestion of 

forages* They >re responsible for the breakdoim of cellulose to volatile 

fatty acids and the ayn^esls of essential nnlno acids and water soluble 

rLtrains* 

The stomach of the ox la a very volumlnoue organ that has a capacity 

of 20 to UO gallons depending upra the size of the animal* Four distinct 

o<niq>artaent8 are present which are known as the rumen* retLculum, omaeum* 

and abomasum* According to Schalk and Amadon (1928)* the first of ̂ e 
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three are proventrlcull or dilations of the esofdiagus and their sueosa 

does not secrete any digestiTe fluids* The aboaasum is the true stouach 

and it is here that tho nechanically j^epared food first comes into con 

tact with the dLgestive secretions* Digestive glands are present throuj^-

out the entire extent of Uie abonasal mucosa. The pyloric extremity of 

the abomasum connects with the first portion of the small intestine* 

It can be seen from this very brief description of the rumen anatomy 

that the cellulolytic bacteria form the first and most important link in 

^le chain of digestive processes in the ruminant maimal* Althou^ toe 

nutritive and dietary requirements for the host animal are not necessarily 

the same as those of toe rumen bacteria, the nutritive reqoirraents for 

toe ruatsn bacteria must be provided first before the animal can receive 

any bmefit from ingested feed* 

Beeults of feeding trials will not necessarily follow those of toe 

artificial rumen due to the fact that toe host animal has dietary req;aire-

ments idiich are not needed by toe nuaen bacteria such as toe fat soluble 

vitmins and calcium* On toe otoer hand, the host animal is dependant 

upon the rumen bacteria for the synthesis of toe B vitamins and essential 

aadno acids* The bacteria can also synthesise amino acids from non protein 

nitrogen found in plant materials and urea. 

It must be pointed out that the quantitative requiremmts of the 

various nutrients for bacterial growth adg^t not meet toe requirements 

for growth, maintenance, lactation, and reproduction of the host animal* 

Some of the nutrients are required only in canparitiveay ssall amounts to 

support bacterial growth* However, if these adniimim requirements of the 
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bacteria are not i>et the avLaal will do poorly. 

Seaulta of feeding trials will usually follow those of the artifi 

cial technique but not alwcys. living animal is dependent upm the 

rumen bacteria for the utilisation,of the major portion of its diet. 

According to Morrison (19U9)> no rasyRms inroduced by the digestive tract 

are able to digest cellulose and pimtosanst which form the cell walls of 

plants and make up a large part of all roughages. Uoweverf these sub 

stances are attacked bacteria in the ruamn. 

Morrison (19U9) states that the ability of livestock to use the 

fiber and pentossns in their feed depends upcm bacterial digestion. IMs 

is of great importance in the nu^tion of cattle and sheep and is the 

fundamental reason why they em live chiefly on rou^age. Not (»ily are 

the fiberous cell walls uldlised for food, but also this digestion sets 

free the nutrients contained inside the cells. Thus, these materials can 

be BK>re easily acted cm by the digestive Juices in the true stomach and 

in the intestines. 

To summarise, the nutrition, growth, and activity of the rumen 

bacteria can be and frequently are a limiting factor in the overall nutri 

tion of ruminant cmimals. Not only is this of great importance from the 

standpoint of the breakdown of roughages, but also from the standpoint that 

the bacteria theawelves are later digested by tiie host animal providing a 

source of andno acids. 

The fact that rumen bacteria are essential for the digestion of . 

forages makes the artificial lumen an acceptable screening devise for 

forage evaluation. If a rou^age is lacking in the proper nutrimts to 
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support th« growth of ruaen bseterlaf or If It is not digestlbls on account 

of its stage of growth (stonndness* coarsenesSf or Ugnlflcstlon) it will 

bo of very little value to the ruminant animal* 

The major objective of this investigation was to develop m artifi 

cial rumen technique which would be sensitive enough to detect major dif 

ferences in the nutritlcmal value of various species and varieties of 

forages to vltro» Two different varieties of each of two different species* 

a total of four diffwrent vaxietles* of summer annual grasses were made 

available by the Departiaent of igronony of the University of Tennessee for 

tiiese studies* 

The specific objectives in this investigation were as follows! 

1. To stody variati<»i8 in^vitro digestibility due to species 

and variety within species* 

2* To determine l^e effect of nitrogen fertilization of these 

forages up<»i their utilization by rxmm microorganisms* 

3* To determine the effect of stage of maturity of these forages 

upon their utilization by xvmm microorganisms. 

U* To determine the effect of variations in the qumtlty and 

quality of the a^ of these forages on the digestion of 

cellulose b7 rumen microorganisms* 

Early in the experiment it appeared that the prussie acid c(»itent 

of grasses mi^t possibly have a toxic effect upon rumiwa microorganisms* 

Therefore* som investigative work was conducted to determine the effect 

of prussie acid upon cellulose digestion in vitro* 



CHAPTER n 

REVIEW OF LITERATURE 

DsvelopMint of th« Technique 

Most of the present «rtiflcial runen techniques involve the nse of 

i^e whole unaodified ruiaen juice, or a washed suspension of ruoen aicro> 

organisns with a basal media containing the known nutrients required by 

xvmm oicroorganisas added* 

Hamilton (1955) reported that ash formed a surprisingly large pro» 

portion of the total dry natter of the runmi ewitents - as much as three 

times the pei*centage found in the ration* The mineral levels in the rumen 

ingests varied from 12 per esnt to 20 per eent of the dry matter* 

The natural rumen juice also contains protein, feed debris, protOBoa, 

and Mtabolic products* These and ttie ash could easily supply nutrients to 

the bacteria which could possibly be lacking in the grass variety under 

test, «id mask any nutrient deficiencies of that grass* 

Doetsch (1955)» as reported by Hungate, stated that certain factors 

in the washed suspmision technique differ from those of the rumen* Among 

the important ones aret exclusion of the protosoa, absence of 'Uie normal 

fiberous substrates and the bacteria which cling to them* On the other 

hand, fewer variables are involved and tiie nature of tlie substrates and 

the SBiOunt of growth can be controlled* For comparative studies of the 

integrated activities of rumen bacteria and for identification of parties 

ular reactions, 'ttie washed suspension technique is e valuable tool* 



Differences in Digestibility Due to 

Qrass Species «id Variety 

There is practically no literature available concerning the evalu-

aticm of forages using the artificial rueen* IRie literature available 

eonceming grasing ̂ als is comparatively small. No literature is avail 

able concerning grasing trials wLtii Urn vaxleties of grasses used in ̂ s 

investigalion. They are Sweet i^idan. Piper Sudan, Qezvan millet, and 

Georgia hybrid No. 1 pearl millet. 

Studies have bewi made eoaparing other varieties of the Sudans and 

millets as suBsaer pastures but there is a possibility of having as much 

or more difference between varieties as between species. However, work 

was done by Underwood et al. (1955) at the University of Georgia comparing 

Tift Sudan and Starr millet as temporary pastures for milking cows. The 

average daily U par cent fat corrected milk was 22.2 aid 21.8 pounds for 

the cows grasing Sudan and millet, respectively. Average fat tests were 

3*66 per cent on both pastures. The cows on the Sudan gained 1.1 pounds 

per day idiieh was significantly more than the 0.7 pounds of the cows 

grasing millet. The Sudan was slightly more digestible than the millet. 

The Effect of Nitrogen Fertilization aiul Protein 

Content of Forages aid Rough'S^a an their 

Digestion by Euaan Bacteria 

Burrougha et (19U9) stated that protein fed to cattle and 

other rumiaSBts presusiAily serves two separate physiological functions* 



One function pertains to growth and deralopnent of microorgmiffaa in 

the digeetlTe tract in fostering rou^^age digestion md the synthesis of 

B-vitandns and anino acids* The other function relates to tiie growth of 

the ruminants body proper* 

Enlow and Coleman (1929) reported that the parotein camtent of 

pasture grass in a grating eonditicn can be increased and maintained at 

a someidiat higher level thm ordinary by frequent li^t applications of 

a nitrogen fertiliser* 

EzperisHmts were begun by Moon(19^) in 19U8 in Scotland to exenine 

the influence of late applications of nitrogenous fertilizers on the compo* 

sitibn snd nutritive value of seed-hdys and meadow hsys of low protein 

eont«it« Digestibility measurwasnts with ̂ ep ^owed that the fertiliser 

treatsnnt had little effect(» the digastibility of the non>protein 

fractions* Avnrags dLgestibility pere«itages dhowed that the fertilizer 

treatment^ besides increasing the percentage of protein in the hqy, also 

increased the digestibility of the protein* 

In tests run by Poolton at id* (1957) at the New Jersey Experiment 

Station^ ordiardgrass hay was grown with 100, 200, and UOO pounds of nitro 

gen par acra* The crude protein contoat of the hays was 13*89 per cant, 

17*52 par eent, and 18*02 per emt, respectively* Alfalfa hay grown with 

conventional fertilizer applications contained 19*19 per eent crude protein* 

The digestion coefficients of the crude protein for the hays were 

67ail par cent, 73*8 per cent, and 73*8 per cent for the 100, 200, and UOO 

pounds nitrogen per acre, respectively* The digestion coefficient for the 

alfalfa was 78*3 per cent* No significant variation in the digestibility 
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of tho onerg^f ethmr axtract, and nitrogon freo extract coiqwnenta WM 

obaorvedt Four yearling «eth«r aheep were ui^d in the digestion trials* 

Mariclay et al« (19^7) uMd four ei^teen-m<mth~old heifers in a 

total collection digestion trial. A nitrogmi balance was detenained for 

each day. The crude pcotein and digestion coefficient of the second 

cutting brcxsegrass hays eere: 25 pounds nitrogen per acre, 7«U6 per cent 

end 61.77 per cent; 125 pounds nitrogen par acn, 12.115 per cent and 

66.55 per cent; 225 pounds nitrogen per acre, 17.16 per cant and 7U»33 ^ 
per cent, respeetlrely. Ether extract followed a trend similar to protein 

while the per cent fiber and nitrogen free extract decreased with increasing 

nitrogen fertilisation. The digestible energy, protein, ether extract, and 

fiber increased idiile that of nitrogen free extract decreased with increasing 

nitrogtm fertilisation of brcmegrass. 

Grampton and Jackson (1914;) noted in their experiments that Idiere 

was a hi^ negatlTe correlation between crude protein and digestibility 

of the herbage. They stated that this is strong eyidenoe toward refuting 

the clain that treatment to pastux^s resulting in increased protein 

correspondingly increases the natritiye ralue of such pastures when their 

lowest level of protein was much above the needs of the steers or ̂ eep. 

Walker eid Hepburn (1955) studied the relationship existing between 

the gross digestible energy content and the ̂ emieal conposition of twenV 

foTur h^ys with nine Cheviot wether laidss over a period of eight months. 

They stated that tb» crude protein content of the hiy was of no value in 

predicting the digestibility of energy snd was related only to the digesti 

bility of crude protein. 
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Results of studios by &arro\i^a et al* (1?50) indicate that protein 

per se exerts e favor^le influence upon rou^age digestion idien roug^agee 

are fed to cattle in raticme containing starch* Burrou^s stated that it 

vould appear that the minimal protein at times must exceed 11 per c«it* 

Burroughs further stated that toe importance of protein per se to 

roughage digestion mhen a roughage is fed alone or in the tos^oe of a 

otarcli^^ feed seems small indeed* Results in his study indicated that as 

little as U or 5 per cent protein in a rougMs^ is a^ple for good digestion. 

Apparently the protein requiraMoits for efficient rou^iage digestion de 

creases as starch cv starchy grains are reduced in the ration* This does 

not mean that tois small amount of protein in a roughage ia ample in meet 

ing the body needs of cattle since requirements for digestion and body 

needs are distinct* 

fbs Effect of Stage of Growth^ Maturity^ and Llgnification of 

•Forage on its Digestibility by Rumn Hioroorganisms 

J* N. Bird (19U3} states that the stage of giroHth which a plant has 

reached at toe time of cutting is one of the most important conaiderationa 

in connection with toe harvesting of forage crops* Both toe increased 

production of stem and resulting changes in proportion of stem to leaf as 

s plant maturss have a marked influence upon the yield and feeding value 

of toe crop obtained* !nie rapid Incraaae of the stem during toe period 

iaEeediately preeeeding blocna and tha wltocring and loss of lower leaves 

in the advaauMd stage of maturity account for marked changes not only in 

yield but also in the chemical conqpoaltion, palatibllity* and digest!-
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bilitjjr of a grass plant in the later stages of growth. Leaf tiesue ie 

known to be richer in protein, calciuai, and carotene and lower in fiber 

than stm tissue. 

Stage of cutting studies were wide at HcGill University by Bird 

(I9U3) from 1935 to 19U0. The cutting stages used were: (1) i^ort grass^ 

(2) long grass, (3) begin to head,(U) begin to bloom,(5) wad of blooa, 

end (6) seed formed. The species used were broiaegrass, timotl^, red top, 

and Kentucky blxiegrasc. All speciee showed a narked decline in percentage 

of crude protein during the first three stages, which is to be esqpected as 

8 result of a period of rapid stem elongation. Vhen the four species are 

ccwpared with respect to crude protein content, it is noted that the differ 

ence between then are snail in comparison with differc^nces between stages 

of cutting between species. 

The csrotwie content also declinsd with successively later stages 

of cutting. Differences between species were snail when compared with 

differences within species, especially in the earlier stages. At the nore 

mature stages Kentucky bluegrsss maintained a relatively his^}Ler and Tirao^ 

a relatively lower level of carotene than the other two species. 

Studies ware begun in Mcy, 1939 at the Pmhandle Agriculture Sxperl-

nent Station by KcMillen et (19U3) regarding (1) chemical composition, 

(2) grazing value, and (3) vegetative changes of herbage in a typical up 

land plains pasture. Blue grttoma, buffalograss, and Russian thistles were 

the grasses used. 

loung Hereford steers or heifers were turned into the pasture in 

the spring as soon as the grass was ready for grazing. Sleep were put in 
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the pasture more complete utilization of weedsy particularly Rusalan 

thistlesf was desirable. 

IRie ffloisturef protein^ and phosphorus content of all thi^e herbages 

dropped except in the ease of {dxosphorus in Bussian thistles. Calcium was 

quite Tsriable throu^out the mason. The carotene also decreased with 

maturil^. 

The summary of the perforaanee of livestock (m the experimental 

pasture for four grazing seasons revealed that yearling Rerefords grazing 

the pasture for an average of 129 dqrs for four seasons made an average 

daily gain of 1.01 pounds and produced a yearly average of 29>3 pounds of 

beef per acre. The average daily gain for June was 1.U7 pounds as com» 

pared to 0.53 pounds in August. lAien the herbage contained 13 per cent 

to 2$ per cent crude protein (dry basis) and 10 to 37 milligrams of carotene 

per 100 grams in June, gains were high. As the protein dropped to 6 per 

cent to 6 per cmt and carotene to 3 to 6 milligrams in Augosty average 

livestock gains were correspondingly low. These figures indicated that 

gains are related to dhemieal coaqmsition. 

Studies in Eaetem Canada by Crampton and Jackstm (19Uh) during 

the years 19U1» 19U2, and 19U3 idiowed similar trends in digestibility of 

dxy matter of pasture by steers and idwep due to seasonal variations. 

Prom early spring to mid->8inmDer there was a marked decline in digestibility 

and this coincides with the maturing of the plants. After about July 1, 

the digestibility either continued to fall, or rose to apring levels 

depending on climatic conditions. Rate of gain of grazing cattle also 

followed rou^ily these trends in digestibility of tiie dry matter of the 
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forage* There appeared to be a characteristic steadjr decline in digesti 

bility of pasture herbage dry matter from the values of tbe order of 7$ 

per eent for early spring grass to 60 per e«it sons six weeks later. 

Crampton and Jackson (19UU) further stated that the digesUbility 

of nlxsd pasture herbage by steers and by sheep appeared to follow quite 

closely the leaf/stea ratio existing at the tine* A wide ratio aeant 

hig^ digestibility which decreaMid as the material increased in the pro-

porticm of stems* 

A study was made at Hacdonald College by Drapala^al* (19U7) 

during 19UU and 19U5 with Dollard red clover to ̂ w the effects of plait 

maturity on lignifieation and dry matter digestibility* The studies 

indicated that lignifieation prooeeds regularly with advancing maturity 

of the pLait and that regions around the vascular bundles are primarily 

involved in the process* IXuring the years 19l4i4 the llgnin ecmtent increased 

from 7*3 per cent on May 26 to 12*2 per eent on July 10* During 19U5 the 

lignln content increased from 7*6 per cent on June 1 to 15*2 per c«it on 

July 12* Actually, the digestibility by sheep of ̂ e dry matter of the 

entire plant declined from ̂ per eent to $8 per cent for forego corre 

sponding to e June 1 and June 8 cutting to a June 22 and June 30 cutting, 

reapectively* 

The results of gracing trials conducted at Kentucky by Forbes and 

Garrigue (1950) with both steers tad veUiers ̂ owed relationships between 

furganic matter digestibility and the protein, crude fiber, and lignin 

contente of the forages* 

The studies revealed that the relationships between organic matter 

digestibility and lignln cmtent exhibited the greatest degree of correlation. 
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thm greatest regr^sidon coefficient wd the hi^eet statisticel eignifi-

eiBioe* Forbes end Qsrrigos stated that the best single iwasure for 

pxrposes of predicting organic matter digestibilitisr of a pasture forage, 

is the lignin content of the forage. IMs is an entirely logical and 

expected finding in TLew of the non dtgestibility of the lignin and the 

fact that occurring in plant cell walls, it physically inhibits the 

digestion of nutrients eneioeed wittiin the cells. The fact that the 

protein content indicated the next best laaasure is probably more related 

to the hi^ degree of negative correlation between li^iin amd protein 

eontmts than to a^jr specific effect of the protein itself up<a the total 

digestibility within the limits encountered in the e^qparimente* The 

results obtained for two speelss of animals, sheep and steers, were not 

statistleally sigfiifleant. 

Walker and Hepburn (1955) found that crude fiber influenced the 

digestibility of all nutrients except ether extract. They concluded that 

a close relationidiip existed between the grass digestible energy contents 

of the hays md the structural components, as represented by crude fiber, 

lignin, and cellulose. 

aiUlTsn (1955) stated that lignin has bam eonaidared important 

from two points of viewj it is practically indigestible, end it influeneee 

the dLgestibility of the other enbetcnoee. The digestion coefficients of 

lignin were found to be meesurkble aad wioriable with e hi^ of 12.U p«r 

cent in one sample. Aie lignin of the faces was found to be attacked more 

readily by strong acids and weak alkalis than the lignin isolated from the 

grass, 9n indication ̂ at the lignin was modified in its passage through 
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the sit^eep. 

The digestlcm coefficients of the true end natural celluloM ranged 

frcn fifty six to ei^-^ nine, a range as great as that of crude fiber* 

Lignln percentage was significantly correlated with dLgestibilitgr of all 

the insoluble carbohydrates and total dzy matter* 

Stallcup et (1956) reported that there was a hi^ly significant 

negative eorrelation betewwi the lignin content of the hty «id the per cent 

removal of lignin, ash, and protein from the rumen in 12 hours* 

Fatten ttid Qlesker (19^)(cited by Steppler, 1951) claim that 

ligiln acts as a physical barrier to the microflora and fauna of the rumen, 

la^peding the digestion of the cytoplaan it occludes* Cliyson (19U3) (cited 

by Stepi^er, 1951) believes that lignln is not easily attacked by ensymas* 

Norman(19^)(dted by Steppler, 1951) also agrees that pres^ioe of lignin 

in the cell wall prevents 'Uae bacterial degradation of cellulose, largely 

throuc^ awchanical action* Studies by Watscsi and Horton (1936) (cited by 

Steppler, 1951) suggest that protein and other food reserves were protected 

to some degree by the presence of lignin* 

Kamstra (1950) reported that a negative relationship existed between 

lignin contwit and the^vitro cellulose digestion in the idu>le plant 

materials* Ksmstea pointed out that it appeara that lignin is one of the 

main single compcments of the plant ihich tends to decrease cellulose 

digestion by microorganisms* As reported by Kamstre, Baker and Harriss 

(19U7) and Howie and Seker (1952) demonstrated the manner of attack by 

mioroflora upm cellulose* Thsy made photomicrographs showing bacterial 

attack at points of fracture or braidcs in the fiber. Thus, it is not 
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unreasonable to suggest that lignln, beeause of its close association 

with cellulose, could substantially inhibit microbial attack on cellulose 

particles* 

The Influenee of Minerals, and the Mineral Content of 

Forages, on their Digestlcm by Rwasa Mlcroorganisas 

Minerals are prbbaUjr the most critical of the nutrients required 

hy roaen aicroorganlaas for their growth, mtabollsa, and proper function* 

Results of earlier work done bj Woodman and Erans (1930) does not 

agree with the results of more recent esqieriments regarding the effect 

of minerals of forages digestion. Digestion trials with ̂ eep in 

England in 1929 by Woodman and Erans (1930) showed that mineral deficient 

hay was as digestable as meadow hay which had been made from herbage in 

as fiberotts a stage of growth as that of the mineral-defieient herbage. 

'Hiey stated that the comparison, tterefore, does not support the con«> 

tention that such hmrbags is characterised by low digestibility on 

account of deficiency of mineral matter. As with normal cultlrated 

herbage, the dLgeatibililar of the mineral-deficient herbage is a function 

of maturity, being influenced by the degree of lignification of the fiber, 

and not by the aaount and character of its inorganic constituents* 

Woodman and Erans concluded that malnutrition on pasturage of sub* 

iwmal mineral content is due directly to the failure of the diet to 

supply the necessary inorganic materials for constructicmal purposes and 

for maintaining the normal balance of minerals in tha blood mid tissues* 

It is not, eren in part, to be ascribed to any indirect effect, such as 
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!• «ibodL«d in auggestloi that the mineral deficienQr leads to under* 

nutrition of the mimal causing a dejaression of its appetite and its 

capacity to digest the organic constituenta of the herbage. 

Kloaterman et A.(1953) (cit»d by TiUman et 195U) showed 

that alfalfa meal, alfalfa aah^ and a trace mineral mixtare containing 

iron, mangMiese, coj^jwr, cine, and cobalt ifqarored for steers a fattening 

ration emtaining a poor <iaalitar timothy hay. In a later study, Bwitly 

and Mojccni (1952) (cited by TiUman et al», 195U) reported that the poor 

quality timothy hey was low in cobalt and that either alfalfa a^ or a 

cobalt ccmtaining salt mixture corrected this deficiency. 

Digestibility trials were conducted at the Oklah<ma Agricultural 

Bxperinwit Station by TiUman et U.(195U) to study tiie effect of supple* 

menting a ration containing low quality prairie hay with a complete 

mineral mixture or alfalfa ash. Heither alfalfa aidi nor a complete 

mineral mixture was found to imim><rrs the apparent digestibiUty of the 

raticMi or any of its proximate comptmwits. 

Results obtained in studies by Burrou(^s^U.(1950) iduwed that 

alfalfa hay ccmtains a nutrient(8) in addition to protein which in some 

vqy protects it from being digested to a lesser extent whan fed in the 

presence of starch. This nutrient(8) appears to be contained in sufficient 

ameonts in alfalfa so that when a poor quaUty rou^age is fed such as com 

cobs in eonjunctim with alfalfa, the poor quality roughage is also benefited. 

Bunrou^s stated that the nature of the unknown nutrient(s) would 

appear to be partially or totally soluble in water and in part or totally 

associated with the inorganic constituents contained in alfalfa hey. The 
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oTldflnce pr«Mnted In th« atadbr e«i bast bs eaqxUlned oa ths basis that 

the nnkncnin stfterlal under eonsidsratlon in alTalfa hsy is an essential 

nuta;>ieint(s) for ziinen aieroorganisns imrolred in rou^age digestion* IMs 

view is further strengthened by^viU^ rouf^iage digestion studies (un 

published data) eith ruaen microorganiaais involving rou^age digestion* 

The addition of alfalfa aidi and certain ooaplaac Mineral sdxtures definite 

ly enhanoea the ability of rvawn nicroorganisBs to digest cellulose as 

mU as rougbsgs dxy natter undar controlled laboratory conditions* 

Burrou^s further states^ that the importance of these findings 

to livestock production in addition to their aeackmiie interest would seem 

to lie in the possibility that poor quality roucb*g*s nay need special 

nineral suppluMntation* Also the probability exists that quality of 

roogbagas as it applies to livestock feeding nqy be dependent to a large 

extent upon the nineral nake-up of the rou^age in supidying nutrients 

for ninan nicroorganisw involved(UrMtly in rou^age digestion or uti 

lisation* 

In digestion trials with Hereford steers* the digestiwi of com 

cobs was inqproved progressively with four respective additions of alfalfa 

hay* A water extract of dehydrated alfalfa neal or the ash of the alfalfa 

neal fed at the rate equivalent to four poonde neel daily per steer im 

proved the digestion of com cobs nstexially* 

Seift et al. (19^1) reportsd that in digsstion and ealorinstric 

experiments with sheep fed s ration containing about UO*U per cent com 

cobs* the e|^>arent digeetibility of the crude fiber was signifieently in-

creaaed by the addition of the alfalfa a^ (fron U3*0 per cent to 53*8 
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per cent)• The Increase in crude fib«r di^stibllitgr wee aeeoniMBiled by 

an Increase in methane prcxhiction iihi(^» however was not large} the net 

effect of the alfalfa ash being to increase the anount of feed energy 

availd>le to the aninal* Swift states that the effect of the a^ was to 

increase feraentaticsi in the ruman, mdcLng available to the animal, after 

paijring for the overhead (methane), distinctly more feed energy# 

(%appel et (1955) reported that the addition of ccnnon nutrient 

mineral eleiaents to a ration fed to laidQs, in which com cobs was the main 

rou^age was wil^out effect# However, tiie addition of either the aidi of 

alfalfa or a wf^tbetic alfalfa a^(a mixtore of purified salts simulating 

the eompesitiai of alfalfa ash) resulted in highly significant increases 

in the digestion of organic natter md crude fiber fractions of the ration# 

Burroui^s et (1950) using the artificial rumm technique cc»i-

pared four poor (|uality rou^ages with four good qpiality dehydrated 

forages# He reported* the cellulose in the good (juality roughages was 

digested affieiantly without wupplementetim, digestion being ee good as 

that occurring when the additi<m of complex minerals and autoclaved manure 

extract man inclsded# Cmveraely, the cellulose in the poor cpiality 

rouid^ages failed to be digeated efficiently wl^out suppleBmitation# The 

addition of complex minerals and manura extract along with available 

nitrogen greatly increaaed eellulose digestion in theM poor quality 

roughagss# The poor quality rou^agea weret com stover, idxeet s'U'aw, 

com eobs, and mature timothy-bluegrass hay# The good quality roughages 

weret dehydrated«»elover hey, rye hay, and alfalfa hay# 

Hamilton et (1955) reportied that the mineral Isvels in the 

rumen ingests varied frcmi 12 per cent to 20 per cent of the dry matter# 
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Mineral levels were hi|^ <xi poor quality rations and vise versa* Seorees 

of minerals other than saliva were considered* 

The Sffeet of Prussie Acid on Ruoan Bacteria 

Horxl8<m (1956} stated that both lift Sudan and Sweet Sudan are 

apt to be higher than etaamon Sudan in prussie sold whieh is toxic* He 

also reported that Piper, a new variety developed by the tasconsin staticm 

has Kueh less prussie acid than other Sudan graaaaa* Early reaaareh by 

WillaBMn and >teat (1916) at Minnaaota showed that varietal differenee is 

probably of more wad^t in determining the amount of hydrocyanic acid in 

sor^un than is the conditicHi of growth* 

Avery et al* (1903) (cited by Tlnall, 1921) reported that toe 

glucosidas of prussie eoid ere heraless ttid become dangerous oaLy when 

they ajre hydrolyzed and liberate prussie acid* This cyanogenetic gluoo-

adda in aorg^xuas is called dhurrin and is said by iDunstan and Henry (1902) 

(cited by Vinall, 1921) to have the implrical formula and on 

hydroiyaia with hot dilute hydroehloric acid or the ansyme, emulsin, 

yielded one molecule each of prussie acid, parahydroatybaoaaldehyds, and. 

dOEtroae* 

Ami theory of Dunstan and Henry (1902), as reported by VinsU (1921), 

was tost sorghum poiscming is caused by ̂ xurrln and emolsin coming together 

in the early processes of tUgssticm when toe enayne by the addition of 

water to the glueoaide breaks the latter down and Hberatea the prussie acid* 

Boyd «t 1^* (1939) stated that the various species of animsls react 

iUfferently idien fed plmts containing eyanophorlo glucosidas* Thaas 
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dlTfarancas ara caused by dLfferant matoadcal structures and different 

dstoxif^rlng abilities of Tarious aniaals. Cattle and oheep are ruadnants 

and both are known to be subject to poisoning by cyanof^orlo glucosides* 

The paunch or ruaen of these animals is neither strongly acid nor alkaline 

in reaction, contains a large flora of aicroorgsniaaisj ttid considertfole 

qpsntities of the ensyae emulsin* An excellent Btsdiiim is thus provided 

f(a> the hydrolysis of the glucoside with the liberation of the toxic agent« 

hydrocyanic ecid« Horses and hogs* b«dng non ruminants* have mly one 

stooech which is strcsigly add in reaetion due to the precmee of HCl. 

This UCl reacts with the liberated HCH to form much less toxic substances 

which are fortaic acid and aanonium chloride* 

Manges (193$) stated that the cyanide acts upon the protoplasa 

and suspwxds the activity of all forms of living matter* 

Henaul and Dowell (1920) raported that tha quantity of liydrocyanie 

add is greatest in the young pl«it Siid decreases rspidly ss the plant 

matures* 

There is definite mperimttital eviduiM that nitration of the plttits 

has tti effect on their hydro^anic add content* As early ss 1903> HexveU.* 

as reported by Willsaun and Vest (191$)$ believed that the amount of the 

glucoside is depoKkmt on the dharaoter of the sdls - soils rich in 

nitrogen produce plants richer in the glucoside* Bronnich (190$)* as 

reported by Willamsn and v^est* in experimmts with sodium nitrate in 

Queensleid fovind that fertilised plants contained slightly more hydrtxyanic 

acid than those unfertilised* and concluded that heavy nitrogenous ̂ ils 

and favor^le climatie ctMaditions increase the amount of the add* 



 

 

 

22 

Willamtti and West (1915) concluded that idien soor^raa Is groim oa 

Infertile soily added nitrogwi uay slightiy increase the mount of 

hydrocyanic acid in the plant. With a fertile soil and abundant nitrogen 

this effect may not be produced* 

Con^)aratiTely recent work was reported by Boyd et ri* (1939)* The 

results of the effect of heavy anplioatlons of nitrogen fertlliaer in pot 

teats on the cyanide content of Sudan grass at different stages of growth 

showed conclusively that aidan grass in both the ferUlised and unfertilised 

pots was highest in ̂ anide content in the early stages of growth* The 

Sadm grass which received the nitrogen fertiliaer was consistently hi^er 

in cyanide than the unfertilised graasy but was below the toxic liadt after 

it had reached a hei^t of me foot* 

i a: 

• ' ,V-

' iif-i^Vwtaiih - i. 



mPTER III 

EXPSaiMENTAI. 

DeTelopnmt of Toehnlqiao 

Thia procedure nas developed ai the principla that, tJieoretlcally, 

a forage should be able to supply the entire nutrient requireaonts of 

runen nierooz^misna without any additional aupplenentation of sdnwrala 

or protein* ^is Imj^ea that the existing artificial nuaen teebnlqpea 

using the idiole runm Juice with or without the addition of a mineral 

and urea nutrient solution could not be used* Washed, wineral free ruoen 

■icroorganiana were neceasazy* 

A method for the atudy of celluloae digeation by waahed auapenaione 

of ruisen microorganisms was developed by Cheng, Hall, and Burroughs (1955). 

This method, hoiMver, involves the use of pore wood cellulose as the bac 

terial substrate with the additim of a mineral and urea solution to 

supply the nutrient requirwnents of the adcroorganisme* 

Am method of Cheng et id* (1955) was revised and was used in this 

investigaldon* The major revisions were the elimination of the nuUdent 

solution entirely, «id modifieatlons in glassware and eq^pment whi<di 

would make this teohniqpe applicable for uae with farises instead of cellu 

lose* The washing tecdinique was revised sli^tly and improved. 

The first attempted digestion trials were carried out using the 

<»rlginal tecfaniqEue of Cheng et el, (1955), the only exception being that 

ground grass was used in place of pore cellulose* It was observed that 
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ttM ground forage was quite buoyant and iiaaediately floated to the top of 

the centrifuge tubes idiere It could not be saturated by the bacterial so* 

lutloa and proper digestion take place. Attaapts to alleylate the ocmdltlon 

by breaking the surface tnislon with nail aaounts of detergents and ethyl 

alcohol were unsuccessful. Upon agitation of the contents^ considerable 

quantities of the forage renalned (ui the sides of the tube ublch was in 

unsatlsfietory condition. Also, It did not help saturate the grass. 

Allowing the forages to rensln la wster overnight helped only all^tly. 

It was decided that centrifuge tubes, which were satisfactory for 

use as digestion flasks with pure cellulose, could not be used as digestion 

flicks for ground forage and were discarded. Before further work could 

continue it was Important that a method be found for the complete satu-> 

ration of the gr<nind forage without the use of foreign additives which 

would be toxic to the bactexla or change experimental insults. 

Qrlnding the forage as fine as possible In a Vlley Mill and then 

mixing with wat«r in a Waring Blender poroved satlafactory. However, It 

was Impossible to transfer the entire amount of the ground forage quanti 

tatively from Ihe bliwidar with a limited amount of wash Uqold. It Is 

isqportant that the concentration of forage to liquid not be (hanged. 

7o avoid trinsfmring the fcaraga trtm the mixing bowl to the final 

digestion flssk. It wss decided to sgitste the forage In the final di 

gestion flssk with s msgnetic stlrrer. Erlwameyer flasks (125 mlUlUters) 

proved satlsfaetoTy ss dlgsstlcm flasks mid were used. 

Our original Intentions were to use dlssppesrmnce of total dry matter, 

correcting for the vatmr wiluble fractions, ss a B»asure of digestibility. 
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Fallar* raaulted because it vite impossible to filter off tbe bacterial 

BOlutioQ frtmi the fcorage doe to the proteinaceoaa natxire of the bacterial 

eolution. This plan was discarded aood the digestibility of the forage 

cellulose was used as a criterioi of bacterial activity# This involved 

a cellulose determination or the forage remaining in the flaak, following 

tin digestlffli period. 

After the physical and medianical difficulties in the technique 

were corrected, pilot rrnis wexe na^ in duplicate. The bacterial sus 

pension was prepared exactly as described by C^«ig et {19$S) up to 

end including the final washing. At tiiis point the final sedimaat was 

suspended in distilled water and babbled with a stream of carbon dioxide 

for ten minutes, (tee-half of the bacterial suspension was added to an 

Srlenmeyer flask containing ground forage auspwided in Ihe mineral nutrient 

solution deeeiribed by Cheng st id. (1955)* Ths other half of the becterlal 

suspwision was added to an Srlenmeyer flask containing the same ground 

forege suspended in dlstilled water. The first flask containing the nutri 

ent mineral solution served as a control to check the efficiency of the 

second flask without the added nutrients. 

These pilot runs resulted in failure, not only in the new technique 

in which the rumen microorganisms were suspended in distilled water but 

also in the technique of Cheng et al. (1955)» in idiich the ruimi micro-

orgooiane were suspended in the mineral nutrient solution. Aftsr repeatsd 

unsuccessful trials end careful checks of every step of tbe laboratory 

technique, the eeuee of failure was discovared. It wee obeerved when cheek 

ing the pH of toe bMteriel suspension following bubbling with carbon 
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dioxid*! that the pH of the bacterial ettspension waa betvewa pH U cod pH 

$, Thia acid condition reaulted in the probable death of the aicroorgan-

iaaa even before the digestian pK'iod had begun. 

The fact vas overlo<&ed that the paasage of carbon dioadde throu^ 

distilled water resxilts in the fomation of carbonic acid causing a ahasrp 

decline of the pH of^e solution* l^a did not occur in the original 

technique of Cheng et al.(1955) due to tl» fact that the nutrient inineral 

solution used has buffering properties. However^ in these trials failure 

resulted in both techniques beecuse the bacterial suspension was carbonated 

before it was dividedi one half being a^Utod to the nutrient sdneral so* 

lution. 

It was decided that a buffer was necessary to keep ths bacterial 

suspension close to pH 7. frtm the stsnd^pdnt of bacterial physiology e 

phosphate buffer would have been the most aatiafactory. However, the 

addition of {hospfiorus, whi^ is a very critical ainsral requireaent for 

ruasn bacteria, would bo defeating the purpose of this technique. 

A 1.0 per cent solution of sodiua bicarbonate in distilled water 

was found to naintain a pH of about seven after being babbled vigorously 

with carbon dioxide ovemi^t. The ruusn idcroorganisas were suspended 

in s sodtun bicarbonate solution during all of the to vitro digsetiwa 

trials thereafter. The original washing technique of Cheng et al. (1955) 

nes revised to use a sodiuia bicarbonate solution as a washing eedia to* 

stead of distilled water. This allowed carbonation between washings and 

resulted in auch less death of bacteria during the washing techniqpie and 

higher digestion. 
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Those workers who (&d not wash the nunen microorganisms did not 

encounter these difficulties due to the buffering properties of the idiole 

unwashed rumen liqpor* AlsOy the addition of a mineral nutrient solution 

or bas^ media used by many workers alleviated this condition* 

It is interesting to note that similar conditions exist in the rumen 

of ttie living animal and that a buffering acticm takms place* Caeon al* 

(195*i) reported that a slgnifioant positive correlation was found to exiat 

between iim a^ eontwit of the rummn ingcsta md the pB of the rumm* 

This relationstdp appears to be due to the buffering capacity of the ash 

idiioh together with the buffering action of the salivaf tends to keep the 

pH ot the rumen contents within rather narrow limits* 

After the use of trie sodium bicarbonate buffer was initiated* the 

in vitro digestl^Ma trials prooeedi^ ea^sfaetorily both in the new tech 

nique idiich did not involve Ihe use of the nutrient mineral solution and 

the technique of Cheng et d.(1955)* The prsctioe of running a digestion 

trial using the nutriait mineral solution along with the (dgestion trial 

using the new teehni<;pie* without the added nutrient mineral eolution wee 

continued throu^out the pilot runs* It was noted that the digestion of 

tae grass cellulose in the flasks containing ths zmtrient mineral solution 

was about U or 5 per emt hif^mr then in Uie flasks containing only the 

forage and rumen ndcroorganims* 

EzperlBmntal Procedure 

Source of Forage Material 

The forages used in this study were grown in Tennessee River bottraai-

land under cmtrolled experimental conditions by the Department of Agron<»y 
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of the University of Tennessee* The Tsrietles of passes grown were Sweet 

Sudan^ Piper Sudan, Oeraan millet, «id Oeorgia hybrid Mo. I pearl millet* 

The two levels of nitrogen fertilisation used in this investigation weret 

no nitrogen and 120 pounds nitrogen per acre* 

Ibe Agroncsay Department made cuttings at sevnral stages of growth 

but the only ones used in ̂ se studies were the twenty inches doim to six 

inches to represent the usual pasture stage, and fifty four inches or 

ewly bloom down to four inches to represent ths hay stage* Several 

cuttinge were made at e«:di stage of growth but only the first cutting wee 

used in this investigation* 

The grasses were id.anted at the rate of eight pawnds per acre e» 

June 1, 1957 at which tlM 350 pounds per acre of 0-20-20 were drilled in, 

hitrogen treetaMRts were top-cbressed as 33*5-0-0* Two of the three repli-

caticmB were located m Huntington loam, the other on Huntington sandy 

loam. The plots consisted of three, twwity foot rows, three feet apart} 

the center eightem feet of the cmtar row wee harvested as dss^ibed 

above and was used in both this «xptaeima% and the Agroncmgy DepartuMmt 

experimwit* The ̂ asnt material from the three replications was eompoeitsd* 

After haxnTBsting, the plant matarial was dried ovezmight in an electric 

oven, ground in a Uiley Mill and storad in paper bags* 

A f«rage of a proven high nutritive value (Kentucky bluegrass) 

was Included in the eaqperiment to act ae a positive control for e<»ipazl8C»i 

to determine the qaali-fy of the forages being tested. Kie cmly stand of 

pure Kmtucky bluegrass available was from s lawn and tha sample taken wee 

cut with hmd tiHi^snrs* The sas^xLe was taken in late September wh«i it 
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w»e In a rmry succulant stage of growth# The same sample of K«itucky 

bluegrass was used "Uiroughout the entire swrles of expMriments* 

Preparation of Forages 

The ground foragest as receired fxtna the Agronomy Department^ were 

reground six times in the Wiley mill using a number UO mei^ screen in 

order to get thm eery fine. To provide for Mqperimental unifwmltar, 

each forage received exactly the sane grinding treatment through the smae 

screen. The forages were oven dried and kept in a dessicator until ready 

for use. 

Freparatlcm of the KLgestion Flasks Prior to the Processing of the Rumwa 

Mlcroorganigaa 

Each f(XTage was run in duplieate» and two trials were run on each 

test. The only exception to this was the grass-ash experiment where only 

ooB trial was run. 

One-half gram of the ground and dried forages were weighed, the 

exact weif^t recorded, and added to numbered 125 nlllileter Erlenmejer 

flasks. The Brlenasyer flasks were fitted with s rubber stopper, through . 

which pessed two separate {deces of glass tubing which served as cmrbon 

dioxide lines* 0ns Imigth of glass tubing restdied almost to, but not cpite 

touching, the bottom of the fleek. This served as the carb«i dioxide in 

let tube end carried carbon dioxide down into tiie bacterial suspension. 

The aeccmd piece of glass tubing was simply e short pdece extending a 

short distance below the rubb«p stopper, to act as en escape tube. 

In advance of going to the bam to collect the rumen Juice, 25 

ndllillters of a 1 per cent soluticMi of sodixim bicarbonate solution in 
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distilled water was pipetted into each flask* Each flask was fd-aced cm a 

sagnetic stirrer and the contents agitated rapidly for exactly fire nlnates* 

The sodiun bicarbonate solution was added to all of the flasks at the same 

time and each flask stirred for the s«Be period to jrovide for eaperlmental 

uniformity' No attmspt was made to waidi the forage which was splashed up 

on the sides of the flasks back into the solution to avoid disturbing the 

diluticm factor* This was corrected later* The stirring blade was rinsed 

off with a tw drops of water between flasks* 

The stopper was placed in each flask and they were placed in a 

i^allow wateo* bath Mt at 39*5^ Centigrade* This water bath was located 

beneath a series of gas outlet fittings attadsed to a tank of carbon dioxide* 

A stgreaa of carbon dioxide was started thzcug^ the flardcs as soon as possi-

blSf in advance of processing the baeteria. 

The apparetus was set up completely in advmcey and carbon dioxldi 

passsd throu^ the digestion flasks containing the forage saturated in 

buffer solution for these reasons* The first) snd most important) is that 

the sodium bicarbonate buffer solution is alkaline. By biibbling carbcm 

dioxide through the solution) carbonic acid is formed md the pH will shift 

to about pH 7* If the carbon dioxide is stopped) the pH will shift back 

to an tikaline eandition* ®»e seccmd reason is that oo«i the processing 

of the bacteria is begun) it should be carried on continuously) without 

interruption. Washed ruasn bactmla are far more delicate than Ihe whole 

rumen juice tod it is necessary that they be added to a source of nutri«itS) 

which in this case is a ground foragS) as soon as possible* The third 

reason is that the digestion flasks md their conttots need to be 39*5° 
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G«ntigradb» i^en th« bacterial suepniBion is added* 

The aiq)aratus was set up as foUovst Two flasks were set up in 

series^ the second flask receiving its carbon dl(ncLde from the first. 

The long inlet tube on the first flask was connected to a gas outlet 

fitting by means of rubber tubing, A shorter second piece of rubber 

tubing oonneeted the ̂ ort glass escape tube on the first flask to the 

long glass inlet tube on the seecmd flask. The order in idiich the flasks 

were set up will be described under each experiment* 

Before going to the bemy two fleaks containing 800 millilitera of 

0*8 per cent eodiua bicarbonete In distilled water and one flaak emtain* 

ing 500 nllliliters of the 1 per »mt sodium bicarbonete buffer were 

I^aced in s deep wetar bath set at 39*5^ Centlgprede end carbon diojdde 

wee bubbled through the solutions until used* These two 0.8 per cant 

buffer soluticma were used to wash the roawn mleroorgenisna* 

Collection* Proceasing* id Washing of the Rumen Hicrowgeniaas 

Ruaen contents obtained frcm a fistolatad steery fed a pradominditly 

orchardgraaa hay diety was strained throuj^ eig^it layers of dieese cloth 

into previously warmed thermos bottles. Actuallyy 2000 milliliters of 

idiole rumen Juice wera required for an experiment. Howevery since it is 

diffieult to sccurately measure idiole rumen Juice die to foMi and gas 

bubblesy about 2200 milliliters of whole rumen Juice were uMd. 

The whole nawei Juice wee centrifuged in en Ivan Servall angle centri 

fuge at 1000 r.p.m. for (»u» minute. This step was to sediment the protoaoSy 

feed drtirisy and undigested feed particles not removed idien straining 

through the dieese cloth* 
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The supeniat«it, which containsd the cellulol^tic bacteria, was 

then poured off and strained throu^ eight layers of cheese cloth into 

an Erlenmeyer flask damped into a deep water bath set at 39*5^ Centigrade* 

A few drops of sediiaent frcm each centrifuge tube was added. The re-

naining aedLnKit was then disco'dBd* The supernatant was tlwn left in the 

water bath to warm and a streaa of carbon dioxide bubbled through it H^tljr 

for about ten ninutes* 

The aupematent was agidn eentrifuged in a Sharfd.es super centrifuge 

operating at its suiadaBim speed, betwean 25»000 and 35,CXX) r*p.m« The 

bacterial eedlEent was scraped into a Waring Blen(tor bowl, a small amount 

of 0»8 per cent sodium bicarbonate buffer was added, md the packed 

bacteria ware agitated for about twelve seccHida to resuspwid the bacteria* 

The Tolune of the bactm^ial suspension was built up to 800 mlHiliters 

with the addition of the carbonated 0*6 per cant sodium bicarbonate buffer* 

It is inpcrtait that this buffer solution be well carbonated aid the pH of 

the solution be chained before use* 

The bacterial suspension was again warmed and carbonated for about 

ten or fifteen minutes while the Sharpies centrifuge was reassembled* The 

bacterial su8penri.on wae eentrifuged through ̂ a Sharid.es centrifuge again 

and resuspended in the 0*8 per cent sodium bicarbonate solution and c«itri-

fuged as before* 

After the second washing a small amount of the 1 per cent of the 

■odiuffl bicarbonate buffer was added to the Waring Blender boid. instead 

of the 0*8 per cent solution* The bacterial suspension wee than built 
up to a volume of a little over 500 milliliters with Uie 1 per cent sodium 

https://Sharid.es
https://su8penri.on
https://Sharfd.es
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biearboaat* solution. Actually nilXilitsrs vsre reqoirsdf but « Xlttl* 

ounrs solution is rcecMBnandsd to facilitats accurats pipetting of the last 

aliquote. The 1 per cent sodiua bicaii>onate buffer mist be warm and well 

carbonated and the pB checked before adding it to the bacterial suspension. 

The bactnlal suspension was returned to the water bath and bubbled 

briskly for about ten sdnutes with earbcm dioxide. The pH was again cdiecked 

andf if neeessaryy adjusted to pH 7 with a saturated solution of sodium 

carbonate. It was not necessary to adjust the pH during maj of the trials. 

Coneentrating the 2000 nilliliters of idiole rumen Juice down to 500 

niUiliters of a washed bacterial suspension prorides a solution with 

twice the concentration of bacteria normally used in artificial rumen work, 

mils was done purposely to account for the fact that 25 milliliters of the 

bacterial suspension was added to a digestion flask containing 25 milli 

liters of the sodium bicarbonate buffer. This provides a final concwitration 

of 1000 nilliliters of washed rumsn bacterial suspension from 2000 milli 

liters of idiole ruamn Juice whL<^ is normally used. 

Twenty five nilliliters of the bacterial suspoislon were pipetted 

into eadu digestion fla^. The carbon dioxlds stream was continued 

throughout the entire procedure. The suspension was pipetted down the 

side of the flsskf washing aU of ground forage on the sides of the 

flask into the solution. 

The flasks were dlsconiMMstod et the watmr bath - one series of two 

flasks at a time. The bscteriel suspw^aitm was pipetted into bcU^ flasks 

and they were returned immediately to the water bath and reconnected to 

the source of cwbon dioxids before disconnecting the next series of two 

flasks. 
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period v«8 allowed to prooeed i<» twwity Tour 

hours with en occasional gentle agitation of each flask* At the end of 

the fermentaticm period they w«re disconnected and processed in the same 

order as they wM*e set up in an effort to correct for the time required 

to inoeculate a total of twenty digestion flasks* 

Cellulose Determina^tm 

After the fenuRitation periodf the entire contents of the digestim 

flasks were carefully transferred to 75 milliliter Pyrex centrifuge tubes, 

washing the flasks sereral tines with small aiaounts of water to reaore 

all of the forage* l^e tubes were centrifuged for four minutes at a 

speed of about 1000 r»p»m. in m Iran Sanrall angle cmtrifuge and the 

supematent discarded* 

The undigested cellulose in the forage samples was determined 

using the procedure of Craapton and Maynard (1938) with sli(^t modifications* 

Twenty fire milliliters of 1.25 per c«it sodium hydroxyde solution in 

distilled water was added to ea^ tube and each tube was placed in a 

boiling water bath for exactly twmty minutes to digest the lignin. As 

soon as it was possible, the tubes were centrifuged et 1000 r.p*B* for 

fire ndnutea and the sodium hydroxide poured off. The boiling should be 

staggered, six st a time, so that they could be centrifuged immediately 

after coming out of the water bath* Bien 12 adlliliters of glacial acetic 

acid followed by 2*5 raillilitera of 70 per cent nitric acid was put in 

tuba. Inmediataly aftar the addition of the nitric acid the tubea 

were placed in e boiling water bath and left for exactly twenty minutes. 
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The entire contents of each tobe vas filtered 'Uirough a Qcoche 

crucible with each tube being washed with a strecn of ethanol. The cruci 

bles were then left in a Tacuura owen at 9$° Centigrade for at least four 

hours or overnight* Thsy were cooled in a dessicator find weighed* They 

were ignited in a aiaffXe furnace at 650*^ Centilgradsy cooled in a desic-

eator and weighed* The undigested cellulose was determined by the loss 

of wei^t upon ignition. 

In order to deteonaine the percentage of cell\ilo8e digested it is 

necessary to know the originfil cellulose content of the forage sfioaple* 

The cellulose contfisit of the undigested grass was detenained by the 

method ;)ust described with modifications* Due to its physical nature 

undigested ground grass materifil has a tendency to float end packs very 

poorly wiMm eentrifuged. However, grass will pack idien alcohol is added* 

A 0*5 gram oven dried sample of the forages was weighed into a 

125 adlUlitw Erlenmeyer fla^* fifteen mllliliters of distilled water 

plus 15 mllliliters of ethanol were pipetted into each flask. Each flask 

was placed on the magnetic stirrer and agitated rapidly for five minutes. 

The contents of ea^ flask was transferred carefully to a 75 milliliter 

Iwan Servall centrifuge tube and eentrifuged at 1000 r.p.m. for five 

minutes. The supernatant was poured off slowly and carefully to avoid 

the loss of any of the saaqple auiterial. This first step was to sa-birate 

the material so that it eould be acted upon properly by the chemical 

reagents used. 

Sodium hydroxide was added and the samiae was heated exactly as 

described in the case of the digested forage. After rwaoval from the 
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water bath, 25 railUliUnrs of ethanol waa addad to aadi taba and the ecm* 

tenta atlrred with a glaaa rod* !nie tubea were then centrlfuged at 1000 

r.p.m. for fire minutea ttid the mipematent dlacarded* The renalnder of 

the procedure was carried out exactly aa deacribed for the celluloae 

detnmdLQation of digeated foragea* 

Deacription of Experinenta 

Experi»ttital Variabilitiy Trial 

An^ritro digeation trial waa run uaing Kentuci^ bluegraaa aa 

the only bacterial aobatrate, in order to determine the wariation in 

digeatibility, if any, due to poaition in the water bath, poaition of 

carbon dioxide fitting, poaition in aaaambly of apparatua, and due to 

glaaaware and apparatua* 

The flaaka ware aaaenbled and the apparatus set up in exactly the 

sane order aa uaed in the forage conpariaona* 

Variety md Nitration Comparisons of Foraeea cut at the Pasture Stage 

The first eacperiment was designed to determine differences, if any, 

between varieties aod species, and the effect of nitrogen fertilization on 

the utmaation of these foragea by runen nicroorganieraa whwi cut at the 

tw«ity inches level down to six indiiea, or pasture stage* 

All of the varieties of grasses under teat were used in this 

•jqpiriment* The levels of nitrogen fertilization compared were no nitro« 

gen and <me hundred twenty pounds nitrogen per acre* All of the foragea 

uaed were cut at the same level of growth, twenty inches down to six 
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laeh«8« Dm varlabXse in this exparisent were the forage species taid 

Tarietiesi and the levels of nitrogen fexrtilization« The stage of growth 

wee constant. 

Two flaeks containing Kentuc^ bluegrass were used as a positive 

control. Two flasks ccmtaining purified cellvilose (Solka-Floc) were Hded 

as a negative control to i^ow the actual stimilatory effects of the nutri 

ents derived 2k>0B the forages (m the bacterial digestion of cellulose. 

The sanples were run in duplicate and placed in the water ba^ 

and connected^ in a series of two flasksf in a definite order designed 

to adnindse differences^ if any, in position in regard to the carbon 

dioxide source. An exanple of this order follows belewt 

Ttie fladc idiich was connected directly to the carbon dioxide tank 

outlet fitting was referred to as being in the nuwher one position. The 

flask connected to the nuober one flask for its carbon dioxide is referred 

to as the nuaher two position. 

Outlet fitting Ho. 1 

NuidMur 1 positioni first daplieate of Sweet Sudan, no 

nitrogan, twcwity inches down to ̂ x indies* 

Nucdoer 2 position; first duplicate of Sweet Sudan, 120 

pounds nitrogen p«r acre, twenty inches down to six 

inches. 

Outlet fitting No. 2 

Nunber 1 positim; second duplicate of Sweet Sudan, 120 

pounds nitrogen per acre, tw«ity inches down to six 

inches. 
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Nuab«r 2 positlcm} 8«e<8id duplicate of Sattet Sudan, no 

nitrogen, twenty Inches dovn to six Inches* 

This system pocaltted eaoh nitrogen level to occupy a number one 

position and a number two position on different CO2 trains* Two different 

vaxletles of grasses warn never attached in the same series nd Kentueky 

bluegrass and cellulose were always coxinected to their own duplicate• 

Tlie apparatus used is idiown in Figure 1* 

Varied mad Mitratlon Comparisons of Forages Gut at the Hay Level 

This experimenat was designed to determine differences, if any, 

between varieties and species and the effect of nitrogen fertilization 

en utdlisation of these forages by runan bacteria idien out at the 

fifty four inches, or early blom stage, down to four inches* 

This e3q)eriment was conducted exactly the sane as the first experi 

ment with one exception* All of the forages used were cut at lha fifty 

four inches, or early bloom stage, down to four inches* 

Stages of Maturity Comparisons of the Mon Nitrated Forages 

The third mcpvriamt was deeiffied to ecaipare the effects of plant 

maturity an the u^lization of theee forages by rumen microorganisms, 

when no nitrogen fertilization was given. 

All of the varieties were used in this eaperiiasnt* The stages of 

growth were fifty four inches down to four liiches, and twmty inches 

down to six inches* All of ths grasses used received no nitrogen* 

The order in which the aj^arstus was set up is very similar to that of 

the first and second Mqwriments* The only difference being that ttie 
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Figure 1, Laboratory apparatus used in these studies# 
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poaitlon VM detarmined by tho stage of growth Instead of nitrogen ferti 

lisation. 

gtaaes of Maturity Goaparieons of the Nitrated Forages 

This esqperimmt was designed to eorapare the effects of pint 

maturity on the utilisation of forages by nxmen bacteria nan 120 pounds 

of nitrogen fertilisation was added per a«re. 

This eaqperiment was conducted exactly the scm as the third eaperi-

aent with one exception. All of the forages used were fertilised with 

120 pounds of nitrogen per acre. 

Gomparisons of the Effect of the Aidt Quantity nd Quality of Forages 

as a Source of Minerals Required by Rvueen Microorganj -

IRiis experiment was designed to compare the effect of variations 

in the quantity and quality of the a^ of these forages on the digestion 

of purified celltilose by rumn aderoorganisms. Only one trial was eem-

ducted. 

In this aiqpeilaant the forages WMre ashed and the asli used as a 

source of minerals. Urea was used as a source of nitrogen. Purified 

cellulose was used as a bacterial substrate. 

A comparison was also made of the stimulatory effect of the addition 

of an ash supplnnent on the utilization of a forage by x^umofi microorganisms. 

In tWLs case toe ato of two diffwpont forages was added to flasks containing 

a whole forage as the bacterial substrate. 

All of the varieties and speeies were used in this eaqpariment. 

All were cut at the twenty inches down to six intoes growth levsl soil 
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received no nitrogen fertilization except one sample* This was a smple 

of Sueet Sodan which received 120 pounds of nitrogen per acre and cut at 

inches down to six inches* Kmtucky bluegrass was included and 

purified cellulose mly was added as a contool. 

One-half gram of l^e oven dried forage waa weighed into crucibles 

and aahed until all of the orgmic matter was destin^ed* This ash was 

transferred quantitatively to the digestion flasks and 0*2 gram of puri 

fied cellulose was weighed into each flask* One grm of virea was added 

per liter of the 0*1 per o«at sodium bicarbonate buffer used* 

In the comparison of the stimulatory effects of an ash supplement 

on the utilization of a whole forage^ 0*5 gram aliqpiots of non nitrated 

Qerman millet forage cut at the pasture stage were weighad into six 

flasks* The sidt from 0*5 0PMi of non nitrated Qerman millet grass (pasture 

stage) was addad to each of two flasks* Two flasks received a suf^plemant 

of the a^ of 0*5 gram of Kentucky bluegrass and the other two flasks 

received no supplement which served as a control for this portion of the 

empsriment* 

Each flask containing oi^ purified cellulose and ash was agitated 

tm the magnetde stirrer for two and one-half minutes to break up the ash 

and pmrhaps make it more soluble. The flaske containing the whole forage 

were agitated for the usual five minutea* In the aeeesdsly of the ai^aratus^ 

both duplicates of a stt&ple were connected toother in the same earies* 

In the cellulose (tetennination the treatment with 1.25 P«r cent aodium 

hydroxide wae omitted far those samples containing only pure cellulose* 
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The Effect of Hydrocyanic Acid on the Activity of RubiWi Mlcroorggnlama 

This experinmt vas designed to dstaiialne the effect of hydros 

C3r«tilc add. If mxft chi rumen microorganisms* One-half gram smples of 

n(m nitrated Piper ̂ dangrass (pasture stage) were wai^«d Into ten 

digestion flasks* One-half gram samples of nitrated Sweet &idan» (pasture 

stage) were wel^Md into two dlgestloi flasks* 

Immediately after Inoculation with z>umsn sdcroorganlsns the flasks 

containing tiie Piper Sudangrass received toe following treatments* In 

the first two flasks were pipetted 10 ppm of hydrocymilc acldj secxmd 

two, 20 1^1 third two, UO ppaj and the fifth two, 60 ppm* Two flasks 

containing Piper Sudan did not receive may treetmant mid acted as a 

control* The tiro flasks containing the nltoated SWeet Sudmn did not 

receive may treetoent* 

l^e Effect of Parabydroaybenseldahyde on the Activity of Rumen Mlcro-

organlaas 

This es^rlmnt was designed to determine the effect of para-

hydz^a^bmealdahyde. If may, on rumm mlcroorgmilsms* This experiment 

was conducted similar to the hydroc^miic Mid experiment. The only ex 

ception being that parahydroxybenseldehyde was used In place of hydro-

f^anic acid* The eoneentratlons of the reegmts used were the seme* 

Due to the fact that parahydro:ivbenealdehyde Is Insoluble In water. 

It was first dissolved In 2 allllllters of acetone* The solutlcm was made 

up to the retired volume with distilled water* Additions of acetone were 

added to all flasks, so that all of the samples received the same amount 

of acetone* 
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Statistical Malysla 

Analogels of variance t6ehnl(iaet aa described by Sbedeeor (1950) 

were used to statlstieally analyBe the data obtained in all experijaenta* 

I^ast elgnifieant aean differeiUMis (L.S.D*) were calculated for ewh trial 

as well as for the average values of all trials eondaeted in an «xperiaeiat« 

• ^,c-Y"'1': 
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CHAPTER IT 

RESULTS AHD DISCUSSION 

Th» Msults of th«^vitro dlgostlon txlala using ths Tsrious 

forages as a bacterial substrate are presented in the tables given* It 

sill be noted that in all cases the cellulose content of ttie forages was 

digested to a nuch lar^ extcmt than was the purified cellulose in the 

ccmtrol flasks* ^lis is a positive indication that nutriwits essmtial 

for the growth of cellulol}rtic bacteria were supplied by the forages* It 

nust be kept in mind that in the cellulose emtrol flasks the cellulose 

was supplied per se* and there were no physical factors or barriers ln> 

hibiting digestlcHi sudh as lignin and fiber^ as in tie ease of the grasses* 

In order to know the percentage of cellulose digested it was neces* 

sary to run cellulose detsrainatlons on all of the forage samples involved* 

The results are listed in Table I* 

The results of the expeidmental variability trial are presented in 

Table II* The average digestion for the entire trial was $1*7 per cent 

with a rsnge of 6*7 per cent and a standard «rror of 2.19 per cent* Cm 

average digestion of tiwi flasks in the number one position was 5l*U8 per 

cent and in the number two position was $1»9$ per cvatp or practically 

the same* 

Variety and Nitration Comparisons of Forages 

Cut at the Pasture Stage 

Varieties of these grasses were compared when cut at a hei^t of 

temty inches tall down to a level of six inches above the ground* A 
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CELLULO^ CONTENT OF THE FQRAQI3 TESf^ 

Percentage cgllulose' 
20 inches 5U inches 
down to down to 

Forage 6 inches U inches 

Street Sudan (non nitrated) 29.13 3U.10 
Sweet Sudan (120 pounds N pmr acre) 25*11 31.3U 

Piper Sudan (n<m nitrated) 30.93 37*75 
Piper Sudan (120 pounds N per acre) 26.U5 33*03 

German millet (non nitrated) 32.77 3U.U7 
German millet (120 pounds N per acre) 29.UU 3U.53 

Georgia hybrid No* 1 pearl millet 30.U6 3U.68 
(non nitrated) 
Georgia hybrid No* 1 pearl eillet 26.62 32*69 
(120 pounds N per acra) 

Kentucky bluegrass 23.2U 

^ach value is an average Of two replicates* 
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TABLE n 

EXPERIMENTAL YARIABILITI TRIAL OF THE DIOESTIQll 
OP KENTUCKY BLOSmASS IN VITRO 

FI«ak xnu^Mr Peztsmtage cellulose dlKested 

1 U7.7 
2 50,7 
3 51.1 
U 53.U 

5 56,2 
6 5U.7 
7 51.9 
8 5U.1 

9 50.0 
10 50,2 
11 51.2 
12 U9.6 

13 lt8,l 
lU U8,li 
15 53.2 
16 51i.3 

17 53.7 
18 52.6 
19 51.9 
20 50.U 

I"5l»7 per cent 

Standard error of mm•2*19 per eent 

MuriMir 1 poaitlai T"51.U6 par cent 

Ntodaer 2 position T 51.95 par cent 
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comparison was mada bataaan the non nitratad forages and the aina forages 

raceiring 120 poonds of nitrogen par acre. The raaults of this aapariawat 

are shown in Table III. The di^stion of the grasses was wwsh higher toan 

in the purtfied cellulose control flasks indicating a hi^ily significant 

increase in digestibility due to 'Uie nutrients received from the grasses* 

In the ease of the non nitrated forages '^are was no significant 

differenoas between viarieties within a species. There was no signifiemt 

difference between either of the non nitrated duUns and the Kentucky 

bluegrass control. The digestion of the n<m nitrated Sudans and Kentucky 

bluegraea was higher -Utisn either of the non nitrated willets* ^dLffer-

ences in digestion ware highly si^iificant. 

Nitration of the Sudans rewilted in decreased digestibility. 

Nitration of Sweet Sud« resulted in s decrease in digestibility which 

was highly significant, while the deerease in the caee of the Piper Sudan 

did not reach a significant level. 

Nitration of the German adllet showed an increase in digestibility, 

which was not statistically significant. Nitration had no effect on the 

digestibility of the Georgia hybrid Ho. 1 pearl millet. These results 

were in agreiaaent with the literartore concerning live animal trials whi<di 

generally show that the nitration of pastures results in an inereawt in 

protein, an increase in the digestibility of the protein, but has little 

effect on the digestibility of the n«3 protein fractions. 

In the case of the nitrated forages tliere were significant differ 

ences in digestion, both, between speciee and betwe«i varietiee within 

species* The inhibition of the Piper Sudan due to nitration was 6.2 per 
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TiBLS III 

VARIETI AMD MITRATIOS CCMPARI,50SS Of fOBA^S 
COT AT THE PASTUHE STAGS 

Forage 

Purified celluloM 
Kentucli^ bluegraee 

Sweet Sudan (non nitrated) 
Sweet ̂ dan (120 potmda M per aiare) 

Piper Sudan (nm nitrated) 
Piper Sudan (120 pounds N per acre) 

Germtti millet (non nitrated) 
German mllXet (120 pounds N per acre) 

Georgia bt^brld No. 1 pearl elllet 
(non nitrated) 
Georgia t^brld No. 1 pearl millet 
(120 pounds M per acxe) 

L. S. D.(5 per cent level) 

L. 3. D.(1 per cent level) 

Percentage cellulose digested 
Trial I Trial II Average 

Per cent Per cent Per cent 

17.00 12.50 lit.75 
73-00 73.50 73.25 

73.00 77.00 75.00 
Ui.50 56.50 1*9.00 

70.00 7U.50 72.25 
62.50 69.50 66.00 

52.50 62.00 57.25 
59.50 66.00 62.75 

5U.50 59.00 56.75 

2i9.00 61.50 55.25 

U.50 5.32 8.99 

6.U0 7.57 12.9U 

"i-iiiiiiiiftiii ir 'I '-l^liilrihiiflili'lrtiilf'''"- T c--.."- i 
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cmt compared to 26 per cant inhibition due to nitration in the Seeet 

Sudan; the difference in inhibition due to nitration being hi^ily signifi* 

cttit* The nitrated Piper wee i»>re digestible toan the nitrated 

Sweet Sudan* The difference was hi^^ly significant* While there was no 

idgnificttst difference between the nen nitrated Sudans and Kentucky blue-

graesy the Kentucky bluegraea was hi^ly significantly more digestible 

than the nitrated Sweet Sudan* 

While 'Uie nitrated German millet showed a sli^tly higher dLgeeti-

bility thtti the nitrated Georgia hybrid No* 1 pearl millet» the difference 

was not significant* 

The nitrated Piper Sudan was more digestible than either of the 

millets* The difference was significant when compaz^d to the Georgia 

hybrid No* 1 millet though not significant when compared to the German 

millet* The nitrated l^et Sudan was highly significantly less digestible 

than the German millet* Although the nitrated Sweet aidan was less digesti« 

ble ̂ lan the Georgia hybrid No* 1 pearl millet the difference was not 

significant* Due to Idze fact that it is known that nitrogen fertilieatlm 

increases the prussic acid content of Sudans and scnr^uast and Piper Sudan 

which has a normally lower prussic acid content was less affected by 

nitration, it was hypothesiaed liiat the prussic acid glucoside may have 

an inhibiting effect on rumen microorganiamts* This will be discussed in 

further detail later* 

Variety and Nitration C(»ipari8on8 of Forages 

Cut at the Hay Stage 

Varieties of these grasses were ecHnparad when cut at a heif^t of 

fifty four inches tall, early bloom, down to four inches above the groxind 
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A comparison was made betwsen the non nitrated forages and the saine forages 

receiving 120 pounds nitoogan per sore. 

The results of this experiment are shown in Table I?. Sie digestion 

of the Kentuclq^ bluegrass control was highly significantly higher than any 

of the forages tested* This indicates that the rumen microorganismst 

following the washing and processing procedure^ still maintained a hig^ 

cellulolytic potential where the physical and chesdcal conditions of the 

forage permitted* 

At this stage of maturity, there was no significant difference 

between may of the species or varieties tested. I^s is not surprising 

since the stage of maturity and Ugnification have been considered by 

most workers to be the most impcnrtant factors in relation to organic 

matter di^stibility of a forage* 

There was a alight but not significant increase in the digestion 

of these forages at this stage of maturity due to nitration* These 

results follow the general pattern of^results obtained with live 

antmaiff iddch tend to agree that nitration of forages has no significant 

effect on their digestibility* 

In the first trial there was a highly significant increase due to 

nitration in the digestibility of all of the forages tested except the 

German millet* In tiueme subsequent trials, the increase in digestibility 

of these forages could not be reproduced* There is no explanation for 

this, except that the steer did suffer from a disorder of the rumen prior 

to the first trial. There might possibly have been e residual effect 

from the therepeutic rumen atimulant that was administered by e vetezdnarian. 
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TABLE I? 

VARIETI AMD MITHATIOS COMPARISONS OF 
FORAGES GUT AT THE HAT STAGE 

Parcentage c«lIuloso digested 
Trial Trial Trial Trial 

Forage I II III IV Average 

Purified cellulose 10.50 17.00 9.50 21.50 IU.62 
Kentucky bluegraes 61.00 61.00 6^4.00 76.00 65.30 

Smiet Sudan (non nitrated) 27.00 30.50 U2.50 UU.oo 36.00 ! 
Siieet Sudan 
(120 pounds N per acre) 39.50 UI.50 Uo.oo U0.00 U0.29 

Piper Sudan {non nitrated) 29.00 33.50 U2.50 UO.OO 35.71 
Piper Sudan 
(120 pounds N per acre) 37.50 35.00 39.00 39.00 37.U3 

German millet (non nitrated) 30.00 3U.00 5U.50 35.50 38.50 
German millet 

(120 pounds N per acre) 37.50 31.00 51.00 U0.50 UO.OO 

Georgia hybrid No* 1 pearl 
millet (non nitrated) 26.50 35.50 39.50 39.50 35.25 

Georgia hybrid No. 1 pearl 
millet (120 pounds N per acre) U2.50 37.00 UO.OO uo.oo 39.88 

L. S. D« (5 per cent level) 5.50 7.27 7.87 5.17 7.83 

L. S. D.(1 per cent level) 7.80 10.33 11.19 7.35 10.58 

i , :■ -

ffcV-'rtrr^'V rj- rni'v 
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There vaa no inhibition of the digestion of the Sudens with increased, 

nitrogen at this stage of naturlty. This farther supports the hypothesis 

-Uiat the prussie acid glueoside may be involTed in the Tarlety and nitration 

eoaqpariscms cut at the pasture stage. 

iStage of Maturity Comparisfms of 

the 8on Nitrated Forages 

Caqpariaons were made of the two diffarmit stages of maturity of 

the n<m nitrated forages. The digestibility of the forages when out at 

fifty four inches tally early bloom stagey down to four inchea was oodi-

pared with the same forages idien out at twenty inches tall down to 

inches. None were nitrated. 

The results of Uiis ex|MHrimsnt are shown in Table V. The advanced 

stage of maturity had a hi^ily significant negative effect on the digesti 

bility of all of the forages tested except Qermm millet. In the case of 

the Qeraan millet there was a negative effect due to maturityy howovery 

it did not quite reach the level of significttice. 

It is evident from toese results that dLgestlbility of these 

foragosy idien not nitratedy decreases with plant maturity. These results 

follow the general pattern of the results of live animal trials where the 

influs»M of plant ma^irity on digestibility was studied. These results 

confirm the work of Kamstra A.(1958) vtio reported that a negative 

relationship existed between lignin content and the^vitro cellulose 

digestion in the idiole id.ant materials. 

i: 
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TABLE ? 

SiySAOEHENT LEVEL COMPARISONS OF THE 
NON NITRATED PORAQES 

PorsR* Trial I Trial II Average 

Per cent Per cent Per cent 

Purified cellulose 8*00 U*00 9.50 
Kentucky bluegrees 70*00 71*50 70*75 

Sweet Suden (20 in* doun to 6 in*) 60.00 67.50 63.75 
Sweet Sudan (5U in* (town to U in*) 31.50 3U.50 33.00 

Piper ̂ dan (20 in* down to 6 in.) 61.00 65*50 63.25 
Piper Sudm (5U in* down to U in*) 21^.00 33.00 28.50 

Qeraan millet (20 in* down to 6 in*) 3U.00 35.50 3U.75 
Qermm adllet (5U in* dmm to U in*) 27.00 32.50 29.75 

Georgia hybrid No* 1 pearl millet 
(20 in* down to 6 in*) 
Georgia hybrid No* 1 pearl millet 
(5U in* down to U in.) 

U5.50 
23.00 

U9.50 
32.50 

U5.00 
27.75 

L* S* D.(5 per cent lerel) 

L. S* D.(1 per cent level) 

U.95 

7.0U 

5.91 

8*U0 

5.U2 

7.80 

■i ■ 
-j.;-

k 

, ■'- v 
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stage of Maturity Comparisons of the 

Nitrated Forages 

Comparisons were made of the two different stages of maturity of 

the nitrated forages* nie digestibility of the forages when out at fifty 

four inches down to four inches was coapared with the sane forages idien 

cut at twenty inches tall down to six inches* All of the forages were 

nitrated at the rate of 120 pounds nitrogen per acre. 

nie results of this ucperinent are shown in Table 71* In the 

caM of the nitrated forages the resvilts of the Sudans do not follow 

the pattern of the millets as affected bF l^ant maturity* It will be 

noted that the mature Sweet Sudans were digested to a greater extent 

than the plants cut at twenty inches down to six inches* The nitration 

of the Sweet Sudan had a stronger inhibiting effect on its utilization 

by oellulolytic bacteria 1h«i did plant maturity* The fact tliat there 

was no significoit difference between the varieties of the Sudans and 

millets tdien cut at fifty four inches down to six inches indicates that 

the nitrated Sudcns were influenced by maturity to the same extent as the 

millets* It was pointed out in the nitraticai ec^ariscnxs of forages cut 

at the hay stage that there was no inhibition due to nitration at the 

early blo(^ stage of maturity* The fact that the results obtained with 

the nitrated Sweet Sudan are contradictory to the results of the other 

forages in relation to plant maturity can best be explained by the fact 

that nitraticai did not inhibit digestion idien cut at the early bloom stage 

of growth* but had a definita inhibiting effect idien cut at twenty inches 

down to six inches* The inhibition due to nitration of the forage cut at 
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TABIJS VI 

MANAaEHENT LEVEL COMPARISONS OF THE 
MITRAm) FC«ACffiS 

Parcontaga callulose dLgastad 

Foraga Trial I Trial II Ayeraga 

Par cant Par cent Per cant 

Purified calltilose U.50 10.00 10.60 
Kantucky bluagrasa 69.00 71.50 70.25 

Sweat Sudan (20 in. down to 6 in.) 36.00 U1.50 38.75 
Sweat Sudan (5U in. dowi to U in.) 52.00 U2.00 U7.00 

Pipar Sudan (20 in. down to 6 in.) 53.00 53.50 53.25 
Piper ̂ dan (5U in. down to It in.) UU.oo 39.50 U1.75 

Oarman millat (20 in.down to 6 in.) 5U.50 59.00 56.75 
Gaman niUet (5U in. down to U in.) U1.50 U8.50 U5.00 

Georgia hybrid Ko. 1 pearl adllat 
(20 in. down to 6 in.) 
Georgia hybrid No. 1 pearl adllat 

in. down to U in.) 

US.oo 
lt2.00 

57.00 
U2.00 

52.50 
U2.00 

L. S. D.(5 par cant laral) 6.1tU 6.78 9.11 

L. S. D.(1 par cant level) 9.16 9.6U 13.10 



56 

the pasttire stage had a greater effect oa its utillzati«i than did jOJOt 

BUiturity* 

%e digestion of the Piper Sudan at the early bloom stage was aig* 

nificantly lower than that cut at twenty inches down to six inches* The 

effect of nitaration on ianature Piper Sudan was not nearly as great as 

that on sweet i^dan idilch accounts for the fact tliat the effect of plant 

maturity was far more evident* However, in the case of the non nitrated 

Piper Sadnt, digesticai decreased almost 50 per cent due to plant maturity, 

while the digestion of the nitrated Piper Sudan decreased about 20 per 

cent due to plsnt ma-Uuriiy. This, again, was due to inhibiting effect 

of nitraticm on the immature Sudonsf rather than any stimulatory effect 

on the digestion of the mature forage due to nitration. 

The millets followed l^e eaqpected pattern of a significant daoreaae in 

digestion by ceUulolytie bacteria due to plant maturity, as was the ease 

with the non nitrated millets* 

Goi^arieons of the Effect of the lidt Quantity and 

Quality of Forages as a Source of Minerals 

Re({ulred by Rumen Hicroorgmisms 

This experiment provided an opportunity to eonqwore influence 

of both (|uantity mid quality of these forage varieties as a source of 

minerals required ty rumen microorganisms* To compare the effects of 

ash quality and m^e corrections in the results due to Mperimental vari 

ations of the ash present, it was necessary to determine the exact amount 

of ash added to each flask. The actual amount of the grass ashed, the 
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arti md ttas average ash percentage az>e shtnm in Tables YII md 

rai, 

Bw results of this trial are shown in Tdbles IX nd X* An exMi-

nation of the results in Table IX tkiowB considerable experioental vari«* 

ation between the two sanples of several of the varieties tested* After 

a ctaaparison of the ash weii^ts per flask shown in Table VII and the 

digestion per flask it was concluded that this esperiisental variation 

was probably due, to a large part, to the difference between the wei^t 

of the ash in each of the two flasks* 

The reason for this variation in ash weight per flask was due to 

the fact toat idien the grass snsples were weired for ashing, it was not 

eonsidsred of prine iaportanee that eaeh BtmfiM weigh exactly 0*5000 grew* 

Instead, each smple was weifM to as ctlose to 0*5000 gram as possible, 

the two samples of each variety being within one-half milligram of each 

other. It was a>t felt at the time, that so minute a differenee in the 

ash per flask would have any observable effect on the digestion of cellu 

lose* Also, dried grotmd grass will pick up moisture iddle being weighed 

and, of course, there was scmm huaun error. 

To correct for this esqperimental variation, the milligrams of 

cellulose digested per milligram of ash added was calculated individually 

for each flask «s idiown in Tables XI and XII* The differenee between the 

two sample ash weights per treatment wee calculated from Tables VII mid 

VIII* This diffsrenoe was multiplied by the milligrams cellulosa digested 

per milligrem of ash preeent ahoim in Tables XI md XII using the data 

given for ttw sample nuabar having tha lasMr amount of ash. This product 
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9170.0 0.0712

Grams

(non
)detartin

503.*11 
Georgia
hybrid
tellim
1No*lraep 

Sample
2005.0
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TABLE Vn 

Am ANALISIS OF FORAGES CUT AT TWENTY 
INCHES DOWN TO SIX INQiES 

Sample
O.OU63
6005.0
2

Sample
85UO.O
0.5000
1

PiperSudan
(non
)detartin
602.9 

Sample
1005.0
228U0.0 

Sample
56tlO.O
0.5000
1

nvnv
0

0 
(non
9.1*69 teewS
Sudan

)detartin 
.

. 
0

0Sample
0,5003
2
 

Sample
Uoo5,o
1
 

10.373
)ersutRSweetpounda
Sudan
(120rep

S«aple
3005.0
275UO.O 

3UU0.0
1Sample
1005.0 

8.997
K«ntuoky
bluegrass

Grams
Per
tnec 

thjgiew
t^iiew
egatnecrep 

Sample
Ai^
haa 

Average 

1•1
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TABI£ VIII 

ASH WEIGHTS OF QiBLASS ASH SDPPLSffiHTATIOH 
TO WHOLE FORAGE 

Sample Aah 
Forage ashed weight weight 

Grams Grams 

K«itueky bluegrass ash added to German millet 
grass (non nitrated, 20 in. down to 6 in.) 

Sample 1 0,5002 0.0U56 
Sample 2 0.5003 O.OU39 

Omrmm nillet (non nitrated, 20 in. do«n to 
6 in.) ash, added to German millet (nan nitrated, 
20 in. down to 6 in.) whole forage 

Sample 1 0.500U 0.0538 
Saiqple 2 0.500U 0.0522 

'f <■ 

X-S' 
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tAsm jx 

COMPAaiSONS OF THE EFFFXT OF THE ASH QDAMTm 
mj) QUALITY OF FORAGES OH THEIR 

UTILIZATIOH BY RUMEH 
HICROORQANISHS 

Per cent cellxilose 

Sample Sample
Source of ash' 1 2 Average 

Per cent Per cent Per cent 

Purified cellulose (control) 23.0 17.0 20.0 
KentuciQr bluegraes 91.0 92.0 91.5 

Sifeet Sudm (120 pminds M per acre) 83.0 88.0 85.5 
Siieet ^dan (ncn nitrated) 70.0 60.0 75.0 

Piper Sudan (non nitrated) 77.0 80.0 78.5 
Qersan millet (non nitrated) 73.0 61.0 77.0 

Oeorgia hybrid No* 1 pearl millet 
(non nitrated) 86.0 88.0 87.0 

L* S« D« (5 per cent level) 9.75 

L. S. D« (1 per cent level) 1U.U6 

*A11 of the forages used vere cut at the paature stage. 
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TABLE X 

THE EFFECT OP SDPPLEMmiTATION OF QEBMAN 
MILLET Q&A3S WITH KENTUCKT BLUEQRASS 

ASH AND OBHMAN MILLET ASH 

Per cent 

Sample Snople Average
TreatHMHit* 1 2 

German millet grass (ccmtrol) U7.0 Ui.o Ui(.0 

German millet aidi added to German 
millet grass 67.0 68.0 67.5 

Kentucky bluegrass ttfici added to 
Germm:! adllet grass 73.0 72.0 72.5 

L. S. D.(5 per cent lewel) 8.01 

L. S. D.(1 per cent level) 1U.72 

All of the Qemen millet and grass used was non nitrated^ 
cut at twenty inches down to six inches. 

-iflLltaM-Jf't|v-ii«kvM 
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TABLE n 

MILLIGRAMS OF PURIFIED CELLULOSE DIGESTED 
PEE MILLIGRAM OF GRASS ASH PRESERT 

Milligrams of 
oellulosa digested 
per milligram of 

Sample Sample Average 
Sooree of aidi 1 2 

Kentucky bluegraas U.09 U.02 U.$5 
SHeet Sudan (120 pounds M per acre) 3.23 3.37 3.30 

Sweet Sudm (non nitrated) 3.01 3.3U 3.17 
Piper Sudei (non nitrated) 3.36 3.U8 3.U2 

German millet {non nitrated) 2.83 3.13 2.96 
Georgia hybrid No. 1 pearl millet 2.U0 2.U9 2.UU 
(non nitrated) 

L. S« D.(5 per cent level) .3ua 

L« S. Da (1 per cent level) .$27 

All grass ashed was cut at twenty inches down to six inches. 

•V . 

J ' 

I 

"i •* 
^ Six 



63 

Ti»LB XII 

ADDITIONAL MILLIGRAMS OF GRASS CSLLOLDSS 
DIGESTED DOE TO ADDED ASi 

Additional Addi^onal mgs» 

Treatroent^ 
ngs* eellulose 

digested* 
eallulosa digested 
per Mg» of aah added 

Kentuclgr bluegraas ash added 
to Qmnam nillet grass 

Sample 1 1>7»80 1«0S> 
Sample 2 il»6»80 1«07 

Average X>06 

Geniaa nillet ai^ added to 
German millet grass 

Sample 1 36.60 0.68 
Sample 2 38,20 0,73 

Average 0,71 

*The8e values are based on the fact that UI4 per cent of the 
eellulose was digested in the Qensan millet control flasks as ̂ own 
in Table X. These valxws represent the difference in milligrMui of 
cellulose digested between the control and the ash aupplnasnts, 

^All of the German millet ash and grass used was cut at twenty 
inches down to six inChes. 
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VM thm a<blad to tho oolXuloso dlgoartod of l^o sample having the lesser 

•notmt of eiAi and the percentage of cellulose digested for that 

recalculated* Ihe results of the adi veii^t corrected digesticm Talues 

we shown in Xtfales XIII and XIV* 

These figures represent the thewetieal perc«citage of cellulose 

dlgeeted had each eeaple of a tareatonnt received exactly the earae auount 

of ash* The corrcctiais were based on the actual digestioi of the sample 

being adjusted* The corz^ctlons were made mly between samples of a 

single treatment and not between treatoents dae to variations in the 

normal ash content of the forages uscwi* 

in examinatim of Table XIII shows that the effects of adding aidi 

on the digestion of purified cellulose was hi^ly significant in all cases* 

nie highest digestion of cellulose occurred in the treatment containing 

the a^ of Kentucky bluegrass* This was followed by the n(»i nitrated 

Qeorgia hybrid Ho* 1 pearl millet md the nitrated Sweet Sudan* However^ 

these differences were not significant* The differences in cellulose 

digestion between the Kentucky bluegrass and the non nitrated Sweet Sudan, 

tile non nitreted Piper Sudan and the non nitirated Qermsn millet eife 

treatawmte were hi^ily significant* Cellulose digestion in both the 

nitrated Sweet Sudan and the non nitrated Qewgle hybrid Ho* 1 peerl 

millet esi:i treatments was significantly hl^er than the non nitrated 

sweet Sudan, non nitrated Piper Sudan, and tiie non nitrated German millet 

ash treateents* l^ere was no significant difference in the digestion 

between the non nitrated Sweet Sudan, non nitrated Piper Sudan, and non 

nitrated German millet ash treatments. 
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TABLE nil 

CCfflRECTED ASH VEIQHT VALUES OF COMPARISONS OF THE 
EFFECT OF RIE ASH QUANTITI AND CPALITT OF 

FORAGES ON THEIR UTILIZATION BI 
RUMEN MICROOBQANISHS 

Percenta^ of eellulos* 

Sample Sample 
Source of ash* 1 2 Average 

Purified cellulose (ccmtrol) 23*0 17.0 20.0 

Kentucky bluegrass 93.0 92.0 92.5 

Sweet Sudan (120 pounds N per acre) 6U.0 66.0 66.0 

Sweet Sudm (non nitrated) 72.0 60.0 76.0 

Piper Sudan (non nitrated) 78.0 80.0 79.0 
German millet (non nitrated) 7U*0 81.0 79.0 

Georgia hybrid No* 1 pearl millet 
(non nitrated) 86*0 89.0 67.5 

L* S* D.(5 per cent level) 8.U3 
L* S* D* (1 per cent level) 12.50 

"All of the forages used were cut at twenty inches down to six 
inches* 
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TABLE 117 

THE EFFECT OF SCPPLEHEE^TATION OF GERMAN MILLET 
GRASS WITH KENTUCKI BLUEQRASS ASH 

AND GERMAN MILLET A3i 

(Cori'ected for Ash Weight) 

Per cent 

Sample Sample 
1 2 AverageTreatmant* 

German millet ̂ ass (ecmtrol) U7.0 U1.0 

Germm millet aidi added to G«nun 
millet grass 67*0 68«0 67.5 

Kentucky bluegrass ash addkid to 
German millet grass 73.0 72*6 72^5 

L« S» D* (5 per cent leeel) 
• 

6.01 

L« S. D*(1 per cent level) 1U..72 
• 

*A11 of the German milXet ash and grass used was non nltratedji 
cut at tMRitjjr inches down to six inches* 
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In this trial thmre was a aignificant increaaa in digestiai of 

cellulose due to the nitration of Sweet %dan« As shown in Table Hip 

nitration also increased the ash content. 

A comparison of the data in Table VII with that in Table XIII 

i^ows that rumen microorganisms respond to boto the quantity of ash in 

the forage and the quality of the ash in the forage. Georgia hybrid 

No. 1 pearl millet, which was second in digestion only to Kentucky blue-

grass, had the hi^est ash content of the forages tested, lU.30 per cent. 

However, Kentucly bluegrass, which was the higjaeat in cellulose digestion, 

had the smallest a^ content of the forages tested, 9.00 per cent. 

The effect of ash qpality on cellailose digestion by rumen micro 

organisms can best be seen by examination of data in Table XI. This 

i^ows the milUgrams of cellulose £« se digested per milligram of ash 

present. Kentucky bluegrass was the hi^est in this respect, the differ 

ence being highly significant in all cases. This indicates that the high 

response of the rumen microorganisms due to the sdditiwi of Kentucky blue-

grass a^ was due to quality rather than aidi quantity. Georgia hybrid 
No. 1 millet was lowest in this respect, the difference being highly 

significant in all cases* This indicates that the high response of the 

mfittn Bdcroorganlaws due to the addition of Georgia hybrid No. 1 millet 

a^ was due to the quantity of «ie ash rather th«i (piality. 

There was no significmit difference betweoi the nitrated «id non 

nitrated Sweet Sudan. This indicates that the significant increase in 

cellulose digestion due to the additiwi of the adi of the nitarated forage 

was due to ash quantity rather thma quality. 
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A eonparlttm of the TaluAs of tha of Kontucky bloogroM and 

Qaraan mlllat as a supplaaant for Oaraan miXlat grass ara shown in Tabla 

XI7* nia added ash resulted in a highly signifioant ineraasa in tha 

digestion of the Qaram ndllat grass oailulose in all cases* This indicates 

possibilities that the nutritive value of stsaa forages ean be iiqs'oved by 

tha addition of mineral supplnamts* 

The statistical malysis of tha ocaqparism batwem the treatments 

of Qarman millet ash and Kentucky bluegrass ash only dhow that the digestion 

was aignifioaatly hi^ar in tha aanplas containing the Kentxicky bluagrasa 

ash* 

The additional digestion* due to tha aeh supplments* in tarns of 

milligrams of grass cellulose digested per milligram of grass ash presmit 

was oaleulated mid is ihown in Table XII* As a supfdament for Qarman 

millet grass* the Kentucky bluegrass aih was of a higher qaality l^an tha 

Qarman millet a^. the diffarwiea was hi^ly significant. 

The Effect of Hydrocyanic Acid on tha Activity 

of Rumen Microorganisms 

It was noticed early in the experimental work that the nitration 

of sudans caused them to be consider^le less digestible than the non 

nitrated Shdans. This was espe^ally evident in tha Sweet Sudan and Imaa 

evident in the Piper Sudan. In some of tha early preliminary work, tha 

digas^on of tha nitrated Sweet Sidan was practically inhibited tdiile the 

digestion of the Piper Sudan was decreased considerably as compared to 

the non nitrated forages. 
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Diui to the feet that the eerier literature states that nitrogen 

fertiliser increases the pruesie acid content of Sudans and sorghums and 

the Piper 3idan whi^ has a lower prussie acid content vas less affeetedf 

it was hypothesised that the prussic acid glucoside nsy have an inhibiting 

effect on rumen bacteria* 

The results of the additi(»i of a pure solution of hydrocyanic acid 

to digestion flasks containing non nitrated Piper Sudan, cut at twrnty 

inches down to six inches, are shown in Table XV* Two samples c<mtaining 

the nitrated Sweet Sudan, tdiioh was vuiually iidiibited, were used as a 

C09Bpari8<m* 

The results shown in Tshle XV do not indicate any Inhibitim ef 

rvusen microorgmimas, due to hydrocyanic acid, imder the mqperimental 

conditions and levels of hydrocyanic acid used* 

This does not imply that hydrocyanic acid has no effect cn nuMa 

bacteria, but that in these trials it could not be ahoim. Perhaps «a 

effect could be shown if higher levels of hydrocyanic acid were used* 

Also, it must be borne in ndnd that hydrocyanic acid was extremely vols« 

tile and did not r«HDSin in the bacterial solutions at the e<mcentratione 

added for very long* Perhaps an effect, if ny, could be shown if a 

differ«it type of apparatus could be adapted* 

Umi Effect of Partijydroaybenaiddehyde <m the 

Activity of Ru8»n Mi(»roorganiam8 

Tlw results of this eiqperiment are shown in Table XVI* Althou^ 

mathematically, the results are aigoifleant, the inhibition shown nowhera 
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TABLE X7 

. :■ 

THE EFFECT OF HICBOCYANIC ACID ON THE 
DKBSTIOB OP PIPER SUDAN (SiASS HI 

HDMEN BACTERIA IN VITRO 

Per cent 
HCN 

ad(tod Trial Trial 
Foraee® PPB I II Average 

Sweet Sudan (120 pounds N par acre) None 5U.00 29.00 Ui.oo 
Piper Sudan (non nitrated) None 75.00 6U.50 69.75 

Piper Sudan (non nitrated) 10 75.00 67.50 71.25 
Piper Sudan (non nitrated) 20 72.50 67.00 69.75 

Piper Sudan (non nitrated) UO 71.50 ^•5o 66.00 
Piper Sudan (non nilu'ated) 60 70.50 63.50 67.00 

L* S« D. (5 per cent lerel) 3.09 U.68 12.69 

L, S. D* (1 per cent level) U.67 7.09 19.21 

'All of the forages used were cut at twenty inches down to six 
inchea* 

f •>» ■ 

■ . ■- ■ . ;'wV.V ' ^ ^ ' "■ 
■ ' ■ 'A , ^ ^ .. . .■ ■-/; V. 
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TABLE IVI 

THE EFFECT OF PARAHYEROnBENZALEEHnE 
ON THE DI(ffiSTIO» OF PIPER SUDAN 

BY RUMEN BACTERIA IN VITRO 

Per cent 
PHBA eellnlose digested 
add^ frial Mai ® 

For«ga* PP* II Aserage 

Sweet Sudan (120 pounds N per acre) Hone 58.00 55.00 56,50 
Piper Sudan (non nitrated) Nme 78.50 73.00 75.75 

Piper Sudan (non nitrated) 10 77.50 71.50 7U.50 
Piper Sudm (non nitrated) 20 75.50 70,00 72,75 

Piper Sudan (non nitrated) UO 76,50 71,00 73.75 
Piper Sudan (non nitrated) 00 76.00 72.00 7U.00 

L* S« D.($ per cent level) 2.01 U.07 2,26 

L» S» D« (1 per cent level) 3.0U 6,16 1.U7 

'All of the fcarages used were cut at twenty inches down to six 
inches* 
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ra«ehes tta« nagnlture of that indicated for the nitrated Sweet Sudan and 

the reaulta nust be considered as inconclusive* 

The sanw Ujsitations (hie to eaqperiaental conditions and the levels 

of parahydrosybenaaldehyde used that were nentioasd in regard to the 

hydr(M9-«nie acid work were appliosble. The used to nake the 

parahgrdbKHqrbensaldehydB soluble in water was very volatile and as it 

escaped from solution, no d(nd>t cairried paridtiydrorybenealdtiiyda with it* 

^ - ^ /v -.i \ . <r ^ 
tf ' » ( '■ ■ Y i_ , •• f 

■ -■ ■ 



GHAim f 

(HSHBRAL Discussion 

Th6 •sqperlnsntal procedure previously described wee used successful 

ly to evaluate forage utilisation by aicroorganisBis^vitro. Differences* 

thott£^ not always significant* were found betSMn grass species* vagrleties* 

end stages of plant nsturity. 

No increase in utilization of forages by runen microorganieBBs* due 

to nitration* could be observed using this technique^ However* this was 

in general agreement with most of the live «ilmal studies cited in the 

review of literatiure. 

Several details in the tedbnic^e are due for criticism and could 

possibly be improved. When $0 mllllliters of the bacterial suspensim 

were added to the 125 milliliter Erlenaeyer flask* a large surface area 

of the liquid resulted. I^s was tmdeslrable due to the fact that seratim 

My result by having a large portion of the liquid exposed to the atmos 

phere. The results of this effect were maze obvious in the nualMKr two 

position flask of the series because the outlet tube opens directly into 

'Uie air. 

This condltlcm was overoone by bubbling the carbon dioxide through 

the contents of the flasks eoaparativsly briskly. If too little carbon 

dioxide was used* digestion majr proceed normally in the number one flask 

and be inhibited in the nuodoer two flask. If too much cazbon dioxide was 

used* a small amount of the li<piid in the nuieber one flask may be carried 

ovnr into the number two flask resulting in a greater experimental variation. 

It was found that it was preferable to supply the carb<m dioxide in sli^t 

d 
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•SMss thin to ua* toe little* 

There ere several possible aetliOds of alleviating the eituation* 

If a larger volume of bacterial suspension was used* the level of the 

liqpiid vould rise into the narrower portion of the flask* However* this 

would reqpiire processing a greater volum of ruMm ̂ ulce which would take 

additional time* 

Bach digestion flask should be connected to m individual eacton 

diozlde outlet instead of in a series* This would be m ideal sitaatioQ 

when the eaqperimental conditions pexwit* In this experinmit cmly thirteen 

outlets were avail^le to supi^ the cazton dioxide for twenty flasks* so 

that the series arrangenoit was the only alternative* 

The 125 milliliter flask could be re{d.aeed by a 50 ailllllter flask 

and the volume of bacterial suspension redumd* This solutitm aiders to 

be the most satiafactory and should be worthy of -yrial* 

Jirf'" 
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CHAPTER VI 

mmm 

An experinsntal taehniq^e was davalopad using ths artificial roBMm 

to awaluata the utilization of various forages bjr ruaen aicroorganiaaa 

in vitro» This techni(iae is unique in the respect that washed ruawn 

KicroorganisBia were used without Vm addition of a nutrient mineral 

solution. The sole source of nutoients required by rumen microorganisms 

were supplied by the various grasses used in this investigatiwi. The 

varieties of the grasMs used wwe Sweet Sudai^ Piper Sudan^ Oerman milleti 

and Georgia hybrid No. 1 pearl millet. 

In all eases the digestion of the grass cellulose was wich higher 

than idten the cellulose was supplied per se. indicating that the forages 

supplied essential nutrients required by cellulolytic bacteria. 

When cut at the pasture stage the non nitrated Sudans were utilized 

to a highly significantly greater extent than the mm nitrated millets. 

At this stage of maturityy nitration had no significant effect upon the 

digestion of the millits idiile it had an inhibiting effect on the digesti<m 

of the Sudans. The decrease in digestion of the Sweet ̂ d«i was hi^ily 

significant vtdla the decrease in the case of the Piper Sudan was not 

significant. 

When cut at the hay stage there was no significant difference be> 

twaen any of the species or varieties tested, and nitration had no signifi 

cant effect. At this stage of maturity there was no decrease in the 

digestion of the Sudans due to nitration. 

■w- v* . 
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Conparlsons made batween non nitrated forages cut at the pasture 

stage and the hey stage showed that maturity had a hi^ily significant 

negative effect on the digestibility of all of the forages tested except 

German millet. In the ease of German millet the decrease in digestion 

due to maturity was not (|uite significant. 

Comparisons m«le between the nitrated forages cut at the pasture 

stage and the h«y stage showed that maturity had a significant negative 

effect upon the digestim of the nUlets and Piper Sudm. The Sieet 

Sudan was digested to a siffiificently greater extent idrnm nature than 

idien cut at the pasture stage, because there was no inhibition due to 

nitration in the ca^ of the mature i^ants. 

A technique was developed to compare the influence of the quantity 

and quality of the grass ash upon Ihe digestion of purified cellvilose. 

One-half gram of the forage was ashed and the ash used as the sole source 

of minerals required by rumen ndcroorgmisns. There are indications that 

bacterial growth was influenced by an interaction betwecoi the total 

quantity of the minerals in a forage end the qpiality of the minerals in 

a forage. The balance of minerals fl̂ y be tt)Important factor in mineral 

qualily. 

Kentucky bluegrass ash supported the highest cellulose digestion 

with the smallest amount of ash present due to the c<miparatively low a^ 

content of Kentucky U.uegra88. Georgia hybrid Mo. 1 pearl millet ash was 

the next highest in cellulose digestion with the largest amount of ash 

present. 

Both the ash of Kentucky bluegrass and the aidn of German millet 

were supidMiented to Germm millet gross. The adi supplements caused a 
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hlgbly leant increase in grass cellulose digested in both cases* 

The digestion of cellulose vas significantly higher in the flasks contain 

ing the Kentucky bluegrass ash iimn the Qeraan nillet ash* 

In an effort to explain tiie inhibiting effect of the nitration of 

Sudansf trials were run to detandne the effect, if any, of the segpaats 

of the prussic acid glucoside on bacterial activity* Under the eaperinental 

condLtims used, no inhibiting effect on bacterial activity could be pro 

duced by additi<ms of either hydrocyanic acid or parahydroxybenzaldahyde* 
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