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INTRODUCTION

Grass silage is mm {mportant factor in the livestock industry
becius# it furnishes a high quality succulent faed at a low cost. As
it is knowm today, silage cam be wade from nearly any grass, legume
or cereal crop. The lagumes are particularly valuable becsuss they
produce a silage which has = high nutritive value.

The retention of plant nutrients, such as carotene mmd protain,
is of utmost concern in the production of silage. The preservation of
these forage nutrisnts 1s brought about by the fermentatiom reaction
within the silage mass. Tha lactic acid bacteris, that are found en
the green forage, convert the zvailable plant carbohydrates into lactic
acid. The major problem is to counvert the available carbohydrates to
lactic acid as soon as posmaible after ensiling the forage. The forma-
tion of other acids by microorgenisms will result in the production of
poor quality silage. Numerous investigations have been wade in order to
better understand the silage fermemtation processes. The knowledge that
is gained from these studies may be used to iworove silage quality.

Tha purpose of this study is to evaluate some of the cbmerva~
tions wade when alfalfa is ensiled with various preservatives, The
mmaerobic microbiological population snd biochemical properties of the

silage are of narticular interest.



EEVIEW OF LITERATURE

The role of the microorganisms in the sroduction of silage ecan
be better understood by =tudying the reactions that occur within the
silage mass. These reactions constitute the procass known as silage
fermentation,

Silage fermentation 18 the result of a series of micrchiclogical
and chemical processes. MAccording to Morrison (32), the liviag plant
cells that remain in the silage after ensiling continued to respire,
The oxygen that was entrapped in the silage mass was rapidly used up
and carbon dioxide was given off, Withim five hours after ensiling,
practically all tha frees oxygen had disappeared. The absence of
oxXygen prevented the development of molds. The acid~forming bacteria
maltiplied rapidly in the silage. These bacteria attack the sugars,
some of the starches and pentosams im the green forage. This results
in the sroduction of organiec acids, primarily lsetic acid, socmn acetic
acid and traces of other mcids. Alcohol, usually ethyl alcohol, was
#leo formed. The production cf the meids was one of the wmost important
srocessad in silage fermentatiom. The ascidity that was produced pree
veated the growth cf the undesirsble bacteria that would have caused
putrafaction of the ailage. When enough acid was formad, the process
was checked, and the fermentatiom finally ceased. If air doas not gainm
entrance into the silage it will keep for a lomg period of time with

little chamge.



Hacteriological Population of the Fresh Forage

The microorganiezms that sre found om the green forage prior to
ensiling play an important role in the silage fermemtatiom process.
Thomas (40) stated that nemerous differemt spaeiess of bacteria ware
found on the surface of the green forage. Studies by Allen et al. (3)
also concluded that a large variety of organisms comprisad the microe
flora of green plants. Thermophilic organism nuwhered from 1,660 to
2,070 per gram of forage. Aerocbic sporeformers unumbered from 250 to
2,400 per gram., The coliforms were found in nuwbers varying from
1,000 to 1,M0,000 per gram. The lactobacilli varied from 1,000 to
10,000,000 per gram, Yeasts and molds om the green forage numbered up
to 25,300 per gram of forage. The mixed aerobic microflora numbered
from 1,630 to 42,800,000 per gram. Lactobacillus plantarum was the
rredominant spacies of lactobacilli isolated. The coliforms were
fidentified as Aerobacter eerogencs var. graminis. Kroulik et sl. (24)
identified the coliforms they had {solated as belongimg to the spacies

Aerobacter cloacie.

Allen et 31. (3) found small numbers of sporeforming cbligate
mnaercbes on fresh forage. They numbered from 10 to 100 per gram. The
predominant species present was identified ss Clostridium sporogemes.
Langston &t gl. (27) found leas tham 100 smaerchic spores per gram of
fresh orchard grmas. C£tudiea by Martos (31) indicated that the
original chopped fodder eontained not more than 50 to 100 anaercbes per

gram of forage.



Species of strenmtococci, micrococei and the Actinocmyces were
glso isolated from the green forage. Kroulik et al. (24) reported that
the predowinating orgamisms cn the green rlants prior to emsiling were,
asrobic, chromogenic, nonsporeforming, rod-shased bacteria. The
coliforma comprised a large portion of the microflora. TFrom the
washings of whole leaves uf alfalfa, timothy and clover, Thomas (39)
obtained eight differant isolates. All wera yellow pigmented species

of bacteria.

Bacteriological Population During Fermentation

Following the ensiling of the green forage two microbicological
processe take place within the silage mass. These two processes ara
knewn as the aerobiec process aml the mmaerobie sroceas.

The merobic process, described by Bender et al. (6) started when
the foddsr was first placed in the silo, The nlant cells continued
to respire using the alr that had been entrarved in the silage mass,
forming carbon diumide and water. T'Intil the oxygen of the air had been
used uv, the aercbic organisms including the yessts and wmolds coutinued
to multiply. The aerobic pericd usuaslly took nlace within one to ecight
days after emsiling. This period of tiwe was reported by Allen et al.
(3) as the lag phaese, The lag phase is the tiwe taken by the respirae
tion of the plant cells and bactiéris to use up the availgble cxygen.
Vhen the sllage mars becama anacroblec, the aerobic organtsms, although
unsghle to reproduce were still able to functiom as enzyme symstems.
These enzywe systems were asble to form alcohol and various other

metabolic end-products.



During the sercbic proceiss a large variety of organisms mre
rresent in the silage mass, Studies by Burkey et al. (11) indicated
that the bacterial flora of the forage when it was first placed in the
silc consisted predominantly of chrowogenic, »leomorphic amd coliform
bacteria. Host of the coliforws were of the Aercbacter species, ale
though some were similar to Escherichia coli. Allem gt al. (%)
identified the colifovms as belonging to the Aercbacter sevogenes var.
graminis group. The coliforms as well as the other aerobic organisms
usually disappeared within two to five days after ensilimg. Theoe
organisms were of little iwportance im the stored silage, even though
they did attain wuoabers up to 1,000,000 per gram. Studies on the
multiplication of bacteria in silage by Stirling (38) indicated that
there was a rise in the total count of bacteria a few days after ene
siling. The peak was resched in shbout two days. This periocd of rapid
inerease wes followed by a gradunl decline in aumbers.

Mmpigmented gram rositive types such as the streptococci amd
lactobaeilll, replaced the pigmmmted typas that were sredominsat om
the fresh forage (38). Streptococei, micrococei, and motile lacto=
bacilli, were foumd by Cunningham and Swmith (14) in recently emsiled

forage prapired by the J\.l:.v.1 method. Segrains of Lactobacilius

plantarum, Lactobacillus brevis, Streptococecus lactis, Leuconostoe

Imiis e 2 methed of gilsge presarvation whereby a mixture of
equal quantities of hydrochloric mmd sulfuriec acid in a 2¥W solution is
added to the fodder as it is ensiled. Bander, C.B., and Bosshardt, D.K.,
“Grass Silage: A Critical Review of Literaturs", J. Dairy Sei.,

22: 637.



mesentercides, and unidentified strains of micrococci and sarcinae

were isolated from A.1.V. silage. Langston et al. (27) stated that
the high acid producing lactobacilli usually do not become predomin-
ant until the coceci have reached high numbers and produce considerable
awounts of acid. The cocci jsolated were identified by Langaton et al.

(25) as belonging to the genera Streptococcus, leuconcatoc and Pedio-

coccus. The streptococei were identified as Streptococcus faecalis,

and Streptococcus ligquefaciens. Two strains of Leuconostoc were

identified as Leuconostoc mesentericdes, and a variable strain desig-

nated as Leuconostoe type I, The straina of the Pedicoccus were not
identified. Burkey et al. (11) also isclated pedicocei and strepto-
cocel from silage following the disappearance of the anaerobes., The
pediococei were described as non-proteolytic diplococci that were

similar in characteristics to the genus Pediococcus. He stated that

the stregptococci were identified as Streptococcus liquefaciens and

several other unidentified species. Langston et al. (26) reported

that after the cocci had reached high numbers and had produced consider-
able amounts of acid, the high acid producing lactobacilli became pre-
dominant. The lactobacilli that occurred wost frequently were Lacto-

bacillus brevig, Lactobacillus casei, Lactobacillus plantarum, Lacto-

bacillus arabinosus, and variable strainsg of Lactobacillus brevis and

Lactobscillun casei. Allen et al. (1) and Burkey et al. (11) stated
that the majority of the lactobacilli present were similar to or wera

strains of Lactobscillus plantarum, Burkey et al. (11) also isolated

& number of un-named lancet (knife-shaped) or "diplo" short-rod forms.



tyrobutyricum. Burkey et gl. (11) isolated & lactate-utilizing
bacterium which he also identified as Clostridium tyrobutyricum, and

an actively proteolytic bacterium similar to Clostridium sporcgenes.

Allen et al. (2) divided the ansercbic sporeformimg bacteria that they

isolated from 28 silage smmnles, inte three grouss: (a) Cleostridium

sporogenes, (b) Clestridium welchii, and (c) Clostridium butyricum.

They also reported that the number of anaercbic spores remained small
for the first few days after enailing, and increased to =approximately
1,000,000 per gram after 10 to 15 days. This was followad by a level-
ing off, but in some cases they increased to about 100,000,000 ner

gram for the next few wacks, and then slowly declined. The organisms

that were most commonly isolated were classsified as Clostridium

sporogenes. Bryant et al. (10) reported that the spores of the
anagercbic bacteria increased in nuwrbers from 10,000 per gram at eight
days after emsiling to 2,000,000 per gram at 33 days after aneiling.
Langston gt al. (27) reported that an incremse in the number of spores
cf anaercbes did not begin until twe days after ensiling in the soor
quality silages and five aad sight days in the intermadiate quality
silages. Following this a steady increass was obtained throughout the

fermentation period.

Silage Quality

A standard criteria for the claessification of silage on the
basis of various bicchemical amd bactericlogical nroperties was sro-
nosed as = method of evaluating the guality of silage. Langston

et 81. (27) classified milage into thres grours on the basis of



quelity. These groups were: Good, Intermediate, and Poor. This
clasaificatlon was based on pH, =smonla nitrogen, lactie acid, butyrie
mcld and spore coumts, Bacterislogically, the same general =attarn cf
inerease and decrease in numbers of bacteris was similar throughocut the
fermentation period im both the Good and Poor cuality silages (31).
Langsaton gt al. (27) stated that, "The srimary difference in quality
of these silages can be correlated well with the increase of sporee
forming smaerobes.” Langstem's (37) criteria for clasaifying silage
1e as follows:
Good Cuality filgge:

(1) A pE from 3.9 te 4.7,

(2) Low ammonia nitrogen content, from 1.02 to 2.87 per cent.

(3) Traces of butyric acid.

(4) Spore coumt erratic, wost samples mone.

(5) Comsidersble amounts of lactic acid, frem 3,035 to 17.16
pér cant,

Poor Quality Silage:
(1) A pH from 5.2 to 5.7.
(2) Ammonia nitrogem content from 3.23 to 9.82 per cent.
(3) Spore counts high.

(4) Lactic acid content increased, then declined aceompamied
by a correaponding incresse in the butyric acid content.

The Intermeliate quality silage had characteristies that were
between the Good ana Poor quality silages.
Eempton ot 81. (22) stated that, buryric acid productiom in

spoiled #ilages was ansoclated with lactate-fermenting clostridia.
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Colonias of bacteria isolated from spolled eilage resembled Clogtridium
tyrobutyricum, If the sllage was going to snoll, the vegetative cells
of the lactate-fermenting clostridia were detected withln a few days
after engiling (22).

Tha pll of silage is am Important fastor in 1its productiom and
preservation, The optimum oI for silage »reservacion desarihed by

Bender et 2l. (6) was between 2.5 and 4.0. A -H of 4.0 or below come

pletely inhibited the harmful becterial action which gave rise to
butyric acid formation amd protoim breskdowm. Studies by Martos (31)
indicated that the presemce of the anaercbic lactate-fermenting crowe=
foruing bacterla im the silage causced a2 reduction in the #cidity of the
silage. This reduction in acidity permitted the growth of the spoile
age organisme. The numbers of spoilage organisms increased until a pH
of approzimately 4.0 was reached. At & pM of 4.0 or below cmly the
lactobacilli were capable of growing (4). At a ol of 4.5 to 5.7 the
number of spores ranged from thousands to several humdred thousand per
gram (4). Archibald (5) stated that, butyric acid does mot devalop to
any extent umlese the silaga haz a pH above 5.0.

Another factor related to silage quality is the conteat of
fermentabla carbohydrates in the silage. Bender et al. (6) stated
that the low carbohydrate content of the eilage can cayse the produce
tion of poor quality silage. The production of good quality silage,
therefore will depend upon the airly counversiom of available carbo-
hydrates in the forage into lactic acid. Wilson et al. (41) stated

that fermentable carbohydrates were necessary for the nroduction of
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the organic acids, which were raspomsible for the preservation of the

siluge.

Silage Preservation
The production of good silage will depend upon maintaining

several biochemical snd bacteriological properties that are chavscter-
istic of good quality silage.

Several factors, therefore will have to be considered: (a) The
pH must be maintained at a low level, approximately 3.5 to 4.0 (6).
(b) The spore counts will have to be decremsed. This weuld involve
decreasing the number of sporeforming anacrcbes without inhibiting
the development of the bapeficlal organisms, such as the lactic acid
organisms. (¢) The production of butyric acid must be reterded by
lowering tha pH (5,6) and by inhibiting the growth of the sporeforming
anaexcbes (22). (d) The supply of available carbohydrates may be ine
creased so that the carbohydrates can be converted into lactic acid
(6,41).

Uaing the previously mentioned fictoxrs as a guide for the
production of good quality silage various methodas of silage preserva=-
tion have been used.

The addition of various acids to the forage 18 2 popular method
of silage oreservation. The A.I.V. method will lower tha sH of the
eilage to 3.6 to 4.0 (6). Tha use of phesshoric acid will lower the
#H of the silage to 3.9 to 4.9 (21).

The eddition of fermentasble carbohydrates wias another method

used for the r»reservatiom of silage. Carbohydrates sueh as molasses
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and whey have been used as silage preservatives (6).

Other methods of silage sreservations have been used. Re-
placing the air in the silc with sulfur dioxide resulted in the pH
of the silage being waintained at a level of 4.0&4 to 5.792 (23). Sul-
fur dioxide also sromoted a rapid growth of lactobacilli and inhibited
the growth of other bacteria (23). The use of chewical sterilizers
such as formeldehyde and formic acid, and inoculating the silage with
cultures of lactic acid forming bacteria as a method of silage preser-
vation have been used. The results obtained did aot warrant the
future use of these wethods (6).

In recent years the antibiotic principle has been used as a
means of silage preservation, "Silotracin" (zinme bacitraecin) is a
milage preservative in a powdered form. It is designed to nresecrve
silage by inhibiting the bacteria that are responsible for producing
noor silage and encouraging the bacteria that are responsible for the
desirable fermentation reactions (13). Studies by Rusoff et al. (36)
using "Silotracin” as a preservative for grass silage indicated that
silage treated with "Silotraein"” was of good color, pleasing odor amd
had a pH balow 4.5. The control (untreated milage) had a darker color,
sharper cdor and a pH of 5.4, "IN-SIL=AC", amother commercial vroduct
in powdered form, has been used as a silage preservative. This vrod=-
uct uses the principle of adding desirable cultures te the forage as
it i= emsiled. "ENeSIL-AC" is composed of a culture of Aspergillus

oryzae and Torula dried yeast, as well as added nutrients,
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EXPFRIMENTAL PROCEDURE

By tha addition of various preservatives further information
was obtained concerning the effect of the prezervatives on the
anasrobic wicrobiological mopulations and biochemical propertiss of
silage.

In this study 14 different samples were -repared. These
samples were designated A through P omitting F and H. Samnles A and ©
raceived no treatment and served as the contreols., Ome nreservative
treatment was used in each of the rewaining samples. Table I shows

how each of the smmples was prepared usimg the various =reservatives.

Forage Preparation

First cutting alfalfa used for this study was cut just prior to
the blossoming stage. It was wilted in the field for ome and one=half
days, chopped amd brought into the laboratory where the nreservatives
Were added.

Because this first group of memnles with low moisture was so
uniform in the physical smd chemical characteristica, ©vH, eolor, amd
odor, a mecond grour of zilage samples was prepared. The forage used
in the second series was third cutting alfaslfa. The chosped forage
was not wilted buk was brought directly to the laboratory where the

various premervatives wera added.

Prepsration of Silage Smmnles

Samples frow the low molsture forage wera nrepared by packing

the forage mixed with respective preservatives into senarate gpint smd

144422 SCUTH DAKCTA



TABLE I,

14

RATES OF APPLICATION OF PRESERVATIVES PER POUND OF SILAGE

Sample Freservative Rate of Application per pound of Silagea
(grams)

A Hone 0

B EN-SIL-ACD 2.0

c Silotracinc 1.5

D EN-SIL-AC- 2.0
Silotracin 1.5

E 8ilotracin 1.5
Ground cornd 25.0
Molagmese 12.5

G lone [i]

1 Dry icef 2.0

J Lactousi 12.5

K Silotracin j 1P

L EN-SIL-AC 2,0

H Ground cormn 25,0

] Molasses 12.5

0 Silotracin 1.5
Ground corn 25.0
Molasses 12.5
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TABLE I. (Continued)
Sample Pragervative Eate of Application per pound of Silage®
(grams)
P EN-S11L-AC 2.0
Ground corn 25.0
Molamses 12.5

Rate of application mccording te the manufacturer's recommendation.

EN-SIL-AC: A commercial preservative mavufactured by Dr. Mac Donald's
Vitamized Feed Co., Ft. Dodge, Iowa.

S8ilotracin: A commercial preservative manufactured by the Coumercial
Solvents Corporation, Kew York, K.Y.

Ground corn: R.J. Baker, and H.H. Voelker, '"Preservatives for
Alfalfa Silage,” (Abstract) J. Dairy S8eci., 41: 734, 195&,

Molasses: A.,J. Barnett, Silage Fermentation, Academic Press Inc.,
New York, 19S4,

Dry ice: H.H. Voelker, (Fersonal Comzunicatiom).

Lactese: A.J. Barnett, Silag::_ Fermentation, Academic Press Inc.,
New York, 1954,
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one-half gallon fruit jars. Samnles representing each day of the
first week of the fermemtation period were packed imto nint jarz.
Samrles representing the last five weeks of the ferwentation period
wvere packed into the one~half gallon jars. Weekly smmples from high
molsture forage were prepared by packing the forage with the respecs
tive preservative into separato cne=half gallon fruit jars.

The jars had been sterilized by steaming to prevent contamine
ation of the forage. After packing, the jars were labeled and ''escape

valve"? 1ids weres attached. The jors were stored at room tmmperature

until time for sampling. The sampling period lasted 42 days, Camples
prepared from low moisture forage were tsken daily for the first week
and then weekly for the remainder of the fermentation veriod, Sawples
prepared from high moisture forage were taken weekly throughout the
fermentation period.

In the following experiment two grours of organisms weve
studied. The first group consisted of those :ilage organisms isolagad
from roll tubes incubated at 32° C. This group will be eallad the
aon~thermoduric anaerobes. The second group of organisms consisted of
those milage organisms which were able to survive heating for 20 wine

utes at 80° C., and were isolated from rcll tubes incubated at 32° ¢,

2This was & device inserted into the 11d of ths semple jaxs
that would allow any gas that would accumulate to escape from the jars.
This device was wade by drilling a hole into n metal fruit jar lid.
A length of one fourth inch rubber tubing was inserted into the hole.
Into the rubber tubing a lemgth of glaus tube was inserted. Another
nieca of rubber tubiug with a smnll lomgitudimal #lit in it was AOte
tached to the upper end of the glass tube. A short piece of solid
glass rod was incerted intc the tpiém end of the rubber tube,
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This group will be called the thermoduric anasrobes. The purpose of
the heat treatment was to destrcy the vegetativa cells ro that only

the sporeforming anserobes would be present. For the purpose of
clarification these twe groups will be called: (1) the non~thermoduric
ansercobes, those organisms that did not receive the heat treatment,

and (2) tha thermoduric anaercbes, those orgenisus that survived the

heat treatmant.

Freliminary Analysis
A preliminary analysis was conducted to cobtain inforumation

concerning the moisture content, pH, thermoduric ansercbic and non-
thermoduric an@sercbic population of the fresh forage prior to en-
siling.

To determine the wmoisture content of the low moisture forage
at the time it wes packed into the jars, a 50 gram sample of fresh
forage was dried to a constant weight in an oven at E5® C. The mois~
ture coctent of the high moisture forags wes determined by the 0il

pDistillation Process (12).

Freparation of Sauplas for Analysis

To demonstrate the sffect of various preservatives on the
thermoduric anaerobic and non-thermoduric anaercbic population of tha
silage, bacterial counts were made throughout the fermentation peried.

The praparstion of the silage ssmples was the same for both
groups of organisms, An 1] grmem sample was weighed cut and placed into

a Varing blendor jar coitaining %¢ wml, of sterile phosphate buffered
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distilled water. To comtrol the speed of wixing the blendor was
attached to a varisble transformer with the voltage adjusted to 20 to
3¢ voltia. The sample was mived for a period of five minutas, After
mixing, the sample was transferred to a sterile four ounce serew-cap
jar. This sample constituted the initisl 1:10 dilution, (11 graws of
silage per 9% ml. of phosphate buffered distilled water). From this
initial dilution successive dilutions were prepared in order to obtain

thirty to three hundred colonies per tube (37),

Preparation of Piluticns

The following dilutions were used for each group of organisng:

(1) Non~thermoduric Anaerches: Ditutiens of 1:10,000,
1:100,00C, and 1:1,000,000 were used for the first three days of the
fermentation period, For the remainder of the fermentation periocd
dilutions of 151,000,000 and 1:10,000,000 were used.

(2) Thermoduric Ansarcbes: Dilutions of 1:100 and 1:1,000 ware
used throughout the fermentation peried., These dilutions were heated

in a water bath for 20 minutes at &0° C.

Preparation g£ Hedia

The media used for the thermoduric anaercbic and non-therwmoduriec
ansercobic counts are déscribed by Langston et al. (27). The media were
prepared in the manner similar to that used by Hungate (1/). In this
study nitrogen gas was used to flush out ozygen that gained entrance
into the nmedia.

The non~therwmoduric ansercbic medium was prepared by mixing



19

the ingredients mnd diluting the mixture to the desired amount with
distilled water. The madium Was boilird to dissclve the agar and a
0.0001 per ciént resazurin solution was then sdded. The dissolved
medium was dispensed into heavy-wall Pyrex glass Erlemmeyer flaskn,
The contents of sach flask were heated to boiling to drive off the
dissolved oxygen. A solution of cysteims~HCl was added as nitrogen
waa passed into each flask through & straight Pasteur pirette, cou-
nected to the nitrogen source by a rubber tube. The pH of the medium
was adjusted to 7.2. As the Pasteur plpette was withdrawn from the
flask a rubber stopper was inserted into the flask. The stoppers were
wired in place to prevent them from blowing out during sterilizationm.
The madium was sterilized in the autoclava for 20 minutes at 15 pounds
pressure. After sterilization the mediwm was cooled in & water bath
to a temperature of 45° to 50° C, The wire was cut and aa the stoppers
were removed nitrogen was passed into the flasks to prevent the en-
trance of oxygen. A sterile solugion of sodium carbonate, that had
previcusly been flushed with nitrogen to remove all traces of oxygen,
was added to each flask. The medium was them ready for use in pre-
paring the non-thermoduric anaerobic culture tubes. The only differ-
#nce in prepariamg the therwoduric amserchic medium was that it com=

tained soluble starch in additiom to the other imgredients,

Preparation of Culture Tubes
The procedure of Hungate (17) modifiad by Bryant ot al. (8)
was used to prepare the cultura tubes. Culture tubes 20 X 175 mm,,

that had bean previously sterilized without stospers were used for
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preparing roll tubes. The culture tubes were stoprered with sterile
rubber stoppers immadiately uson their removal fram the autoslave.

The amaercbic procedure Ilnvolved the use of gaseous anitrogen tn
displace any oxygen that had gained entramce imto the media or roll
tubes. While high purity anitrogen was used, the nrecsution of scrube
bing out =Eny oxygen by passing the nitrogen through Badkad copper
shavings pecked imto a Pyrex glass colusm, was used. The effluent
end of the columm containimg the copper shavings was conmected to a
glase manifold. The glass manifold contained six outlets and attachad
to sach outlet was a Pasteur pipette. The gas would then psss ocut
through the Pasteur pipéttes into the culture tubes or flasks containe
ing the wedia., The purpose of the glass manifold wae to facilitate
thé preparation of several diluticms in & series.

Two mithods of preparing culture tubes ware used. One methed
involved adding the desired dilution of inocculum to empty, sterile
cultura tubes &8 nitrogen was passed into the tubea. Aftex the addi-
tion of the desired dilution of inoculum, approximately sevea ml. of
culture media were added. The culture maidia were held at & temperature
of 45° to 50° C. by keeping the flasks containing the media in a het
water bath., The flasks coataining the culture media were comtinucusly
fluashad with nitrogen ko exclude the entrance of oxygen.

The seccoml method of preparimg culture tubes involved flushimg
emnty, sterile culture tubes with nitrogen and them adding arproximate-
ly seven ml. of culture media. The tubes were them sto-mered with

sterile rubber stospers and stored in the 45° C. incubator. The
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desired dilutioa of the fnoculum waz added later.

In both methods of cultuvre tube preparation, after the addition
of the desired dilution of inoculum or the culture media, a rubber
stopper waa ingerted into the culture tube as tha Peateur pipette was
withdrawm. A roll tube was prepared im & manner similar to the proe-
cedure described by Hungate (17), with the exception that as the tube
was rolled, an even film of agar covered the entire inside surface of
the tube.

Roll tubes of both the thermoduric smaercbes and non-
thermoduric anaerobes were incubated at 32° C. for three days. After
the incubation meriod the roll tubes were removed from the incubstor,
coleony counts were made and the tubes were stored in the refrigerator
for future studies.

Further studies were made only on colonies isolated from those
roll tubes that were prepared £rom the low moisture forage. The
analysis of the high wolsture silage comsisted only of colony counts
of the therwmoduric anaerobes and non-thermoduric anaerobes at weekly

intervals throughout the ferwentation period.

Procedures Used for the Classification of Isolated Straims

Colonies selected from roll tubes were transferred into agar
deeps of Trypticase Soy Agar (9) snd incubated for three days at
32° ¢. At the ead of the incubation neriod the type of growth, with
relation to oxygen, wss noted. Thouse tubes showing aercbic growth
were dincarded. Gram stains were made from colonies showing anserobic

growth. All cultures that were not contaminated were selected for usa
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in further gtudiea.

To insure the purity of each culture geveral passages were made
through Trypticase Soy Agar (9) deeps. Gram stains were made of each
successive passage. After the final passage & fram stain was made as
a critarion in classifying each culture on the basis of ite wmorphology
and reaction to the gram stain.

Further studies were initiated, to group the isolated organisms
on the bamis of common characteristics. These studies included: the
gram stain, morpbelogy, carbohydrate utilizatien, raaction in litmus
milk, gelatin liquafaction, hydrogen sulfide production, nitrate reduc-
tion, and indole production., The following additional tests were used
for the non~thermoduric anaerobes: utilization of ammonium phosphate,
hydrolysis of starch, hydrolysis of urea, and growth in 4.0 and 6.5 per
cent sodium chloridle, For the thermoduric anserobes the following ad--
ditional tests were uged: utilization of arabinose, fermentation of
lactate and digeation of Brain lieart Infusion Agar.

The following methods and materiale were used for the culturs
gtudies:

(1) Gram stain: The procedure described in the Manual of

Pure Culture Study (29) was used to ascertain the morphology of both

groups of orgenisms and thair reaction to the gram stain,

(2) Motility: The motility of the organisms that were imo-
lated from ths non~thermoduric amaerocbic roll tubea, was detarminad
from a deep of Cystine Trypticase Agar Base (33). The motility of

the thermoduric anaerobes was determined from a deep of Trypticase
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Agar Base (33).

(3) cCarbohydrate utilization: The carbohydrate utilization
reactions of the# non-thermoduric anaerobes were determined from & deep
of Cystine Trypticase Agar (33) medium plus the desired carbohydrata.
Trypticase Agar Eage (33) medium plur the desired carbohydrate was
used for the thermoduric anaerobes.

(4) Freaction in Litmus Milk: The Litmuas Milk was prepared by

the method described in the Manual of Microbiolegical Methodal (30).

The procedure used for determining the resactions in Litmus Milk was

the procedure describad in Products for the Microbiological Laboratory

(33). This procedure was used for both groups of organisms.
(5) Gelatin liquefaction: Gelatin liguefaction for both
groups was determined from a Nutrient Gelatin (16) deep, using the

procedure described in the Manual of Pure Culture Study (29).

(6) Hydrogen sulfide production: The production of hydrogen
sulfide for both groups of offanisms was determined from a deep of
Trypticase Lactose Iron Agar (33).

(7) 1Indole production and nitrate reduction: The reducticn of
nitrate to nitrite and the production of indole was determined by inocu-
lating separate tubes of Indole-Nitrite medium (33). The reagents

described in the Manual of Pure Culture Study (29) were used to test

for indole praduction and nitrate reduction.
(f) Hydrolysis of mtarch: The hydrolysis of starch was detar-
mined from a Starch Agar (16) deep and tested for the hydrolysis of

#tarch with iodine (2%).
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(9) COCrowth in salt solutions: The growth im 4.0 and 6.5 per
cent sodium chloride was determined by inoculating tubes of Nutrient
Broth (16) containing 4.0 and 6.5 per cent sodium chloride and cbserve
ing for growth,

(10) Ferwentation of lactate: The ability of the thermoduric
anaerocbes to fermeunt lactate was determined by a rise in pH of the
medium, The medium and procedure described by Bryant et al. (9)
was used.

(11) Digestion of Brain Neart Infusion Agar: The digestion aand
blackening was determined from deeps of Brain Heart Infusion Agaxr (16).

(12) Hydrolysis of urea: The hydrolysis of urea was detected
by a change in the color of inoculated Urea Broth (16) from yellow to

red.
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REEULTS AND DISCUSSION

Analysis of silage smmples consimted of determining the effect
of the various preservatives on the bacteriolegical populations and
bicchemical properties of the sllage sawples. This analysis consisted
of pH determination, ncn=thermoduric asnaercbic and thermoduric
anaerobic counts of silage samples at the various stages of the fermen-
tation, The organisms that were lsolated from the different ailage
gamples, prepared from the low moisture forage, were tentatively
identified. Identification war bared om cultural, merpholegical, aad

physiological characteristics.

Preliminary Analysis of _the Foreme

The preliminary analysis of the forage commisted of moisture
determination, nonethermoduric anaerobic, thermodurie amnaerocbic counts,
and pH determination of the forage prior te emsilimg. The results of

the preliminary smalyses are given in Table II.

TABLE II. BACTERIOLOGICAL AND BIOCHEMICAL STUDIES OF FORAGE PRIOR TO

ENSILING
_
Sample Molsture pH Anaecrobes ram of Forage

= Hon=Thermoduric Thermodur ic
(000) (000)
Fresh
Forage® 58.8 6.08 26 {1
Fresh
Forage 81.0 6.08 81 <1

* Wilted
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The moisture content of the wilted (low moisture) forage was
lower amd the woloture comtent ©f the non=wilted (high weisture) fore
age was higher, tham the recoumended levels. Forage that is to be
gnsiled should have a wolsture contemt of approximately 70 per cent
(11, 19, 20, 35, 42),

The low number of anasrobec per gram of fresh forage appeared
to be normal, as a2 large number of thermoduric amasrobes or moa-
thermoduric mmacrobes would not ba present basmuse of the lack of
anaerobic cemditions on the fresh forasge. Allem et al (3), Lamgston
et al. (27) amnd Martos (31) reported mot more than 100 spores or Spore=-
forming anserobes per gram of fresh fowvage.

The pi of both the high amd low moisture forage was the amme.
This would indicate that the pH of fresh forage im not affected by the

time of cuttimg (first, or third crop) or moisture contenmt.

Bacteriological Analveis of Low Moisture Silage

The data on the bacterial counts and pH for the various silzge
samples for the fermentation pericd are givem in Table V, Appendix I,

When comparimg the anusber of nometherwoduric anaercbes for ceach
sample it was notad that there wos o general pattern in the mumber of
anaercbes throughout the fermentation period. This gemeral pattern
consisted of three phaves of increases mnd decreeses in the nuwber of
non»thermoduric anaercbes. Firet there was sm laitial imcrsase the
firast few days after ensiling with the maximum nuuber being attained

during the first week of tha ferwentation period, Figure 1 ghows
the day during the fermeéntation pericd whem the waxiwum mumber of
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non-thermoduric amnserobes was attained.

The non-thermoduric cnaercbes do not reack a peak in numbers
until after the silage mase has become anasrobic, which usuvally cakes
from cne to eight days after gnsiling. This period 1s kunown as the
lag phzse, and has been described by Allen et al. (3), as that time
taken by plant and bacterial respiration to utilize the available
oxygen that remained in the silage wass,

Thie initial increase was followed by a decrease in nuubers un-
til the end of the first week in all samples except B, in which the
decrease wis reached at the beginning of the second week., A second
inerease in nuwbers begem at 14 days, except for sawples B and E, in
wvhich the second increase took place at the beginning of the third
week. This was followed by a seccond decrease the fourth week after
ensiling, in all samples except T where there was an increase in
nuwbers. At the fifth week of the fermentation period, & third
increase in numbera took place cxcept for sample E, where there was n
decrease im ausbers,

After the initial incresse in numbers of non-therwodurie
anaarcbes, the succeisive increases, for the wmajority of mamples, were
lower than the precedimg increas:, There was a general declina in
nusbers after the iunitial increase, -

Wken comparing the number of therwoduric anserches throughout
the ferméntation periosd it was moted thiat there was no general pattern
of increase:t snd decreases im the number of organisms, In only sample

A wvas there & rapid initial increass in numbers the first week after
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ensiling. The maximum numb&r of thermoduric anaeroba#s in ss=ples A, B
and E ware reached during the first week after ensiling. The day of
the fermentation period when the maximum number was attained can be
gaen in figure 2, The peaks in numbers for samplas C and D were

reached the fourth week of the fermentation period. This patterm in
numbers appearad to follow the normal trend. Allen et al. (2) stated
that the number of anaerobic spores reiained small for the firat few
days after ensiling but increased for 10 or 15 days, in sowme cases thers

wa# an incraase in numbers for the next few weeks.

Tentative Claasgsification of iIsolated Strains

Non~-tharmoduric anaerobic and thermoduric anaerobic organisms,
for tentative clasmsification, were isolated from roll tubes répresenting

each sampling peried. Bergey's Manual of Determinative Bacteriology (7)

was used for tha tentative clasmificationm.

The non-thermoduric anaerobas mtudied wera gram positive cocci,
facultative, anaerobic, #nd arranged in pairs and short chains. At the
end of the study l4 cultures of non-therwoduric anaerobes were tentative-
ly classified. Table III lists all the characteristics for each isolate

classified. Eight strains had characteristics similar to Streptocoecus

lactinm, Five strains were identified as having characteristics mimilar

to Streaptococcus cremoris. The strains that ware tentatively clas-

sified as Streptococcus lactis were diffarentimted from Streptococcus

eremoris by their ability to grow im 4.0 per cent sodium chloride. Uma

strain war classified as Strieptococcus fascalis by its ability to grow
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TABLE 111, SOME CULTURAL, MORPHOLOGICAL AND PHYSIOLOGICAL CBARACTERISTICS OF RON-THERMODURIC
AMAEROBIC STRAINS ISOLATED FROM GRASS SILAGE PREPARED FROM LUW MOISTURE FORAGE*
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TABLE 111, (Continued)
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in 6.5 par cent sodium chleride, to utilize smmonium phosphate, and to
produce acid and gas in litmus milk,

A total of 15 atrains of thermoduric anaerobss were tentatively
fdentified at the completion of the study. Three strains of spore-

forming anserobes, Qlostridium sporogeneg, Clostridium tyrobutyricun

and an unknown Clostridium strain, that were obtained from Dr. Langston,
were uged for comparison with the unknown smtrains isolated from the
roll tubes.

The results of the tentative classification of the thermoduric
enaerobes are givan in Table IV. All straing were gram positive rods,
oceurring moat frequently singly or as pairs, some however wmre found
in short chains,

One strain was tentatively identified as Clostridium sporogenes

on tha basis of its ability to liquafy gelatin. This strain was dif-

farentiated from Clostridium perfringens (welchii), because it lacked

the ability toc produce acid from lactose. The other iseolated straing
of thermaduric anaerobes had the ability to ferment calcium lactate.
This ability was detected by a rise in thae pH of the inoculated medium.
A rise in pH frou 6.6& to between 7.59 and €.42 was detected.

Bergey's Manual of Determinative Bacteriology (7) differentiates

Clostridium tyrobutyricum from the other Clostridium species by ité
ability to ferment calcium lactsate. Bryant et al. (9) however, showed

that strains of Clostridium butyricum alsc have the ability tec ferment

calciiia lactate, Other characteéristice of strains isolated by Bryant

at al. (8) were similar to strainsg isolated in this study, but did not
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TABLE IV. (Continued)
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agree with the characteristics described in Bergey's Manual of Deter-

minative Bacteriology (7). This was mleo trua for the culturam of

Clostridium received from Dr. Langston. Richard (34) stated that many
of the cultural, wmorphological and physislogical characteristics of
single staina of butyric #cid-forming bacteria varied from time to
time,

It was posaibla therefore, without further testa, to tentatively
identify the remmining isolates only as strains of either Clostridium

tyrobutyricum or Clostridium butyricum, The difficulty in differantia-

tion batween the two specier was the variation inm thair action on mouma

of the carbohydrates.

Biochemical Analysis of Low Moisture Silage

The effact of the various pregervativea on the pB of the silage
sawples can be seen in figure 3. The pH of all semples except C and
D, declined steadily throughout the farmantation pericd. It is inter-
eating to note the rapid decrease in pH early in the fermentation
period of samples B and E. This rapid decraase in pH in sample E could
be attributed to the molasmes in the preservative, Tha molaesges
provided a readily available source of carbohydrate. The carbohydrate
in sample B consisting of corn sugar, dried whole whey, and feeding
cane malasses, could be reaponsible for the rapid decrease in pH. Thie
decreast in pH i= the result of the sbility of the acid-producing bacter-
ia to convert this readily available supply of carbohydrate intoc acid.

Langston et al. (27) stated that this rapid loewmring of the pH is
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essential for the production of good quality silage,

1t appeared that the rapid decline in pH sarly in the fermenta-
tion period combined with a low pH at the end of the period had an
inhibitory affect on the maximum number of tharmoduric anaerobes.

Allen et al. (4) stated that the growth of sporsforming anaerobes was
affacted by & low pH. At a low pH only the lactobacilli are capahls

of growing. Therm does not appear to be any direct effect of pH on the
numbers of thermoduric sinaerobes and non-thermoduric amaerobes at tha
different stages of the ensiling peried.

As indicated previously the strains of non-thermoduric anaercbes
isolated from the silage wera acid-forming cocei. It appears tharefore
that the samples with the high number of non-thermoduric ansarobes
would also be the mamples with the rapid decrease and comstant low pH
levels. Sample B followed this pattern of high numbers in conjunction
with low pH levels. Sample E, however, had the desirable pH character-
iatice, but the numbar of non-thermoduric anasrobes ware low campared
with theé other samples. Langston et al. (26) stated that usually the
cocci that are found in silage attain high numbers and produce consider-

able amounts of acid.

Bacteriological Analysis of High Moisture Silage

The results of the bacterial ccunts and pH determinations are
givan in Teble VI, Appandix I, Thare appears to be & ganeral pattarn
of steady decrease in the number of non-thermoduric anaerobes after
the first week of the fermantation period. The first week showed the

initial count for all samplas axcept J and H, to be greater thai



5,000,000 per gram of gilage. After the first week there was & steady
decrease until the numbers were less than 500,000 par gram. The ini-
tial countsz for samplee J and N were censidarably lower than for the
other simples.

The wmaximum number of non-thermpduric ansercbes for sach gilags
sanple was attained during the firat week of the fe.rmentati.on.

Figure 4, shows the week of the fermentation period when the maximum
number of non-thermeduric anaercbes was attainad. In sampleas J, M, O
and P it appeared that the mazimun number was reached during the first
weak after ensiling. At the time of pample anslyais the number of
non-thermoduric anserobes were beginning to dacline. This weuld
account for the low maximum number of non-thermoduric anaasrcobes,.

It is possible that the preservative used in preparing the
silage mamples had a stimulatory effect on the number of non-thermoduric
anaerobes. That is, a rapid increase in numbars was promoted during
the first week of the fermentation. There is also the possibility that
the preservatives in the milage samples had an inhibitory effect on
their growth. The méximum Rumber of non-thermwoduric anasrobed was
lower in all samples than in the control (sample G). Thig can be ssen
in figuras 4.

The same gemaral pattern of a steady decrease in the number of
organisms that was characteristic of the non-thermoduric anaerobes, was
not characteristic of the therwoduric anssrches. Figure 5 shows the
week of the fermentation period when the maximum number of tharmoduric

anasrobes was attained., There were geveral samplas, howaver that
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showad gimilar characteristics. In samples G, I, and J, the number of
thermoduric anmerobes remained below 1,000 per gram throughout the fer-
mentation. Smmples M, N, O, and P had a similar pattarn of a decrease
in the number of thermoduric anaerobes. Theise samples wers charactar-
ized by a small initial number the first week after ensiling. Thare
was & steady decrease in numbers until lass than 1,000 per gram were
reached the third week. 1In &ll samples, except M, there was a slight
increase in numbers the sixth week of the fermentation period. Sample K
was characterized by a high initial number of therwmoduric anaerobes.
There was a dacresse the gsecend week followed by a slight increase the
third week, Throughout the fourth and f£ifth weeks there was a wteady
decrease in numbers. The sixth and final week was characterized by
a slight increase in the number of thermoduric anaerobes. The initial
number for sample 1L was low and decreased the second week, After the
second week the number of thermoduric anaercbes followed the same
pattern as found in sample K.

in all samples except L and N the maximum number of thermoduric
anaercbes was reached during the first week of the fermentation period.
This i not characteristic of the sporeforming anaerobes in silage
fermentation. Llanmgston et al. (27) stated that the number of anmerobic
spores incresased steadily throughout the fermentation period. It im
posmibla that the preservatives kept the number of thearmeoduric anser-
cbeg at a2 low lewel by providing a substrate that was unfavorable for

their growth.
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Biochemical Analysis of High Meisture 8ilage

The reasulte of the biochemical analyeis is given in Tabla VI,
Appendix I. Thare was a similar pattern in pH of esach silage sampla.
This can ba seen in figure 6. In all samples except K, L and N, thare
wad & @teady decrease the first and sscond weaks after ensiling.
Samples K, L and N showed an increase the second week, This decrease
in pH the first few wesks after ensiling was followad by a rise the
third or fourth wesk in all samples. Pollowing the rise there was a
gradual decrease and leveling off in all samples except G and K. These
two samples were characterized by continued riges and falls in pH
throughout the fermentation period.

It should be mantioned that during the third and fourth weeks
of the fermentation period thmre wma & sudden increase in the atmog-
pheric temperature. The ailage samples were maintained at room temper-
ature, therefore this sudden rise in temperature might be resgponsible
for the fluctuation in pH during the fermentation period.

The pH of sample J was between 4,0 and 4.5. Because of this low
pH it appears that the praservative in gmmpla J weuld be & beneficial
additive to the forage as a method of improving silage quality.
Leangston et al. (27) stated thet good quality silage has a pH level of
4.0 to 4.5, The presmervative in samples N, O, and P wauld also be a
beneficial preservative for maintaining a low pH level. The reason for
the rapid decrease could be attributed to the readily available supply
of carbohydrate. In sample J, lactose was the carbohydrate and in

sample N, © and P the carbohydrate was molasses.
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It is interesting to note, sec figure &, that the maximum number
of mon~theérmoduric anaercbes in samples J, ¥, O, and P wera lower than
the maximum number of non-thermoduric anaerobes for the cother samples.
It is posmibla that the low pH value of these samples was responaible
for maintaining the low meximum number of non-thermoduric anaerobes.
This is not the casme with the thermoduric anasrobes, as seen in figure
S, Samples J, N, O &nd P that were characterized by a low pH, had high
thermodurie anaerobic counts. It appears that thare is no direct
comparison between the pH of the silage samples, the number of non~

thermoduric anaercbes, and the maximum number of thermoduric angercbes,

Bacteriological and Biochemical Comparison of High and Low Moigture
Snge

The effects of the preservativms, Silotracin, ER-S8IL-AC, and the
Silotracin, ground corn, molasses cmmbination on high moisture and low
moisture silage were discussed previously. A comparison was made be-
tween the high moisture and low moisture silage in regard to the number
of non-thermoduric amnserobes, thermoduric anaerobes and pH, when using
the previously mentioned praservatives. The results of this comparison
are given in figures 7, & and 9.

It is interesting tc note that in the low moisture silage the
pH for 21l the samples showed a more rapid decrease with a lower
final pH than the high woisture prilage. 1t appears that these three
presarvatives were more effective in producing & desirable pH when they
were used with a low moisture forage.

The numbers of non-thermoduric anaerobas in the low moisture



silage samples were erratic from the second week until the end of the
fermentation period. The numbers of non-thermoduriec anaerobes in the
high molsture silage samples were characterized by a steady decline
followad by a leveling off near the end of the fermentation.

Tha low moistura samples, except Silotracin, were characterized
by a ateady low l&vel of therwoduric anaerobes after the first week of
the fermentation period. After the first weel the high moistura
silages ware characterized by erratic decresses and increases in the
nunber of thermoduric anaercbes. A sglight increase in numbers was
cbserved at the end of the fermentation. Langston et al. (27) stated
that good quality milage was characterised by low lavels of spore-
forming anaerobes. The EN-SIL-AC and S8ilotracin, ground corn,
wolasses combination appears to be more effective when used with low
moisture forage. These preservetives are effective in keeping the

number of thermoduric anaercbes at low levels.
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SUMMARY AND CONCLUSIONS

First and third cuttings of alfalfa, having a woisture content
of 5i.i amd F0,0 per cent respectively were used for this study.

Silage samples wer® prepared by mixing various preservatives
with the forage. The forage was then packed into fruit jars and main-
tained at room tamperature for the fermentation period.

A preliminary snalysis was conducted on both the low moimture
and high moisture forage to detarmine the actual moisture content, tia
pH, thermmdurie anaercbiec, and non~thermaoduric anaercbic population
of the forage prior to ensiling.

An analysgis of the silsge samples was made to obtain soune
information on the effact of prasarvatives on the thermcduric anaerobie
and non~tharmoduric anaerobic population of the silage at the various
stages of the ferwmentation period. An analysis war also made to deter-
mine the &ffect of the preservativea on the pH of the silage during the
fermentation.

In the majority of samples the maximum number of thermoduric
anaerobes and non-thermoduric anaerobes, in both thea high moisture and
low moigture silage, was attained the first weask after enmiling.

The non-thermoduric anaercbes were tantatively idantified as

Streptococcus lactis, Streptococcus cremnris, and Streptococcus

faecaligs. The thermoduric anaercbes had churacteristics pimilar to

both Clostridium tyrebutyricum and Clestridies butyriecum. It was poa-

sible to tentatively identify the isolates only as either Clostridium

tyrobutyricum or Clestridium butyricum,
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All of the cultures tentatively identified were isclated at
various stages during the fermentation.

The preservatives containing & readily available supply of
carbohydrate maintained a low pH level throughout the fermantation
period.

There did not appsar to be a direct couparison between the pH
and the non-thermoduric and thermoduric populationi.

The low moisture silage was characterized by erratic numbers of
non-thermoduric &naerobes, and in general, low numbers of thermoduric
anaercbea, The pH pattern of the low mcisture silage wam characterized
by a lower pH level than the high moisture silaga.

It appears that silage quality can be improvad by &nsiling high

moisture forage with mild antibiotics or carbohydrates as preservatives.
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APPENDIX I.

TABLE V¥V, BACTERIAL COUNTS AND pH OF SILAGE BAMFLES PREPARED
FROM LOW MOISTURE FORAGE

L

Sample Age pH Anaerobes r gram of Forage
(Days) Non-Thermoduric “Thermoduric

(000) (000)

1 6.0¢ 21,000 1
2 6.15 16,000 <1
3 6.21 264,000 1
4 6.05 373,000 4
5 6.01 20,000 17
A 6 5.78 122,000 1
7 5.77 262,000 6
14 5.E1 272,000 6
21 5.77 £0,000 2
2k 5.4 180,000 {1
35 5.33 130,000 <1
42 5.30 204,600 <1
1 €.10 4,000 1
2 5.L0 144,000 1
3 5.40 170,000 2
4 5.17 172,000 4
5 5.05 3:2,000 4
B 6 5.12 200,000 5
7 5.07 44,000 1
14 4.91 42,000 1
21 &.77 9€&,000 2
2k 4 E1 15,000 1
35 4.79 197,000 <1
42 4.70 » 1
1 6.15 22,000 6
2 6.12 335,000 7
3 6.13 138,000 5
4 6.00 13% ,000 7
5 5.64 155,000 E
c 6 5.6 £2,000 3
7 5.77 L£2,000 6
14 5.70 127,000 B
21 5.61 72,000 1
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TABLE V. (Continmad)

Sample Aga pH Anaerobes per gram of Forage
(Days) Fon-The rmoduric Thermoduric
(000) (000)

28 5.53 23,000 1¢

35 5.52 56,000 9

42 5.43 * 1

1 6.1& 10,000 3

2 6.19 93,000 3

3 .21 103,000 3

4 5.88 292,000 3

5 5.€81 184,000 6

D 6 5.65 116,000 5

7 5.53 £2,000 15

14 5.53 12& ,000 6

2] 5.42 * 2

2t 5.23 71,000 20

3s 5.1& 10,000 E

42 5.09 192,000 20

1 6.22 30,000 6

2 5.9 48,000 5

3 5.62 90,000 2

4 5.23 243,000 3

5 $.10 219,000 5

E 6 4,97 11€,000 €

7 5.17 132,000 1

14 & .59 6,000 1

21 4.57 * *

2g 4 E3 217,000 3

35 4.67 £0,000 6

42 &4.5% * 1

* Colonies were spreading and could not ba counted.



TABLE VI, BACTERIAL COUNTS AND pH OF SILAGE SAMPLES PREPARED
FREOM HIGH MOISTURE FOEAGE

Bample Age 4 Anaerobes per gram of Forage
(Days) Non-Thermoduric " Thermoduric
(000) (000)

7 5.82 292,000 0
14 5.62 145,000 {1
21 5.6 30,000 0
G 28 5.49 200 0
35 5.6h 1,400 0
42 5.31 160 {1
7 5.53 160,000 L1
14 5.40 135,000 <1
21 5.32 1,700 <1
I 2& 5.47 100 0
35 5.47 1,000 ]
42 5.32 100 0
7 4.42 200 <1
14 4,33 100 <1
21 4.47 100 <1
3 25 L.63 100 <1
35 4. .36 100 <1
42 4. 34 101 <1
7 5.73 155,000 132
14 6.12 71,000 24
21 5.82 26,500 35
K 28 6.08 11, 300 4
35 5.17 190 1
42 5.7% 100 4
7 5.3% 22,500 6
is 5.82 4,600 1
21 6.20 2,800 31
L 26 5.53 400 1
35 5.72 330 1
42 5.45 100 5



TABLE Vi. (Comtinuad)

Sample Age plt Anaerobes per gram of For
(Days) Non-Thermoduric Thermoduric
(000) (c00)
7 5.37 127,000 ]
14 5.17 3,800 1
21 5.40 5,200 <1
M 28 5.11 3,000 <1
35 5.13 206 {1
42 5.31 100 £1
7 4,67 1,500 4
14 4,87 100 7
21 4.77 100 {1
K 28 5.02 * <1
35 5.03 100 L1
42 4.72 100 2
7 4,67 & Too 1E
14 4 .52 100 3
21 §.7% 100 1
o 28 5.14 100 <1
35 4.77 * <1
42 k.63 160 S
7 4,80 4,300 7
14 4,55 2,300 7
21 4,60 100 <1
F 28 4.96 100 <1
as 4.42 100 <1
432 4.42 100 4

* Cplonims were spreading and ceuld nt;t be counted,
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