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SUMMARY. 

1.  The production of silage is the result of fermentation 
processes. 

2.    The major part of this fermentation is due to the activities 
of microorganisms. 

3. The microorganisms consist of four prominent groups: 
(1) The acid group; (2) the colon group; (3) yeasts;
and (4) a miscellaneous type. 

4.    The most important fermentation thus f a r  noted is that of 
acid production. 

5. A group of organisms which will classify as belonging to 
the Bulgarian group is responsible for  the high acid 
content of normal and good silage. 

6.   It is suggested that the greater part of acetic acid produc- 
tion is the result of the Bulgarian and colon fermenta- 
tion. 

(3) 
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Some Important Fermentations in Silage. 
O. W. HUNTER and L. D. BUSHNELL. 

MORE definite knowledge of the ripening changes oc- A curring in silage is of fundamental agricultural import- 
ance. The aim in the present investigation is to make a de- 
tailed study of the fermentation processes common to good 
silage. The results presented in this bulletin constitute a re- 
port of progress, rather than the final results, of an extensive 
investigation now under way at  this station. They may ex- 
plain however some of the important changes which take 
place in nearly all normal silage fermentation. 

WORK OF PREVIOUS INVESTIGATORS. 

Literature involving a biological study of silage is somewhat 
limited. Babcock and Russell (1) have demonstrated that 
good silage can be made under laboratory conditions when the 
bacterial activity is checked by saturating the siloed material 
with antiseptics. They believe the initial heating to be ac- 
complished by the respiratory processes of the cut plant tissue, 
the activity to be the result of intramolecular respiration, and 

Likewise E. J. Russell (2) states that the characteristic 
silage changes are the disappearance of sugar, the less resist- 
ant celluloses, and part of the proteins, with the formation of 
fatty acids, hydroxy acids, amino acids, diabasic diamino acids, 
purin bodies, and other bases. The agents concerned were as- 
sumed to be the living maize cell, the enzymes and the micro- 
organisms, the first two being the cause of the primary and 
essential changes, and the last being only of a secondary nature. 
The formation of acetic and butyric acid seems to be a respira- 
tion effect and comes about when the living cells are deprived 
of oxygen. 

Franco Samarani (3) after many years of experimenting to 
discover the best method of preparing silage, states that in 
ordinary silos the grass, after the first few days, undergoes 
two typical and different fermentations at the expense of the 
sugar and cell sap-acetic and lactic acid fermentation. He

(5) 

the putrefactive changes to be due to bacteria. 
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believes the first to be due to an intramolecular process through 
which the sugars are transformed into alcohol and carbonic 
acid, as a result of the vital activities of the cell in the relatively 
warm medium of the silo, and in the almost complete absence 
of oxygen the alcohol is converted into acetic acid, due prob- 
ably to a chemical or physiological, but certainly not a bacteri- 
ological, action. The second process is an ordinary lactic acid 
fermentation due to the action of the bacilli and cocci common 
in milk fermentation. The acid content was found on the 
average to be 70 percent acetic, 10 percent butyric and 20 per- 
cent lactic. The large percentage of acetic acid was assumed to 
be the result of the high temperature, 40º C. to 60º C., which 
favored intramolecular fermentation. He noted that fermenta- 
tion was usually complete in ten days and suggested that the 
undesirable fermentation could best be prevented by the addi- 
tion of a dilute solution of milk sugar to the silage. By the 
use of a mechanical press the lactic acid fermentation was 
favored on account of the pressure driving out the oxygen, 
thus lowering the temperature and making it favorable for  the 
lactic acid bacteria. When this press was used the analysis 
showed 70 percent lactic and 20 percent acetic acid, practically 
the reverse of the former condition. 

C. Gorini (4) believes the addition of lactic acid organisms 
to fermenting silage will greatly help the resultant product. 
After ten years of investigation he distinguishes four types 
of silage-that with butyric acid bacteria predominating; 
that with lactic acid bacteria predominating; that with putre- 
factive bacteria predominating, and that free from bacteria. 
The first two classes of silage he states are normal, while the 
last two are abnormal. Heat is essential to successful silage 
fermentation, but too high a temperature destroys, while too 
low a temperature does not favor proper development. The 
optimum temperature, 50º C. (122º F.), favors lactic acid bac- 
teria, while at 60º C. butyric acid organisms predominate. 

Esten and Mason (5) differ from most of the previously 
named investigators in that they believe the important fer- 
mentation changes in silage are due to microörganisms and 
not to the enzymes of tissue cells. They conclude: 

1.  The fermentation of corn silage is essentially the change of sugar 
into several acids, the most important being the change by lactic acid 
bacteria into lactic acid. A secondary change is produced by the action 
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of yeasts on the remaining sugar, changing it into alcohol, while the acetic 
acid bacteria change i t  into acetic acid. 

2.  The acid bacteria are divided into three divisions: 
a.  Those that  ferment the three sugars, dextrose, lactose and 

b.  Those that  ferment lactose rather feebly, but produce more 

c.   Those that  do not ferment lactose. 

saccharose, and that  curdle milk. 

acid in silage than those included in the first division. 

The first two groups were considered to be the ordinary milk-souring 
bacteria, while the third is a new species. 

3. Exclusion of air  is necessary for the proper production and pre- 
servation of silage. 

4. Silage undergoes a ripening somewhat similar to  cheese, which 
softens the fibers, makes the proteins more digestible, and adds new 
and agreeable odors. This ripening process occupies three to four weeks. 

The relation of acids to silage fermentation has been studied 

1.  Lactic acid is normally present in silage in excess of the volatile 

2.  The form in which lactic acid occurs in silage is the optically in- 

3.  Volatile aliphatic acids occur in considerable amounts in all of the 

4.  Acetic acid comprised about nine-tenths of the total volatile acids 

5. Butyric acid was found only when there were some conditions 

6. Alcohols were found in appreciable quantities, but only traces of 

by Dox and Neidig (6, 7), who conclude as follows : 

acids. The average ratio is 1.0 to 0.75.

active or racemic mixture. 

samples of good silage examined. 

present, propionic being next in importance. 

of spoiling which were otherwise noticeable. 

esters. 

RIPENING PROCESS CONCERNED IN SILAGE. 
The ripening changes occurring in silage are the result of 

fermentation. The word fermentation is here used as refer- 
ring to all chemical changes produced by enzymes, either 
directly or indirectly. The chemical changes brought about 
directly by enzymes are due to the action of the enzymes of 
the plant cells o r  microörganisms upon the cut forage plant. 
Those chemical changes brought about indirectly by enzymes 
are due to their by-products acting upon the plant tissue. 
The formation of silage, therefore, is due to two chief pro- 
cesses, each, no doubt, dependent upon the other: 

1.  The biological action resulting from either the enzyme 
action of microörganisms o r  of tissue cells. 

2. The chemical action due to  the by-products of direct 
enzyme action, acting upon the siloed material. 
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FACTORS NECESSARY FOR PROPER FERMENTATION. 

Several important factors are necessary for any forage plant 
t o  ferment into normal silage. It is the object in this paper, 
however, to discuss only those factors which are important 
from a fermentation standpoint. No definite statement can 
be made concerning the relative importance of these factors. 
All are necessary for proper fermentation and dependent upon 
each other to a large extent. 

Proper material for silage. The first prerequisite for good 
silage is proper forage. The material usually employed for 
this purpose is limited, due largely to the lack of experience 
with other plants. There is no doubt that, with a little ex-
perience, several other crops could be demonstrated practic- 
able for this purpose. At the same time it must be admitted 
that the best silage crops are probably those now in general 
use. In choosing suitable material for the preparation of 
silage two factors should be considered-its ability to undergo 
the proper fermentation, and its practical value from the feed- 
ing standpoint. The chemical composition of the substances 
will influence both greatly, especially the fermentation. The 
carbohydrate content of the forage is most essential, inasmuch 
as the predominating fermentative changes occurring in the 
silage result from the decomposition of these compounds. 

Proper moisture content. Although moisture is a most 
essential factor in the production of silage, it  is a factor that 
does not need especial attention in the siloing of the common 
freshly cut crops. The moisture content of the plant at this 
time is sufficient. However, when certain fodder crops are 
siloed, the moisture content must be increased to replace that 
lost by evaporation. One of the important requirements for  
the growth of microörganisms is a proper degree of moisture. 
The exact amount necessary for active growth can not be 
stated, as the concentration and solubility of the substance 
must be considered. In silage, however, as in most cases, a 
moisture content of 70 percent gives a very favorable con- 
dition f o r  active fermentation, while a moisture content of 
less than 25 percent is too low and will give abnormal condi- 
tions. for fermentation. 

Anaerobic conditions. Good silage, even with the right for- 
age plant, is dependent on proper fermentation. The desira- 
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ble microorganisms for this purpose develop best, while in the 
silo, when air is excluded, hence the nearer true anaërobic 
conditions are approached in the silo, the better the silage 
quality will be. Furthermore the most destructive of the un- 
desirable microorganisms require aërobic conditions, and 
their development is consequently inhibited in the absence of 
air. 

Proper enzymes. That enzymes are the most essential 
factors in silage formation can not be denied. It is most im- 
portant, then, if silage is the product of fermentation, to have 
the proper agents present t o  initiate these processes. In 
practice, no direct attention has been given this subject in re- 
lation to the siloed material, although they are the chief 
agents of fermentation. If the enzymes from the cut plant 
tissue alone are responsible for this fermentation they will be 
present in sufficient quantities in or  on the material as it 
enters the silo t o  produce the proper changes. Again, if the 
enzymes are of microbial origin there will usually be found 
sufficient numbers of these microörganisms on the cut forage, 
as it enters the silo to provide a source for such enzyme 
activity. In either case the progress of the proper fermenta- 
tion will depend upon other factors necessary for fermenta- 
tion. The enzymes of microörganisms are without doubt the 
chief agents in silage ripening. As a more thorough under- 
standing of silage fermentation is obtained it may be prac- 
ticable to use pure cultures or starters to produce a better 
flavored and more uniform silage. This has been tried suc- 
cessfully by C. Gorini (4).

Proper temperature. The activities of microorganisms are 
influenced largely by temperature conditions. The optimum 
temperature f o r  the majority of organisms lies between 25º
C. and 40º C. The temperature produced from the ferment- 
ing siloed plants is sufficient to give optimum temperature 
conditions for the majority of organisms concerned. It is a 
noteworthy fact that while the increase in temperature is a 
result of fermentation, it is most essential fo r  the completion 
of the ripening process. 

THE RESULTS OF FERMENTATION. 

In studying the ripening changes in silage three important 
stages can be noted, which appear to follow one another in a 
more or less logical order, namely: (1) A rise in temperature, 
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(2) an increased acidity followed very closely by the (3)
production of odors. 

One of the first changes observed in any freshly siloed 
material is the production of heat. The degree of temperature 
and rate of increase will vary. The factors affecting this are:  
the amount of air  within the silo, governed by the compact- 
ness of the siloed material and the hermetic condition of the 
silo itself; the heat radiation due to  the size of silo; and the 
season. On this account no definite temperature can be given 
for a normal fermenting silage. From the silos studied it 
has been observed that the temperatures all show a gradual 
rise until the maximum is reached, and finally a steady de- 
crease. The maximum temperatures recorded for the silos 
studied were 29º C. to 46º C., while the average temperature 
was 37.5º C. This temperature refers to the center of the silo. 

The increase in temperature is usually prompt and rapid, 
the maximum being reached within one or two weeks under 
normal conditions. However, if the silo is filled in the middle 
of winter, as i t  frequently is, the rise in temperature is much 
slower and the maximum degree will be reached much later. 

With the rise of temperature there is also an increased 
acidity. The rate of acid formation is rapid after the true 
desirable fermentation starts. The maximum acidity is nor- 
mally reached within fourteen days, often before. The pro- 
duction of odors follows closely the acid production, so that 
by the time the silage has reached its maximum acidity, true 
silage odor is also present. 

The major fermentations concerned in the ripening of silage 
are normally complete within two weeks. 

PROGRESS OF THE PRESENT INVESTIGATION. 

The primary object in carrying on these investigations is 
to obtain more specific information concerning the fermenta- 
tion of various kinds of silage. A very large percentage of 
the work accomplished to date has been of a preliminary 
nature. Much time has been spent in determining the micro- 
bial flora of different kinds of silage and in making a quantita- 
tive and qualitative study of the same. 

Over three hundred examinations were made from dif- 
ferent kinds of silage at various stages of fermentation.  The 
silage used was that prepared in the laboratory and from 
ordinary silos. 
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The silage made under laboratory conditions was prepared 
by cutting the material in small pieces and packing tightly 
in quart milk bottles. The bottles were sealed air-tight by the 
use of rubber stoppers and wired in. The silage thus pre- 
pared resembled the silage made by the usual method, in re- 
spect to the bacteriological and chemical analyses, together 
with the odors. After numerous examinations it is the authors' 
opinion that the silage prepared under laboratory conditions 
gives results comparable t o  those obtained from actual silos 
and offers a practical and accurate means of studying the 
fermentation of silage. 

METHODS OF PROCEDURE. 

To obtain the silage for analysis from the silos, a small hole 
about two inches in diameter was bored in the side of the 
silo about two or three feet from the level of the ground. If
the silo was cement, the holes were made in the doors. From 
these holes samples of silage were collected in sterile contain- 
ers with a large extension auger. After the required amount 
was obtained the hole was tightly stoppered with paraffined 
corks. The general practice was to  collect the sample from 
a new hole each time. 

One objection to this, method is that i t  allows air to pass 
into the fermenting forage. However, i t  is believed that the 
air  thus admitted plays a very small part in checking the 
proper fermentation. The space left is soon filled by the pres- 
sure from above, and the air admitted will not circulate very 
far  before being consumed. 

BACTERIOLOGICAL TECHNIQUE. 

Twenty grams of the silage were placed in 200 cc. of a sterile 
physiological salt solution and thoroughly shaken. This was 
further diluted by the use of similar water blanks, for obtain- 
ing dilutions for the plates. 

Plain agar was used for determining the total numbers of 
the microörganisms. 

Plain gelatin was used to determine the protein digesting 
types. Not having a satisfactory place for the incubation of 
gelatin plates, sterile tubes of gelatin were inoculated with 
varying dilutions of silage, and incubated at 35° C. for five days. 

IET n/a




12 Technical Bulletin No. 2, January, 1916. 

The number of liquefiers was determined by placing the gelatin 
tubes in the ice box, after removing them from the incubator. 
From previous experience it has been found that a tube of 
digested gelatin will not solidify on cooling. Hence by not- 
ing the highest dilution showing liquefaction after cooling, 
the number of liquefiers can be estimated. By the use of 
small dilutions and more tubes, the results are probably more 
accurate than those obtained from the usual method of count- 
ing the liquefying colonies on gelatin plates. 

Glucose acetic acid agar was used to determine the total 
number of the Bulgarian types of organisms present. The com- 
position was one percent glucose agar, to which was added one 
cc. of a one percent sterile acetic acid solution. The acid solu- 
tion was added directly to the plates and the glucose agar was 
mixed with it when the plates were poured. Lactose agar 
was used in place of glucose agar in the preliminary work, but 
from subseqent work it was observed that the glucose 
medium favored this type of organisms more than the lactose 
agar. The small amount of acid added was sufficient to check 
practically all types of organisms except the Bulgarian group 
and the yeasts. After a little experience there was no diffi- 
culty in differentiating between these two types, on account of 
their characteristic colonies. 

Glucose litmus broth was used to determine the total num- 
ber of acid producers. It was prepared by using one percent 
glucose broth to which a few drops of litmus solution had been 
added. Several tubes of this medium were inoculated with 
different dilutions of the silage infusion and incubated. The 
total acid producers were determined by noting the acid re- 
action in the highest dilution present. 

This method was used in place of a litmus agar medium be- 
cause a more accurate estimate of the acid producers could be 
thus obtained. On a litmus agar plate, if the acid colonies are 
few and other types predominate, the colonies may fail to  
appear acid on account of the acid being neutralized by the 
alkaline by-products from the other types present. The 
organisms in the glucose broth solution are not held in one 
place, as they are in the solid agar media. This, together with 
the fact that the glucose broth acts as an enrichment medium 
for the acid group, gives better opportunity for the acid bac- 
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teria to increase more rapidly than the miscellaneous organ- 
isms. Likewise, the acid produced from the more rapid-grow- 
ing acid bacteria is sufficient to check the slower development 
of the miscellaneous type. The dilution method is more tedi- 
ous, but providing the differences between the dilutions are 
small, the results obtained are more satisfactory and more 
accurate. 

Bile lactose fermentation tubes were employed in determin- 
ing colon fermentation. The Dunham fermentation tubes 
were inoculated with different dilutions of the silage extract. 
The tube with the highest dilution showing gas production 
was used as an estimate of the total number of colon organ- 
isms present. To further substantiate this presumptive test, 
different dilutions were plated out from time to  time and the 
colon organisms isolated and identified. 

Glucose fermentation tubes were used in determining the 
total number of yeasts present, by noting the gas production 
in the different dilution tubes. To be certain that the gas 
was due to yeast fermentation, stained preparations were 
made from each dilution and examined for the presence of 
yeast cells. If gas was present and no yeast could be demon- 
strated, it  was taken for granted that the gas formation was 
not due to  yeasts, but to other causes. The yeast count from 
the acid agar was used to check this method, and they com- 
pared very favorably. The general rule, however, was that a 
higher count was obtained from the fermentation tubes than 
from the plates. 

All media used were made from Leibig's Beef Extract, and a 
reaction of 1.0 to phenolphthalein required. The period of 
incubation, unless otherwise stated, was always four days, ex- 
cept with gelatin, which was for five days, at 35º C.  The long 
period of incubation was used to favor the complete develop-
ment of the Bulgarian type. The enumeration of all plates was 
done by the aid of a hand lens. 

The principal and predominating types of microörganisms 
as they appeared on the different media from time to time were 
isolated. A morphological, cultural and biochemical study was 
made from the tubes thus isolated. 

Stained preparations were made directly from the silage in- , 

fusion in order to check the results from the cultural analyses. 
It seemed unnecessary to employ the use of synthetic media at
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this time after comparing the microscopic appearances of the 
silage with the results obtained from the culture media, as the 
media was giving a very good estimate of the true microbial 
content of the silage. 

CHEMICAL ANALYSES. 

To obtain a more definite idea of the fermentation processes 
going on in the different kinds of silage, the degree of total 
acidity and the ratio of volatile to nonvolatile acids was de- 
termined in certain kinds of silage. The total acidity was de- 
termined by extracting the acid from 100 gms. of finely ground 
silage, by placing in 1000 cc. of distilled water, and shaking for 
one hour in a shaking machine. An aliquot portion of the 
filtered extract was used for determining the total acidity and 
volatile acids. A correction for the moisture content of the 
silage was made for each analysis. 

The volatile acids were determined by the methods used by 
Dox and Neidig (6), distilling by steam under diminished 
pressure at a temperature of 80°-90° C. The moisture content 
was determined by the evaporation of the finely ground silage 
at a temperature of 110° C. for four hours, and weighing.   The 
temperature of the silage was recorded by the use of a Leeds- 
Northrup temperature indicator and resistant bulbs. The 
resistant bulbs were buried in the silage, and connected with 
the surface with lead insulated wires. 

ANALYSES OF VARIOUS KINDS OF SILAGE. 

On account of the similarity of the data obtained from the 
different kinds of silage, only results of a few of the examina- 
tions made from each kind of silage will be given. 

Kafir Silage. On September 25, 1914, kafir was placed in a 
cement silo having a capacity of about ninety tons. The kafir 
was in good condition and the heads were not removed. Sam- 
ples were taken for analysis at frequent intervals until the 
major fermentation processes were complete, and at longer 
intervals after this until the silo was opened. The only chemi- 
cal analysis made was obtained from the material as it went 
into the silo and on the last date examined. 

The summarized results are found in table I.
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The table shows both the quantitative and qualitative micro- 
bial content of silage. The following facts can be noted: 

(a) A relatively high microbial content existed in the kafir 
as it was siloed. All types were represented except the Bul- 
garian group, which were present in such small numbers that 
they could not be noted. 

( b )  A rapid increase in the total number of microörgan- 
isms the first few days was followed by a decrease after the 
first week. 

(c) A marked increase took place in the Bulgarian group 
for the first eight days, but a gradual decrease followed. 

(d) The gelatin liquefiers proved to be unimportant. Their 
number decreased very rapidly after the material was siloed. 

(e)  A comparison of the total number of microörganisms 
with the total number of acid producers indicates the acid pro- 
ducers to be the predominating organisms. 

(f) A gradual increase occurred at  first in the number of 
yeasts, but they disappeared after about three weeks. 

(g)  A decrease was observed in the colon group during the 
first few days, followed by an increase and then final disap- 
pearance. 

(h) An increase in temperature for the first eighteen days 
was followed by a gradual decrease. 

This silage was considered very good. The acidity as it
entered the silo was 0.18 percent figured as lactic acid. The 
final acidity was found to be 2.07 percent, of which 1.36 per- 
cent was nonvolatile, calculated as lactic acid, while 0.71 per- 
cent was volatile, figured as acetic acid. 

Cane fodder silage. A small stave silo with a capacity of 
about ten tons, built for experimental purposes, was filled with 
cane fodder on March 15, 1915. The fodder had been shocked 
and stacked all winter and was in good condition. Enough 
water was added to the cut fodder as it went into the silo to 
bring up the required moisture content. 

The data obtained are summarized in table II.
The conclusions derived from the above data are very sim- 

ilar to those obtained from kafir silage. Summarized, the 
data show:

(a) First, an increase and then a rapid to gradual decrease 
of all microörganisms. 
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(b) The presence of four groups of microorganisms, 
namely: the acid group in which the Bulgarian type pre- 
dominates, yeasts, the colon group, and the gelatin liquefiers. 

(c) The first three groups mentioned above are the im- 
portant organisms, while the fourth group is of no importance 
in good silage. 

(d) The increase in temperature, the acidity and the mi- 
crobial content are nearly parallel. 

The increase in temperature, acidity, and all of the im- 
portant types of fermentation, were very slow as compared 
with normal silage fermentation. This can be explained by 
the fact that when the fodder went into the silo the outside 
temperature was freezing. The water, which was added to  
increase the moisture content, froze as it was added to the 
fodder. When the temperature began to rise, however, the 
fermentation progressed very rapidly. 

There were comparatively large numbers of the Bulgarian 
group on the fodder as it was placed in the silo. This is ac- 
counted for by the fact that the fodder was stacked all winter, 
and during some of the warmer days of fall or winter proper 
conditions were produced which were conducive to their 
growth. 

The silo was opened about the first of May, 1915. The silage 
was in normal condition and a good grade. 

Alfalfa silage. This department, coöperating with the dairy 
and chemical departments, has been investigating the fer- 
mentation processes in silage made from alfalfa. As this work 
has not been completed, a full report can not be given. How- 
ever, as good alfalfa silage has been made under laboratory 
conditions and fair silage made in silos, the results from one 
of the silos filled with alfalfa will be presented to show the 
similarity of the microbial flora to those of cane and kafir 
silage. 

A small experimental stave silo, with a capacity of about 
ten tons, was filled with freshly cut alfalfa and rye in the 
proportions of two parts alfalfa to one part rye. The feed was 
cut into small pieces by a silage cutter as it went  into the silo. 

Table III shows the results obtained from the examination: 
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The acid producers were determined in this experiment by 
the use of litmus lactose agar instead of litmus glucose broth. 
The results obtained from the entire study are comparable 
with those mentioned in the previous tables. 

The silage was of fair grade although the odor was not as 
pleasant as that of cane or corn silage. The material, how- 
ever, was in good condition and was eaten readily by the 
stock. The total acidity at the end of about twenty-five weeks 
was 2.8 percent calculated as lactic acid. 

EFFECT OF ANTISEPTICS ON SILAGE FERMENTATION. 

Several investigators previously have stated that the major 
process in silage ripening is due to the action of the enzymes 
from the living tissue cells, while microörganisms play only 
a secondary part. To substantiate these theories, cane and 
alfalfa were siloed in milk bottles with and without the addition 
of antiseptics and the resulting fermentations studied. 

Alfalfa silage. Two different experiments were made at  
different times. As a large amount of work had been done on 
alfalfa silage fermentation, alfalfa was used first, at two dif- 
ferent stages of maturity, These two stages were (1) alfalfa 
which was fully matured and cured, and (2) alfalfa which was 
green and in about the first bloom stage. 

A small amount of water was added to the cured alfalfa. 
Two percent by weight of dextrose sugar was added and mixed 
with each kind of alfalfa. The bottles which were treated 
with antiseptics received, about six percent of chloroform 
calculated on the basis of the total weight of alfalfa. 

The alfalfa thus prepared was placed at room temperature 
and examined at frequent intervals to note the progress of 
fermentation. A new bottle was opened at each anaIysis. 

Tables IV, V, VI and VII show the results obtained from 
the alfalfa thus treated. 

The following brief conclusions can be summarized from 
tables IV, V, VI and VII. 

(a)  The microbial flora content of the untreated alfalfa 
was very similar to that of normal cane and corn silage. 

(b)  The microbial flora of the treated alfalfa shows a 
marked effect of the antiseptics; growth of the principal types 
of microörganisms being checked. 
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(c)  Very good silage was produced from the untreated 
alfalfa, but the cured alfalfa was probably the best. The 
silage lacked the sweet aromatic odor common to corn and 
cane silage. However, the odor was good, but of more acid 
character. 

(d)   The treated alfalfa failed to show any characteristic of 
silage. No silage odor was in evidence, the material showing 
very little change from the time it was first treated. 

(e)  The effect of the antiseptic upon fermentation can be 
noted from the following table showing the acidity of the 
silage at the conclusion of this experiment. 

Cane silage. The cane used in this experiment was some of 
the same fodder which was used to fill the small wooden silo 
previously mentioned. Different percentages of chloroform 
were used to note the influence of different amounts of chloro- 
form on fermentation. The amounts added were 1, 3, 5, and
10 percents of the total weight of cane. 

The results obtained are summarized in tables IX and X.
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It does not appear that any additional remarks on tables 
IX and X are necessary, as the summary is very similar to the 
preceding data mentioned. The untreated cane fermented 
into a very good grade of silage, while all of the treated 
samples showed. no trace of silage fermentation. It appears 
from these results that an addition of one percent chloroform 
is as efficient as a greater amount in checking microbial 
growth. 
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THE PREDOMINATING TYPES OF MICROÖGANISMS FOUND. 

From the morphological, cultural and biochemical study of 
the numerous cultures isolated from different silages at dif- 
ferent stages of fermentation, the following groups were dif- 
ferentiated:

1.  Miscellaneous type. 
2. Yeasts. 
3.  Colon group. 
4.  Acid group. 

The miscellaneous type includes those microörganisms which 
apparently had no influence in the normal ripening process, in 
that there was no definite predominating type common to this 
group. They were always present on the forage plant as it 
went into the silo, and a t  this time only did they show any im- 
portance as to  numbers. However, this includes several im- 
portant species that would produce harmful fermentations if 
the proper conditions were present. Probably the two most 
important classes of this group would include the molds and 
the spore-producing, rod-shaped, gelatin-digesting bacteria. 

Yeasts are a group of microörganisms found in silage, and, 
no doubt, are influential in its ripening. They are, in most 
cases, present in large numbers on the forage plant as i t  goes 
into the silo. Usually the maximum number is reached within 
the first five days. Examinations of some silages showed no 
increase in their numbers from the start; however, in most 
cases a small to large increase was usually noted. A gradual 
decrease in these numbers is observed soon after they reach 
their maximum number until they finally disappear. Num- 
erous yeast cultures have been isolated throughout this work, 
but very little time has been spent in identifying and differen- 
tiating them. Most of the efforts have been devoted to de- 
termining the relative number of organisms of the different 
groups present at the various stages of fermentation, rather 
than to a detailed study of the individual species present. It 
has been observed, however, that the same types of yeast have 
always been present in all stages examined and likewise the 
same group predominated throughout the fermentation. 
Whether this is due to the medium employed, which favors 
only these types, must be left for future study. 

The colon group is another class of important organisms 
which has always been found in all kinds of silage studied. 
The results seem to indicate that the yeast and colon fermenta- 
tion follow each other closely throughout the process. Only 
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the total number of colon organisms as a group has thus fa r  
been determined. The differentiation of this group into 
species would not be of much importance from a practical 
standpoint. However, it  would, no doubt, be of scientific in- 
terest in so far  as the fermentation is concerned. 

As stated before, the acid group, common to all classes of 
silage, is, from the standpoint of desirability, the most im- 
portant group of microörganisms found in silage. The group 
can be divided into two types-the low acid-producing bacteria, 
similar to the common Bacterium lactis acidi, and the high 
acid-producers, which evidently would be classified with the 
Bulgarian group. The low acid-producers are usually found 
in the very early stages of fermentation and in fewer numbers 
than the high acid-producing type. 

The Bulgarian type is the predominating organism 
found in the fermentation of normal silage. Its numbers are 
low on the forage plant as it goes into the silo; in most cases 
lower than any other group. It reaches its maximum numbers 
within the first few days after filling the silo, but a gradual 
decrease is eventually observed, although not until long after 
the material could be called silage. 

A more detailed study of this group of bacteria was made, 
and several hundred 'cultures have been isolated and studied. 
Some of their principal characteristics follow, but a more com- 
plete study of this group will be published in the future. 

MORPHOLOGY OF THE BULGARIAN GROUP. 

Morphologically, much difference was noted between the 
various cultures isolated, while marked deviations occurred in 
the same culture. In size, the organisms vary from small oval 
rods to much larger, more defined rods. The majority of all 
cultures studied showed the characteristic filaments and gran- 
ular staining, the filaments of different cultures varying in 
length and in diameter. It appeared characteristic for some 
cultures to have long filaments. 

Stained preparations from young cultures almost invari- 
ably showed the small oval rods, while preparations from the 
same cultures a few days later showed the filaments to be 
present in large numbers, and the granular staining was more 
pronounced. Bifid types were never observed, although the 
curved and spiral-like filaments were numerous. Stained 
preparations from agar slant cultures usually possessed these 
small rods and often showed the short filaments arranged in 
a parallel manner. Organisms with a single curve were ob- 
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served from the same culture medium. No motile forms were 
recorded. 

CULTURAL AND BIOCHEMICAL FEATURES OF THE 
BULGARIAN GROUP. 

The colonies of this Bulgarian group vary greatly in size 
and form of growth. In size, the colonies vary from very 
minute forms, scarcely visible to the naked eye, to colonies 
as large as the common lactic acid colony or a little larger. 

The form of the colonies seems to vary greatly. The charac- 
teristic ‘‘woolly edge” colony was frequent; however, the pre- 
dominating colonies were very similar t o  the common lactic 
acid types, either lance shaped or small and dense with a uni- 
form edge. A zone of cloudiness or haziness, which included 
the colony, was characteristic of this type. The colonies ap- 
peared at both the surface and in the deep agar. The fact that 
the colonies from this group of organisms are frequently very 
similar to the common Bacterium lactis acidi colony is, no 
doubt, the reason why this group has been overlooked by 
previous workers. The growth on plain agar slants is very 
slight, but usually present; however, on glucose agar slants 
the growth is very good, the characteristic growth being 
beaded to effuse. The same growth tendency is noted in 
nutrient broth (a sugar hastens growth). From observations 
of the three sugars, dextrose, lactose and saccharose, i t  seems 
that the former is preferred. In glucose broth the organisms 
produce a moderate to heavy clouding, together with a viscid 
or flocculent sediment. 

Litmus milk is coagulated and litmus reduced. At first the 
time of coagulation varies from two to fourteen days when in- 
cubated at 35º C.  After repeated transfers, however, coagula- 
tion is more prompt. With the addition of peptone in the milk, 
coagulation is hastened, taking place within two to four days, 
usually, at incubator temperature. 

The organisms isolated directly from colonies on plate cul- 
tures to glucose litmus broth and litmus milk, respectively, 
show a difference in regard to  their rate of development. A 
vigorous growth with acid reaction is observed in the broth 
culture much before the acid reaction and coagulation is ap- 
parent in the milk culture. In  the broth culture a good growth 
is observed within one to four days at 35º C., while in litmus 
milk the growth is much slower. 
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The total acid producers recorded from the glucose litmus 
broth will, in the majority of cases, give a truer estimate of 
the Bulgarian group present in the silage than those of the 
acid agar media. The numerous microscopic examinations 
made directly from the litmus broth tubes showing acid re- 
action in the highest dilutions, always exhibited these organ- 
isms in large numbers and in practically pure culture. Pure 
cultures were always isolated from these tubes when desired. 

The amount of acidity produced in milk by the different 
cultures varies from about 0.9 to 2.5 percent calculated as 
lactic acid. The rate of acid production differs in plain and 
peptone milk. The final percent of acidity is practically the 
same, but the maximum acidity is attained more rapidly in 
peptone milk than in the plain milk cultures. 

Table XI shows the degree and rate of acid development 
when growing in plain and peptone milk at a temperature, of 
35º C.
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CHIEF FERMENTATIONS IN SILAGE. 

Three important fermentation changes thus far observed 
in the ripening of the ensilage are: 

1.   The fermentation by yeasts. 
2. The fermentation by the colon group.
3.  The fermentation by the acid-producing group. 

As mentioned previously, the yeast and colon fermentations 
are the first fermentations noted and appear to develop and 
disappear almost simultaneously. Their exact importance 
can not be stated at  this time. However, much of the sweet 
aroma common to good silage is the result of yeast fermenta- 
tion. While the effect of colon fermentation in silage pro- 
duction is undecided, it  is evident that it  should be considered. 
The presence of large numbers of this group at a very im- 
portant stage of ripening is sufficient to place it under obser- 
vation. Although the data obtained are not sufficient to war- 
rant a positive statement, it seems that a portion of the vola- 
tile acids found in silage results from this colon fermentation. 

The products which result from the fermentation of dif- 
ferent silages may differ widely on account of the different 
kinds of forage used and the varying conditions under which 
they are siloed. Although all silage may be eaten readily by 
stock and be nutritious, some will, no doubt, exhibit character- 
istics which must make them of better grade than others.
What these desired characteristics are, and how obtained, can 
only be determined by an exhaustive study of the fermentation 
changes. No doubt the important factors which will best 
determine a good silage are:  (1) the acid content; (2) the 
odor; (3) the feeding value. 

Acid production in silage is a most desirable and essential 
factor. Its importance can be attributed to the preservative 
effect which it offers to the silage as well as its probable ability
of increasing the palatability of the feed. The present in- 
vestigation warrants the statement that acid production, 
common to all normal silage, is largely the result of fermenta- 
tion by the Bulgarian group of bacteria. 

The acids of silage can be divided into volatile and non- 
volatile groups. The latter acids are represented chiefly by 
lactic acid, while the larger part of the volatile acids is 
normally acetic acid. As previously mentioned, the nonvola- 
tile acid usually predominates. The varying conditions in the 
methods and the different materials used for silage make it 
unsafe definitely to state the exact ratio between the volatile 
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and nonvolatile acids of silage. However, the ratio between 
the two is close to that already mentioned (1.0 to 0.75 in favor 
of the nonvolatile acids) for all normal and good silages. A 
marked increase or decrease in this ratio is generally followed 
by a decrease in the desirable quality of the aroma and prob- 
ably in the palatability of the silage. 

The source of the acetic acid in silage is still an unsettled 
question. It seems evident that by far the greater part of the 
acid production in silage is dependent upon the fermentation 
of carbohydrates. Previous investigators have mentioned the 
oxidation of alcohol as a probable source of acetic acid, the 
alcohol being a result of yeast fermentation. The insufficient 
amounts of oxygen and alcohol normally present in the fer- 
menting material, fail to account for such large amounts of 
acetic acid as are found in most silage and make one doubt 
this theory. 

A probable source of the acetic acid in silage and the factors 
concerned in its production are suggested by the results of a 
few preliminary experiments. It should be understood, how- 
ever that the comparatively small number of examinations 
make it impossible to draw definite conclusions. Several 
organisms may be influential in acetic acid production, but the 
Bulgarian bacilli seem the leading group to which this charac- 
teristic can be attributed. Hart, Hastings, et al. (8) in the 
analysis of the products formed in milk cultures of Bacterium 
casei, found acetic acid to be present in large amounts as the
principal volatile acid. The average ratio of the nonvolatile 
to the volatile acids formed was 1.0 to 0.46 for the two cul- 
tures analyzed. Bacterium casei and Bacterium bulgaricus 
are synonyms for the same group of organisms, according to 
these authors. 

With this fact in mind, sterile milk containing one percent 
peptone was inoculated with different cultures of the Bul- 
garian group isolated from silage. The flasks of milk were 
sealed with paraffin to prevent evaporation and incubated at 
35º C. for forty-two days. The total acidity and volatile acids 
were determined from each culture flash. The results of anal- 
ysis are given in table XII.

Alfalfa extract, obtained from the juice of the freshly cut 
plant by pressure was sterilized and inoculated with pure cul- 
tures of the Bulgarian, colon and yeast organisms. One per- 
cent of glucose was added to the extract to furnish additional 

\ 
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carbohydrates. Cultures of the above organisms were used in 
combination to inoculate the flasks. The cultures were sealed to 
prevent evaporation and allowed to incubate three months at  
35º C.  The results of the analysis are found in table XIII.

The carbon dioxide, which was evidently present in several 
of the cultures, as a result of fermentation, would influence 
the determination of the volatile acids. It was removed by 
passing carbon-dioxide-free air  through each culture flask for 
two hours at a temperature of 25º C.

The summary of this small number of analyses indicates the 
ability of the Bulgarian group to produce volatile acids. The 
larger percent of the volatile acids produced, is acetic acid 
according to the analyses of a few cultures by Hart, Hastings. 
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al. et al. (8). It therefore appears perfectly logical, from these 
results, to assume that this group would produce acetic acid 
while growing in silage. Although these organisms evidently 
do not produce all of the acetic acid found in normal silage, 
they must be responsible for a large percent of it. The bal- 
ance of the volatile acids, almost always present, could easily 
be accounted for as due to the result of other fermentations. 
The colon organisms are no doubt instrumental in the produc- 
tion of a considerable amount of these volatile products. Like- 
wise, a small amount of volatile acids may be produced 
through proteolysis by miscellaneous organisms, but very 
small amounts of the volatile acids are derived from this 
source in normal and good silage. The direct decomposition 
of carbohydrate material by single groups of organisms seems 
to be a more plausible source of such acids. 
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