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INTRODUCT IUN

The praservation and utilization of leguminous forage crope has
become an important aspect of dairy fearming. The economic role of the
dairy indumtry is one of importance, therefore, the cost of feeding
dairy cattle and the production of good gquality milk on the farm ars of
prime concern to the industry as a whole.

In this rmspect leguminous plamts, such am alfslfa, would seem
ideal as a vinter roughage feed for dairy cattle because of the high
carotene and protein content of the plants. The problem, however,
lies in trying to preserve these important gualities of the plants.

Pressrvation of the protein and carotena content of the ensiled
alfalfa is effected through a fermentation procass whereby the lactic
acld producing organisms, present on the plants, coavert the available
carbohydrate of the plants to lactic acid and acetic acid.

The problema involved with the production of a good quslity
silage are gvident when individual alfslfa smmples, apparently aslike
in all respects, do not producs uniform products. The necessity of
understending the basic mechaniims of the silage ferment&tion process,
in order that a bettar gquality silmge may be produced with some degree
of consistancy, 1s obviocus.

The object of thim study is to elucidate the facts observed in
the experimsntal trisls of ensiling al?alt‘n in terms of microbiological

populations and some biochemical analysens.



KEVIEW OF LITERATURE

The rols of microorganisms in milage fermentation is generally
rscognized ss one of major importsnce. Work, concerning the microflora,
har bsen don# on green plants prior to enmiling and at vaFiour ntagss
throughout thes fermentemtion period.

Kroulik et 21. (17) observed thet the predominant orgsmisms on
green plantg were asrobic, chromogenic, nonsporeforming, rod-sh#ped
bacteria. Coliform bacteria, in large numbers, were shown to be
pPresant on graen plants, and a few atudied belonged to the genus
ssrobactsr. Studies of similar natury by Allen et &l. (3) showed that
lactic acid organismyg are prerent in numbers ranging from 1,000,000 to
10,000,000 per gram. They reported the predominant organism in this
group a8 Lsctobscillug plantsrum. In this study coliforms ranging
from 1,000 to 1,000,000 psr gram were raported to be present on green
plants prior to snsiling. These consiasted primarily of Agrobacter
asrogenes ver. greminis. They reported also, that the predominant
species of anaerobes present was Cloptridium sporogenes.

stirling (27) worked with ten diffsrent types of fresh forage
in an sttempt to dgtermine the numbar of lactic acid producers. The
highest county obtsined ranged from 101 to 300 per fram. He stit®d
“the counts of 1l gstobacilli mmyr not ;fvays be sufficiently high to
enure pre gervation when the foddar is made into mlage." Nevens and
Kuhl an (19) styted thgt the incorpor=tion of comsercial lactic acid

starter cultures st the tims of ensdling increames the acidity of the



silage, Ia coniraat to both of thass limes of reasoning, however,
Langston et a)l. (18) maintained that forsge high in lactic acid
producing bactaria is no Bettar than forage which contained small
numbers of these orgenisms, They stated "this indicates that inocula-
tion of th® original material with lactic acid bmgtasria would be of
little or no value.” In support of this statement Stone ot a). (29)
obsarved that all green plant material suitable for ensiling contained
enough lactic medd produeing organisms and that the fermentstion does
Bot vary ms to the type of organisms pressnt but rathsr according to
the conditions undsr which the formge is stored.

Hany authors hava spproached the problem of defactive silage
from ths view paini of ths anasrodbic p%pulntion in the silage. They
have shown that spores of ths anserotic orgaaiams do exist on fresh
alfalfa forage. Allen and Harrimon (1) worked with fresh grass and
reported that the numbmr of amaerobic gjpurés appeiis always to be
emall but that this group of organimms increnges in auiaber after the
first faw days uotil approximatsly 1,000,000 per gram are present.
They maintained thet these high numbers are ususlly present for weeks.
Clostridium sporogeneg was the prominent speciesn of this group. Eyyaamt
and Burkey (10) isolmted geveral strains of proteolytic, sporsforming
anasrobes. They stated that the predominant speciss was Clostridium
tyrobutyricum, ven Beynum and Pette. Rossnbarger (83) oontended that
the dominant smtarobes Ligolsted from silmge wera proteolytic mnd lmotste
attaaking species. Thas organisme 'l:”olv-d in thair study 4id mot
sultiply baslow pE levels of 4.0 to 4.2, BScme of the butyric acid

producing typiés of mma-robas could fermant lmotate in purs cultures,



in the pre Ence of acet &e or p ruvate.

Hun *% (15), in studi ®sinvolvi agprepar 4 41 sgen 4@ from alf-
elfa forag “and Upplemented with v rious additives, sugg g$ed another
thought to the oversll pictur #of protein breakdown in silage. ¢
st 't 4 thet protein deco Wosition may re mlt from sicrobial or plant
engymes or their associ ®ed action. b fslt thet the role of the plant
enzymeé is of minor importance, and mggested thst tha possibility
exi " s whereby the ®id producing orgsm ms may posse 38 the  bility to
utilize protein in the "bsence of the asvamilabls cerbohydrate.

wor®ng with A.I.V.l silage, Cunningham and Smith (11) reported
the microflor® consisted ®8inly of lmitic acid bacteria such a, lecto-
bacilli, ®treptococei, microcoeci, mnd surcinae. They styted thyt both
homofer”ec“t®tive and heteroferm#ntntive types are ripreggnteg, the

fo™er by Lagtobacillug plantirum and the lstter by Lectobacillns hrevis.

’h‘l ¥ent on to Tay that the #tréptococci, micrococecd and motile lacto-

Y cilli wer® found in fodder récently emsiled, and lactobygilli and
88 rcin™ in the older saumples.
Allen et g1, (4) utilired milsges to which various pres, ry, tives

had been * dd* 4 #8 4 ™ ported th' ¢t in=avery s @ lacticacid organisms

1. Thig # & method of # 1lage prem m tion whereby thy 5 ddition
of mineral ® ci@ , ® uch® s hydrochloricac 1d or phosphoricas id, are
utilized for rapid 1¢' ering of the P “w lue of thew ilgm . ¥ .K.Feter-
son, G. ™ a¥f tedt, # ® B ird, and¥ ! .E ee on, " The® n p & tionapng

Nutriti® val® ofh .I.V. 81k ge for I iry Cows", J, Deizy Sgi.,¥ ol.
18, 83-78, T M A% erican DairyAs sock ti n, Ohio®4 ete Uniy reity,
Columbd® , 1935.



Psople doipg the work, Henlizing tae need for a more mtandardizsd
procedure for jud ging silage quelity, Langston et el, (18) saggested
the following criterix for the evalustion of silage:
Good (uality Silages:
(1) pE values 3.9=4.8,
(2) immoniezcal nitrogen 1.0-2.9 per cent
(4) Lactic amcid 3-13 per cent.

(4) Bpore counts low or none &t all.

Foor (uslity Silegea:

(1) pi values 5 nad sbove.

(2) Ammoniacal niirogen 3.0-9.8 per cent.

(2) Butyric acid present.

(4) spore counts higi.

gilsge quallty zay be influenced by verious factors, i.e.,
t_'.r.ture. moi sture content, typss of torzg® and atmospheric conditions
within ths container. Hilsson et @), (21) studied silsge ferm®™nt&tion
under vgriouse te sgeratures, rasging from 2°C. to 37°C. and found thag
laetic scid production was faster at higher teuperstur®s. In all
C8 an the gil gee wvas Of poor quality st high temperstur®®, ‘They
report o4 thyt the sllages were best alb tmuperatures below 20°C. Bilage
qnl..'l.“i wgs baged on mmzonizcsl nitrogen md butyric acid content.

Controll 4a teyper gturs con d.ltl-onl wer# utilized to coap®r® the
ility of crops containing sugll uantities of suger &ad tliose of

high segsf COutent to produce god quility milsge. Toth ef al, (30)



conducted the ®* myudie # and report® th st f wment stion progre sed more
rapidly in 11 forige® # the higher temper sturss It way ghown that
My % a pe®™ of 18ctic acid prodiiction wss mst sblished the lactic acid
content of the #l &f® tended to decremse. In the silage held st lower
temper &ures the ferment "tion progressed more slowly; oncg the lactic
acid production reached & peak it t ended to stay there considerably
longer. An interestini stetement wus made by these workerg, "When a
lactic acid content of 1.6 per cent to 2.6 per cent is reached, the
l¥%ctic acid production ceases even if sugar is svailable for further
fermentation." They concluded from this work that in order for a

low cerbohydr®te plant to produce good quality esilage, gugar in avail-
able for® must be Supplemented, since in practice it is hard to maintain
temperftures below 20°C.

In other studies on fermentation processes in silage, Rydin et
al, (25) studied the effects of virious carbohydrates, ag supplemented,
for th* production of good gquality silage. %he materismls utiliszed
wFfr® BtErch, cellulofe, birle#y menl, straw powder, best pulp, and melt.
At low temperitures (16°0) the carbohydrates of the plants were suffic-
ient for good quality milsge. 4t temperatures of 24°C to 37°C carbohy-
dra¢# sl ditives were nfcessary. Of all the additives utilized only
salt mda favorsble effect. This they attributed to the amylase
content of the malt. Temperature is pot importent if the carbohydrate
conts nt of the plant is high. =i tson and Ferguson (31) stated that the
addition of about one per cent (l5=2 pounds/ton) molanm ses has mi sulted
in silag e of exorllent gquality. They placed a great deal of emphasis

on the silo filling process. Hegsted et 2l. (14) compared silag



preserved by the A.I.V. process and eolasses methods. They reported that
protein end carotene era better premerved by the former procegs but that
larger sacunte of non=volatile ferpmentative producty were formad in the
latter xethod. Bender and Roschardt (8) reported that there were

lossee of dry matter ea o result of the production of guch volatile
mbteriala as carbon ¢ioxide, hyirogen, methanc and ammonia by bactarial
action ex¢ cell reppiretion. Thay aleo attribdbuted th=s lose of eome
soluble moterisl s to draingge from the silo.

Koieture content ig eanother factor influencing the quality of
eilsge. Archibald and Xurmeski (5) reportsd that high moieture content
in 91lags is undegirable bgcauge of "its aseociation with high fiber
content, which lowers the feeding value, amd with butyric acid which
is responsible for the bad odor in poor gquelity silage." They stated
that it ie "eignificaptly correlated with high cerotens® dut add thet
"the lower levalg of carotene found in silege ere high enough to
supply a cow's requiremants.® Ths work of Autrey et a1, (6) corrovor-
ates their conclusions. They ststed thet wilted silage regardless of
tros tment had lowsr pli valuse than the unwilted silsge and that the
wilted saaPles produced tha most conalstent incrssese in lactic acid,
Barnett (7) ia of the opinion that butyric ecid is forzed from either
lactic acid or soluble carbohydrates. It occurrad fram lactic acid

wvaen insufficient eoluble carbobydrates wsre Presesd.



EXPERIMENTAL FROCEDUFK

Kany of the underlying principles of the silage fermentation
process are still very obacure. By varyiag the moisturs content of
the silage gampler in this study, s better understanding of the affects
of moisture on the silage fermentation process occure. For the purpose
of thieg study four silags samplea were obtained, ranging in moisture
content at intervals of ten per cent, from 70 per cent for ssmple A
%0 40 per cent for sasple D. The respective silsge smuplesa will here

after be referred to as smmples A,B,C, or D,

Lorage freparstion

Firat cutting mlfalfs at mpproximately the half-bloom stage uf
eaturity wes utilized for this study. Freably Sut alfrlfs was dbrought
into the levorestary for further wiltimg to the desired molieture content
of esmples B,(, and D. Hanple A wam prepared immediately ss the moisture
content of the forage was correct. To hasten the wilting process and
alec to facilitate batter pecking in the silage contminera the forage
was choppsd into spproximately quarter-inch lengths with B papér
cutter. The chopped formge wam spr+@&d upon laborstory t#bles in a
thin leyer for the wilting process. Electric fams wore placed in
gosition to blow across ths forage and hastan the drying process,
During wvilting, the forage waz stirred fraquently to prevent h®ating
of the lowsr layurs.

Smuples ware taken at approximataly houriy intervels for
misture analysis. This procedure involved an Amsrican Molsturs

Tester which utilized sn infrared-bulb ms a so@rce of hest amd incorp-



10

orated an exhsust fan t0 keep molsturs from condemsing on the masmple.
The pmn, contmining the ssmple to be aaalyzed, occupies & position
between the infrared-buldb and the exhaust fan, Tha 10 gram sample iw
weighed directly into the pen on the moisture temtar., At the end of
the period of masalysis, approximstely 30 to 45 minutas, the per cent
moisture is remd direectly from= a scale on the taster.

fhen the moisture levels of the forsge neared the desired point,
it was lmzediately psoked into pint &nd helf gsllon glass jars. The
#lass jirs hed bsem previously steamed am & preseution to reduce the
paseitility of contaminating microorgmnisse entering the study from
the Jars., The forage waa pecked tightly in ths Jars, excludiag as
such air as possidlae, The Jers wers then tightly sesled, lebelled mmd
stored at room tempérsture until their respective smmpling times. Thig
procedure was carried out on evary Jjar in each of the four weilage samples.
Enough individual replicstes weres prepared from each of the four msmplea
(h,B,C, 8and D) so that the jura hnd to be openmd only »t tha time of
sampling. Once a mmiple was taken, thst particuler repliesmte could be

discrrded.

Bacteriglogical Analysie

Preliminsry mtudiee wire cenducted on fregh, green alfslfa
prior tu sneiling to odtain some information abdbout the bmcterial
population on the gresn plaste. Two methods of preparing the semples
wara compared mo the mathod giving the most conr.iltent results could be
applied to thim study. 9%+ brcteriological snmalysis consisted of counts

of organisms: belonging to the following four groupe: coliforms, lactic
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acld producara, total garcbes, =nf prateelytic orgenlams.

The preperation of the plfslfa sample for each of the groups of
organigms countad wi': tke pame pnd vill, in general, epprly to the prep-
arstion of mll the silsige sauplers for bectericloilcsl mpelyeis, Two
11 gra= zamples were weighed out #nd one sample wne placed in a sterile
four ounce %tottle to which & 99 ml. sterils, buffered solution wan
sdded. The se®cond 11 gram sarple weae placed in a Warimg-blender Jjar to
which a mimilor 99 wl. solution was added, This sm=mple was comminuted
spproximutely one winute in the blender and then joured into » sterile
four ounca bottle. Preparing the sample by ueing 11 grems of alfalfa
per $9 ml. of molution, resulted in am initirl dilution of 1:10 (one
gram of alfalfa to 10 ml. of moluticn). PFrom this initial dilution,
successive dilutions could bs mzde to cover eny desired range. The
range selected was such thet B olete containing 30 to 300 coloniem
would be svaileble fer counting (26).

Frepmring the plutey for counting the individual groupe of orga-
niema was dose &3 follows:

1. Coliform organisms:t Dilationes of 1:10, 1:100, 1:1000

and 1:10,000 wers utilized for this groupr of orgsnimms.
These dilutions were platad out and poured with Violet
Hed Bile Agar (12) which ip mpocific for this group of
orgaaisme., The plates were incubated mt 33°C (2) for

24 hours and counted.



It mhould bte etated hars that slight variations
of dilutions, ugsd for bmetiérlological analyses of the
wares necessnry hecauge of the various timse the silege
analyeed.
first thres days, daily for the remainder of the first

at weekly intervals for s period of five additifual weeks.

Lactic arid producing orgaunisme! For this grour,
dilutions of 1:100, 1:1000, 1:10,000 and 1:100,00C
were used. The medis utilized was V-8 juice Agar
(13) which was formulated as recommsended exoept the
indicator wee not added. The plates wera vourad
and incubated et 32°C for 24 to 48 hours snd counted.
Total serobic orgarnimms: 8ince this group woulad
probadbly giva higher counts, dilutions used wers
1:1000, 1:10,000, 1:100,000 end 1:1,000,000. The
medis used for this groun of orgsnimms waes Tryptone
Glucose Yempt Extract Ager (26). The plates wers
poured and incubsted at 32°C for 24 to 48 hours aad
counted.

froteclytic organisms: Dilution® umed for thia
group of organisms were the seme as those used

for the coliform group. The media wars Tryptone
Glucoe® Yemnt Extract Agar plus five »l., of
aterile, skim milk per 100 ml. of madia (26).

The plater ware poured smd incubated at 32°C

for 24 to 48 hours end counted.

in the range

sampled wérs

12

eilage samples

Bactasriological analysis was made ev8gy 9ix hours for the

week, and then

The total
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enmilage pericd was mix wwekn.

Blochemical Analvsis
Freliminary biochemical mmalyses were conducted on fresh alfalfa
plants prior to ensiling. Thess studies consisted primarily of pH
determinations and reducing sugar analysie. The methods deseribed
here for th® grmen formge, prior to ensiling, were also the same for
the pilage ammples.
1, pH determinations: Distilled water was addad to a 10
gram alfelfa sample and wis allowed to stand for 30
minutes. The pH was determined electromstrically using
a Beckman Kodel G, battery operatsd pH meter.

3. Reducing sugiar enalysis: The method utilized wam thmt
of Wiseman gt al (32). This method incorporamies the
uge of an ion exchange mixture composed of Dowex 60 and
Duolite A, ion-exchange rasins. The purpose being to
remove non-cerbohydrate reducing substances present in
the plante,

The origimal sxtraction was meds by comminuting = 20 gram
egilag® saspls, in m Waring-blender for fiftesen minutes, with approx-
imately 400 ml. of 80 per cent athanol, The extract was clarified
with Darco 0=60, mn sctivated carbon compound, and filtersd. The
filtrpta was mada to w ¥olume of 750 ml. An aliquot wie de-~ionized
and filtsred through a zlass-wool plug in a powdei funnel to resove

tha resin mixture. The filtrate was evaported t@ near drymess on a

135054 ST DT
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steam bath, After aveporation, 25 ml, of 1N hydrochloeric acid was
hdded mnd the samzle mllowed to stomd overnlght for inversion. Aftar
ikvereion the cAample was neutralized with 3C per cent snd two per cent
solations of sodlum hydroxide, From this a five ml, aliquot wms taken
and prepered witl, & sugar resmgent for titrotion with C.COCE scdium

thiosulfite,
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RESULTES AND DISCUSSION

Molstury Levels

Table I shows the actual results obtained by the lmboratory
wilting process in attempting to achisve the desired moirture content
of the alfelfa plants prior to ensiling.

TABLE 1. PROFUSED AND ACTUAL . ISTULE CONTEAT OF ALFALFA FOBRAGE FRIOR
T0 ENSILING.

Sample Proposed Moisture Actual Moisture
a
A 70 70
B 60 €1
c 80 63
D 40 44

—_—— . ————————————————=

Faster wilting would have besn achieved by mllowing the forage
to lay in ths field after beimg cut. ¥or our purpose, however, this
was not practical, because of the distance from the laborastory to the
fleld mad the necessity of chopping the cut alfalfa before ensiling.
It was dscided that the wilting process should be carried out undsr
close supervision in order that the forage could be ensiled immediately
when ths moisture content of the forage neared the proposed level. The
difference between the proposzed moi sture level and the #&ctual moisture
content of the forsge was possibly csused by the ‘difficulty of obtaining

a repregentstive sample. Tha diffsrsnce was not great enough to havs
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an 8 PWChdle e ffict won thye s tulisn,

Preliminary Studies
The results of the method of pomiple pre;pa mtion compar igon

s tudiey on the green elfelfp cre shown in Teble II,

pasli Il. QOMPARI SON gTUDIZS ON GEHERN ALF/LFA FRIOR TO EMSILIKC.

e e R e

} g C d
Method of Coliform Lactics Total Froteo-
Date Moistury Sampls hAerobes lytics
£1968) $  Freparagion (000)  (000) (000) (000}
June 7 70 Rinse -— 8preader 53 -—
Blender less than 20 69 40
1
June 9 72 Ringe —— 10 120 19
Blendsr 38 70 1,300 260
June 10 80 Rinse —— 14 1,600 60
Blender 100 6% 7,900 3,000
June 11 69 Ringe = 5 129 25
Mender legs than
1 16 320 216
m e — ——— e —

It wgy obvious from the regults shown in Table II that cilEEin.
uting thy sllgge suple in the Waring-blender, ms a ¥ethod of préparing
the sampl s for bactariological mnsly sis, consl gently g@ve the higher
counts, It w,s ipparent, therefors, that th® Wiring-bdl ender fave &
better gistribution of the orgsrd sme Presmt on the forsge. The
microflor 5 of green gif aif s was adsquate prior to en#iling, It wiyg
not a att g of insufficient orjgmi sthat debsrmined th ®quality,

but r th g te condition gunde& which the forige whs i Ml W,



17

Bagteriological gand Blochemical Analyslp of Silage Sempleg

It should bv® stated thmt only a presumptive identification of
the organisms involved was made and that no atteupt wae mapde to identify
the organimms as to their species. The presumptive identification was
possibla because the madias, as used, is specific in one respect or
another for those groups of organimms. Data on the bacterial counts
and pH of the four silage samples, at their respective moisture levels,
are shown in Tadble III,

It was interesting to note from thase results that only in sample
A did ell ths groups of organisms reach maximum growth before 72 hours
of the eneilags period had elapsed, but in every case except one the
organisat had sstablished a paak growth by the snd of the first week.
The exception was the lmctic group in sample D. Naximum growth was not
established in this sample until the fourth week of the ensilage period.
This can be seen in figure 1. The two groups of organisms in samples
B and C wers combined because they establimhed peak growth at the same
time. The only explanation offered for the lag of the lactic group ir
sazmple D was that this ssmple was of low moisture content (40 per cent).
2his may hava been ths primary reason for the lag of that group of
orgenimms in this gample. If this was the case it is odvious then
that wiltimg the forage prior to snsiling, does tend to have an inhib-
itory effsct upon the devslopment of ths microflors pressnt on the
pPlants. This was further confirmed by the fmct that th® numb¥rs obtained,
of the various groups of organimms, are proporugnll to the moistur®
content of the silage. The moisture contEnt of the silag® plaFs an

imgortant part in the devalopment amd growth of the microbiological



TABLE I1I. BACTZRIAL COUNTS AND pH VALUES OF SILAGE SAMPLES AT DIFFERENT LEVELS OF MOIST UM%,
m

teria per grepm of 9ilage
Semp) e Age Noisture pR Coliforms L!ftl_ong - !otal-"a Proteolytics
(brs.) ‘ Asrob ap
(000) (000) (000) £900)

0 5.90 91 260 1,000 80

6 5.90 66 100 1,000 40

12 5.80 400 4,000 4,600 350

18 5.90 4,800 32,000 54,000 450

24 6.90 3, 300 139, 000 220, 000 2, 500

30 5.90 8, 300 120, 000 280, 000 240

36 5.90 30, 000 150, 000 590, 000 200

42 5.70 27,000 650,000 1,200,000 2,600

A 48 70 5.30 94,000 1,100,000 1,200,000 1,000

b 6.50 2,300 2,620,000 1,400,000 800

60 5.60 20,000 1,200,000 1,106,000 6,000

66 5.50 92,000 1,800,000 1,700,C00 1, 500

T2 5.20 110,000 1,800,000 1,400,000 4,000

96 5.30 50,000 1,700,00C 1,300,000 1,000

120 5.50 34,000 760, 000 750, GO0 500

144 5.30 34,000 2,500,000 1,700,000 50

165 5.60 45,000 1,100,000 720, 000 700

(weeks)

2 5.50 8,100 270, 000 200, 600 3,000

3 6.20 280 600, 000 10, €00 50

4 5.10 24 120, 000 130, 000 11

5 5.00 19 110,000 130,000 140

6 5.00 12 24,000 20,000 23

8T



TABLE III. (Continued)

—B8cteris per gram of silage
Ssagple Age Noisture M Coliform Lactica Total Proteolytics
(brs.) % Aerobes
(000) (cQ0) (000) {000)
0 5.80 450 780 2,600 2560
6 6.0 450 1,000 1,700 -3
12 6.0 190 1,000 1,800 70
18 6.10 430 12, 000 11,000 140
a4 6.0 7,400 56,000 510, 000 160
30 6.0 8,200 67, 000 110,000 220
36 5.90 8,100 220, 000 180,000 1,300
42 5.90 13,000 570, 000 490,000 1,100
48 6.00 29,000 460,000 410,000 400
54 6.9 12,000 430,000 320,000 1,200
80 5.8 34,000 650, 000 740,000 800
66 5.9 42,000 560,000 430,000 700
5 72 61 5.9 136, 000 840, 000 570,000 6,000
96 5.8 110, 000 530, 000 460,000 1,000
120 5.8 52, 000 770, 000 560,000 2,000
144 5.6 18,000 1,100,000 620, 000 800
168 6.60 11,000 1,100,000 510,000 1,200
(wesks)
e 5.6 1,600 260, 000 170,000 110
3 8.2 198 860, 000 72,000 100
4 5.2 8 220, 000 140,000 &2
5 5.1 158 130, 000 130, 000 370
A 5.1 65 16,000 24,000 20

61



TABLE III. (Continued)

—_——— e ——— — —_— e e———————  ———————————————————————
Sample Age Moisture M Colifora Lactics Total Proteolytics
Y Asrodes
(000) (000) (000) (000)
0 6.9 190 240 4,800 60
é 6.0 370 1,600 1,300 70
12 6.0 870 1,800 4,600 100
18 6.0 2,800 5,100 4,100 490
24 5.9 130 2,900 4,500 500
30 5.9 560 9, 700 29,000 600
36 5.9 660 11, 900 28,000 400
42 6.0 2,100 13,000 16,000 400
48 6.0 2,600 42,000 54,000 700
54 5.9 1,500 670,000 48,000 1,000
60 6.0 1,800 56,000 55,000 600
66 5.9 6, 900 91,000 110,000 500
C 72 53 5.9 6,100 58,000 57,000 500
96 5.8 3,600 110,000 62,000 500
120 6.0 1,400 200, 000 140,000 5§00
140 6.0 1,300 190,000 160,000 200
168 6.8 1,400 140,000 99, 000 800
(weeks)
2 5.7 720 210,000 120,000 340
3 5.5 95 210,000 49,000 60
4 5.5 13 100,000 42,000 a
6 6.4 20 45,000 37,000 13
6 6.4 35 17,000 16,000 4

oz



TABLE IIl. (Comtinued)

—Bacteria per gras of '5“59
damp] e Age Moisture 4 Coliforms L;Encs ot Proteolytics
(hrs.) $ Asrobes
(000) (000) (000) {000)
0 6.0 2,200 3,200 4,900 630
6 6.9 500 1, 900 4,500 170
12 5.8 3,100 4, 300 4,6 300 120
18 5.9 740 1, 300 4,200 100
24 5.9 150 1,300 2, 500 500
30 5.9 820 3,400 4,200 200
36 6.0 1,600 11,000 9,600 700
42 6.0 1, 500 8,400 8,000 100
48 6.9 4,100 14,000 12,000 500
54 5.9 2,500 10,000 15,000 1,000
60 5.8 5,700 33,000 40,000 800
66 5.9 1,100 20,000 32,000 2,000
D 72 44 5.9 3,500 27,000 17,000 1,000
96 5.9 700 38,000 42,000 500
120 5.9 2,600 72,000 27,100 600
144 5.9 640 33,000 21,000 400
168 5.9 1,600 47,000 63,000 200
(wveeks)
2 5.8 1,200 37,000 27,000 240
3 6.7 120 89, 000 28,000 60
4 5.6 74 107,000 35,000 20
5 6.6 34 30,000 29,000 17
6 5.6 16 23,000 21,000 1

12
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Figure 1, Maximum Numbers of Organisms in the odr Silage Samples



flor® of th® plants (0,28). The rslationshiy of the moisture content
of the silage samples to the growth of the four groups of organisms
can b® gten in figure 2.

It is appar®nt from these results the growth of ths organigms
wh$ vEry unstdble during the first three days of the ensilage period.
In 8lmoet ¢very case the organiest in sample D (40 per cent moisture)
showed an initial drop in numbers followed by a reasonably sharp rise,
On the other hand the orgenisms of sample A (70 per cent moisture)
all ghowed a sharp initiel rise in growth usually followed by a
leveling off or s decline in the numbera of organiems. It is posaible
%o observe lwveling off towards the end of the first week in all groups.
The coliforms and proteolytics graduaslly declined throughout the
ensilage period wherese the total aerobic and lactic acid producera
tended to remain resasonably constant in numbdar,

Algo of interest in these studies waa the fact that in none of
the samples did the pM drop below 5.0. This presentsd a problem since
many authors @&re of the opinion that the establishmsnt of a low pH
plays an importaat part in the development of a good quality silege
(3,7,9,18,24). It wams obvious that with s low pH & better preservative
action would be imparted to the silage snd it would tend to inhibit the
growth of proteolytic orgasisms which sre present on tha plants. The
reason for the fmilure of the pH to drop to approximately 4.0 wa® not
clgar. The pH in the lower moisture level samples remain®d higher
than thoss in samples of & higher maiasture contentu.;

It wes noticed, whan sampling the Jjars of silage, a.ttir’approx-

imately 48 hours from the time of ensiling, that a strong positive



Figure 2.

Comparison of the Numbers of Organisms in the High and Low Moisture Samples
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pressure wis s8tablished in tha Juras. It is vary possible that this
preassurs if not relieved soon encugh, could place too great a stress
upon ths microflora sand tend to inhibit them (22). It is possible
the type of ges present cculd also be ths inhibiting fastor. In future
studies involving thw use of glass Jars as contsiners for the silage
it sight be worthwhile to equip the jar lids with soms kind of an
automitic préseure valve thst would allow excess preasure in ths jars
to escaps, thereby resulting in near atmospheric conditions within the
contalners.

Prelisinsry studies involving rmducing sogar snalysis on fresh,
ireen alfalfe plants were run to obtein some 1dea ms to the originzal
reduciag sugar contsnt of thesze plents prior to eneilimg. Hesults of

thess studies cen be sesn in Tadle 1V,

TASLE IV, HEEDLCING SUGAR COHTENT OF ALFALFA PLANTS FRIOR TO "NSILING.
TR RS EIam S ST e R e e e T e e e A e ——————

Dete Semple Sugar, %
Dry matter

June 18, 19589 1 6.76

June #2, 1959 2 3.13

3 3.7

4 3. 88

It was sppareat, from the results shown in Table IV, the

carbohydrate cont@nt of alfelfa forage is not exceedingly high. The

differsnce in the reducing suger values of sasple 1 and the others 1s
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explain®d by the differsnces in age of the forage mamples. S8gPlgs,
2,3, and 4 &re four days older thaa sample 1 which, at the time of
analysis, was approximately at the half-dloom stage of maturity. For
JRrposes of cosmparieon, Irvin et al. (16) reported reducing sugar
values in &lfslfa forsge prior to ensiling, ranging from 5.33 per cent
to 6.82 per cent., Zhe rasulte of sugar analysis, rwa on the weekly
replicetes of the four milmge smaiples, cun be seen in Table V,

The resulte of the ferwentatiocn process, in the four samples,
wore ioconsistent. Theoretically, the reducing sugar content of the
forage should decrease with the length of the ensiling period. The
reassons for thiv not happening, however, may be caused by several
factors, It is poesibls to experience variations, ig individnal
replicates of & sample, bacause each replicate was prepsred separately
from the otherse. This may have been a result of iaferior packing or
inadequate gexl ing of the jar.

It was appmrent that the average values of the reducing sugar
content and pH valuese were inversely proportional to the moisture
content of the silage sample. Wilsing the forage prior to ensiling
incr eassd the reducing sugar content of the silage consideradbly ehove
those ®un les of high moisture levels. It hag been shown that wilting
the forage prior to ensiling has an inhibitory affect upon the micro-
flora of the plants. It gseams logical, however, that a reduction in
the number of bLeneficial organisms would be legs imporhant than inadequ-
ate supply of energy.

Some authors are of the opinion (21) that temperature is an
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TABLE V. HASULYTS OF EXDUCIN® SUGAR ANALYSIS RUN ON THE WEEKLY RE-
PLICATUS OF THE FOUR SILAGE SAMPLES.

_————e e e e

Sampl e Moisture Age PE Sugar, %
] (weeks) Dry matter
1l 5.5 1.73
2 5.5 0.63
A 70 3 5.3 0.58
4 6.1 0.64
5 6.0 0.24
6 5.0 0.76
Averoge 5.2 Q.74
1l 6.5 1.08
2 6.6 0.90
B 61 3 6.2 0. 55
4 6.2 0.31
5 6.1 0.45
6 6.1 0.17
——AYerege 5.3 Q.57
1l 6.8 3.10
2 5.7 3.30
o] 63 3 6.5 2.48
4 6.5 2,61
6 5.4 2,37
6 5.4 2.29
Average £.6 8.69
1 5.9 2.88
2 5.8 3.44
D a4, 3 5.7 3.29
4 6.6 3.57
) 5.6 2.62
8 6.6 3,02
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iportedt factor in the fermentatioy procees. If the storags temperzture
1s lov %nough the catbobydrate conteat of elfalfs forege le adequate %o
produce a good qusality silage. It 1s conceivable that this aay %end to
explain the results obteined in thie study. If thie is the case then

it appears ms though cerbohydrats supplementetion 1e aecessary for

8 consistently good product. bwhether cr not thie is practicel for

large scale silage production, such mg on farms, remding to be seen.
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SUMMARY AND CONCLUSIONS

Firwt cutting alfalfa, approximately st the one-half bloom
stage of maturity, wias utilized for these studies.

The &ifalfs forage was brought to the laboratory for further
treatment. This involved chopping to approximately guartsr-inch
lengthc and wilting. The wilting process resulted in four sampies
at differtnt moisture levels.

The preliminary studies indicated the value of the Waring-
blender for the preparation of samples for basteriological anslysis.
In every cme#, bacterial counts were higher using this method of
sampl# preparmtion.

Mazimum numbers of orgsnisma were established Taster in the
h&gh meisturt silage. The total number of organisms were, in every
instance proportional to the moigture content of the esilage.

The high moisture silage regulted in & sharp initial rise in
the number of organiems. This was generally followed by a lsveling
off or decline in numbers. Tha initial number of organisms in the
low moisture milage cheracteristically declined. This pattern
vas followed by an increase in numberes.

Froteolytic and coliform organisms declined slightly throughout
the ensiling period.

Lactobacilli and totsl aerobic organimms tend‘d1to lesvel off
more and remain constant for the duration of the ensiling period.

Resulta of the sugir analysis on the silage samples showsd

inconsistencies in the fermentstion process. Aversge redueing mugar



values for the milage samples were inverssly proportional %o the
molsture content of the silage. ?This wes also true for the average
PH values.

The overall results of this study indicate the urgent need
for a better understanding of the silage fermentation process. Basic
knowledge of the fundamental mechanisms of this process is essential

in order that some day good quality silage may be more easily produced.
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