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ABSTRACT

THE EFFECT OF CORN SILAGE MATURITY, HARVESTING TECHNIQUES AND

STORAGE FACTORS ON FERMENTATION PARAMETERS AND CATTLE PERFORMANCE

BY

Mitchell Ray Geasler

Four experiments involving silo fermentation, animal performance

and metabolic parameters in the ruminant were conducted to investigate

their relationship to corn silage maturity, harvesting techniques and

storage factors.

In the Fermentation Study, ten corn silage harvests were made at

weekly intervals from September 3 to November 5 at dry matters which

increased significantly (P < .01) from 22.1% to 48,3%. Each harvest was

ensiled in four 12" x 18” stainless steel experimental silos within an

airtight Plexiglas chamber. The chamber and/or silos were equipped with

pressure application and measuring devices, temperature measuring‘

mechanisms, total seepage collection and apparatus for taking daily

samples from each unit° Four different pressures (0, 2.5, S and 10 psi)

were maintained for a fermentation period of 12 days° As dry matter of

the corn plant and/or maturity increased, lactic acid of the resulting

silage was significantly reduced from a high of 5.8% to a low of\2.2%

of DM (P < .01). Total nitrogen was significantly reduced from a high

1.3% of DM to a low of 1,1% of DM (P‘< .01). Water soluble nitrogen,

expressed as a per cent of total nitrogen, dropped from a high of 32.2%
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Mitchell Ray Geasler

to a low of 15.3%. Seeplage decreased from a high of 16.90 ml./100 gm.

of silage for the 22.1% DM silage to zero, irrespective of pressure, after

the DM reached 34.7%. Pressure was apparently without effect on the end

products of silage fermentation, as long as a minimum of~2.5 psiwas

applied. The pattern of fermentation during the 12 day period was not

affected by maturity and/or dry matter content; however, extensiveness

of fermentation was markedly affected.

In Feeding Trials 1 and 2, the effect of stage of maturity ofvcorn

silage on yield per acre was investigated. Fineness of chop was also studied

relative to dry matter stored per cubic foot of silo capacity. Harvests

made on September 13 (28.2% DM), October 17 (48.2% DM) and November 14

(59.6% DM), 1966 and September 18 (30.7% DM), October 5 (34.7% DM) and

October 19 (43.3% DM), 1967 were compared. In both years a 40-acre field of

”Michigan400" corn was initially divided into eight-row plots. At each ,

harvest date, two rows were harvested from each plot. The remaining two

rows were picked to accurately determine grain yield per acre. In 1966,

the 28.2% DM harvested silage yielded 5.11 tons of DM per acre, whereas

the 48.2% DM silage yielded 4.57 tons per acre. This represented a

reduction of 10.6%. The 59.676 DM silage yielded 4.06 tons per acre, a

reduction of 20.5% from the 28.2% DM harvest, and a reduction of 11.0%

from the 48.2% DM harvest. Dry matter yield peracre on the three dates

in 1967 was-5.64, 5.86, and 5.56 tons, respectively, betweenthe 30.7% DM

harvest andthe 34.7% DM harvest, a decrease of 1.41% between the first

andthe last harvest. Two identical silos were filled each year for each

harvest date, onewith fine chop silage (1/4 in.) and the other with

medium chop silage (1/2 in. to 3/4 in.). Dry matter stored per cubic
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Mitchell Ray Geasler

foot of silo capacity in 1966 was-13.40 1b. vs. 11.14 1b.; 11.99 lb. vs.

$96 1b.; and 11.93 lb. vs. 10.97 lb. for fine and medium chop in the

2&2% DM, 48.2% DM and 59.6% DM harvested silages, respectively. In 1967,

drynmtter stored in each silo was 12.32 lb. vs. 11.55 1b. and 13.15 1b.

v5.12.l3 lb. per cubic foot of silo space for the 30.7% DM and 43.3% DM

harvests, respectively. Combining fine and medium chop for each of the

harvest dates in 1967, dry matter stored per cubic foot of silo capacity

was 11.93 1b. vs. 12.64 lb. for the 30.7% DM and 43.3% DM harvests, respec—

tively. In the fall of 1966, a 3 x 2 x 2 factorial experiment (12 lots of

9 head each) was initiated to study steer calf performance and carcass

traits when fed the corn.silage harvested in the fall of 1966. Cattle

fm128.2% harvested silage significantly (P 41.05) outgained_the 48.2% DM

fed group (2.87 vs. 2.70 lb./day) and the 59.6% DM group (2.87 vs. 2.74

lb./day) but the 48.2% DM fed group was not significantly different from

um 59.6% DM fed group. Carcasses from the 28.2% DM fed group were signifi-

cantly superior to the 48.2% DM and 59.6% DM groups for all factors deter-

mhung cutability. Pooled differences comparing fine and medium chop

silage were small and insignificant; however, average daily gain values of

2.81 lb. for fine chop and 2.72 lb. for the medium chop silage approached

significance (P <;.10). Within harvest dates, average daily gain was 2.89

lb. vs. 2.85 1b.; 2.78 lb. vs. 2.63 lb. and 2.78 lb. vs. 2.69 lb for fine

and medium chop silage harvested at 28.2% DM, 48.2% DM and 59.6% BM in

September, October and November, respectively. For 48.2% DM and 59.6% DM

harvested silages, both fine and medium chop were fed as ensiled vs.

regrinding just prior to feeding. No difference in average daily gain

(2.72 lb. vs. 2.73 lb.) resulted; however, pounds of feed consumed per

100 pounds of gain favored the reground fed group (7.14 lb. vs. 6.84 lb.).
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Mitchell Ray Geasler

A 2 x-2 x 2 x-2 factorial experiment (16 lots of 8 head each) was employed

fl11967-1968 to study steer calf performance and carcass.traits when fed

the corn silage harvested in the fall of 1967. Cattle fed the 30.7% DM

harvested silage significantly (P <..05) outgained the group fed the 43.3%

DM harvested silage (2.58 lb. vs. 2.46 1b.). This, coupled with a.

slightly lower daily dry matter consumption (17.27 lb. vs. 17.62 1b. DM_

intake), resulted in a substantially lower feed requirement per pound of

‘gain (6.69 lb. vs. 7.16 lb. of 85% DM) in favor of the 30.7% DM silage

fed group. Pooled results comparing the fine and medium chop silage

showed no significant differences in animal performance. However, the

cattle fed the fine chop silage produced significantly (P-< .05) higher

.grading carcasses (high Good vs. middle Good).

The Metabolic Study was conducted in the fall of 1967 and involved

eight fistulated wether lambs to test various metabolic parameters in a

2 x.2 (two stages of maturity x two degrees of chop) factorially designed

study. The 30.7% DM harvested silage was consistently lower in dry matter

and nitrogen.digestibility, which resulted in a lower nitrogen retention.

lbwever, all values were nonsignificant. Stage of maturity had no effect

m1rumen volatile fatty acid.production and voluntary feed intake. The

lambs fed fine chopped silage had nonsignificantly greater rumen VFA

levels compared with the medium chop silage fed group. Lambs fed the fine

chop silage had a significantly (F’<: .05) higher voluntary feed intake

than those fed the fine chop (819.73 vs. 583.15 gm./day).. Dry matter

digestibility, although nonsignificant, was lower for the fine chop silage

(65.95% vs. 69.15%).
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I. INTRODUCTION

It has been theorized by most authorities on world population

nd production that feeds having a high human caloric value and

n be consumed directly by the human population will play a

ole in ration formulation for meat animals by the year 2000.

ttle rank a poor third to broilers and swine in the efficiency

ersion_of concentrate feeds. Thus, competition by these species

as the human population will force cattle feeders into nearly

e reliance on high yielding roughages and plant residues for

ng cattle.

Segregation of the total gross energy value of.wor1d food plants ‘

ral, reveals almost as much gross energy in the stalk and leaf

as is contained in the grain or tuber portion. Therefore, it

that an ample supply of roughages in the form of crop residues

available for ruminant feeding in the future and that beef can

3 to be a source of high quality nutrients in the human diet when

se.residues.

{esearch conducted at Michigan State University and other research

; has conclusively shown that silage is the best method for pre-

and storing the nutrients of the growing plant. In Michigan,

. has further demonstrated that no other crop will equal corn silage

nergy production per acre of crop fed.

 



 

Mud

on silal‘

fineness 0

one.

The

02

hring fez

establish

and prose

(2

top on )

hanestee

(

levels 0

oils an

(

to metal

high si]

 



 

Much research has been reported on the_production and feeding of

ilage; however, little is known relative to the effect of maturity,

55 of chop and pressure on silage fermentation and cattle perform-

Therefore, the objectives of this study were:

(1) To more closely define the changes taking place in the silo

fermentation and identify factors controlling these changes, thereby

ishing criteria for constructing an efficient container for storing

eserving silage.

(2) To evaluate the effect of stage of maturity and fineness of

n yield per acre and silo storage capacity of corn silage when

ted at various dry matter levels and/or stages of maturity.

(3) To evaluate the effect of fineness of chop and dry matter

on in—silo fermentation, particularly in the production of organic

and nitrogen fractionization in the silo.

(4) To test the effect of stage of maturity and fineness of chop

lbOliC parameters and feedlot performance of beef cattle when fed

.lage rations.
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II. LITERATURE REVIEW

The utilization of corn.silage as an animal feed has been a well—

lished practice for some time.‘ Coppock and Stone (1968) refer to 
gs dating back to 1852 which report research using corn silage in

and England.

1 In 1877, Goffart, of Burtin, France, described in a practical way

hportant aspects of silage production. He discovered many important

;ions necessary in preserving the corn plant properly. Specifically,

oposed reducing the length of cut from four centimeters to one centi-

and the application of a cover weighted with stones or brick to

othe exclusion of air.

In a speech published in the official report of the State Board of

lture of Pennsylvania for the year 1888, John Stewart of Morganya,

1vania said, "The use of ensilage is no longer an experiment; the

s of its use in Ohio, New York, New Jersey and in our own state have

its value and its practicability.” He went on to say, "The ensilage

d to be better for milk than hay, and the cows will milk nearly as

s when on grass. It costs us, by actual count, about fifty-nine cents

n. When we fed hay, each cow ate two tons in a winter, and with_the

feed of meal, did not do nearly as well as with the ensilage, while

st of the daily food was eight times as much.”' In conclusion, he

“I will state that the man who builds and uses a silo will save

 





 

eighths of the cost of wintering his stock, and will keep them in

(as good order, and get as much milk, beef or butter from them. The

as come to stay. Formerly I thought it the rich man's luxury, but

see it.is the poor man’s necessity, and if I only had a farm of twenty

I would have a silo and keep twenty cows the year through.”

F. H. King, in 1900, wrote ”Corn for silage--there is no crOp now

lly grown which is so well suited to the production of silage as

corn, wherever it will grow well to maturity. The unavoidable

with it are very small; heavy yield per acre may be secured with.

bertainty at moderate cost; and the silage made from it has less

nonable features than that of most other crops."

Silage production and preservation has progressed from this point

any changes but with many questions left unanswered.. It is the pur-

E this review to examine the state of knowledge of silage fermentation

:hods of producing a quality product that will ultimately maximize

performance.

Other reviews covering these as well as other subjects concerning

are to be found in Watson and Nash (1960), Barnett (1954), Coppock

ene (1968) and Owens (1968).

Fermentation

Watson and Nash (1960) define silage as ”a succulent material pro—

y a process of controlled vital changes from a green crop or other

1 of high moisture content. These changes which take place are

mplex and depend on many factors.” Thus, to identify these changes

erstand how they come about, one must first describe- the character

corn plant and the resulting silage.
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S

In some very early work, Annett and Russel (1907) characterized

'n plant (green maize) and the resulting corn silage as shown in

From this analysis, they concluded that the major changes

took place during fermentation were a great reduction in nitrogen—

tract (later found to be a breakdown of the soluble carbohydrate),

ease in nonprotein nitrogen (due to the breakdown of protein) and 
st complete disappearance of the sugars. They also concluded that.

rmentation does not affect the fiber content of the silage.

Bennevet_al. (1964) presents a very complete breakdown of the com-

iof the corn.plant and the content of each part including minerals.

The actual pattern of fermentation has best been described by

(1954) as a four—phase process.

Phase 1. A relatively short phase during which the plant cells

11 respiring. This results in the production of carbon dioxide,

lization of simple carbohydrates and a flow of water from the mass

these biological happenings and the mechanical compression of the

These events are accompanied by the evolution of heat.

3hase 2. A short time period in which small amounts of acetic

2 produced by coliform bacteria. e

’hase 3. The point of initiation of the lactic acid fermentation

; dependent upon the activity of lactic acid producing organisms,

:illi and streptococci supported by adequate amounts of carbo-

'hase 4. The stage of quiescence in the mass during which the

.cid production reaches its peak and remains at a high level. At

nt the pH should be less than 4.2. Condon §£_al. (1969) have

at this fermentation is complete at the end of eight days.
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TABLE 1

Annett and Russel - Silage Characterization

atter

Extract

.25

gen-free_Extract

N

otein N

N (by difference)

ent of total N present as NPN

(as H2804)

tatile Acids

Green Maize

(a)

16.81

0.48

1.78

9.33

4.21

1.00

0.285

0.214,

0.071

25.0

Maize Silage

(‘8)

12.

O

99

.39

.45

.38

.82

.98

.234

.137

.103 .

.72 .

.007

.006

  





 

TABLE 1

Annett and Russel - Silage Characterization

Matter

er Extract

6.25

rogen-free Extract
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cent of total N present as NPN

s (as H2804)

olatile Acids

Green Maize

(9o)

16.

O.

25.

81

48

.78

.33

.21

.00

.285

.214

.071

0

Maize Silage

(1»)

12.99

0.39

1.45

0.234

0.137

0.103

43.72,

0.007

0.006
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Peterson, Hastings and_Fred (1925), while working with corn silage

orted that the oxygen in the mass that is used in the production of the

bon dioxide during Phase 1 had disappeared almost entirely within five

rs. They showed that maximum concentration of carbon dioxide was

ained at 46 hours. At this_point, carbon dioxide comprises 60% to 70%

the silo gases.

Russel (1907) held that there were three agents involved in the

age-making process during Phase 1: (l) The living maize cell; (2) the

nt enzymes; and (3) the microorganisms. He showed by the addition of

iseptics to the mass that the first two were "primary and essential,”

the latter, the microorganisms, were only ”secondary and nonessential."

er works (Peterson, Hastings and Fred, 1925) showed that the bacteria

e useful, if not necessary in the production of acids which drop the

This work was done by sterilizing the mass to stop respiration, then

oculating it with microorganisms.

i The microorganisms in the silage are the chief agents in the pro—

‘ion of the alcohol and organic acids according to Peterson, Hastings

[Fred (1925). Kempton (1958) found that the initial number of bacteria

he fresh crop bore no relationship to the final quality of the silage.

@150 found that less than 0.1% of the bacteria on the crop at the time

ensiling were capable of growing on lactobacillus selection medium.

Gibson, Sterling, Keddie and Rosenberger (1958) showed that the

nant bacteria of fresh herbage disappeared rapidly. All typical

ge bacteria proceeded to multiply immediately if they were represented

he herbage and if the temperature was appropriate for the organism.

A complete review of the microbiology of silage is presented by

.ton (1958).
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Salsbury, Mather and Bender (1949) concluded that viability of

aculture did not follow pH of the silage during fermentation but much

3 closely followed a simple linear decline with length of fermentation.

The temperature of the fermentation mass and its influence on

Lage quality has been a question of great concern. Babcock and Russel !

100) concluded that good silage could be made when the temperature

Ier exceeded 240 to 260 C; this was in contrast to the concept that rela-

Iely high temperature (550 C) for silage-making was not only inevitable

:beneficial (Coppock and Stone, 1968). Eckles (1916), among others,

rwed that the greatest factor causing variation in silage temperature

zthe amount of air incorporated in the mass. Furthermore, he con-

wed that good silage could be made at temperatures ranging from 100

380 C. According to Watson and Nash (1960), the temperature of the

age fermentation is wrongly thought by some to be the sole factor

,ch controls the course of bacterial action. These authors also

he that lactic acid producing organisms are most vigorous at 1220 F

f C) and only killed at 1670 F (750 C). Benne and Wacasey (1961) con—

Hed that a temperature of 800 to 1000 F is optimum for silage fermenta-

h. The work of Shaw 25.21: (1951) related silage pH to silage tem—

ture. In this work, silage pH did not go below 5.0 until the mass

hed 800 F. At temperatures above 1000 F, the pH started to go up

'n indicating an alteration in the fermentation.

McCullough (1969) reviewed work done at the Georgia station in»

h silage was harvested on days of various ambient temperatures. He

Eluded that ambient temperature during harvest had no apparent effect.

he final silage temperature. Forage ensiled on a hot day may have
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temperature greater than desired, but according to McCullough, it cools

.to a temperature determined largely by cell respiration.

The effect of high temperature (in excess of 60.50 C) was reported

Bechtel, Atkinson and Hughes (1943). In this work_they described what

y referred to as browning or darkening of the silage due to high tem—

atures. Metabolic work with_this silage showed that dry matter

estibility was reduced from 64% to 50%, protein digestibility was

ered from 55% to 4% and nitrogen-free extract digestibility declined

m 71% to 64% as a result of the high temperature. Also, the carotene

ue of this silage was markedly decreased and the ash content increased.

se changes resulted in a decrease of 50% in consumption. Gordon

67) reported similar results when experimental silos were intentionally

ted. Heating these silages after fermentation had little, if any,

Sect.

McCullough (1969) summarized the effect of temperature on silage

mentation by characterizing three distinct types of silage.

(l) Seriously under-heated: This silage is usually a drab green

3r, has a strong odor, the tissues are slimy and have an insipid taste

1 a pH of 5 or above.

(2) Properly heated: This silage is light green to yellow in

r, has-a pleasant vinegary odor, tissues are firm and it has a sharp

taste indicative of a pH below 4.5.

(3) Overheated: These silages are from brown to black in color

xhibit an odor from slightly burnt sugar to charred hay.

As stated previously, the temperature of the mass is closely

d to the oxygen.trapped in the mass. This, in turn, is almost

a function of density of the silage mass, whether resulting from
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are externally applied or static pressure exerted from the weight

e silage. Kearney and Kennedy (1962) concluded that air must be

ded immediately. If not, a longer aerobic fermentation resulted,

here was a greater loss in soluble carbohydrate and lactic acid.

rn, butyric acid production was increased.

‘ Kempton (1958) also concluded that silage quality was determined

ily by density or packing of the silage mass. Loosely packed silages

ated and underwent primarily an acetic acid fermentation. Well-

ved silages were firmly packed and contained as much as 150 micro—

,of lactic acid per gram of fresh weight. On the other hand, when

was packed too tightly, it contained only about 100 micromoles of

e after two to three days in the silo, all of which subsequently

eared, to be replaced by butyric acid.  
The density of the silage mass and, in turn, pressures generated in

lo, depend on weight of the silage mass which in turn is determined by

55 of chop and dry matter content of the ensiled material, and height

silage mass, all of which will be discussed later in this review.

Dexter, Huffman and Benne (1959) reported that pressures are

'vertical in a silo. (This is nacomparison with water or any fluid

h pressure at any one point is equal in all directions.) These

also report that the pressure in a silo is equal to approximately

ad per square inch, per three foot depth, due to the weight of

ge. In a 60-foot silo, this would equal 20 psi.

1 contrast, Yu, Boyd and Menear (1965) reported maximum pressure

measured in a 30' x 60' upright silo was 700 psf, or approxi-

psi. These authors also report that the pressure in a silo is

afluenced by filling procedure.
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Boyd and Aldrich (1959) showed the effect of dry matter on pressure

ing pure cellulose at various dry matter levels. When 100% dry matter,

ellulose exerted 93.5 lb. pressure per cubic foot, when 95% dry matter,

lb. per cubic foot, when 50% dry matter, 78 lb. per cubic foot and

25% dry matter, 70 lb. per cubic foot.

The losses encountered in silage production are also functions of

ty and pressure. Losses are of two general types, fermentation and

ge (Watson and Nash, 1968). The fermentation losses are influenced

nsity, in that_the greater exclusion of air, the less will be the loss;

as, seepage losses are a function of pressure and dry matter content

e ensiled material. King (1900) reported losses as a per cent of

atter for various layers in the silo (Table 2).

Murdock (1954) reported seepage losses from concrete stave silos

i from 40 gallons per ton of silage at 18% dry matter to no seepage

when the silage reached 39% dry matter.

Miller and Clifton (1954) examined 24 tower silos filled with

different forages involved in six different experiments ranging

l2.2% to 38.6% dry matter. They concluded, as have all other workers,

voisture content of the ensiled material was the primary factor

vting seepage loss° These authors proposed the following prediction

.on:

2

% DM lost = 26.96 - 1.576 x +0.0230X

In this equation, X is the per cent of dry matter of the ensiled

al. This model accounted for 84% of the variation in dry matter
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TABLE 2

Unavoidable Losses in the Silo

(King, 1900)

 

Pounds of Silage % of Dry

yer in Layer- Matter Lost

face 8,934 32.53

th, 8,722 23.38

th 14,661 10.25

th 48,801 2.10

th 13,347 7.01_

rd_ 7,723 2.75

nd 12,689 3.53

tom 12,619 9.47
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McCullough (1969) reported some work conducted by Axellson relating

age_dry matter to silage pH, in which it was shown that dry matters

ging from 25% to 35% produced the most suitable pH value (below 4.5).

was hypothesized that pH was not reduced to the desired low level when

splant was below 25% dry matter. The increase in pH when the silage

above 35% dry matter was due to the inability to provide an anaerobic,

dition in the silo.

Huber, Thomas and Emery (1968) reported greater silo dry matter

ses with 44% dry matter silage (15.1% loss) compared_to 36% dry matter

age (6.4% loss) and 30% dry matter silage (7.0% loss). In another

dy, Goodrich 32 al. (1967) reported the opposite result, with greater

mentation loss in a 32% dry matter silage than at 45% dry matter silage..

Nicholson and Cunningham (1964) added shredded newspaper to silage

the expressed purpose of increasing the dry matter and compared this

drying the material. They found that drying had less effect on organic

d production.

McCullough (1969) states that ”The dry matter content of a crop

bably exerts no direct force on the events transpiring in the silo.,

importance stems from its usefulness as a relative measure of such

ms as stage of maturity, protein content, and the relative difficulty

packing the silage.”

aohydrate Fermentation
 

The early work of Annett and Russel (1908) showed that the most

.king feature of silage fermentation was the breakdown of carbohydrates

an increase in organic acids. Hunter (1921) proved that this breakdown

due to bacterial action.
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Johnson e£_al. (1966a) reported an extensive study of soluble carbo—

nate levels in the corn plant and its breakdown during fermentation.

s paper reported, as has earlier work, that a major portion of the

.uble carbohydrate disappeared during ensiling. These workers also

Elusively showed that carbohydrate determinations should be run on

5h, not oven—dried, samples. In their work, up to 60% of the soluble

bohydrate was destroyed during drying.

When studying the end products of silage fermentation (primarily

pradation of carbohydrates to organic acids), it is necessary to divide

am into volatile and nonvolatile acids. Acetic acid is the primary

.atile acid in silage fermentation with traces of propionic and butyric

.d found in some silages (Barnett, 1954). However, lactic acid (the

or nonvolatile acid) is more important in silage fermentation and is

sent in larger amounts (Watson and Nash, 1960).

The work of Crasemann (1925), as reviewed by Watson and Nash (1960),

tes that 80% of the losses in silage are due to carbohydrate degradation.

semann (1928) also calculated the losses of energy due to the fermen—

ion of these sugars. He found that the conversion of sugar to alcohol

alts in a loss of 3.2%, whereas the conversion of sugar to acetic acid

resents a loss of 39.3% of the potential energy.

The breakdown of starch is not clear. Some work has shown that a

riderable amount is broken down (Dox and Yoder, 1920; Peterson, Hastings

Fred, 1925), while others show very little, if any, degradation

ter, Huffman and Benne, 1959).

Woodman and Amos (1924) reported that a portion of the fiber under-

breakdown as a result of bacterial activity with the probable forma-

of nitrogen—free extracts and organic acids. They also report that
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esidual fiber has been shown to possess greater digestibility than

riginal fiber of the green crop.

Many other compounds have been identified in silage as a result of

ermentation.. Morgan and Pereira identified many compounds by steam

lling a silage sample. Among them were C2 - C6’ isobutyric,<£ and_

Fethyldentyric acids, C2 - C6 aldehydes, 2 and 3 methybutanal, 2 methyl-

inal, acetone, butanone, benyaldehyde, phenylacetaldehyde and furfural.

imany esters were found, but were not separated by the distillation..

1 The effect of the volatile fatty acids present in the silage on.

1 performance has been shown by many workers. Conrad (1966), in a

sium on voluntary feed intake, concluded that the acetic acid level

lage reduces feed intake. Dinius, Hill and Noller (1968) added acetic

to both green chop and corn silage at levels from 0% to 6% on a dry

I basis. These animals voluntarily consumed up to 112.8 grams of

te per 100 kg. of body weight. Thus, acetic acid additions did

e dry matter intake, but had no significant effect on caloric intake.

uthors concluded that "The animals in these trials were substituting

y from acetate for energy from forage.”

In contrast to these reports, Senel and Owen (1966), working with

am silage, concluded that any depression in dry matter consumption

feeding silages is due to something other than the acetate and lactate

ibution of silages. In fact, a significant (P‘< .01) increase in

atter intake was found when acetate was added at levels up to 2.8%

a ration dry matter.

The lactic acid content of the silage has also been investigated

sively. Klosterman g£_al.-(1960) found that one pound of lactic
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in silage replaced 2.8 pounds of ration. From this, these workers.

luded that methods of ensiling or treatment of silage to increase

Lc acid content would be advantageous.

Kempton (1958) reports that lactic acid increased rapidly to a

. approaching 150 micromoles per gram of fresh material. Thereafter,

ewas a relatively rapid decrease to an average of abouthO micromoles

'three weeks in the silo.

Schaadt and Johnson (1968) studied lactic acid in some detail in

ed corn silage. They found that the production of lactate was come

by the end of eight days. The L(+) form of lactate was less

ant than the D(-) isomer. This distribution of D and L forms did

hange with fermentation time.

Lactate acts as a metabolic intermediate in the rumen. This was

tigated by Hershberger gt_al. (1956). They found, in an in_vi£rg

ntation using ovine rumen microorganisms, that lactate, along with,

ate, preferentially increased the rate of formation of acetic and

nic acids, with lactate having the greatest effect on propionic

In the same study, lactate decreased the rate of cellulose

ion.

Prior to 1940, pH was considered to be the most accurate indicator

vage quality. McLean (1941) analyzed many silages and concluded

any other measurements including dry matter were more accurate than

Watson and Nash (1960) state that ”all the acids in silage

ile, nonvolatile and amino) combine to give the total acidity of

lage, an important value.” They go on to report that it is not
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ssary to determine all the different acids since, in their estimation,

5 a satisfactory index of the course of the fermentation process.

:in Breakdown.

The breakdown of proteins (proteolysis) is well established by

authors. Watson anleash (1960) state that it is now conclusive that

breakdown is primarily an action of plant enzymes. Hunter (1921)

showed that proteolysis is a result of plant enzymes in normal

e. Russel (1908) found, as a result of an experiment with maize,

the protein breakdown was due to the tryptic enzymes of the cell.

n and Nash (1960) reported the work of Kirsch (1930), who treated

lover silage in many ways including autoclaving a fresh sample

to ensiling. This treatment destroyed the enzymes and, as a result,

in breakdown did not occur.

The breakdown normally proceeds by way of relatively complex com-

5 to amino acids which can then be deaminated to form ammonia and

‘omplex volatile bases (Watson and Nash, 1960). Dexter, Huffman

nne (1959) also report the formation of some longer chain acids as

lt of this deamination. Russel (1907) reported many amines such

tamethylene diamine, betaine, adenine, and others.

The extent of proteolysis has varied greatly. Brody (1960)

ed that in the silages he analyzed, up to 25% of the total nitrogen

graded to nonprotein nitrogen. Later work by Brody (1965) showed

n hydrolysis ranges from 18% to 29% depending on the dry matter of

siled material.
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Silage Maturity

The research included in this review relative to maturity is being

ned to work done with corn.and, in a few cases, sorghum crops. No

or alfalfa silage research is included because percentage of dry

r was altered rather than maturity.

When reviewing the area of corn silage maturity, there is a great

of confusion in terminology. Nevens, Harshbarger, Touchberry and

a (1954), working with immature corn silages ranging from 15% to

ry matter, classified the stage of maturity as follows:

% Dry Matter

Ears beginning to form 15

Kernels forming 17

Early milk 20

Late milk 23

Early Dent 25

Well-dented 28

Kernels hardening, most

leaves green 30

Kernels hardening, fewer

leaves green 32

i0 workers (Johnson, 1967 and 1968) worked with silages ranging

0% to 71% dry matter and used the following terminology:

% Dry Matter

Blister 20.2 to 21.3

Early milk 19.9 to 23.7

Milkiearly dough 21.9 to 27.0

Dough-dent 27.2 to 28.6
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% Dry Matter

Glaze 33.5 to 34.6

Flint 38.4 to 47.2

Post—frost 46.7 to 50.8

Mature 71.0 to 71.7

Because of the variation in terminology, dry matter values will

ased in the review and research presentation rather than maturity

ns.

It has been shown that the physical stage of development of the

1 plant has a definite effect on the chemical and nutrient composition

the resulting silage. Hopper (1925) reported the proximate analysis

the plant, relative to maturity, as follows:

Stage of

Maturity % DM NFE CP CF Ash E. Extract

Tassel 13.5 50.5 11.6 27.7 8.5 1.7

Milk, 18.5 56.9 8.9 26.1 6.5 1.6

Dough 25.0 61.6 8.2 22.5 5.5 2.2

Glaze 32.7 62.2 8.3 21.4 5.4 2.6

Ripe 43.0 63.6 8.2 20.3 5.0 3.0

Other workers (Byers and Ormiston, 1966; Buck, Merrill, Coppock

Stone, 1968; Johnson §t_al:, 1966; and Sprague and Leparulo, 1965)

rted a similar analysis, especially the reduction in crude protein.

'er, the work of Owen and Webster (1958), working with sorghum silage,

ork reported by Colorado State University in 1959 show the reverse,

the more mature corn silage having a higher crude protein.
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Johnson et_al. (1963) analyzed the components of the corn plant

.ve to dry matter content as the plant matured and reported these

lgS:

>er Cent Dr Matter of the Corn Plant and Com onents and % Ear
Y . P

Whole Plant Leaves Stalks Ears % Ears

13.8 20.5 13.4 ---- 0

16.2 17.4 17.1 12.2 15

20.8 20.8 17.4 23.7 41

28.4 24.5 21.7 38.1 52

37.6 27.8 18.9 53.1 66

40.4 37.7 24.3 62.4 66

The reports relating corn silage maturity to dry matter yield are

>us. In general, they all conclude that dry matter yield is increased

the_stage of physiological maturity of the plant (Bryant §£_al.,

Nevens e£_al., 1954; and Owen, 1958 and 1962) and then decreases

.ler, 1969; Byers and Ormiston, 1964; Fowler g£_al., 1968; Gordon

, 1966 and 1968; and Thomson and Rogers, 1968).

The most complete studies relating maturity and yield have been

ted by the Ohio workers (Johnson 33 31., 1966 and 1968) and-Huber,

and Emery (1968). Johnson and McClure (1968) state that "the

m yield of digestible energy per hectare would be achieved between

Jgh dent (28% DM) and the glaze 64% DM) stage of maturity.”- How—

10 actual data on yieldwere presented in this paper. In earlier

I Johnson 93 El” (1966), yield datawere maximized when the dry

content of the stalks, leaves and ears were.approximate1y 20, 28

5 respectively.
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In the Michigan State work of Huber, Thomas and Emery, silage

harvested at 30%, 36% and 44% dry matter. At these dry matter

els, the dry matter yields were 10.4, 12.2 and 10.2 metric tons per

tare, respectively. This study supports the Iowa work (Hanway, 1963

1966) in that_the plant actually stops accumulating dry matter at

it 35% dry matter, which is referred to as physiological maturity.

In other studies, when dry matter levels were below 35%, the yield

teased as much as 25% as it neared the 35% level. In studies working

1_dry matter levels above 35%, losses were great. These reached levels

27% in some studies.

The effect of plant maturity on the fermentation in the silo is

:ioned by many authors. Huber, Graf and Engel (1965) reported that

later harvested silage (51% dry matter, hard dough stage of maturity)

a significantly higher pH than did silages harvested at 34% and at

dry matter. Johnson and McClure (1968) found that very mature silage

dry matter) had a pH of 7.7 after fermentation, indicating that

little if any fermentation had occurred.

This fluctuation in pH is probably a reflection of the reduced

production which occurs with dryer or more mature silages. Gordon,

yshire and VanSoest (1968) reported higher amounts of organic acids

he-earlier harvested_silages. They reported the levels of acetic,

ionic, butyric and lactic acid to be 2.8%, 0.2%, 0.2% and 7.8%,

ectively, when the silage was 32.4% dry matter, and 1.4%, 0.1%, 0.1%

3.7%, respectively, when the silage was 60.0% dry matter.. Johnson

L. (1965) and Klosterman (1963) reported about the same changes, as

)lant matured. In the paper by Klosterman (1963), lactic acid levels
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upped from 11.33% of dry matter when the silage wast28.7% dry matter

13.75% dry matter when the silage was 66.6% dry matter.

One factor thought to be directly related to the level of acid pro-

ction in silage is the level of soluble carbohydrate in the plant when

siled; this being the primary substrate for acid producing bacteria.

hnson at al. (1966a) measured levels of carbohydrates and found that

ey reached-a peak when the plant was approximately 25% dry matter,

1 decreased linearly until the plant was mature. This reduction in

Luble carbohydrates followed virtually the identical pattern of organic

.d production in the resulting silage.

Johnson g£_al. (1967) reported an extensive study of the nitrogen

:tribution in silage and how this relates to maturity. These authors

lorted tungstic acid precipitable nitrogen as true protein and the

gstic acid soluble nitrogen portion as nonprotein nitrogen. They also

sured ammonia. They found the levels of ammonia and_nonprotein

rogen produced during fermentation to be lower as the plant matured

increased in dry matter. This is another indication that the dry

erial does not undergo as extensive a fermentation as does the more

t silage.

Silo losses related to maturity are of two forms; seepage losses

fermentation losses. Miller and Clifton (1965) reported that seepage

es approached zero as the ensiled material approached 30% to 32% dry

er. In a study reported by Sprague and Leparulo (1965), silages were

at 24.3% and 32.5% dry matter. In this work, the early dent or

er silage resulted in a 5.6% dry matter loss during storage. The

r harvested silage, 32.5% dry matter, resulted in 3.8% dry matter loss.

.silages above the 30% or 35% dry matter level, dry matter losses

 

  



appear to be highest
1

nousiy, Huber, Thoma

11,396 and 44% dry

levels were 7%, 6.4%

greater dry matter lc

oxidation due to a dc

Coppock and 8‘

iron bacterial ferme

runinants can use th

acetic and lactic ac

From this wor

should be harveste
d

utter losses durin 
; I

The effect 0

for corn silage hav

Duncan (1960) repor

period, and conclur

corn silage was 67

52.8%. Probably t

dry matter digesti

(lets and 1968).

Ia“ling from 20% <

d'Igestibilities Wt

latter digestibil

the dough dent st

thill leveled off,

has a slight deer

__

J



 

r to be.highest for the higher dry matter-silage. As mentioned pre—

1y, Huber, Thomas and Emery (1968) reported three dry matter levels;

36% and 44% dry matter. Silo losses realized at these dry matter

were 7%, 6.4% and 15.1%, reSpectively. One could assume that the

r dry matter loss at the higher dry matter levels is due to increased

ion due to a decrease in compaction.

Coppock and Stone (1968) conclude that "dry matter losses resulting

acterial fermentation may not reflect a net energetic loss because

nts can use the primary end products of the bacterial fermentation;

p and lactic acids.”

From this work, it has been concluded by Hoglund (1964) that silages

i be harvested between 32% and 35% dry matter to reduce total dry

3 losses during ensiling.

The effect of stage of maturity on the various digestibility values

trn silage have been investigated by many authors. Huffman and

L (1960) reported the results of corn silage analysis over a 16-year

1, and concluded that the average per cent of digestible dry matter of

ilage was 67.8%. In this same study, protein digestibility averaged

Probably the most extensive work relating corn silage maturity and

tter digestibility has been done by the Ohio group, Johnson e£_al.

and 1968). In this work, eight different silages were harvested

g from 20% dry matter to approximately 72% dry matter. Dry matter

ibilities were established using lambs. It was concluded that dry

digestibility increased from 66% to 72% as maturity increased up to

gh dent stage of maturity, or approximately 28% dry matter. It

veled off, with no significant difference from this point on. There

light decrease after the 28% dry matter level. In other studies,
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gnificant increase in dry matter digestibility has been reported at

matter levels above 28%. In the work of Thomson and Rogers (1968),

gression equation is reported, relating dry matter digestibility and 
tent of dry matter of the corn crop. This regression equation is

Per Cent dry matter digestibility = 71.21 — 0.14X

l

l

ris equation, X = dry matter of the crop being ensiled. Noller,

3r, Rumsey and Hill (1963) also report a regression equation to

rate dry matter digestibility. Their equation is

Y = 70.88 + 0.06X

X being the number of days after the blister stage of maturity.

This would indicate that these workers agree with the_0hio work;

dry matter digestibility does increase as maturity progresses, at

to a point. Other workers have also investigated the effect of

ity on dry matter digestibility (Bratzler, 1969; Buck e£_al.,

‘Byers and Ormiston, 1964; Caldwell and Perry, 1967; Hill and Noller,

iKuhlman and Owen, 1962; Nevens, 1933; Noller, Warner, Rumsey and

1963; and Perry EE.E£°’ 1968), and report varying results. From

>f these studies, Coppock and Stone (1968) concluded that the digest—

.y of the stalk and leaves of the corn plant decreases with maturity,

at this decrease is compensated for by an increase in the proportion

in in the total plant, so that the total dry matter digestibility

plant is approximately constant throughout a range of 20% to 50%

tter.
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The effect of maturity on crude protein digestibility has been

ted as varying in results. Gordon, Derbyshire and Humphrey (1966)

ted no difference in crude protein digestibility in the silages

were working with. However, Hunt and VanderNoot.(1961) and Goering

. (1969) both reported that protein digestibilities were consistently

with higher dry matter silage, or later harvested silages. Related

is problem of protein digestibility is the report of Glover, Duthie

rench (1956), in which they concluded that the digestibility of crude

in was directly related-to the per cent of crude protein of the

It was earlier shown in this review that crude protein in corn

as decreases with maturity and therefore, if this report is correct,

I explain the decrease in protein digestibility previously reported.

:,report of Glover e£_al. (1956), the digestibility of crude protein

a feed increased very rapidly at low protein levels from about 2%

crude protein. Thereafter, digestibility increases more slowly

tde protein levels increase. This report concluded that the total

nt of crude protein in the feed, irre5pective of its nature, deter-

the digestibility of the protein.

The work of Hunt and VanderNoot (1961), previously referred to,

oncluded that digestible energy increased with later harvested, or

dry matter, silages. This was one of the few papers reporting

ible energy.

The effect of maturity on dry matter intake has been reported by

ithors. Conrad, Pratt and Hibbs (1964) analyzed many different

5 ranging from 52% to 80% digestibility. They concluded that the

5 affecting intake, when a ration low in digestibility (52% to 66%)

3d, were such things as body weight, reflecting roughage capacity,
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undigested residue per unit of body weight per day, reflecting rate

assage. When rations were fed that were high in digestibility (67%

9%), the factors affecting intake were other parameters, such as

)olic body size, production of the animal and digestibility of the

>n. Corn silages would fall in the high digestibility type of ration.

efore, we must look for factors affecting intake which are not related

to animal's capacity to consume more food.

1 Most authors have found that as dry matter increases, silage intake

dse increases. Johnston and Cook (1970) reported a significant

*lation coefficient of 0.65 between dry matter of the silage and dry

r intake. ‘Again referring to the Ohio work of Johnson and McClure

) and Klosterman e£_al. (1963), both reports indicate an increase in

atter intake with increasing dry matter of the silage. However, the

t of Klosterman 33 al. (1963) also states that the more mature silage

 

tually poorer in feed efficiency. Noller, Warner, Rumsey and Hill

) reported voluntary intake by heifers was 20% to 30% higher for the

mature silages. Owen (1962) reporting on the work with sorghum

es fed to lactating dairy cows, also reported an increase in consump-

with the more mature sorghum silage.

In attempting to explain the increase in dry matter intake relative

turity, Thomas, Moore, Okamoto and Sykes (1961) worked with alfalfa

as and concluded that consumption was linearly and positively related

v matter content of the silage. However, this is a secondary rela—

rip, since changing the dry matter content of the silage or hay at

fig time did not alter consumption. Therefore, these authors con—

1 that the variation in dry matter intake was due to fermentation

:ts in the silage. There have been many other reports of dry matter
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ke increasing relative to maturity (Bryant_e£_al., 1966; Bryant,

r, and Blaser, 1965; Huber, Graff and Engel, 1965: Marshall, Nordon,

and Meyers, 1966; and Owen egual., 1967). In contrast, a report,

oering §£_al. (1969) concludes that maturity had no effect on dry

er intake. In this study, silages ranging from 23% to 47.8% dry matter

used.

There were no reports of the affect of corn silage maturity on

n parameters. However, Mahopatro and Leffel (1964), working with

lfa and sudex silages at various dry matter levels, reported that

.ent of rumen acetate was lower and per cent of propionate and buty-

‘were higher when either hay or dry silages were fed.

The majority of the work relating corn silage maturity to animal

armance has been done with lactating dairy cows. The reports by

s and Ormiston (1964), Gordon, Derbyshire_and Humphrey (1966), Gordon,

rshire and VanSoest (1968), Marshall e£_al. (1966) and White and

:on (1929) all showed no increase in milk production related to

~ity of the corn plant. Huber, Graff and Engel (1965) reported a

ficant increase in milk production as maturity increased, but con-

d that this was due to an increase in dry matter intake, and that

Hly there was no effect on the efficiency of milk production. Later,

, Thomas and Emery (1968) reported milk yields were decreased with

sing maturity of silage.

Reports of feeding trials with growing animals are not so numerous

work with lactating dairy cows. However, a considerable number of

s have reported results using various corn silage maturities. In

f these reports, the silage has constituted a larger portion of

tion than is the case with the lactating cow. Therefore, these  
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v

ials are a more direct evaluation of the silage being fed but yet are

nfounded with a difference in dry matter intake. In one study, by

11er, Warner, Rumsey and Hill (1963), heifers were used in a comparison

green chop corn with corn silage. In this report, the heifers_gained

gnificantly faster.(l.66 lb./day) on the green chop material in compari-

rwith the corn silage (1.10 lb./day). Zimmerman, Newmann, Hinds and

m (1965) reported three moisture levels of corn silage; 72.7%, 66.4%,

.59.7%. In this study, the average daily gains reported were 2.16 lb.,

5 1b., and 2.17 lb. per day, respectively, with 2.35 lb. being a

nificantly faster gain than the other two. Feed efficiency was 7.31,

1 and 7.78 for the three moisture levels, respectively. Burroughs and

e1 (1969) reported work at Iowa.State University using 32% and 44% dry

ter silage. They found no difference in average daily gain when the

ages were fed to beef steers. However, feed efficiency was better for

wet silage, and the wetter silage produced greater returns. Feed

version_was expressed as net energy for maintenance plus gain per

1d of gain in megacalories. These values were 6.65 for the wet silage

dry matter), and 6.48 for the dry silage (44% dry matter). In

her study at Iowa State University, Fowler 23_al. (1968) reported

er feed conversion for a 32% dry matter silage. However, because of

er feed intakes, the 45% dry matter silage showed a higher rate of.

, higher dressing percentage, higher carcass grade and therefore a higher

return per acre. The Minnesota group (Goodrich g£_al., 1967) found no

ificant difference in daily gain when silages were fed at 32% versus

or 45% dry matter. Likewise, Klosterman e£_al. (1963) reported no

ificant difference in average daily gain. In later work, Klosterman

4) reported-heifers gained slightly faster with slightly better feed  
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iciency when fed a 41.4% dry matter silage compared with a 37.7% dry

ter silage. This difference was attributed to an increased feed intake.

ry, Mohler, and Beeson (1961) reported on two extremely short feeding

als comparing silages of 29.7% dry matter and 37.0% dry matter. There

a consistent differences in average daily gain and feed efficiency in

5 trial favoring the 29.7% dry matter silage; however, no statistical

.ysis was reported.

There have been many questions relative to the amount of energy

; due to passage of kernels in the feces. Huffman and Duncan (1959)

trted that an average of only 2.7% of the whole kernel dry weight

umed in corn silage was voided in the feces of lactating cows. This

true when silage averaged from 26% to 28% dry matter. In a trial

rted by Buck gt_al. (1969) relating kernel passage to silage dry mat-

there was very little difference found. When working with silage.

5% dry matter, relative to 40% dry matter, the average sieve size in

imeters was 0.676 compared with 0.634 for the two dry matter levels,

actively. Therefore, it could be concluded, as did Coppock and Stone

3), that the loss in passage of whole kernels when cattle are fed

‘silage, is of relatively little importance.

Many authors have summarized the effect of maturity of corn silage

1e various parameters already reviewed. Owens, Jorgensen and Voelker

) summarized their work.by stating that harvesting at high dry

rs (62% dry matter) instead of at medium dry matters (39% dry matter)

cause the following changes: (1) a lower dry matter yield; (2)

er field dry matter loss; (3) higher per cent of ear.loss; (4) lower

ene content; (5) lower total acid concentration during fermentation

0

6 vs. 5.47% of dry matter); (6) higher pH (3.88 vs. 4.18). In this
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.al also, voluntary dry matter consumption,.milk production and weight

.ns were in favor of the higher dry matter silage. Nevens and Duncan

M2) recommended that silage be harvested at 30% dry matter. Their

k indicates that at this stage of maturity, when the entire plant is

dry matter, the ears will range between 40% and 50% dry matter and

stalks only 20% dry matter. The Illinois work also showed the best

ication of maturity, as far as a measurement for accurately determining

urity, is the dry matter of the leaf portion of the plant, as reported

Nevens and Duncan (1949). This is particularly true when the dry

ter is below 35%. When above 35%, the leaves dry rapidly and leaf dry

ter is not a good indication of plant dry matter. Gordon (1967) con—.

led that "the optimum harvest stage for corn as-judged by yield and

ling value coincides with lower moisture contents.”

The review by Coppock and Stone (1968), reports that the effect of

:easing maturity of the corn plant from 20% to 35% dry matter results

:1) a decrease of green forage, but a significant increase in dry forage

.d; (2) probably a small increase in harvest loss; (3) a_significant

rease in storage losses; (4) no consistent effect on digestibility of

resulting silage dry matter; and (5) an increase in the voluntary  
ke of silage dry matter. Allowing the plant to mature beyond 35% dry

er will result in (1) little gain in dry matter production; (2) a

ificant increase in field losses; (3) the possibility of greater storage

es in conventional tower and horizontal silos; (4) no consistent effect

igestibility of the resulting silage dry matter; and (5) an increase in

voluntary intake of silage dry matter.

The effect of fineness of chop on silage parameters and animal per—

ince has been studied by very few authors. Many have speculated as to  
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~effect. For instance, Benne-and Wacasey (1961) stated that proper,

ing depends upon moisture content of the crop and how finely it is

ped, but they cite no particular experiments. In reference to meta:

c parameters and actual animal performance, the most extensive work

his area has been done by the Virginia group. Two different reports,

of Huber, Sandy, Miller and Poland (1966) and that of Miller, Poland,

y and Huber (1968), review this work. In the 1968 report by Miller

l., three silages of 44% dry matter were utilized. The first was a

a1 field chop silage. The second treatment was grinding the ears and

mixing them with regular field chop stalks. In the third treatment,

entire plant was rechopped. All treatments were made prior to ensiling.

metabolic study indicated digestibility of the dry matter and nitrogen-

extracts was higher on treatments two and_three. Crude protein

stibility was highest on treatment three, and crude fiber digestibility

righest on treatment one. Dry matter intake values were 2.2, 1.9 and

(ilograms per hundred kilograms of body weight for the three treatments,

actively. In the milking trial, fat corrected milk (FCM) was 28.0,

and 26.3 kilograms per day for the three treatments, respectively,

a milk fat test of 86%, 75.8% and 81.1% compared to the standardiza—

period (100%). The low values for treatments two and three in milk  
ere attributed to a low acetate to propionate ratio. In the earlier

reported by Huber §£_al. (1966) a similar milk fat depression was

ted.. This earlier work also reported no difference in average daily

when growing dairy heifers were fed the silages. However, this study.

1 with Miller_e£_al. (1968) on differences in digestibility coefficients.

In another study, Buck 33 al. (1969) reported the effect of recutting

'nel passage and feeding value of corn silage. In this work, recutting   
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plant before.ensiling reduced the amount of kernel dry matter in the

s but had no significant effect on the total digestiblenutrients or

stible energy values of the silages. In this study, Buck used silages

er in dry matter than those used in the work of Huber and Miller, and

w may account for some of the differences he.reported. Kolari et_§i,

6) reported no differences in cattle performance when silage was made

tthe flail chopper as compared with a regular chop. In this work,

flail chOpper was hypothesized to affect cattle performance because

ould break all kernels. This was found not to be true in that study.

gry

In summary, most authors agree that the most,effective stage of.

rity to harvest corn silage to optimize all factors is somewhere in,

range of 30% to 35% dry matter; or, using the terminology of the Ohio

ers, this would be in.the dent to glaze stage of maturity.

There has been very little work completed to establish the effect

ineness of chop. However, many authors have eluded to this and con-

ed that a fine chop is desirable, if not necessary.
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III. MATERIALS AND METHODS

A series of four different experiments—-a fermentation study,

feeding trials, and a metabolic study--is included in this dis-

:ation. Materials and methods are presented under experimental

Hngs. All silages used were characterized by the methods described

Experiment 1.

Experiment 1 - Silage Fermentation Study

Design. A 10 x 4 factorial design was utilized to study corn

ge harvested at ten harvest dates and ensiled under four pressures..

est began on August 27, 1969 and terminated November 5, 1969. Silo

sures were 0, 2.5, 5.0 and 10.0 pounds per square inch (psi).

Experimental silos used in this study and shown in Figure l were

gned by the author and constructed with 3/16—inch stainless steel to

stand an internal pressure of 25 psi. Silos measured 12 inches in

ater by 18 inches high (1.39 cubic feet). A series of 3/32-inch holes

drilled in the bottom and on opposite sides of the silo to allow

rent to escape from the silage mass. A stainless steel funnel was.

ed in place beneath the bottom of the silo and connected by stainless

tubing to the series of holes on each side of the silo for collecting

ent. Silo pressure was applied by using a three-ton hydrolic jack

ted between a stainless steel floating plate and a rigid steel struc-

welded to the sides of the silo and extending over the tap.
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FIGURE 1

Experimental Silo Unit

 

   
This stainless steel cylinder was used as the silo unit in the

mentation study. It was equipped with pressure application and meas;

98. equipment, a seepage collection system and a temperature thermis er

follow silage mass temperature.
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Silo pressures were measured with a pressure cell constructed

of Plexiglas and shown in Figure 2. Pressure cells were fabricated

locally in accordance with the design of J. Boyd, Michigan State Univer:

sity Professor of Agricultural Engineering. A pressure cell was

inserted in the bottom of each miniature silo. Pressures were measured

as follows:

Air was pumped into the external chambers of the pressure cell.

when pressure within the chamber equaled or slightly exceeded the pressure

exerted by the silage mass upon the chamber, the diaphragm covering the_

:hamber would be raised and air allowed to escape through the center of

:he pressure cell forming a bubble in a water vessel at the end of the

escape hose. The apparatus gave rough estimates of pressure in each

:ylinder, but was not accurate enough to determine exact pressures being

ipplied.

Seepage was collected in a two—liter plastic cylinder placed

eneath the collection funnel in each silo. At each harvest, four silos

ere filled with the same corn plant material. Three of the silos were

onstructed as described. The fourth was a heavy plastic five—gallon

arboy with a 3/16-inch Plexiglas plate as a cover which was used as the

arc pressure silo. Each silo was equipped with a temperature measuring

termister connected to a temperature measuring gauge. Temperatures

re recorded at the time of filling, and at 24 hour intervals thereafter.

Four silos were filled at each harvest. All four were placed in

Plexiglas chamber (see Figure 3). The chamber was four feet square

1 five feet high and equipped with six black plastic surgical gloves.,

had a 12-inch cube port for entry and removal of samples during the
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FIGURE 2

Pressure Measuring Cel l

 
 

This Plexiglas cell was constructed-to measure pressure in the silo

mit. It laid flush to the bottom of the silo.
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FIGURE 3.

The Silo Chambers

   
Silo units representing the four pressure levels were placed in a

4' Plexiglas chamber which was infused with 002 to maintain anaerobic.

itions. The temperature measurement unitcan be seen between. the two

bers.
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fermentation period. The chamber was infused with carbon dioxide (C02)

to as to maintain an anaerobic atmosphere.

Silage. The silage used in this study was harvested from a plot

pf ”Michigan 400” corn maintained specifically for this use. At each

arvest date, two rows were chopped with a Fox self-propelled chopper

nd brought directly to the Beef Cattle Research Center. The silos were

illed and placed in the chamber as soon as physically possible (varied from

wo.to six hours) after chopping the corn plant. Uniformity of fineness of

10p was maintained by the use of a recutter screen inserted in the

topper throughout the ten harvests. The silage from each harvest was

flowed 12 days of fermentation in the silo. At the end of the lZ-day

riod, the apparatus was dismantled, and the silos were unloaded and_made_

ady for the next harvest which started two days later. By utilizing

ch a time schedule, the 10 harvests which were made weekly were run

 two sets of the miniature silos and anaerobic chambers.

Sampling and Data Collection. The weight of the ingoing silage

; recorded as the silos were being filled at each harvest. The same

wcedure was followed when emptying each silo. Two samples of the ingoing

age were taken; one for oven dry matter determination, and another to

frozen for later analysis. However, two to six hours had lapsed between

pping and sampling.

During the lZ—day fermentation period, datawererecorded daily for

page volume, and temperature of the silage mass. A silage sample was

D taken daily from the top of each silo by removing the pressure jack

floating plate. Pressure was reapplied after taking the sample.

age samples were passed out of the chamber through the port so as to



 



39

maintain an anaerobic atmosphere (see Figures 4 and 5)._ At the end of

the lZ—day fermentation period, each silo was unloaded and the contents

sampled. All samples were frozen for later analysis.

Silage Analysis. A schematic diagram of analysis conducted is

:hown in Figure 6. Immediately after thawing the silage samples, total

dtrogen was determined-by macro—Kjeldahl procedures and per cent dry

atter determined by oven drying for 24 hours at 550 C. (See Appendix V

or verification of this method.)

Silage extracts were prepared by homogenizing a 25 gram aliquot of

he sample in an Lourdes homogenizer with 100 ml of distilled and deionized

ater for one minute and straining through two layers of cheesecloth. A

3 ml aliquot of the extract was used for determining pH and soluble nitro-

an. pH-was determined on a Corning Model 12 pH meter and soluble nitrogen

5 determined by micro—Kjeldahl procedures.

The remainder of the extract was deproteinized using one ml of 50%

lfosalicylic acid (SSA) and nine ml of extract. The sample was then

ntrifuged at 18,000 rpm for 10 minutes and stored in a refrigerator for

ter analysis. Volatile fatty acid content of the silage was determined

injecting samples of the deproteinized silage fluid described above

:0 a Packard gas chromatograph. Colormetric procedures of Barber and

merson (1941) were used to determine lactic acid content of the depro-

nized sample.

Soluble carbohydrate determinations were made using the deproteinized

ract according to the procedure of Johnson et_al. (1966), but modified

ghtly. In the modified procedure, the same volumes as called for by

nson et al. were used, but instead of allowing the particles to settle,

V were spun in a centrifuge at 10,000 rpm for five minutes before
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FIGURE 4

Sampling Procedure

 
 

Samples were removed from the top of each silo unit daily. This

as done by removing the floating plate and jack to get to the silage mass.

fter the sample was taken,.the pressure was reapplied.t
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FIGURE 5

Sample Removal from the Chamber

 
  

The daily samples were removed through this one cubic foot port.

The port was flushed thoroughly with C02 prior to opening it into the

chamber each day. '  
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FIGURE 6

Schematic Diagram of Laboratory Analysis

Conducted on Silage Samples

Sample

-—————€> Total nitrogen (macro-Kjeldahl)

Dry Matter

(See Appendix III)

 
E.X T R A C T (25 gm. silage/100 ml distilled water)

 
 

pH <%—————

. 44~_;> Sulfosalacylic acid (SSA)

l
extract (deproteinization)

Soluble Nitrogen
Nonprotein nitrogen

micro-Kjeldahl)
(micro—Kjeldahl)

NHS — Nitrogen (Conway)

VFA's.(gas

chromatograph)

Lactic acid (Barker

and Sommersen)

Soluble carbohydrate

 





43

aking an aliquot of the supernatant for carbohydrate determination.. This

emoved all starch particles which might have remained in the soluble

raction. This resulted in an analysis of only the actual soluble carbo—

ydrate portion_of the corn plant. Results, using this modified procedure,

are very similar to the Johnson g£_al. data; however, values were much

ower.

Nitrogen.fractionization of the silage was done as follows: (1)

otal nitrogen was determined on the freshly thawed silage sample by macro-

jeldahl procedures; (2) Total soluble nitrogen was determined on the

ater extract of the sample before deproteinization by micro-Kjeldahl

rocedures; (3) Using the deproteinized extract, total water soluble

onprotein nitrogen was determined by micro-Kjeldahl procedures; (4) The

ifference between water soluble nitrogen and water soluble nonprotein

itrOgen was called water soluble protein; and (5) Ammonia nitrogen in

1e water soluble nonprotein nitrogen fraction was determined by the

l

bthod of Conway (1950).

Experiment 2 - Feeding Trial 1
 

The experimental design of this trial was a 3 x 2 x 2 factorial,

ilizing 12 lots of steers with 9 head per lot, a total of 108 steers.

eatments started were: Three harvest dates, two degrees of chop at,

rvest, and two degrees of regrinding at feeding time.

Harvesting of Silage. Corn silage ("Michigan 400") was harvested

September 18, October 17, and November 14, 1966. Two silos were filled

each harvest date; one with a fine chop silage (3/8-inch) and one with

edium chop silage (1/2-inch to 3/4-inch). The corn field was divided

0 eight-row plots. Two rows of each plot were harvested in September,
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v0 in October, two in November, and two were harvested as ear corn

mwdiately following the November harvest to establish grain yield per

:re.

The September and October harvests were ensiled in four 16' x 50'

ancrete stave silos, and the November harvest was stored in two 12' x 50'

oncrete stave silos. No additives were applied to the silage.

Each load of silage was sampled for per cent dry matter during

arvest to compute yield per acre and silo storage capacity.

October and November harvested silage, both fine and medium chop,

ere fed ”reground" and "as ensiled.” Regrinding was done.by running the

ilage through a hammer mill immediately after removing it from the silo

nd just prior to each feeding. Thus, physical form of the reground fine

nd medium chopped silages was the same, which provided an opportunity to

etermine if cattle performance differences were due to physical form or

o a difference in silo fermentation. The September silage was not

eground because its high moisture level caused difficulty in grinding.

‘ Feeding Trial. Choice Hereford steer calves, averaging 475 pounds

pen purchased in mid-October, 1966, were acclimated on a ration of corn

ilage and protein before use on this trial. They were put on experiment

gnuary 13, 1967 at an average weight of 538 pounds.

‘ The cattle were randomly assigned by weight to 12 lots of 9 head

ich, and treatment combinations were assigned at random (see Appendix II)°

All steers were weighed on two consecutive days and the average of

2? two weights was used as the initial and final weight on the experiment.

ey were assigned blocks on the basis of their first-day weight and ran-

mly assigned pens from each block following the second—day weight.
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All lots of cattle were fed twice daily a ration comprised of a

full feed of the appropriate corn silage, 1% of body.weight daily in

rolled shelled corn, (adjusted every four weeks according to the average

lot weight) and one pound of MSU—64 supplement per head daily (see Table

3). All ration ingredients were combined in,a horizontal mixer and

thoroughly mixed prior to each feeding.

No vitamin A was included in the supplement since all cattle were

used in another study which_eva1uated methods and potency of injectable

vitamin A on a within—lot basis.

All cattle remained on feed for 180 days and were slaughtered on

July 12, 1967 at an average weight of 1,036 pounds. Following slaughter,

the carcasses were allowed to hang in the cooler for 48 hours, were graded

by a Federal grader, and tracings made of the 13th rib. All estimates

of carcass quality and desirability were made by a Federal grader.

Shrinkage to market averaged 2.43% for all cattle, computed after

La lOO-mile haul using slaughter weights over off—experiment weights.

Dressing percentage values were computed by using cold carcass weight

Tover off—experiment weight.

During the course of the experiment, all silage refused by the cattle

was removed from the bunk and reweighed. Because of the degree of chop

treatment, this was necessary to get a true evaluation of feed efficiency.

The amount refused by each lot of cattle can be determined by subtracting

the amount of corn silage consumed from the amount fed as listed in the

Inimal performance data.
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TABLE 3

MSU-64% Supplement Formula

 

 

Pounds Per One Pound Daily

Ingredient 1, 000 Pound Mix Provides

45% Feed Grade Urea 130.0 0.64 lb. Protein

50% Soybean Oil Meal 538.2

Ground Shelled Corn 115.0

Dicalcium Phosphate

(26.5% Ca. - 20.5% P) 100.0 12 gm. Ca. - 9 gm. P.

Trace Mineral Salt 100.0 1.6 oz.

.Sodium Sulfate (22.5% S) 8.1 800 mg.

iAueromycin (50 gm./1b.) 1.5 75 mg.

Vitamin D (9,000 IU/gm.) 2.2 9,000 IU

  Stilbestrol Premix (2 gm./1b.) 5«0 10 mg.
l

(Not more than 37% protein equivalent derived from Urea)





4'7

Experiment 3 - Feeding Trial 2 

l A 2 x 2 x 2 x 2 factorial design was utilized (16 lots of 8 head

ach) to study two harvest dates, two degrees of chop, two concentrate

revels and two replications.

] This experiment differed from Experiment 2 - Feeding Trial 1 in

hat two concentrate levels were fed. One—half of the cattle received a

ation made up entirely of corn silage and supplement and the other group

eceived a full feed of corn silage plus 1% of body weight daily in shelled

 

orn and_supplement. Differences in concentrate level were included in

 

his experiment to investigate the possibilities of an interaction between

orn silage maturity, fineness of chop and concentrate level. Data from

his portion of the experiment are not presented since no interactions,

areround.

Harvesting of silages. As in Experiment 2 - Feeding Trial 1, the 

.eld of ”Michigan 400" corn was divided into eight—row plots with two.

ms harvested on September 18 (30.7% dry matter), two rows on October 3

4.7% dry matter), and two rows on October 19, 1967 (43.3% dry matter).

e October 3 harvest was made by the Dairy Department and only yield

ta are presented. To establish grain yields per acre, the remaining two

vs of the eight—row plot were harvested in mid-November as ear corn.

For the September 18 and October 19 harvest dates, two silos were

led; one with a fine chop (3/8-inch) and one with a medium chop (1/2-

h to 3/4-inch) silage. The silage was ensiled in four 16' x 50' con-

te stave silos with metal roofs; four of the same silos used in Experi-

t 1. No additives were used in any of the silages. As in Experiment 1,

I load of silage was weighed and sampled for dry matter determinations.

entation of silage took place for a minimum of 30 days before being fed.
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‘ Feeding Trial. Choice Hereford steer calves, averaging 460 pounds

hhen purchased in mid-October, 1967 were used in this trial.- The steers

1ere fed a ration of corn silage and_one pound of MSU—64 supplement per

ead daily for 30 days prior to being placed on trial November 17, 1967,

eighing 478 pounds. All cattle were implanted with 24 milligrams per

 

ead of stilbestrol on December 13, 1967 and reimplanted with 36 milli:

 

rams per head on April 6, 1968. They were weighed on two consecutive days

td the average of the two weights was used as the initial and final weight.

e steers were assigned to blocks on the basis of their first—day weight

Ld randomly assigned to the reSpective treatment combination following

he second—day weight.

A11 lots were fed a completely mixed ration twice daily of the

)pr0priate corn silage, MSU—64—67 protein supplement (one pound per head.

:r day--see Table 4) and the appropriate level of concentrate.

Four cattle in each lot receiving 0% concentrates (representing

8 weight range in each lot) were terminated when the average weight of

1 cattle reached approximately 1,025 pounds. The remaining four cattle

re left on feed to be terminated when they reached 1,150 pounds. The

ne procedure was followed for terminating the lots receiving 1% concen:

Ltes. Immediately following the final Weight, all cattle were trucked

lmiles to a commercial slaughtering plant, were allowed to stand over-

ht and were slaughtered during the morning of the next day. Following

ughter, the carcasses were allowed to hang in a cooler for 48 hours

are measurements were taken. Loineye and fat tracings were made of the

1 rib. A11 estimates of carcass quality and desirability were.made by

»deral grader.
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TABLE 4  
MSU 64-67 Supplement Formula

 

  
 

 

Pounds Per One Pound

Ingredient One Ton Mix Daily Sapplies

45% Feed Grade Urea 230 0.32 lb. Protein.

50% Soybean Oil Meal 1,259 0.32 lb. Protein +

Cane Molasses 50 Binder_

Dicalcium_Phosphate

(26.5% Ca. — 20.5% P) 200 12 gm. Ca. - 9 gm. P

TraCe Mineral Salt (High Zn.) 200 50 gm. Salt

Sodium Sulfate (22.5% S) 40.4 2.06 gm. 8*

\ureomycin (50 gm./1b.) 3.0 75 mg.-

fitamin A (10,000 IU/gm.) 13.2 30,000 IU

itamin D (9,000 IU/gm.) 4.4 9,000 IU

Ratio of.1 part S to 11.3 parts N in urea or 1 part Slto 22.6 parts N

n supplement.
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Shrinkage to market averaged 2.2% for a11.catt1e, calculated by

using weights taken after the 100—mi1e haul over off-experiment weights.

ressing percentage was computed as in Trial 1.

Experiment 4 — Metabolic Study

Design. A 2 x 2 replicated factorial design was utilized to study

wo silage maturities and two degrees of chop (see Appendix II). Silages

tudied were the same as those utilized and described for Experiment 3 —

eeding Trial 2. The trial was conducted concurrently with Experiment 3 —

ceding Trial 2 and was initiated on March 16, 1968 and completed on

arch 23, 1968.

Eight mature Cheviot wethers (one year of age) fitted with rumen.

Lnulae (Jarrett, 1948) and averaging 31.3 kg. at the start of the trial

are.utilized to study metabolic parameters of the respective silages. The

leep were fed the respective silage for two weeks in 4' x 4' individual

ens before being placed in a collection crate for one week. After the

eep had been in the collection crate for one day; feed intake, water

take, urine and fecal output were measured and sampled for analysis over

six-day period. On the seventh day, while the animals were still in

e collection crate, rumen samples were taken just prior to feeding and

two, four and six hours postfeeding.

Feeding Regime. The sheep were fed twice daily, at 8:00 a.m. and

5:00 p.m. in amounts which assured agilibitum intakes.. The ration wa5~

nposed of the respective corn silage which was removed from the silo

it prior to each feeding plus a mineral supplement added at 3% of the

.age dry matter. The silage was weighed and thoroughly mixed with the

teral supplement prior to each feeding. After all ration ingredients were
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mixed, samples were taken for laboratory analysis and dry matter deter—

ination. Unconsumed feed was weighed, sampled and discarded before the

:00 a.m. feeding each day. Water was provided ad.libitum throughout the

rial.

Sample Collection. Total fecal collections were made by fitting

ach sheep with a heavy plastic bag cemented to the posterior of the sheep.  
eces was removed on a daily basis and weighed. Two per cent was retained

or dry matter determinations and frozen for later analysis.

Total urine was collected in a two—liter glass bottle which con—

ined 25 ml of 20% sulfuric acid and one ml of 10% copper sulphate. The

tal volume was measured and then diluted with water up to 1,800 ml.

ie-sixth of the diluted urine from each of the six days' collections was

atained for later analysis.

The pH of the rumen samples was determined with a Corning Model 12

,meter, and whole rumen contents were strained through two layers of

eesecloth to which one ml of saturated mercuric chloride was added per-

ml of the strained rumen fluid. This mixture was retained for volatile

tty acid and rumen ammonia analysis.

Laboratory Analysis. Dry matter of feed presented, the consumed

2d, and feces was determined by drying the sample at 1050 C for 24 hours

e Appendix V)._ Silage samples were analyzed in accordance with the

cedures outlined and described for Experiment 1 - Silage Fermentation

dy.

Total nitrogen of the dry feces ground through a 20 mesh screen

determined by the macro—Kjeldahl procedure.

The micro—Kjeldahl procedure was used to determine total nitrogen

urine.

1  
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Rumen voltatile fatty acid concentrations were determined on a

ackard gas chromatograph. Samples were prepared by mixing five m1 of

trained rumen fluid with one m1 of 25% metaphosphoric acid, centrifuging

t 12,000 x g for five minutes. The peak.areas were converted to micro-

oles per ml and moler percentages by comparison to standard solutions

nalyzed at.the same time.

Statistical Analysis 

All data reported in this dissertation were analyzed on an IBM

300 computer at the Michigan State University Computer Laboratory.

lalysis of variance and correlation coefficients-(AOAC, 1960) have been

mputed on all trials in order to more precisely define the significant

lationships among the variables studied. Because of unequal numbers in

periment l - Silage Fermentation Study, a least squares procedure was

ed (Harvey, 1960). In the model were included harvests made on

ptember 3, 17, October 1, 15, 29 and November 5; pressure levels of 2.5

i 5 psi; and days 1, 2, 3, 5, and 12 of the fermentation. Regular

llysis of variance (AOAC, 1960) was used to test the effect of stage of

:urity and pressure when the process of fermentation was not included.

example of the analysis of variance and the Duncan's new multiple range

cedures are shown in Appendix I.

 



  



IV. RESULTS AND DISCUSSION

Experiment 1 — Silage Fermentation Study.

Complete results of this experiment.are shown in tabular and,

graphic form (Figures 7 through 19 and Tables 5 through 11). Results

are summarized and presented on (1) the effects of stage of maturity of

the corn plant on the resulting silage after twelve days of fermentation

in the silo, (2) characterization of the silage fermentation from the_

time of filling the silo through day 12, (3) interactions of silage_

maturity and rate of fermentation (items 1 and 2),and (4) the effects of

varying silo pressures on silage fermentation parameters.

As stated in procedures, a two- to six-hour time lapse occurred

)etween chopping the plant material and collecting the initial fresh,

;ample. Therefore, fermentation was well under way when the fresh sample

as collected as verified by chemical analysis. Results of the fresh

ample.ana1ysis are presented, but not included in the discussion due to

he atypical nature of the sample.

Corn Silage Maturity

Dry Matter. Dry matter content of silages at the end of the 12-day

armentation for the fresh material, as well as each of the four pressures

:udied, are shown in Figure 7. Dry matter values for the fresh material

Id the mean values for the four pressures studied are graphically shown

.Figure 7. As would be expected, a highly significant difference
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FIGURE 7

Mean Dry Matter Content Relative to Stage of Maturity
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—- — — Fresh

/

//
/

20 . Mean

I I l I I i 1 t I

Sept. Sept. Sept. Sept.. Oct. Oct. Oct. Oct. Oct. Nov.

3 10 17 24 1 8 15 22 29 5

Harvest Date

21.1 23.4 25.2 25.4 31.3 32.1 35.2 40.6 45.2 43.2

18.1 20.7 27.2 24.3 27.4 32.0 31.5 39.1 48.1 42.9

21.6 23.4 27.3 23.8 28.6 29.1 38.0 37.9 48.2 42.7

21.7 24.9 31.0 26.2 28.7 32.0 34.8 36.3 47.7 39.5

26.9 26.1 32.2 29.1 30.6 29.7 33.5 37.2 49.1 43.0
 

22.1 23.8 29.4 25.9 28.8 30.7 34.5 37.6 48.3 42.0
 

 

rsignificantly different (P < .01)

error of the means = 0.990
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P <'JN).occurred in dry matter content of silages harvested over the

eriod September 3 through November 5. Per cent dry matter of the corn

lant increased from a low of 22.1% on September 3 in,a linear relation—.

hip_to a high of 48.3% on October 29, an increase of 3% per week through

he harvest season. No explanations can be offered for the nonlinear

esults obtained on September 17 and November 5. Research such as Nevens

E_al. (1954), Johnson et_al. (1967, 1968) and_Huber et_al. (1968) all

sport a similar relationship between dry matter content of silage and

irvest date.

Seepage Volume. Volume of seepage (effluent) escaping from the

.10 during the 12-day fermentation, and expressed as ml per 100 grams of

lage placed in the silo, is shown and the mean graphically illustrated

Figure 8. Volume was-linearly related to both harvest date or dry

tter content of the silage and pressure applied to the silo. All dif-

rences in seepage volume were highly significant (P<( .01).

The early harvest (22.1% dry matter) produced the greatest quantity

seepage (16.90 ml per 100 gm. of silage) and, as silage dry matter

:reased, seepage volume decreased, until no seepage was collected when

2 silage reached 34.5% dry matter. Murdock (195% reported no seepage

en corn silage reached 39% dry matter. These data agree with those of

1er and Clifton (1965) who concluded that seepage loss was determined

marily by the dry matter content of the corn crop.

As volume decreased, dry matter concentration of the seepage

reased, as shown in Table 5. This might be explained by relating the

iage dry matter to maturation of-the corn plant. As the plant matures

1 22.1% dry matter in the September 3 harvest, to 25.9% dry matter in

September 24 harvest, the starch content would increase with the,
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FIGURE 8

Mean Seepage Volume (mVlOO gm. fresh sample) Relative

to Stage of Maturity of Corn Silage,

 

 
 

 

15.0 -

0.0 .

“" Mean.

5.0

_L l I l l n a l I

Sept. Sept. Sept.> Sept. Oct. Oct. Oct. Oct. Oct. Nov.

3' 10 17 24 l 8 15 22 29 5

Harvest Date

12.01 5.18 0.76 0 0 O 0 0 O 0

10.37 14.15 5.39. 5.75 O 0 0 0 0 0

28.31 21.98 17.83 17.72 3.93 3.95 0 0 0 0

16.90 13.77 7.99 7.82 1.31 1.32 0 O 0 o
 

 

significantly different G’<..01)

error the mean = 608.08
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TABLE 5

Seepage Parameters_

 

 

 
Harvest Date Sept. 3 Sept. 10 Sept. 17 Sept. 24

% Dry Matter 5.46 6.88 10.26 10.42

% Total Nitrogen .1 1.41, 2.28 2.17 1.70

% Ash 1 11.41 10.92 7.01 6.91

     
1

Per cent of total dry matter..
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velopment of the grain portion of the plant. Although analyses were

t,conducted, visual appraisal of the seepage samples collected clearly

dicated that a large quantity was expelled within the seepage in the

ter-harvests. Per cent total nitrogen and ash, expressed on a seepage

y matter basis, are also shown in Table 5 with no major differences

und.

Fermentation of the seepage was in progress when these samples

e.collected; therefore, further characterization was not done.

Silage pH. Results of pH determined on the silage after 12 days'

entation are shown and the mean graphically illustrated in Figure 9.

iighly significant increase in pH occurred from 3.52 to 4.65 as the_

,age increased in dry matter from 22.1% to 48.3% which was significantly

related with dry matter (r = 0.64-—see Table 6). Since these silages

e not treated with a buffering and/or neutralizing agent such as lime—

ne, urea, etc., pH would be expected to reflect total quantity of

anic acids found in the silage. This was the case as verified by a

11y significant correlation coefficient of -0.52 and -O.77 (see Table 6)

acetic and lactic acid content of the silage, respectively. It has

1 shown at the Michigan Station (Henderson, unpublished data) that

e is no relationship between pH and organic acid content when silages

treated with buffering and/or neutralizing agents. Often,treated

ges with the highest organic acid content will have the highest pH‘

es. When working with untreated silages, pH has been extensively used

1 indicator of silage quality (Barnett, 1954) and these data support

concept. However, it is of no value when estimating quality of.

:ed silages.  



 

 

 



 

 

FIGURE 9,

Mean Silage pH Relative to Stage of Maturity
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re significantly different (P< .01)

I error of the means = 0.204
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Soluble Carbohydrate. Results of water soluble carbohydrate 

levels in corn silage conducted on the fresh silage sample and after 12

days in the silo are shown in Figure 10, with mean values graphically

illustrated. The erratic values obtained on the fresh sample are pro—

bably due to the partial fermentation which had occurred prior to taking

the sample as explained at the beginning of this section. A small but

:onsistent and highly significant decrease with maturity occurred in

soluble carbohydrate content of the silage sample taken after 12 days in

:he silo. This resulted in a highly significant correlation coefficient

1f —0.56 (see Table 6) between per cent dry matter and soluble carbohydrate

evel. A highly significant (P <U(M) correlation was also found between.

oluble carbohydrate content and acetic and lactic acid levels (r = 0.47

nd 0.53, respectively). Thus, it appears from these data, that soluble

arbohydrate served as a primary substrate for both acetic and lactic

:id producing bacteria. This is verified by the work of Johnson et_al.

.966), who reported decreasing levels of soluble carbohydrate with

[vancing stages of corn plant maturity. They also found a close relation-

ip between soluble carbohydrate content of fresh corn plant material

d acetic and lactic acid levels found in the resulting corn silage.

Acetic Acid. Acetic acid levels found in the silage after 12 days

fermentation are shown and graphically illustrated in Figure 11. As

tted in the procedures section, analyses were conducted for a11_volatile

.ty acids reported to be found in silage (acetic, propionic, butyric,

butyric, valeric and isovaleric acids). However, quantities of these

ds were too low to be of any consequence, so values are not presented .

1 the exception of acetic. These findings are in agreement with the
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FIGURE 10.

Mean Soluble Carbohydrate Levels Relative_to Stage of Maturity
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re significantly different (P<.01)

I error of the~means = 1.988
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FIGURE 11:

Mean Acetic Acid Levels (Per Cent

on Dry Matter Basis) Relative to Stage of Maturity
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re significantly different. (P (.01)

d error of the means = 0.156
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results obtained by Barnett (1954) who found acetic acid to be the primary

VFA in corn silage.. Mean acetic acid levels (Figure 11) progressively

decreased from a high of 1.89% ofsilage DM.for the September 3 harvest

to a low of 0.44% for the November 5 harvest. This decrease was highly

significant (P.( .01) and was significantly correlated (Pn< .01) with

silage dry matter (r = —0.82), soluble carbohydrate (r = 0.47), nonpro-.

tein nitrogen (r = 0.70), and many other fermentation parameters as

shown in Table 6.

A similar relationship between corn silage maturity and acetic  acid levels was reported by Johnson 33.21: (1967, 1968) and Gordon 23.22:

(1968).

Lactic Acid. Mean values for lactic acid and the relationship to
 

silage maturity are shown and graphically illustrated in Figure 12. As  
was the case with acetic acid, levels of lactic acid found in the silage

sampled after 12 days of fermentation, decreased at a highly significant

(P.<'.Ol) rate from a high of 5.82% of silage dry matter for the Septem-.

ber 3 harvest to a low of 1.27% for the November 5 harvest. Likewise,

highly significant (P‘<'.01) correlation coefficients were found between

lactic acid levels and silage dry matter (I = -0.81), soluble carbohydrate

(r = 0.53) and nonprotein nitrogen content (r.= 0.76). Lactic acid

levels were found to be approximately 3.7 times greater than acetic acid

at all stages of maturity.

Quantitative levels of both acetic and lactic acid relative to’

corn.silage maturity and the relationship of these levels to other

fermentation parameters.are in complete agreement with the findings of

Johnson _e__t_a_l__° (1967, 1968), Barnett (1954), Watson and Nash (1960) and

Gordon _e_t_1_a_l_. (19681»
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FIGURE 12

Mean Lactic Acid Levels. (Per Cent on Dry Matter Basis)

Relative to Stage of Maturity
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iard error of the means = 0.338
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Total Nitrpgen. Total nitrogen content.of silages for the various
 

harvest dates is shown in Figure 13, with mean and fresh sample values

.graphically illustrated. Total nitrogen of the fresh material and mean

values for the silage.after 12 days of fermentation showed increases.and

decreases from one harvest date to another.. Even though these variations.

existed and differences relative to harvest dates were.small, the mean

value for per cent.nitrogen significantly (P‘('.01) decreased as stage of

maturity advanced. This is further substantiated by a highly significant

(P < .01) correlation, of -0.55 between total nitrogen and dry matter

content of the silage.

These data do not show a clear cut linear relationship of decreasing

nitrogen content with advancing stages of_matUrity. The lack of linearity

could be due to silage sampling error or growth patterns of the plant prior

to harvest.as affected by growing conditions.

Relatively small but significant decreases in total nitrogen con-

tent of corn silage relative to advancing stages of maturity have been

reported by Hopper, 1925; Byers and.Ormiston, 1966; Buck,Merrill, Coppock

and Slack, 1969; Johnson 33 El:’ 1966 and Sprague and Leparulo,-1965.

 

Water Soluble Nitrogen. Water soluble nitrOgen expressed as a per
 

cent of dry matter for all harvest dates and pressures studied is shown,

in Eigure 14. Values for the fresh sample.and mean values for the samples_

taken after 12 days of fermentation are also graphically illustrated..

Water solublenitrogen.decreased significantly (P.( .01) with maturity

from a high of 0.43% of dry matter for the September 3 harvest to 0.23%

of dry matter for the November 5 harvest.. A highly significant (P1<’.01)

correlation (see Table 6) of -0.61 existed between water soluble nitrOgen

and dry matter content of the silage.
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FIGURB 13

Mean Total Nitrogen.(Per Cent of Dry Matter)

Relative to Stage of Maturity
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d error of the means = 0.

re significantly different (P‘<.01)
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Water Soluble Nitrogen

 

FIGURE 14

Relative to Stage of Maturity

(Per Cent of Dry Matter)
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d error of the means = 0.027

re significantly different (1K .01)
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Although total nitrogen followed the same pattern, as previously

discussed, the magnitude.of decrease across harvest dates for water

soluble nitrogen was at an accelerated rate, as shown inkFigure 15 where

water soluble nitrogen represented 32.25% of total nitrogen for the

September 3 harvest and only 18.4% for the November 5 harvest. This

represents a 46.7% reduction, whereas total nitrogen was.decreased only

14% between the September 3 and November 5 harvests. Brody (1965)

reported protein hydrolysis ranging from 29% for moist silage to 18% for

dryer silages. Although protein hydrolysis was not directly measured,

it appears that protein hydrolysis was actively taking place, as evidenced

by a consistently lower level of water soluble nitrogen found in the

fresh.material than the ensiled material as shown in Figure 14., Dif-

ferences were similar across all harvest dates. Thus, these data would;

indicate that the extent of protein hydrolysis was not influenced.by harvest

date or dry matter content of the silage.

Water Soluble Nonprotein Nitrogen. Levels of water soluble nonpro-

tein nitrogen expressed as a per cent of silage dry matter are shown in

Figure 16 with values for the fresh samples and the 12-day fermentation

 
samples graphically illustrated. After examining Figures 14 and.16, it

can be readily seen that water-soluble nonprotein nitrogen and water soluble

protein nitrogen follow almost identical patterns and, no doubt, represent

the same source of nitrogen in both cases. Therefore, the previous dis-

cussion for water soluble nitrogen applies also for water soluble nonpro:

tein nitrogen. It was found at this station (Henderson, unpublished data)

in controlled_experiments with silage .that water soluble nonprotein.nitro-

.gen accounted for approximately 95% of the water soluble nitrogen. Although

these data show higher values for water soluble NPN than water soluble

 

 



 

 

 



 

 

FIGURE 15

Water Soluble Nitrogen EXpressed as a Per Cent of

Total Nitrogen Relative to Stage of Maturity
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FIGURE 16

Soluble Nonprotein Nitrogen (Per Cent Dry Matter)

Relative to Stage of Maturity
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e significantly different (P<’.01)

rors of the means = 0.022
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nitrogen for four of the ten-harvests, on comparing the overall means,

water soluble NPN accounts for 94.37% of the soluble nitrogen, and the

exceptions referred to for individual harvests are probably due to,

sampling errors. Both values were determined from the same silage

extract, but utilizing two different samples..

Ammonia Nitrogen. Ammonia nitrogen levels expressed as a per cent

of silage dry matter are shown in Figure 17. The fresh samples and the

mean of the 12-day fermentation samples are graphically illustrated. As

was the case with all other nitrogen parameters studied, ammonia levels

significantly decreased across harvest dates and were significantly

correlated (r = 0.78, P‘<'.01) with silage dry matter. Values were

extremely low and ranged from a high of 0.07% of dry matter for the

September 3 harvest to a low of 0.02% for the November 5 harvest, and

made up an average of 3.47% of the total nitrOgen for all harvest dates.

Johnson §t_al. (1967) reported similar low levels and the same relation-

ship to maturity. Therefore, ammonia nitrogen in untreated silages

appears to be of minor importance in silage fermentation.

Correlation Coefficients of Fermentation Parameters. Simple linear

:orrelation coefficients of all previously discussed parameters have been

conducted and are presented in Table 6. The pertinent values on this

able have been previously discussed and referred to in the appropriate

ections.

Fermentation by Days

Analysis of silage samples taken fresh and on days 1, 2, 3, and 5

iring the fermentation period, as well as the ensiled material at the end

Fthe 12-day fermentation study, are presented in Table 7 and graphically

.lustrated in Figures 18 and 19.  
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FIGURE 17

Ammonia Nitrogen (Nitrogen per 100 gm Dry Matter)
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0.10 '

— —— — Fresh

0.07 ‘

)

0.05 -

)

0.03 -
O

0 0 .

O 1 AL I l y I A l 1

Sept. Sept. Sept. Sept. Oct. Oct. Oct. Oct., Oct. Nov.

1 3 10 17 24 1 8 15 22 29 5

Harvest Date

Sh 0.056 0.049 0.047 0.049 0.048 0.000 0.013 0.007 0.014 0.010
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OS are significantly different (P < .01)

ldard error of the means = 0.005
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TABLE 7

Mean Silage Parameters Relative to the Progress of Fermentation

Meanz , Days of Fermentation - Js.e.1

Fresh 1 2 g] 3 5. I 12 l

pH 5.51 4.59 4.59 4.423 4.66 3.98 H 0.034

X Dry Matter, % 33.53 33.20 33.13 33.66 32.61 34.15 ** 0.787

% Nitrogen, % 1.18 1.17 1.30 1.18 1.25 1.24 ** 0.042

Z H20 Soluble 0.193 0.187 0.191 0.153 0.191 0.273** 0.0167

Nitrogen,%

Z H20 Soluble 0.140- 0.187 0.178 0.195 0.182 0.268** 0.0137

NPN, %

Z NH3 - N, 2 0.031 0.023 0.014 0.026 0.024 0.043** 0.004

2 Acetic Acid, Z 0.00 1.043 1.127 1.399 1.529 1.077** 0.085

Z Lactic Acid, Z 0.00 0.981 1.333 1.713 2.066 3.943** 0.146

Soluble CHO, 24.49 47.10 42.99 22.16 20.65 14.60 ** 2.755

mg/gm

** P .01

1 . . .
s.e. are approx1mate, us1ng an average of eight

2All values expressed on §.4£X matter basis

observations per mean.
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FIGURE 18

Mean pH and Carbohydrate Fractionization Relative to the

Process of Fermentation
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FIGURE 19
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As shown in Figure 18, pH decreased very rapidly from 5.55 in the

fresh material to 4.59 on the first day of fermentation and further

reduced to 3.98 during the remaining 11 days. Total acetic and lactic

acid levels were 2.02% of silage dry matter on day 1 and were 5.02 on

day 12. Thus, reduction in pH is accompanied by an expected level of

organic acid accumulation. The rate of production of lactic acid appeared

to be linear from day 1 through day 12, Whereas the rate of production of

acetic acid appeared to increase rather rapidly through day 3, level off

from day 3 to day 5 and then decrease through day 12. Values for acetic

acid are in agreement with Barnett (1954) who concluded that acetic acid

increased very rapidly through the first two phases of fermentation (day

1 through day 3). He further concluded that acetic acid production con—.

tinued at a slower rate thereafter, which is in conflict with these data

which show a net reduction in total acetic acid levels following day 5.

Barnett (1954) also concluded that lactic acid increases at a slow rate

during phase one and two but at an accelerated rate later in the fermenta-

tion (phases 3 and 4). These data do not support this conclusion, as

previously pointed out.

The net reduction in acetic acid production following day 5 may be

explained on the basis that acetic acid was used as a bacterial substrate

(energy source) by lactic acid producing bacteria which continues to

increase in activity throughout the 12-day fermentation period.

Soluble carbohydrate levels, as shown in Table 7 and Figure 18

increase very rapidly on day l, appeared to level off on day 2,

decrease very rapidly on day 3 and decrease at a very slow rate through

day 12. It seems clear from these data that soluble carbohydrate levels 
and total organic acid levels are negatively associated. 0rganic_acid
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levels increased at a rate approximately two times greater than the

reduction in soluble carbohydrate. Johnson gtpal. (1966a) showed a.

similar relationship between.soluble carbohydrate and lactic acid content

of corn silage. This relationship would be expected if an anaerobic

atmosphere existed in which anaerobic glycolysis could occur by action of

the active bacteria. Each mole of simple sugar; e.g. glucose, metabolized

in this manner would produce two moles of lactic acid.

Soluble nitrogen fractions shown in Table 7 and Figure 19 increased

linearly from day 1 through day 12. Increasing values for nitrogen frac—

tions during the fermentation would indicate that proteolysis continued

to occur throughout the 12—day fermentation period.. Data on total nitro-

‘gen level results are variable and inconsistent, and differences obtained

during the lZ-day fermentation are probably due to sampling error. Little

or no change in total nitrogen occurred, as would be expected.

Interactions Between State of Maturity and Rate of Fermentation. 

There were four significant interactions between stage of maturity and

fermentation rate; (1) pH, (2) per cent acetic acid, (3) per cent lactic

acid,and (4) soluble carbohydrate.

The mean pH values and deviations from the mean for each harvest

and the day of fermentation are shown in Table 8. Upon examination of

these data, it is clear that_in earlier harvests, the pH decreased

linearly throughout the lZ-day fermentation period, whereas, in later

harvests, the pH increased through day 5, and then decreased to day 12.

As a possible explanation of this interaction, bacterial activity

in the high moisture silage, pointed out previously, would become very

active early in the fermentation. This accelerated bacterial growth is

stimulated by the availability of high levels of soluble carbohydrate and
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TABLE 8

Mean pH and Deviations From the Mean Involved in the

Interaction of Stage of Maturity and Process of Fermentation

 

 

 

 

 

 

 

 

Days

1 2 3 5 12 Y

2 ( 0.00) c 0.00) ( 0.01) . {-0.13) c 0.12) [](-0.58)

4.01 4.01 3.91 3.95 3.50 3.88

( 0.34) c 0.04) {—0.24) {-0.14) {-0.34)

4 .4.59 4.18 4.08 3.50 4.12

( 0.04) (—0.05) {—0.02) (-0.22) ( 0.25) (—0.17)

6 4.46 4.37 4.29 4.27 4.06 4.29

{-0.02) (-0.03) ( 0.02) {-0.08) c 0.11) ( 0.16)

Harves‘ 8 4.73 4.72 4.66 4.74 4.25 4.62

0 ( 0.08) ( 0.04) (-0.12) ( 0.39)

1 5.06 5.09 4.25 4.85

11 (-0.36) {—0.05) ( 0.63) {-0.22) ( 0.54)

4.77 4.97 5.83 4.30 5.00

_ ( 0.13) ( 0 13) -( 0.02) - ( 0.20) (-O.48)

X) 4.59 4.59 4.48 4.66 3.98 4.46       
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the anaerobic condition in the-mass. In the later harvests (dryer silage)

soluble carbohydrate would be lower and a less anaerobic condition would

exist and, therefore, bacterial growth would be less. Concurrently,

proteolytic enzyme activity of the plant would continue as normal and

form volatile bases which could account for the rise in pH. At some,

unknown point after five days of fermentation, the bacterial population

becomes active and their production of organic acids overshadows the

plant proteolysis, which lowers thede of the mass to the level found on

day 12.

The mean per cent lactic acid and deviations from the means by

harvest dates and days of fermentation are shown in Table 9. These data_

support the proposed explanation for the interaction involving pH, in

that the per cent lactic acid increases linearly in the early harvested,

high moisture silages. However, in the later harvests, lower in moisture

content, lactic acid production did not start until after day 5. The

production of lactic acid is thought to be a direct indication of bacterial

activity.

Silo Pressure

The effect of silo pressure on various silage_fermentation para-

meters is shown in Table 10.

It should be pointed out again that the silage stored in the zero

pressure silo was not maintained in an anaerobic atmosphere.

Silo pressure had a profound effect on volume of seepage which was

nil at zero pressure and increased in a linear fashion to 15.62 ml per

100 grams of silage.stored at 10 psi. For all other fermentation para-

meters studied and presented in Table 10, there appeared to be little or  



 

 

 



 

 

81

TABLE 9

Mean Lactic Acid Value and Deviations from the Mean Involved in the,

Interaction of Stage ovaaturity and Process of Fermentation

 

 

 

 

 

 

 

 

Days

1 2 3 5 12 E

2 (-0.88) {—0.17) c 0.94) ( 0.61) {-0.50) c 2.29)

2.39 3.45 4.94 4.97 5.73 4.30

4 c 0.11) (—0 51) (-0.15) ( 0.55) ( 0.73)

. 1.82 1.93 2.65 5.22 2.75

6 (—0.36) (-0.15) (—0 22) ( 0.24) ( 0.49) ( 0.91)

1.53 2.09 2.40 3.22 5.34 2.92

( 0.26) c 0.12) (40.23) (—0.22) ( 0.07) {—1.02)

Harvest 8 0.22 0.43 0.46 0.83 2.99 0.99

10 ( 0.20) {—0.15) {—0.05) (—1.19)

0.34 0.73 2.70 0.82

11 ( 0.87) ( 0.02) (—0.33) (—0.56) (—1.73)

0.12 0.00 0.01 1.65 0.27

-— {—1.03) (-O.67) {-0.29) ( 0.06) ( 1.93)

X 0.98 1.33 1.71 2.07 3.94 2.01         
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TABLE 10

Mean Silage Parameters Relative to Silo Pressures

 

 

 

      
 

 

different.

Pressure per square inch

. 4 l

0 2.5 5.0 10.0 s'e'

Seepage Volume, m1. 0.000 339.000 706.500 2168.000 384.58

pH 4.403a 3.848 3.982 3.926 0.1288

Per Cent Dry Matter 31.130a 32.060 32.280 33 740b\ 0.6264

Per Cent Nitrogen 1.242 1.196 1.251 1.249 0.0363

Per Cent Soluble

Nitrogen 0.2489 0.3102 0.2722 0.3041 0.0173

Per Cent Soluble Non— Ah B

protein Nitrogen 0.2118 0.2779 0.2602a 0.2825B 0.0130

Per Cent NH3 Nitrogen 0.0404 0.0471 0.0443 0.0426 0.0032

Per Cent Acetic Acid 1.1180 1.106 1.102 0.956 0.0984

Per Cent Lactic Acid 3.028A 4.466 3.882 4.055 0.2140

Soluble Carbohydrates 14.537 16.528 16.040 16.117 1.2574

1 .
Ten observations per mean.

aP < .05.

P < .01.

Values with no subscript or having the same subscript are not significantly
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no difference between silages stored under 2.5, 5, and 10 psi. The 5 psi.

silo would probably be the most,representative of the normal upright_farm

silos, as reported by Yu, Boyd and Menear (1963). However, virtually all

values differed for silages stored under zero psi. Therefore, all degrees.

of pressure applied in this study resulted in an anaerobic atmosphere

which produced a high quality silage and no benefit was derived from pres—

sures above 2.5 psi.

On the other hand, zero pressure was not sufficient to maintain an

anaerobic atmosphere. As a consequence, silage produced at 0 pressure

was inferior in all fermentation parameters studied.

Other authors have reported pressure measurements in the silo, but

none of those reviewed reported the effects of pressure on silage fermen—

tation.

Temperature of the silage mass as shown in Table 11 followed the

same pattern as previously discussed. All degrees of pressure applied

resulted in virtually no increase in temperature above ambient, whereas

a rise of.2.83o C above ambient was observed on day 1 in the silage stored

at zero psi. This relative increase in.temperature continued throughout

the 12-day fermentation.

The temperatures reported in this study are extremely low, ranging

around 250 C. They may not be representative of normal silo conditions,

because of the small volume of silage and the rapid dissipation of any tem-

perature which might have been produced during the fermentation.. Babcock

and Russell (1900) concluded that good silage could be made at.these

temperatures, however.
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TABLE 11

Mean Temperatures Expressed as Deviations from

Ambient Temperaturestelative to Silo Pressure

 

 

 

 

 

 

Pressure per square_inch. 1

s.e.

0 i 2.5 l 5.0 l 10.0

Temperature (Deviation from ambient

temperature, degrees C.)

Day 1 2.83°A 0.710 0.130 -0.19° 0.354

Day 2 1.05oA -0.10° -0.329 —0.890 0.279

a

Day 3 1.010 0.09° 0.06o —0.30° 0.322

Day 4 1.03°a 0.45° 0.29° 0.03° 0.229

A
Day 5 0.900 -0.27° -0.35° -0.65° 0.170

A
Day 6 0.85° -0.30° —0.55° -0.78° 0.185

Day 7 0.680A —0.619 —0.80° —0.90° 0.304

Day 8 1.00°A —0.54° \40.57° -O.68° 0.314

Day 9 0.050A —1.22° —1.30O —1.33° 0.206

Day 10 0.780A -0.14° —0.24° —0.35° 0.138

A
1

1

Day 11 0.720 —0.45° —0.52° -0.88° 0.210 1 ‘      
 

 

1Ten observations per mean }

ap < .05

p < .01.

Values with no subscript or having the same subscript

are_not significantly different. ‘
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Experiment 2 - Feeding Trial 1 

Weather data, including freeze dates, snowfall and wind velocity,

was recorded during the silage harvesting periods and is reported in

Table 12. There was no frost prior to the September 13 harvest date.

Between September 16 and October 20, the conclusion of the October harvest,

freezing occurred on five different nights. There was no snowfall, and

the wind reached 20.3 mph on one.day. Between October 20,and November 15,

freezing occurred on 14 of the 26 nights. It also snowed a total of four

days with a maximum accumulation of nine inches. All snow had melted prior

to the November harvest. Maximum wind velocity of 19.7 mph, occurred on

one day during this time.

Table 13 shows the results of analysis of the silage samples taken

during harvest and again during the course of the experiment. These data

characterize changes which occur during the fermentation process and are

in complete agreement with the results obtained in Experiment 1 — Fermenta—

tion Study, involving a wide range of silages harvested at various dry

matters which has been previously presented and discussed.

Chemical Analysis of Silage. Results of the chemical analyses 

conducted on the six composite silage samples taken during the course of.

the feeding trial are shown in Tables 14 and 15.

Dry matter content of the corn silage averaged.28.2% for the

September, 48.2% for the October, and 59.6% for the November harvested

silages. In each case, the fine chopped silage had a higher dry matter

value than medium chopped silage (September, 30.4% vs. 27.9%; October,

49.6% vs. 45.4%; November 60.7% vs. 58.2%). This was probably due to

the greater moisture evaporation from the more finely chopped corn plant

during the harvesting process.

 
 



  



86

TABLE 12

Weather Data During the 1966 Harvest1

 

Days Temp. Dropped

 

 

 

 

 

      

    

Below Freezing Snowfall Wlnd

2 Mph high

Date Temp. Amount Accumulation during

period

Prior to

Sept. 16

September 16 - 0

First Harvest. Sept. 16 31

26 27:

Oct. 1 30

4 20.3

6 25°

12 26°

October 20 —

Second Harvest Oct 20 280

25 26°

26 23°

29 29°

30 15° 0

Nov. 2 258 2.5"

3 24 5.5“ 8" 19-7

4 90 Trace 9”

5 24° 0.1" 7"

6 29° 5"

7 2H

12 21° 0

13 19°

14 24°

November 15 —

Third Harvest Nova 15 210      
 

1Weather data reported as recorded at the U. S. Weather Bureau,

Capitol City Airport, Lansing,

Dates not listed are days during w

fall below freezing.

Michigan.

hich the temperature did not
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All other factors analyzed with the exception of total nitrogen.

showed the same trends which occurred in Experiment 1 and previously

discussed. Total nitrogen remained constant (Table 15) across all harvest

dates instead of declining as the corn plant matured as in Experiment 1.

There were no significant differences in any fermentation parameters

between the fine and medium chop. Difference between mean values for

harvest dates, with the exception of total nitrogen, were significant

(P <’.05); however, none of the differences between fine and medium

ch0p proved to be significant.

Dry Matter Yield and Silo Storage Requirements. As shown in Table 16, 

dry matter yield per acre was decreased 10.6% by delaying the harvest 34

days from mid—September to mid—October (5.11 tons vs. 4.57 tons). The

trend continued through the November harvest with an additional 11.1%

decrease in yield when harvest was delayed 28 days from mid-October to

mid—November (4.57 tons vs. 4.06 tons). This gave a combined decrease of

20.5% when harvest was delayed 62 days from mid—September to mid—November.

Most of the published data would indicate that corn silage dry

matter yield per acre increases until dry matter content of the corn plant

reaches approximately 35%. It then levels off for a few days and subse—

quently decreases at a rapid rate depending upon weather conditions.

(Johnson and McClure, 1968; Huber et_al., 1968;.Hanway, 1963, 1966; and

Gordon, 1966). Since no harvests were made between the dry matter levels

of 28% and 48%, maximum dry matter yield per acre was probably missed.

The effect of stage of maturity and fineness of chop on pounds of

silage dry matter stored per cubic foot of silo capacity is shown in

Table 17. It is interesting to note that in all cases, dry matter stored
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per cubic foot of silo capacity was greater for the fine chopped silage

than the medium chopped silage. The-difference was 16.9% in the September

harvested silage, 16.9% for the October harvested silage and 8.0% for the

November harvested silage.

Likewise, density of the combined fine and medium chopped silage

harvested in September was 10.6% greater than October harvested silage

and 6.7% greater than November harvested silage. Density of the November

harvested silage was actually 4.1% greater than the October harvested

silage. A large volume of water was added during the silo filling process

to the November harvested silage. This, no doubt, is responsible for the

increased density. No water was used in the September and October harvests.

No other authors reviewed have published data relating silage

maturity and fineness of chop to silo storage capacity.

Feeding Value of Mid-September vs. Mid—October vs. Mid-November

Harvested Corn Silage. Pooled results of the effect of harvest date on

rate of gain and feed efficiency are shown in Table 18 and its effect on

carcass quality in Table 19. Complete performance of all lots of cattle

are shown in Appendix III. The cattle fed mid—September harvested silage

produced significantly (PA< .04) faster average daily gains (0.17 lb.

daily) than the cattle fed mid-October harvested silage (2.87 lb. vs.

2.70 1b.), but the rate of gain for the group fed the October harvested

silage was not significantly different from the group fed November har—

vested silage. Daily dry matter consumption was highest for the cattle

fed November harvested silage (2.38% of body weight daily for cattle fed

September harvested silage vs. 2.40% for October, vs. 2.46% for November.)

Published reports do not establish a clear cut relationship

between corn silage maturity and beef cattle gains. Zimmerman, Newmann,  
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TABLE 18

Effect of Harvest Date on Rate of Gain and Feed Efficiency

September vs. October Vs. November Harvests

(January 13, 1967 to July 12, 1967)

 

 

  

    

 

180 Days on Experiment Sept., Oct. Nov.

' Harvest Harvest Harvest

Lot Numbers 14, 21 15, 17 16, 24

20, 22 23, 19 13, 18

No. of animals 36 36 36

Av. initial weight, lbs. 538 538 538

Av. final weight, lbs. 1053 1024 1031

Av. daily gain, lbs. 2.87a 2.70b 2.74ab

Av. daily ration, lbs.

Corn silage fed 33.11 19.59 17.82

Corn silage consumed l 32.86 19.23 17.26

85% DM shelled corn 7.26 7.08 6.96

Protein supplement 0.99 0.97 0.96

TOTAL 85% DM basis 18.98 18 71 19.28

Feed consumed per cwtl gain, lbs.

TOTAL 85% DM basis 661 693 706

Daily feed consumed per 100 lbs.

body weight, lbs.

TOTAL 85% DM basis 2.38 f 2.40 .46

Concentrates 2 1.043 1.03 1.01-

Roughage 1.34 1.37- 1.45

Concentrate:Roughage Ratio 3 66:34 66:34 66:34

Feed cost per cwtl gain 4 $11.27 $11-77 $11.80

Live selling price per cwt. $25.95 $25°13, $24.93

 

which was refused by the steers.

2 Does not contain grain content of corn silage.»

3 Does contain grain content of corn silage.

 
1 Corn silage consumed — does not include the portion of silage fed

4 Feed prices used: Corn silage — $7.50 per.ton on 30% DM basis;

Shelled corn — $1.20 per-bushel; MSU—64 supplement - $5.50 per cwt.

Values with no subscript or having the same subscript are not signifi-

cantly different. A = (P 4 .01), a = (P 4 .05).
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TABLE 19

Effect of Harvest Date on.Carcass Quality

September vs. October vs. November Harvests

 

 

     

(January 13, 1967 to July 12, 1967)

180 Days on Experiment Sept. Oct. Nov.

Harvest Harvest Harvest

Lot Numbers 14, 21 15, 17 16, 24

20, 22 23, 19 13, 18

Carcass evaluation:

Carcass grade 5 12.07 11.90 11.72

Marbling score 6 16.05 14.99 14.50

Fat thickness, 13th rib, inches 0.84a 0.72 0.66

Rib eye area, sq. inches 11.70 11.44 11.67

%Kidney, heart and pelvic fat 2.95a 2.49 2.49

Cutability 7 48.021 49.03 49.56

Cold carcass weight, lbs. 623a 586 S88

Dressing per cent 58.74a 57.40 56.95

Carcass price percwt. $44.17 $43.78 $43.78

5 Carcass grade values: 7 = Standard; 10 = Good; 13 = Choice;

16 = Prime.

6 Marbling values: Slight, 14 = Small; 17 = Modest; 20 = Moderate;

23: Slightly Abundant.

different A = (P 01), a = (P <1

 

7 Per cent boneless, trimmed, retail cuts.

Values with no subscript or having the same subscript are not significantly

05)
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Hinds andeamb (1965) reported a significant increase in daily gain when

the cattle were fed a silage which was 34% dry matter vs. silages of

27% and 40% dry matter. Burroughs and Topel (1969) using silages of 32%

and 44% dry matter found no difference in average daily gain.

Although average daily gain for the cattle fed November harvested

silage was intermediate between the September and October groups, average  
daily feed consumption was highest. Therefore, feed required per cwt. of

'gain was greatest for the November group, least for the September group

and intermediate for the October group.(706 1b. vs. 661 lb. vs. 693 1b.,

respectively)..

The increase in daily dry matter intake in this trial is consistent

with the published literature (Bryant et_al., 1966; Bryant, Huber and  Blaser, 1965; Huber, Graff and Engel, 1965; Marshall, Norden, Ross and

Myers, 1966 and Owen et_al.,l967). Johnson and Cook (1970) reported a.

significant positive correlation coefficient of 0.65 between daily dry

matter intake and silage dry matter. Klosterman (1963) also reported

increased dry matter intake but added that feed efficiency was significantly

poorer in the more mature silage. Klosterman's results are in complete

agreement.with that presented in this study. Improvement in feed effi—

ciency for lower dry matter silages has also been reported by Fowler et_al.

(1968), Klosterman (1964),and Burroughs and Topel (1969).

Cattle fed September harvested silage produced superior carcasses

to the October and November silage fed groups. Differences in per cent.

 boneless, trimmed, retail cuts; fat thickness; per cent kidney, heart and

pelvic fat; cold carcass weight and dressing per cent were significant at

the 1% level of probability.
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Fine vs. Medium Chop Silage. Pooled results of all lots of catt1e~
 

fed fine and medium chop silage (September, October and November) are

shown in Table 20 and 21.

Cattle fed the fine chop silage gained an average of 0.09 lb. more

per day than those.fed the medium chopped silage (2.81 lb. vs 2.72 1b.).

This difference approached significance (P < 0.10). Likewise, daily dry

matter consumption was slightly greater for the fine chop fed group than

the medium chop group (2.44% of body weight daily vs. 2.39%). For all

other comparisons, differences were small and_nonsignificant.

It is apparent from examination of the data in Tables 22 and 23

that fineness of chop had little effect on cattle performance for cattle

fed the September harvested silage. However, a difference of 0.15 lb.

daily favoring fine chop existed for the October harvested silage and a.

difference of.0.09 1b. daily favoring the fine chop silage existed for

cattle fed the November harvested silage. These data indicate that fine-

ness of chop is more important in silages harvested at dry matter ranges

above 35% to 40% than silages harvested at lower dry matters.

Huber g£_al. (1966) reported no significant difference in dairy

heifer performance when silages of varying degrees of chop were fed.

Reground vs. As Ensiled Feeding. Combined results of this compari-
 

son are shown in Tables 24 and 25. Average daily gain was almost identical

for the fine chop silage when fed as ensiled and reground. However, a

small difference favoring regrinding existed in pounds of dry matter

required to produce 100 lb.of gain (680 1b. vs. 703 1b.). Likewise, no

difference existed in average daily gain for the cattle fed the medium

Chop silage when fed as ensiled and reground; but again, feed efficiency

favored the reground group (687 lb. vs. 725 1b.). Since, in both cases,
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TABLE 20

Effect of Fine vs. Medium Chopped Corn Silage

on Rate of Gain and Feed Efficiency

(January 13,1967 to July 12,1967)

 

 

 

  

180 Days on Experiment Fine Chop Medium Chop

Lot Numbers 14, 21, 15 20, 22, 23

17, 16, 24 19, 13, 18

No. of animals 54 54

Av. initial weight, lbs. 538 538

Av. final weight, lbs. 1044 1028

Av. daily gain, lbs. 2.81 2.72

Av. daily ration, lbs.

Corn silage fed 23.33 23.69

Corn silage consumed l 23.08 23.15

85% DM shelled corn 7.18 7.02

Protein supplement 0.97 0.98

TOTAL 85% DM basis 19.29 18.69

Feed consumed per.cwtl gain, lbs.

TOTAL 85% DM basis 686 687

Daily feed consumed per 100 lbs. body

weight, lbs.

TOTAL 85% DM basis 2.44 2.39

Concentrates 2 1.03 1.02

Roughage, 1.41 1.37

ConcentratezRoughage Ratio 3 66:34 66:34

Feed cost per cwtl gain 4 $11.57 $11.67

Selling price per cwt. $25.39 $25.34  

 

  

 

1 Corn silage consumed — does not include the portion of- silage fed which

was refused by the Steers.

2 Does not contain grain content of corn silage.

3 Does contain grain content of corn silage.

4 Feed prices used: Corn silage — $7.50 per ton on 30% DM basis;

Shelled corn — $1. 20 per bushel; MSU— 64 supplement — $5.50 per cwt.

Values with no subscript or having the same subscript are not significantly

different. A: (P < .01), a =  03<1 05)
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TABLEIZl

Effect of Fine vs. Medium Chopped Corn Silage.

on CarcaSS Quality

(January 13, 1967 to July 12, 1967)

 

 

   

180 Days on Experiment Fine Chop Medium Chop

Lot Numbers 14, 21, 15 20, 22, 23

17, 16, 24 19, 13, 18

Carcass evaluation:

Carcass grade 5 12.14 11.92

Marbling score 6 15.34 15.02

Fat thickness, 13th rib, inchesr 0.76 0.72

Rib eye area, sq. inches 11.64 11.56

% Kidney, heart and pelvic fat 2.67 2.61

Cutability 7 48.71, 49.03

Cold carcass weight, lbs. 604 594

Dressing per cent 57.71 57.69

CarcaSs price per cwt.I $44.00 $43.82

 
  

16 = Prime.

= Slightly Abundant.

7 Per cent boneless, trimmed; retail cuts.

different A = (P <. 01), a = (P

 

6 Marbling values: 11 = Slight; 14 = Small; 17 = Modest; 20

5 Carcass grade values: 7 = Standard; 10 = Good; 13 = Choice;

Values with no subscript or having the same subscript are not significantly

< 05)

= Moderate;
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TABLE 22

Effect of Fine vs. Medium Chopped Corn Silage

Withianarvest Dates

on Rate of Gain and Feed Efficiency

(January 13, 1967 to July 12, 1967)

 

 

 

 

       

180 Days on Experiment Sept. Oct. Nov

Fine Medium Fine Medium Fine Medium

Lot Numbers 14, 21 20, 22 15, 17 23, 19 16, 24 13, 18

No. of animals 18 18 18 18 18 18

Av. initial wt., lbs. 539 538 539 538 538 539

Av. final wt., lbs. 1057 1049 1038 1011 1038 1024

Av. daily gain, lbs. 2.89 2.85 2.78 2.63 2.78 2.69

Av. daily ration, lbs.

Corn silage fed 33.18 33.05 19.39 19.70 17.41 18.24

Corn silage con—

sumed l 33.00 32.71 19.18 19.29 17.06 17.46

85% DM shelled corn 7.34 7.18 7.127 7.04 7.08 6.84

Protein supplement 0.99 0.99 0.98 0.98 0.96 0.97

TOTAL 85% DM basis 19.45 18.50 18.97 18.45 19.46 19.11,

Feed consumed per cwt. \

Igain, lbs.

TOTAL 85% DM basis 678 650 689 703 702 710

Daily feed consumed per

100 lbs. body wt., lbs.

TOTAL 85% DM basis 2.44 2.33 2.41 2.38 2.47 2.45

Concentrates 2 1.05 1.03 1.03 1.03 1.02 1.00

Roughage 1.40 1.30 1.38 1.35 1.45 1.45

ConcentratezRoughage

Ratio 3 ‘ 66:34 67:33 66:34 66:34 65:35 65:35

Feed cost per cwt. gain4 $11.42 $11.17 $11.59 $12.02 $11.74 $11.84

Selling price per cwt. $25.99 $25.90 $25.17 $25.14 $24.92 $24.96

 

 
 

1 Corn silage consumed — does not include the portion of silage fed which

was refused by the steers. .

2 Does not contain grain content of corn Silage.

3 Does contain grain content of cor

Corn silage —

corn - $1.20 per bushel; MSU-64 supplemen

4 Feed prices used:

n silage. .

$7.50 per ton on 30% DM ba51s; Shelled

t - $5.50 per cwt.

Values with no subscript or having the same subscript are not significantly

different. A = (P< .01), a = (jP< .05)-
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TABLE 23

Effect of Fine vs. Medium Chopped Corn Silage,

Within Harvest Dates

on Carcass Quality

(January 13, 1967 to July 12, 1967)

 

 

 

 

 

       

180 Days on Experiment Sept. Oct. Nov

Fine Medium Fine Medium Fine Medium

Lot Numbers 14, 21 20, 22 15, 17 23, 19 16, 24 13, 18

Carcass evaluation:

Carcass grade 5 12.57 12.37 11.94 11.86 11.77 11.67

Marbling score 6 16.19 15.91 15.06 14.92 14.55 14.45

Fat thickness, 13th i

rib, inches ‘ 0.81 0.87 0.77 0.67 0.66 0.66

Rib eye area, sq. ‘

inches 11.85 11.55 11.48 11.40 12.19 12.33

% Kidney, heart, and

pelvic fat 2.94 2'94! 2.50 2.48 2.46 2.50

Cutability 7 48.27 47.81 49.08 49.03 49.63 49.54

Cold carcass wt.,

lbs. 625 621 . 594 579 592 582

Dressing per cent 58.77 58.7l~ 57.33 57.49 56.90 57.02

Carcass price $44.22 $44.12;I $43.91 $43.73 $43.79 $43.77

 

5

6

7 Per cent boneless, trimmed, retail cuts.

Carcass grade values :

11 = Slight; 14 = Small; 17 = Modest; 20 = Moderate;Marbling values:

7 = Standard; 10 = Good; 13 = Choice; 16 = Prime.

23 = Slightly Abundant.

Values with no subscript or having the same subscript are not significantly

different. A = (P (.01), a = (P< .05).
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TABLE 24

Effect of As Ensiled vs. RegrindiIng of Corn Silage

on Rate ofGain and Feed Efficiency

 

 

 

 
 

 
 

    

(January 13,1967 to July 12,1967)

180 Days on Experiment Fine Ch0p Medium Chop

As Ensiled Reground As Ensiled. Reground

Lot Numbers 15 a 16 17 6 24 23 8 13 19 G 18

No. of animals 18 18 18 18

Av. initial weight, lbs. 539 537 538 539

Av. final weight, lbs. 1037 1039 1017 1018

Av. daily gain, lbs. 2.77 2.79 2.66 2.66

Av. daily ration, lbs.

Corn silage fed 18.68 18.12 19.63 18.40

Corn silage consumed l 18.25- 17.91 18.58 18.17

85% DM shelled corn. 7.18 7.01 7.11 6.77

Protein.supplement 0.98 0.96 0.98 0.96

TOTAL 85% DM basis 19.47 18.96 19.29 18.28

Feed consumed per cwt.

Igain, lbs.

TOTAL 85% DM basis 703 680 725 687

Daily feed consumed per

100 lbs. body weight, lbs.

TOTAL 85% DM basis 2.47 2.40 2.48 2.35

Concentrates 2 1.03 1.01 1.04 0.99

Roughage 1.44 1.39 1.44 1.36

ConcentratezRoughage,

Ratio 3 65:35 65:35 65:35 65:35

Feed cost per cwt. gain 4 $11.82_ $11.44 $12.21 $11.64

Selling price per cwt. $25.25 $25.53 $25.28 $25.28

 

  
1 Corn silage consumed — does not include the portion of silage fed which

was refused by the steers.

2 Does not contain grain content of corn silage

(
N

Does contain grain content of corn silage.

4 Feed prices used: Corn silage — $7. 50 per ton on 30% DM basis; Shelled

corn — $1.20 per bushel, MSU— 64 supplement - $5. 50 per cwt. _

Values with no subscript or having the same subscript are not significantly

different. A: (P 4" .01), a (P ‘1.05).
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TABLE 25

Effect of As Ensiled vs. Regrinding of Corn Silage

.on Carcass Quality

(January 13, 1967 to July 12, 1967)

 

 

 

 

180 Days on Experiment Fine Chop Medium Chop

As Ensiled Reground As Ensiled Reground

Lot Numbers 15 8 16 17 8 24 23 G 13 19 a 18

Carcass evaluation:

Carcass grade 5 12.28 12.00 11.88 11.96

Marbling score 6 15.65 15.03 15.17 14.87

Fat thickness, 13th

rib, inches 0.73 0.79, 0.67 0.77

Rib eye area, sq. _

inches 11.52 11.76 11.46 11.66

% Kidney, heart and

pelvic fat 2.75 2.59 2.61 2.61

Cutability 7 48.76 48.67 49.10 48.80

Cold carcass weight,

lbs. ‘ 609 609 592 596

Dressing per cent. 57.33 58.09 57.63 57.75

Carcass price $44.05 $43.95 $43.87 $43.77    

 
  

5 Carcass grade values: 7 = Standard; 10 = Good; 13 = Choice: 16 = Prime.

6 Marbling values: 11 = Slight; 14 = Small; 17 = Modest; 20 = Moderate;

23 = Slightly Abundant '

7 Per cent boneless, trimmed, retail cuts.

Values with no subscript or having the same subscript are not significantly

different A = (-P< .01), a = (jP< .05).
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feeding reground silage was-more.efficient than feeding as ensiled silage,

it would imply that the differences were due to a difference in physical

particle size, rather than a difference in fermentation.

Experiment 3 — Feeding Trial 2 

Table 26 shows the weather conditions during the harvest period.

There was no frost prior to the September 18, 1967 harvest date. Between

September 22 (conclusion of the September harvest) and October 2 (beginning

of the October harvest) a light frost was encountered on September 23

(320 F) followed by high winds on September 26 (18 mph). On October 1,

the day prior to harvest, a second light frost was encountered (320 F).

Visual observation showed the plant to have suffered little discoloration

and no loss.of leaves. Between October 3 (conclusion of the second harvest)

and October 19 (beginning of the third harvest) no high winds and only one  fairly heavy frost on October 19 were encountered. The corn plant retained_

approximately 30% of its green color and about 90% of the leaves were still

attached to the plant. The amount of frost and loss of leaves occurring

prior to October 19 was negligible in comparison with results obtained in

the 1966 harvest and_reported previously.

Characterization of silage used in this trial is shown in Tables 27

and 28. The September harvested silage averaged 30.7% dry matter and the

October harvested silage averaged 43.3% dry matter. As in the previous

exPeriment, the dry matter was lower in the medium chop than in the fine

chop. This substantiates the previous finding that more water evaporated

from the finely chopped material between ch0pping and sampling. All other 
parameters shown in Tables 27, 28, and 29 are similar to and trends are

of the same magnitude as reported in Experiments 1 and 2. A decrease in
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TABLE 26

Weather Data During 1967 Harvest 1

 

 

 

 

Days Temperature Dropped Wind

Below Freezing

Date-2 Temperature Duggggflgggiod

Sept. 23 32°

Sept. 26 18.0

Oct. 1 32° .

Oct. 19 31°

Oct. 20 30°

Oct. 21 29°

Oct. 22 23°     
1 Weather data reported as recorded at the U. S. Weather Bureau,

Capital City Airport, Lansing, Michigan.

2 Dates not listed are days during which the temperature did not

fall below freezing. '
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TABLE 29

Mean.Silage Parameters Relating Fresh and Ensiled Material,

Used in Experiment 3 — Feeding Trial 2

 

 

  
 

     

 

 

 

      

September October

Fresh Ensiled, Change Fresh Ensiled Change,

% Dry Matter 30.70 43°30

pH 5.70 3.74 5.22 4.00

All values expressed on a dry matter basis

% Lactic Acid 0 5.35 0 2.90

% Acetic Acid 0 1.98 0 0.82

Nitrogen

fractionization_

% Total Nitrogen 1.44 1.22 1.61 1.24

% Crude Protein

(N x 6.25) 9.00 7.50 10.06 7.75

% Water Soluble N 0.357 0.522 +146.22% 0.222 0.507 +228.38%

as % of Total N 24.79 42.79 13.79 40.89

% Water Insoluble N

(by difference) 1.083 0.698 1.388 0.733

as % of Total N 75.21 57.21 86.21 59.11

% Soluble NPN 0.176 0.393 +223.30% 0.201 0.379 +188.S6%

as % of Total N 12.22 32.21. 12.48 30.56

as % of Water

Soluble N 49.30 75.29 90.54 74.75

% NH - N 0.013 0.052 +400;00% 0.016 0.056 +350.00%

as % of NPN 7.38 13.23 7.96 14.78   
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total nitrogen was not exPerienced in these harvests as was the case in

Experiment.2, both differing from results obtained in Experiment 1.

Dry Matter Yield per Acre and Silo Storage Capacity. Average per
 

cent dry matter of the silage and dry matter yield per acre for each

harvest date are shown in Table 30. Dry matter yield per acre increased

4.0% (5.64 tons vs. 5.86 tons) between the September 18 and October 3

harvests and decreased 6.1% (5.86 tons vs. 5.56 tons) between the October 3

and October 19 harvest. These results are consistent with results obtained

during the 1966 harvest and reported previously in Experiment 2. As con-

cluded by Huber e£_al. (1968), corn silage dry matter yield per acre

appears to be maximized at about 35% dry matter and little is to be gained

by purposely delaying harvest beyond this point.

The effect of stage of maturity and‘fineness of ch0p on silo storage

capacity is shown in Table 31.

The length.of time needed to fill each silo varied slightly, due

to weather conditions, available labor, etc. For the mid—September har-

vest, the silo filled with fine chop silage required two days, whereas

three days were required to fill the silo with medium chop silage. In

mid-October, one day and two days were required for filling the silos with

fine and medium chop silages, respectively. In no case were silos refilled

after initial filling. These time periods are presented due to the pos—

sible effect of filling time on the silo storage capacity.

Dry matter stored per cubic foot Of-silo capacity was increased

5.56% (11.93 1b. vs. 12.16 1b.) by delaying harvest from mid¢September

(30.7% dry matter) to mid-October @3.3% dry matter). These.resu1ts do not

agree with results obtained in Experiment 2 where dry matter stored per
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TABLE 30

Effect of-Stage of Maturity on Dry Matter Yield Per Acre

 

Harvest Degree Per cent Tons/Acre % Change From

Date Of Chop DM Sept..18

100% DM 30% DM

 

 

 

Sept. 18—22 Fine

 

 
Medium

Combined 30.7% 5.64T 18.8

Oct. 2-4 1 Fine 34.7% 5.86T 19.5 +4.0%

Oct. 19—21 Fine 46.3%

Medium 40.3%

Combined 43.3% 5.56T 18.5 —1.4% 5       

 

1 Harvested for Dairy Department 1

l

l
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TABLE 31

Effect of Stage of Maturity and Fineness of Chop

on Silo Storage Requirements

 

 

 

 

 

De ree o/ Lbs. Of DM, 04: Chan e

Harvest ' 5f 0M per cu. ft. between.gfine. % Change From

Date Chop of silo 8 medium chop Sept. 18

Mid—September

Silo 3 Fine 31.1% 12.32

8110 4 Medium 30.2%, 11.55

Average 30.7% 11.93 —6.25%

Mid—October

Silo 1 Fine 46.3% 13.15

Silo 2 Medium 40.3% 12.13

Average 43.3% 12.64 -7.77% +5.56%       
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cubic foot of $110 capacity was reduced 11% by delaying harvest from mid—

September (28% dry matter) to mideOCtober (48% dry matter) and further

reduced 7% by delaying harvest to mid—November (60% dry matter). This

discrepancy may be partially explained by the 1966 harvest requiring one

day to.fill each silo and the 1967 harvest requiring two to three days to

fill each silo, and thus allowing more time for settling and compaction

while filling. A

The_September harvested fine chop was 6.25% higher than the coarse

chop in pounds of dry matter stored per cubic foot (12.32_1b. vs. 11.55 1b.).

The same trend continued in the October harvest (a 7.77% advantage with the

fine chop) due to the greater compaction of the finer chopped material

(13.15 1b. vs. 12.13 lb. per cubic foot). These results are in agreement

with similar results obtained during the 1966 harvest.

Mid—September vs. Mid—October Harvested Corn Silage. Pooled results

of the effect of harvest date on rate of gain, feed efficiency and carcass

quality are shown in Tables 32 and 33.. Complete_performance of all lots 1

are shown in Appendix III. Cattle_fed mid-September harvested silage

.gained significantly (P < .05) faster than cattle fed mid-October harvested

silage (2.58 lb. vs. 2.46 1b.). Their higher rate of gain coupled with a

slightly lower daily dry matter consumption (17.27 lb. vs. 17.62 1b.),

resulted in a substantially lower feed requirement per cwt. of gain

(660 1b. vs. 716 1b.). These factors were the basis for the lower cost of

.gain shown for cattle fed the mideSeptember harvested silage ($11.58 vs.

$12.39 per.cwt, gain). A11 carcass traits favored the cattle fed the

September harvested silage; however, these differences were sma11_and non—

significant. These results are in complete agreement with the results

previously reported in Experiment 2.
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TABLE 32

Effect of September vs. October Harvested Corn Silage

on Rate of Gain and Feed Efficiency I

(November 17, 1967 to July 1, 1968) l

 

 

  

 

 

 

 

September October

214 Days on Experiment. Harvest Harvest

1, 2, 8, 9, 3, 4, 5, 6,

Lot Numbers 10, 12, 7, ll,

14, 15 13, 16

No. of animals 64 64

Av. initial weight, lbs. 478 478

Av. final weight, lbs. 1031 1004

Av daily gain, lbs. 2.58a 2.46

Av. daily ration, lbs.

Corn silage fed 38.64 28.23

85% DM shelled corn 3.11 3.11

Protein supplement 0.98 0.98

TOTAL 85% DM basis 17.27 17.62

Feed consumed per 100 lbs.

‘gain, lbs. 669 716

Daily feed consumed per 100 lbs.

body weight, lbs.

TOTAL 85% DM basis 2.29 2.38

Concentrates 2 1.24 1.28

Roughage 1.05 1.10

Concentrate:Roughage Ratio 3 24:76 23:77

Feed cost per 100 lbs. gain 4 $11.50 $12.39

Live selling price per cwt. $25.30 1 $24.32

 

 

1 Performance data includes all animals in the treatment, whereas car—

cass data includes a random slaughter of one—half of the animals.

N Does not contain grain content of corn silage.

3 Does contain grain content of corn silage.

4 Feed prices used: Corn silage - $7.50 per ton on 30% DM basis;

Shelled corn — $1.20 per bushel; MSU—64 supplement - $5.50 per cwt.

Values with no subscript or having the same subscript are not signifi—

cantly different. A = (P < -011, a (P4 .05).
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TABLE 33

Effect of September vs. October Harvested Corn Silage

on Carcass Qualit

(November 17, 1967 to July 1, 1968)

 

 

 

 
 

 

214 Days on Experiment September October

Harvest. Harvest

Lot Numbers 1, 2, 8, 9, 3, 4, 5, 6,

10, 12 7, 11,

14, 15 l3, l6

Carcass evaluation

No. of animals 32 32

Carcass grade 5 11.34 10.88

Marbling score 6 . 14.19 14.19

Fat thickness, 13th rib, inches 0.60 0.72

Ribeye area, sq. inches 11.18 11.02

% Kidney, heart and pelvic fat. 1.92 1.61

Cutability 7 49.65 49.15 .

Cold carcass weight, lbs. 605 587

Dressing per cent 58.50 56.64

CarcaSs price per.cwt. $43.25 $42.94

Beef produced per acre of corn fed, lbs. 1667 1558

Gross returns per acre of corn fed $422.00 $377.00   
5 Carcass grade values: 7 = Standard; 10 = Good; 13 = Choice;

16 = Prime

6 Marbling values: 11 = Slight; 14 = Small; 17 = Modest; 20 = Moderate;

23 = Slightly Abundant

7 Per cent boneless, trimmed, retail cuts

Values with no subscript or having the same subscript are not significantly

different. A =_(P 4 .01), a = (P < .05)._ \
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Fine vs. Medium Chop Silage. Pooled results of all fine and medium
 

chop comparisons (September and October combined) are shown in Tables 34

and 35.

Cattle fed fine chop silage gained at a slightly faster rate than

cattle fed medium chopped silage (2.55 lb. vs. 2.50 lb. daily). Likewise,

dry matter consumption was slightly greater for the fine chop silage fed

‘group than the medium chop silage fed group (2.39% of body weight daily

vs. 2.28%). The cattle fed the fine chop silage produced significantly

higher grading carcasses (11.41 vs. 10.81) which resulted in a significantly

(P < .05) higher carcass price ($43.30 Vs. $42.89 per cwt.). For all other

comparisons, differences were small and nonsignificant.. Again, results are

in agreement with results reported in Experiment 2.

Experiment 4 — Metabolic Study

Rumen pH and VFA Concentrations. Results of this comparison are

shown in Table 36.

Neither stage of maturity nor fineness of chop significantly influ—

enced mean rumenva (Table 36). The mean rumen pH for the September

harvested silage was 6.12 and for the October harvest, 6.17. The fine

Chopped silage produced a mean rumen pH of 6.16 while the medium chopped

silage produced a mean of 6.13.

Rumen pH is primarily due to the concentration of volatile fatty

acids in the rumen, which can occur either by ingestion of feedstuffs con-

taining volatile fatty acids or from rumen microbial fermentation. Rumen

pH values for the sheep fed these silages relative to time after feeding

(Table 36) exhibit a norma1.pattern (Fenner at al., 1967) of decreased pH

during active fermentation up to two hours postfeeding and then increased

PH as fermentation declines by six hours.  
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TABLE 34

Effect of Fine vs. Medium Chopped Corn Silage

on Rate of Gain and Feed.Efficiency .

(November 17, 1967 to July 1, 1968) 1

 

 

 

 

Fine Medium

214 Days on Experiment Chop Chop i

2, 3, 7, 10, 1, 4, 5, .

Lot Numbers 11, 12 6, 8, 9,

14, 16 13, 15

No. of animals 64 64

Av. initial weight, lbs. 477 479

Av. final weight, lbs. 1022 1014

Av. daily gain, lbs. 2.55 2.50

Av. daily ration, lbs.

Corn silage fed 32.82 34.04

85% DM shelled corn 3.13 3.09

Protein supplement (MSU 64-670) 0.98 0.98

TOTAL 85% DM basis 17.90 16.99

Feed consumed per 100 lbsl gain, lbs.

TOTAL 85% DM basis 702 . 680

Daily feed consumed per 100 lbs.

body weight, lbs.

TOTAL 85% DM basis 2.39 2.28

Concentrates 2 1.26 1.24

Roughage 1.13 1.04

Concentrate:Roughage Ratio 3 23:77 24:76

Feed cost per 100 lbs. gain 4 $12.17 $11«80

Live selling price per cwt. $25.45 $24.17   
 

1 Performance data includes all animals in the treatment, whereas carcass

data includes a random slaughter of one—half of the animals. The

remainder were fed to heavier slaughter weights.

2 Does not contain grain content of corn silage.

3 Does contain grain content of corn silage. o _

4 Feed prices used: Corn silage — $7.50 per ton on 306 DM bas1s;

Shelled corn - $1.20 per bushel; MSU—64 supplement - $5.50 per cwt.

 
values with no subscript or having the same subscript are not significantly

different. A =‘ (p < .01). a = (P< .05).
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TABLE 35

Effect of Fine vs. Medium Chopped Corn Silage

on Carcasstuality

(November 17, 1967 to July 1, 1968)

 

 

 

 

1 Fine Medium

214 Days on Experiment ! Chop Chop

2, 3, 7, 10, 1, 4, 5,

Lot Numbers ‘ ll, 12, 6, 8, 9,

‘ 14, 16 13, 15

Carcass evaluation:

No. of animals 32 32

Carcass grade 5 11.4la 10.81

Marbling score 6 14.13 14.25

Fat thickness, 13th rib, inches- _ 0.60 0.73

Rib eye area, sq. inches 11.16 11.03

% Kidney, heart and pelvic fat 1.83 1.70

Cutability 7 49.72 49.15

Cold carcass weight, lbs. 599 593

Dressing per cent 58.78 56.36

CarcaSs price per cwt. $43.30a $42.89     

 

5 Carcass grade values: 7 = Standard; 10 = Good; 13 = Choice;

16 = Prime.

6 Marbling values: 11 = Slight; 14 = Small; 17 = Modest; 20 = Moderate;

23 = Slightly Abundant '

7 Per cent boneless, trimmed, retail cuts.

Values with no subscript or having the same subscript are not significantly

different. A = (P.< .01), a = (P.< .05).
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Mean rumen volatile fatty acid concentrations for the various.

silages fed, expressed as um.of VFA per-m1 of rumen fluid and as molar,

per cent of the total VFA, are shown in Table 37. There were no signifi—

cant differences between treatments. However, it is interesting to note,

the extremely high acetatezpropionate ratio. This high ratio is not.

readily explainable and should be the subject of further investigation.

Other authors have reported changes in this ratio due to various treat-

ments; e.g. fineness of chop (Huber gt_§l., 1966 and Miller et_al., 1968),

but none reviewed have reported ratios of this-magnitude. Mahapatro and.

Leffel (1964) working with alfalfa and sudex silages at various dry

matter levels reported that per cent of rumen acetate was lower and per

cent rumen propionate was higher when dryer.silages were fed. The reverse

effect was reported by Hawkins (1969) working with alfalfa silages.at

varying dry matter levels.

Mean volatile fatty acid concentrations.at the various sampling

times are shown in Appendix III.

Dry Matter Intake and Dry Matter Digestibility. As_shown in Table 

38, lambs fed the fine chopped silage had a significantly higher dry

matter intake than did the lambs fed the medium chopped silage (P < .05).

There was a small but nonsignificant difference in dry matter

intake favoring the dryer.silage as was the case in both feeding trials.

As mentioned previously, this trend is supported by virtually all litera-

ture reviewed .

Dry matter digestibility was not significantly different for any

of-the treatments studied (Table 38)., Thomson and Rogers.(1968) reported

differences which reduced digestibility with increasing dry matter con-

tent of silage and proposed the following regression equation:
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per cent dry matter digestibility = 71.21 — 0.14X

where.X is the dry matter of the crop being ensiled. Applying this equa—

tion to these data, dry matter digestibility of the September harvested

silage is calculated to be 66.91% and the October harvest is calculated

to be 65.15%. Dry matter digestibility was actually 65.94% and 69.15%

for the September and October harvests,respective1y. This is very good

agreement considering the degree of variability among the lambs used in

this test. Similar results have been reported by Johnson g£_al. (1965,

1968) .

Nitrogen Balance. Complete results of all nitrogen parameters

are shown.in Table 39. Virtually no difference existed in total nitrogen

retention, nitrogen retained as a per cent of nitrogen intake and_nitro-

.gen retained as a per cent of nitrogen absorbed. Thus, all silages

appeared to be equal in nitrogen utilization.. Although apparent nitrogen

digestibilities appear to be wide (50.12% vs. 55.57% for September and

October harvested silage and 48.83% vs. 57.45% for fine and medium chOpped

silages) the differences did not prove to be significantly different.

The daily nitrogen intake (gm/day),as well as differences between.

treatmentsrparallels dry matter intake. Since nitrogen content as a per

cent of dry matter did not differ greatly, this result would be expected.

Differences in fecal nitrogen (gm/day) were significant U>< .05)

for the lambs fed the fine vs. medium chopped silage (4.82 gm vs. 3.51 gm).

A difference of this magnitude would be expected due to the significant

increase in dry matter intake between the lambs fed the fine and medium

chOpped silage. There was no significant difference in fecal nitrogen.

for the lambs fed the September vs. October harvested silages.  
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Correlation Coefficients. Correlation coefficients between all

parameters.studied in the metabolic trial are shown in Appendix IV.

As shown in Appendix IV, dry matter intake was negatively correlated

with water soluble nitrogen (r =_-0.84, P < .01), water soluble nonprotein

nitrogen [r = -0.66, P<G .05) and ammonia nitrogen (r‘= -0.74, P < .05).

This would strongly indicate that these factors may be responsible, at

least in part, for the low dry matter intake experienced with high moisture

silages.v

 



 
 



 

 

v. SUMMARY _

In this dissertation, the results of four experiments are presented.

Experiment 1 - Fermentation Study. This study, utilizing experie

mental silos, involved 10 stages of corn silage maturity harvested at

weekly intervals from September 3 to November 5 (22.1% dry matter to

48.3% dry matter). At each harvest, the silage was ensiled at four pres-

sures (0, 2.5, 5 and 10 psi), and daily samples of each were analyzed.

EXperiment 2 — Feeding Trial 1. This trial involved the harvesting

of corn silage of 28.2% dry matter, 48.2% dry matter and 59.6% dry matter,

and feeding this material to steer calves in a lSO-day experiment. At

each harvest, a fine and medium chop silage was harvested to study the

effect of this parameter on silo fermentation, harvesting and animal

performance.

Experiment 3 - Feeding Trial 20 This was conducted in the same

manner as the first feeding trial, except that harvests.were made at 30.7%

dry matter and at 43.3% dry matter. The same fineness of chop parameters

were reexamined.

Experiment 4,_ Metabolic Study. This study was conducted to test

the effect of silage maturity and fineness of chop on various metabolic

parameters using eight mature fistulated lambs. Digestibility factors as

well as rumen parameters were examined.

After reviewing all data presented in experiments one.through four,

it is obvious that the extensiveness of silage fermentation is significantly

125  
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and negatively correlated with dry matter content of-the ensiled material

within the range of 22.1%-dry matter to 48.3% dry matter. Likewise,

steer performance and efficiency of silage utilization is significantly

and_negatively correlated with dry matter content of silage within the

range of.28.2% dry matter to 59.6% dry matter.

Therefore, from this relationship, it would appear that the more.

extensive the fermentation_in silages, the more improvement is seen in

animal performance. The question still remains, however, whether this

improved animal performance is due to the quality of the plant at the

lower dry matter and less mature stage of development, or if the silage

fermentation is truly an advantageous factor in animal metabolism.

Assuming that ensiling is not a form of crop improvement, but rather

a crop preservation method, then the process of fermentation should be

considered as an aid in preservation and not a means of improving the

nutritive value of the original material.

However, this fermentation should not decrease the value of the

ensiled material. The end products of this fermentation, primarily lactic

and acetic acids, are useful energy sources in the ruminant animal, and

are not lost.

It has been conclusively shown in these data that the extent of fermen—  
tation decreases as dry matter increaSes. Hence, there was noted a decrease

in lactic acid from a high of 5.82% of dry matter for the September 3 harvest

to a low of 1.27% for the November 5 harvest. Likewise, acetic acid decreased

from 1.89% of dry matter to 0.44% of dry matter for the September 3 and

November 5 harvests, respectively. These.are the major fermentation end

products responsible for.acidity of the ensiled mass which is a primary

factor in the preservation of the crop. The level of lactic acid had no
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detrimental effect on animal performance, as shown by the extremely low,

nonsignificant correlation of -O.325 relating lactic acid levels and dry

matter intake.

During an extensive fermentation, a significant degree of.proteolysis

occurs which produced relatively high levels of water soluble nitrogen and

nonprotein nitrogen. These factors were most closely related to a decreased

dry matter intake, as evidenced by the significant negative correlations

between intake and water soluble nitrogen and nonprotein nitrogen (r =

-0.842, P <’.01; r = -O.657, P < .05,respectively). Ammonia nitrogen,

although at extremely low levels, was also significantly and negatively

correlated with dry matter intake (r = -O.738, P1< .05).

It should be pointed out that nitrogen compounds added to silage

as NPN; e.g. urea, do not give the decrease in dry matter intake unless

added at extremely high levels, thereby producing an extensive fermenta-

tion (Henderson, unpublished data).

These data lead one to conclude that extensive fermentation is

advantageous as an aid in preservation and the acids produced are of

nutritive value, but some end products, namely the end products of the

protein hydrolysis,result in decreased intakes. These decreases do not

affect the efficiency of utilization of the ensiled material as shown in

the feeding trials, but can influence average daily gain if extensive

inhibition of dry matter intake occurs.

The literature suggests (section II) that the protein hydrolysis

is due to the activity of plant enzymes in the early stages of silage

fermentation. Working from the acceptance of this hypothesis, it would

be interesting to further investigate the possibility of inhibiting this

enzyme activity and, thereby, preventing the formation of these NPN compounds.  
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Mass density studies (Experiment 1) showed that when as low as 2.5

psi was applied to compress the mass,.a normal fermentation proceeded.

This was evidenced by the higher lactic acid in the silage fermented when

under pressure.

The data presented in Experiments 2 and 3 show that the harvest of

corn silage above 43% dry matter results in a reduced dry matter yield,

increased silo storage requirements, and lowered animal performance. The

reason for the decreased animal performance.on the high dry matter silages

is still not obvious. However, a possible explanation is that material

which has undergone sufficient fermentation to produce relatively high

concentrations of lactic acid results in more efficient gains. It should

be pointed out that animal performance parameters were not highly corre-

lated with lactate levels.

Hanway (1963, 1966), at the Iowa station, established that the corn.

plant has accumulated a maximum dry weight when it is approximately 35%

dry matter (Figure 20). This is confirmed by other studies in which the

maximum dry matter yield per acre was at this level (Huber et_al., 1968

and Johnson e£_al., 1963). Johnson and McClure (1968) and Johnson e£_al.

(1965) reported that maximum yield of digestible dry matter obtained was

at lower dry matter levels (28% dry matter).

The data presented in this study clearly show that dry matter

stored per cubic foot of silo space is.reduced when dry matter content

increases above approximately 31% dry matter. An average reduction of

stored silage per unit space of 1% per week was found as harvest was

delayed.

The steer performanCe reported in this study was also greatest at

the early harvests. Average daily gain was significantly higher for the
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September harvested silage in both experiments. Feed efficiency (lb.

of feed consumed per 100 cwt.) was.also in favor of the steers fed the;

early harvested cr0p.

Performance and average yield factors, as well as the fermentation,

study (Experiment 1) which indicated a more desirable preservation strongly

suggest that the delaying of harvest of corn silage beyond the 35% dry

matter range should not be recommended.

Fineness of chop had a marked influence on the benefits derived.

from the silage crop. The more finely chopped material gave a more densely

packed mass as shown by the greater number of pounds stored per cubic

foot of silo space. Moreover, feed efficiency was consistently superior

to the finely chopped material although differences were not significant.

The regrinding treatment showed that the changes in feed efficiency

were due to the fineness of chop per se, and not an altered silo fermenta-

tion. It can also be concluded from these data that the importance of

fineness of chop increases as maturity increases, or as dry matter of the

plant increases. This necessity of-having a finely chopped material at

higher dry matters is, no doubt, related to the difficulty in packing

these dryer materials.

 



 

 



 

 

BIBLIOGRAPHY

 



 

 



 

 

BIBLIOGRAPHY,

Annett, H. E. and E. J. Russel. 1907. The composition of green.maize and

of the silage produced therefrom. J. Agr. Sci. 2:382.

A.O.A.C. 1960. Official Methods of Analysis (9th ed.). Assoc. of Official

IAgr. Chemists. Washington, D. C.

Babcock, S. M. and H. L. Russell. 1900. Causes operative in the production

of silage. Univ. of Wisconsin Agr. Exp. Sta. 17th Annual Report.

No. 17, p. 123.

Barker, S. B. and W. H. Sommerson. 1941. The colorimetric determination

of lactic acid in biological determination material. J. Biol.

Chem. 1382535.

Barnett, A. J. G. 1954. Silage Fermentation. Academic Press, Inc. New York.

Bechtel, H. E. F. W. Atkenson and J. S. Hughes. 1943. Brown silage from

Atlas Sorgo — Chemical composition and apparent digestibility as

determined by feeding to dairy cows. J. Animal Sci. 2:295.

Benne, E. J. and M. Wacasey. 1961. What is happening in your silo? Mich.

State Univ. Ext. Folder F—290.

Benne, E. J. E. Linden, J. D. Grier and K. Spike. 1964. Composition of

corn plants at different stages of growth and per—acre accumulation

of essential_nutrients. Quart. Bul. 47: 69- 85.

Boyd, J. S. and R. A. Aldrich. 1959. Silo densities and capacities.

Proceedings of Mich. State Univ. Silage Conf. p. 36.

Bradstreet, R. B. 1965. The Kjeldahl Method for Organic Nitrogen.

Academic Press, Inc. New York.

 

Bratzler, J. W. 1969. Evaluation of mature corn for silage. Penn. State

Univ. A. S. BC—69—8.

Brody, C. J. 1960. Redistribution of nitrogen in grass and 1 eguminous

fodder plants during wilting and ensilage. J. Sci. Food & Agric.

11:276.

Brody, C. J. 1965. Nitrogen redistribution during ensilage at low moisture

levels. J. Sci. Food 8 Agric. 16: 508

131

 



 

 

 



 

132

Bryant, H. T., J. T. Huber and R. E. Blaser. 1965. Comparison of corn

silage harvested at the milk and medium hard dough stages of maturity

for dry matter intake, digestibility and milk production of lactating

cows. J. Dairy Sci. 48: 838 (Abstr. ).

Bryant, H. T. R. E. Blaser, R. C. Hammes, Jr. and J. T. Huber. 1966.

Evaluation of corn silage harvested at two stages of maturity.

Agronomy Journal. 58: 253- 255.

Buck, G. R. W. G. Merrill, C. E. Coppock and S. F. Slack. 1969. Effect of

recuttiIng and plant maturity on kernel passage and feeding value of

corn silage J. Dairy Sci. 52: 10: 1618.

Burroughs, W. and D. Topel. 1969. Two year summary of net energy evaluation

‘ of corn grain and corn silage of varying moisture contents when- fed

to finishing steers receiving supplements with and without stilbestrol.

Iowa State Univ. A. S Leaflet R119.

Byers, J. H. and E. E. Ormiston. 1964.

J. Dairy Sci. 47:707. (Abstr.).

Feeding value of mature corn silages.

1966.Byers, J. H. and E. E. Ormiston.

three stages of development. J.

Caldwell, D. M. and T. W. Perry. 1967.

Feeding value of corn silage made at

Dairy Sci. 49:741 (Abstr.).

Effect of time of harvest on silage,

 

digestibility. J. Animal Sci. 26:4:915.

Campling, R. C. and M. Freer. 1966. Factors affecting the voluntary intake

of food by cows. Br. J. Nutr. 20:229.

Condon, R. J. I. M. Brooks, U. S. GarrIigus, E. E. Hatfield and F. C. Hinds.

1969. Chemical characteristics of in vitro corn silages. J. IAnimal

Sci. 29: 5: 769.

Conrad, H. R., A. D. Pratt and J. W. Hibbs. 1964. Regulation of feed intake

in dairy cows. 1. Change in importance of physical and physiological

factors with increasing digestibility. J. Dairy Sci. 47:54.

Conrad, H. R. 1966. Symposium on factors influencing the voluntary intake of

herbage by ruminants: Physiological and physical factors limiting

intake. J. Animal Sci. 25:227.

Conway, E. I. 1950. Microdiffusion Analysis and Volumetric Error.

Lockwood and Son, Ltd. London.

Crosby
 

Coppock, C. E. and J. B. Stone. 1968. Corn silage in the ration of dairy

cattle: A review. New York State College of Agr: Cornell. Misc.

Bull. 89.

Crop Production,

states. Statis.

1946-65. Annual summary, acreage, yield, production by

Rept. Serv., Crop Rept. Bd., U.S.D.A., Washington, D.

 



 

 



 

 

133

Dexter, S. T., C. F. Huffman and E. J. Benne. 1959. Physical, chemical and

biological principles in silage making. Proceedings of Mich.State

Univ. Silage Conf. p. 31.

Dexter, S. T. 1961. Water retaining cdpacity of various silage additives and

silage crops under pressure. Agronomy Journal 53:379.

Dinius, D. A. D. L. Hill and C. H Noller. 1968. Influence of supplemental

acetate feediIng on the voluntary intake of cattle fed green corn

and corn silage. J. Dairy Sci. 51: 1505.

Box, A. W. and R. E. Neidig. 1912. The volatile aliphatic acids of corn

silage. Iowa Agr. Exp. Sta. Res. BulL 7.

Eckles, C. H. 0. I. Oshel, and D. M. Magruder. 1916. Silage investigation,

normal temperatures and some factors influencing the quality of

silage. Mo. IAgr. Exp. Sta. Res. Bull. 22.

Fenner, H. and H. D. Barnes, 1965. Improved method for determining dry

matter in silage. J. Dairy Sci. 48:1324.

Fenner, H., F. N. Dickinson and H. D. Barnes. 1967. Relationship of digesti—

bility and certain rumen fluid components to level of feed intake

and time of sampling after feeding. J. Dairy Sci. 50: 334.

Forbes, E. B. 1943. Penn. Agr. Exp. Sta. Bull. 453.

Fowler, M., N. Adeyanju, W. Burroughs, R. Vetter, W. F. Buchele and E. A.

Kline. 1968. Net energy evaluation of corn grain and corn silage of

varying moisture contents when fed to finishing steers receiving

supplements with and without stilbestrol. Results of Cattle Feeding

Exp. Iowa State Univ. A. S. Leaflet R107.

Gibson, T., A. C. Sterling, R. M. Kiddie and R. F. RosenbeIrger. 1958.

F. Gen. Microbiol. 19:112.

Glover, J., D. W. Duthie and M. H. French. 1956. The apparent digestibility

of crude protein by the ruminant: l. A synthesis of the results of

digestibility trials with herbage and mixed feeds. J. Agr. Sci.

48: 373.

Goering, H. K. R. W. Hemkin, N. A. Clark, and J. W. Vandersall. 1969.

Intake and digestibility of corn silIages of different maturities,

varieties and plant populations. J. Animal Sci. 29: 3: 512.

Goffart, M. A. 1877. The Ensilage of Maize, and Other Green Fodder Crops.

Trans. and Pub. by J. B. Brown. New York.

Goodrich, R. D., J. W. Engmann, H. A. Ronnevik, J. C. Meiske. 1967. What

is the best moisture content of corn silage? Minn. Beef Cattle

Feeders Day Report.

 



 

  



 

134

 

Gordon, C. H., J. C. Derbyshire and J. L. Humphrey. 1966. Effects of delayed

harvest on the yield and feeding value of corn silage. J. Dairy Sci.

49:740.

Gordon, C. H., J. C. Derbyshire and J. L. Humphrey. 1966. The value of

mature corn for silage. USDAIAgr. Res. Serv. ARS 44—176.

Gordon, C. H. 1967. Storage losses in silage as affected by moisture con—.

tent and structure. J. Dairy Sci. 50:397.

Gordon, C. H. 1967. Effects of heat on silage composition. J. Dairy Sci.

50:6:983 (Abstr.).

Gordon, C. H., J. C. Derbyshire and P. J. VanSoest. 1968. Normal and late

harvesting of corn silage. J. Dairy Sci. 51:8:1258.

Hanway, J. J. 1963. Growth stages of corn. Agronomy Journal 55:487.

Hanway, J. J. 1966. How a corn plant develops. Iowa State Univ. Spec.

Rept. No. 48.

Harvey, W. R. 1960. Least squares analysis of data with unequal subclass

numbers. USDAIAgr. Res. Serv. Pub. ARS.20-8.  Hawkins, D. R. 1969. The effect of dry matter levels.of alfalfa silage on

intake and metabolism in the ruminant. Thesis for the degree of

Ph.D. Mich. State Univ.

Henderson, H. E. 1970. Unpublished data. Mich. State Univ.

Hershberger, J. V., O. G. Bentley, J. H. Cline and W. J. Tyznik. 1956.

Formation of short—chain fatty acids from cellulose, starch and

metabolic intermediates by ovine and borine runun microorganisms.

J. Agr. and Food Chem. 4:952.

Hill, D. L. and C. H. Noller. 1963. The apparent digestibility of protein

in low moisture silages. J. Animal Sci. 22:850 (Abstr.).

Hoglund, C. R. 1964. Comparative storage losses and feeding values of

alfalfa and corn silage crops when harvested at different moisture

levels and stored in gas—tight and conventional tower silos: An

appraisal of research results. Mich. State Univ. Agr. Econ. Memo 947

Hopper, T. H. 1925. Composition and maturity of corn. North Dakota Agr.

Exp. Sta. 192.

Huber, J. T., G. C. Graff and R. W. Engel. 1965. Effect of maturity on

nutritive value of corn silage for lactating cows. J. Dairy Sci.

48:1121.

HUber, J. T., R. A. Sandy, C. N. Miller and C. E. Polan. 1966. Recut corn

silage for dairy cattle. J. Animal Sci. 25:914.



 

 



 

135

 

Huber, J. T, J. W. Thomas and R. S. Emery. 1968. ReSponse of lactating

cows fed urea— treated corn silage harvested at varying stages of

maturity. J. Dairy Sci. 51. 11: 1806.

Huffman, C F and C W. Duncan. 1954. The nutritive value of corn Silage

for milking cows. J. Dairy Sc1. 37:957.,

Huffman C F and C W. Duncan. 1959. Corn kernels in feces of dairy.0 ° ° .

cattle fed corn silage. MSU Quart. Bull. 41 3 539

Huffman, C. F. and C. W. Duncan. 1960. Chemical composition, coeff1c1ents

of digestibility and total digestible nutrient content of corn

silages. MSU Quart. Bull. 43:2:261.

1961. The relationship of total digestibleHunt R. T. and G. W. VanderNoot.

nutrients and digestible energy value of silages cut at two stages

of maturity. J. Animal Sci. 20:197. (Abstr.).

Bacteriological and chemical studies of different kindsHunter, C. A. 1921.

21:767.of silage. J.IAgr. Res.

1948 The production of rumen and abomosal fistulae in sheepJarrett, I. G.

and Ind. Res. 21:311.J. Council for Sci.

K E McClure, L. J. Johnson and E. W. KlostermanJohnson, R. R., . .

The effect of corn plant maturity and urea limestone treatment and

Beef Cattle Res. Rept. Ohio Agr. Res. G Dev.

Res. Summary 7:10.

. 1965.

silage quality.

Center. Wooster, Ohio.

K E McClure, L. J. Johnson, E. W. Klosterman and G E.

1. Changes in dry matter and

Johnson, R. R.,

. 58:151.

Triplett. 1966. Corn plant maturity.

protein distribution. Agronomy Journal

T L Balwani, L. J. Johnson, K. E. McClure and B AJohnson, R. R. ,

Dehority. 1966a. Corn plant maturity. II. Effect of in vitro

cellulose digestibility and soluble carbohydrate content.J. Animal

Sci. 25: 617.

K. E. McClure, E. W. Klosterman and L. J. Johnson. 1967.Johnson, R. R.

Corn plant maturity. III. Distribution of nitrogen in corn silage

treated with limestone, urea and diammonium phosphate. J. Animal

Sci. 26. 394.

Johnson, R. R. and K. E. McClure. 1968. Corn plant maturity. IV. Effects

on digestibility of corn silage in sheep. J. Animal Sc1 27:535.

1970. Con-Johnston, W. E., G. W. Brandt, C. C. Brannon and W. C. Cook.

sumption of corn silage dry matter by bred heifers and its corre-

lation With subsequent first—lactation production. J. Dairy Sci.

53:2:215.

 



 

 



 

 

136

Kearney, P. C. and W. K. Kennedy. Relationship between losses of fermentable

sugars and changes in organic acids of silage. Agronomy Journal 54:114.

Kempton, A. C. 1958. Bacterial, biochemical and environmental interrelations

in fresh and ensiled forages. Mich. State Univ. Ph.D. thesis.

King, F. H. 1900. Silage and the construction of modern silos. Wisconsin

IAgr. Exp. Sta. Bull. No. 83. _

Klosterman, E. W., R. R. Johnson, H. W. Scott, A. L. Maxon and J. VanStovern.

1960. Whole plant and ground ear corn silages, their acid content,

feeding value and digestibility. J. Animal Sci. 19:2:522.

Klosterman, E. W., R. R. Johnson, V. R. Cahill and P. Althouse. 1963. Effect

of stage of maturity upon the feeding value of corn silage and the

effect upon carcass quality of feeding silage at different stages of

growth and fattening cattle. Report of Beef Cattle Res. Ohio. Agr.

‘ Exp. Sta. Wooster, Ohio. 131 14.

Klosterman, E. W., R. R. Johnson and V. R. Cahill. 1964. Effect of stage

of maturity upon the feeding value of corn silage for growing.

fattening cattle. Report of Beef Cattle Res. Ohio Agr. Exp. Sta.

Wooster, Ohio. 134. '

Kolari, O. E., A. L. Harvey, J. C. Meiske and W. J. Aunan. 1963. Regular-

chop vs. flail—chop corn silage fed with linseed oil meal or a urea

protein supplement and the Value of sulphur in cattle rations. Beef

Cattle Grasslands Field Day Report. Univ. of Minn.

Kuhlman, J. W. and F. G. Owen. 1962. Effect of stage of maturity on the

digestibility of sorghum silages. J. Dairy Sci. 45:666. (Abstr.).

Mahapatro, B. B. and E. C. Leffel. 1964. Effects of forage moisture content

upon intake and VFA production in sheep. J. Animal Sci. 23:883.

Marshall, S. P., A. J. Norden, I. J. Ross and J. M. Myers. 1966. Effect of

maturity and ensiling procedure on feeding value of sorghum silage.

J. Animal Sci. 49:448. (Abstr.).

McCullough, M. E. 1969. Optimum Feeding of Dairy Animals. Univ. of Georgia

Press. Athens.

McDonald, P. and W. A. Dewar. 1960. Determination of dry matter and volatiles

in silage. J. Sci. Food 6 Agric. 10:566.

McLean, W. 1941. Note on the significance of the pH determination in the

evaluation of quality of silages. J. of Agr. Sci. 31:518.

Miller, C. N., C. F. Polan, R. A. Sandy and J. T. Huber. 1968. Three

physical forms of corn silage as the only forage for lactating

cows. J. Dairy Sci. 51:4:625. (Abstr.).

 

 



 

 



 

 

137

Miller, W. J. and C. M. Clifton. 1965. Factors affecting seepage losses in

silage preservation. J. Dairy Sci. 48:838. (Abstr.).

Murdock, J. C. 1954. Seepage from silos. Agriculture 61:224.

Nevens, W. B. 1933. Types of varieties of corn for silage. Univ. of 111.

IAgr. Exp. Sta. Bull. 391:67.

Nevens, W. B. and G. H. Duncan. 1942. Yields of corn hybrids harvested

for silage (and methods to determine best time for harvest). Univ.

of I11. Agr. Exp. Sta. Bull. 494:387.

Nevens, W. B. and G. H. Duncan. 1949. Yields of corn hybrids harvested

for silage. Univ. of Ill. Agr. Exp. Sta. Bull. 533:367.

Nevens, W. B. 1951. Making high quality silage for dairy cattle. Univ. of_

111. Ext. Serv. Circ. 686.

Nevens, W. B. K. E. Harshbarger, R. W. Touchberry and G. H. Duncan.

1954. The ear and leaf- stalk contents of corn forage as factors in

silage evaluation. J. Dairy Sci. 37: 1088.

Nevens, W. B., K. E. Harshbarger, R. W. Touchberry and G. H. Duncan.

1954. A method for estimating the money value of corn silage.

Univ. of I11. Agr. Exp. Sta. Bull. 576.

Nicholson, J. W. G. and H. M. Cunningham. 1964. Addition of limestone to

immature corn and grass silage. J. Animal Sci. 23:1072.

Noller, C. H. J. E. Warner, T. S. Rumsey and O. L. Hill. 1963. Comparative

digestibilities and intakes of green corn and corn silIages with

advancing maturity. J. Animal Sci. 22: 4: 1135. (Abstr. ).

Owen, F. G. and O. J. Webster. 1958. Effect of stage of maturity on the

chemical characteristic and subjective score of sorghum silages.

J. Animal Sci. 17:1210. (Abstr.).

Owen, F. G. 1962. Effect of stage of maturity on the nutritiVe value of

atlas sorghum silage for lactating dairy cows. J. Dairy Sci. 45:625.

Owen, F. G. 1967. Factors affecting nutritive value of corn and sorghum

silage. J. Dairy Sci. 50:404.

Owens, F. N., J. C. Meiske and R. D. Goodrich. 1968. The influence of urea

or limestone additions on fermentation and feeding value of the

ensiled corn plant. (Zea. Mays). Proc. of Minn. Nutr. Conf. p. 31.

Owens, M. J. , N. A. Jorgensen, G. P. Mohanty and H. H. Voelker. 1967.

Feeding value of high dry matter corn silage. J. Dairy Sci.

50: 983. (Abstr. ).

 





 

 

138

Owens, M. J. , N. A. Jorgensen, and H. H. Voelker. 1968. Feeding value of

high dry matter corn silage for dairy cattle. J. Dairy Sci. 51:12:

1942

Perkins, A. E. 1943. Dry matter determinations in green plant material and

in silage. J. Dairy Sci. 26:545.

Perry, T. W., M. T. Mohler and W. M. Besson. 1961. The comparative value

of mature and over--mature corn silage, alfalfa hay, two types of

alfalfa haylage and alfalfa silage for growing beef calves.

Purdue Univ. Mimeo AS— 292.

Perry, T. W., W. M. Besson, and M. T. Mohler. 1967. Two types of low-

moisture silage fed with three levels of corn and three levels of

protein supplement to beef steers. J. Animal Sci. 26:110.

Perry, T. W., D. M. Caldwell, J. R. Reidal and C. B. Knodt. 1968. Stage of

maturity of corn at time of harvest for silage and yield of digestible

nutrients. J. Dairy Sci. 51:5:799.

Peterson, W. H., E. G. Hastings and E. B. Fred. 1925. A study of the

principal changes which take place in the making of silage. Univ.

of Wisc.IAgr. Exp. Sta. Bull. 61.

Reedal, J. R. and C. B. Knodt. 1967. Effect of date of harvest of corn on the

per hectare production of dry matter of the total plants, grains and

ears. A. O. Smith Harvestore Prod. Inc., Arlington Heights, Illinois.

Russel, E. J. 1907. The chemical changes taking place during the ensilage

of maize. J.IAgr. Sci. 2:392.

Salsbury, R. L. R. E. Mather and C. B. Bender. 1949. Various carbohydrates

as energy sources for some mixed cultures or silage organisms. J.

Dairy Sci. 32: 901.

Schaadt, H. and R. R. Johnson. 1968. Effects of maturity, fermentation time,

and limestone and urea treatments on D(—) and L(+) lactic acid in

corn silage. J. Dairy Sci. 51:5:802.

Senel, S. H. and F. G. Owen. 1966. Relation of dietary acetate and lactates

to dry matter intake and volatile fatty acid metabolism. J. Dairy

Sci. 49:1075.

Shaw, A. 0., W. S. Golding and U. S. Ashworth. 1951. Influence of tempera-

ture and atmosphere on silage preservation. J. Dairy Sci. 34:494.

Snedecor, G. W. 1946. Statistical Methods. Iowa State College Press,

Ames, Iowa.

Sprague, M. A. and L. Leparulo. 1965. Losses during storage and digestibility

of different crops and silage. Agronomy Journal. 47:425

 

 

 



 

   



 

 

139

Thomas, J. W., L. A. Moore, M. Okamoto and J. F. Sykes. 1961. A study of

factors affecting rate of intake of heifers fed silage. J. Dairy

Sci. 44:1471.

Thomson, A. J. and N. H. Rogers. 1968. Yield and quality components in

maize grown for silage. J.IAgr. Sci. 71:391.

Watson, S. J. and M. J. Nash, 1960. The Conservation of Grass and Forage

Crops. Oliver and Boyd. London.

 

White, G. C. and R. E. Johnson. 1929. Relative feeding values of the dry

matter of different types of silage corn ensiled at different

stages of maturity. Conn. Agr. Exp. Sta. Bull. 159.

Woodman, H. E. and A. Amos. 1924. Further investigations into the changes

which occur during the ensilage of a green chop. J. ofIAgr. Sci.

14:99.

Yu, W. W., J. S. Boyd and J. Menear. Silage pressure in large diameter

silo. 1963 Proceedings of the Am. Soc. of Agr. Eng. Paper 36—427.

Zimmerman, J. E., A. L. Newmann, F. C. Hinds and P. E. Lamb. 1965. Effect

of stage of maturity and type of storage on feeding value of corn

silage. III. Cattle Feeder Day. p. 13.

-
1
‘
1
'
1
“

.
.
3
-

.
.
.
.
.
.
,

 
 

 



 

 



 

 

APPENDIX I

SAMPLE'CALCULATION

 

 



 

 



SAMPLE CALCULATION

Experiment l'— Silage Fermentation Study

Silage Dry Matter

Analysis of Variance

Approximate Level
Source d.f. Mean Square ‘ F of Significance

Harvest date 9 277.5486 70.7312 <0.0005

Pressure 3 11.6683 2.9736 0.049

Error 27 3.9240

Total 39

3.924
Standard Error = J _—10-'= 0.627

Duncan New Multiple Range on Pressures

Critical values (p < .01) 2.45 2.55 2.62

(194.05) 1.82 1.90 1.96

p = 2 P = 3 p = 4

 

Ranked means: 33.74 1.46

32.28 0.22 1.68

32.06 0.93 1.15 2.61*

31.13
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DESIGN OF EXPERIMENTS'
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APPENDIX 11 - TABLE 1

Experiment 1 — Feeding Trial 1; Design of Experiment

(3 x 2 x 2 Factorial Design:

12 lots of cattle of 9 head each

= 108 steers.)

 

 

Lot No. Harvest Date Degree of Chop Preparation of Feeding

14 September 15-16 Fine as ensiled

21 September 15-16 Fine as ensiled

20 September 13-14 Coarse as ensiled

22 September 13-14 Coarse as ensiled

15 October 17—18 Fine as ensiled

17 October 17-18 Fine reground

23 October 19-20 Coarse as ensiled :

19 October 19-20 Coarse reground j

16 November 15 Fine as ensiled

24 November 15 Fine reground

13 November 14 Coarse as ensiled

18 November 14 Coarse reground
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APPENDIX 11 — TABLE 2

Experiment 2 - Feeding Trial II; Design of Experiment ‘

(2 x 2 x 2 Replicated Factorial Design:

16 lots of cattle of 8 head.each

= 128 steers.)

  
Lot No. Harvest Date Degree of ChopI Concentrate Level

2 Mid-September, 31% DM Fine 0%

14 Mid-September, 31% DM Fine 0%

10 Mid—September, 31% DM Fine 1%

12 Mid—September, 31% DM Fine 1%

8 Mid—September, 30% DM Medium 0%

15 Mid-September, 30% DM Medium 0%

1 Mid-September, 30% DM Medium 1%

9 Mid—September, 30% DM Medium 1%

ll Mid-October, 46% DM Fine 0%

7 Mid—October, 46% DM Fine 0%

3 Mid—October, 46% DM Fine 1%

l6 Mid—October, 46% DM Fine 1%

4 Mid—October, 40% DM Medium 0%

5 Mid—October, 40% DM Medium 0%

6 Mid—October, 40% DM Medium 1%

.
_
a

o
\
°

13 Mid—October, 40% DM Medium
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APPENDIX 11 - TABLE 3

Metabolic Study; Design of-Experiment

(2 x 2 Replicated Factorial Design:

8 mature wether lambs)

 

Metabolic

Body Size 1

Lamb No. (Kg. 314) Silo No. Maturity Degree of Chop

20 15.3 3 Sept. (32.1% DM) Fine

22 ' 12.6 3 Sept. (32.1% DM) Fine

23 14.8 1. Oct. (51.3% DM) Fine

25 11.9 2 Oct. (38.8% DM) Medium

30 12.6 4 Sept..(29.8% DM) Medium

33 13.4 4 Sept. (29.8% DM) Medium

34 13.0 1 Oct. (51.3% DM) Pine

35 11.9 2 Oct. (38.8% DM) Medium

1Fine = 3/8-inch chop.

Medium = 1/2-inch to 3/4—inch ch0p.
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APPENDIX III - TABLE 1a

Effect of Stage of Maturity and Fineness of Chop

on Beef Cattle Performance

January 13, 1967 to July 12, 1967 (180 Days)

 

Date of Harvest September Harvest

 

 

 

 

 

Degree of Chop Fine Medium

Method of Feeding As Ensiled

Lot Number 14 21 20 22

No. of animals 9 9 9 9

Av. initial weight. lbs. 540 537 536 539

Av. final weight, lbs. 1063 1051 1053 1046

Total gain, lbs. 523 514 517 507

Av. daily gain, lbs.

Av. Daily Ration, lbs.

Corn silage fed

Corn silage consumed l

85% dry matter shelled corn

Protein supplement

TOTAL, 85% dry matter basis

Feed consumed per cwt. gain, lbs.

TOTAL, 85% dry matter basis

Daily feed per 100 lbs. body wt., lbs.

TOTAL, 85% dry matter basis

Concentrates 2

Roughage

ConcentratezRoughage Ratio 3

Feed cost per cwt. gain 4  

2.91. 2.86 2.87 2.82

33.36 33.00 32.54 33.55

33.30 32.70 32.30 33.12

    

678 677 638 662

2.44 2.44 2.30 2.36

1.04 1.05 1.02 1.04

1.40 1.39 1.28 1.32

66.34 66:34 67:33 66:34

$11.34 $11.49, $10.97 $11.36   
 

1 Corn silage consumed - does not include the portion of silage fed which

was refused by the steers.

A
N
N

Does not contain grain content of corn silage.

Does contain grain content of corn s11age. o I

Feed prices used: Corn silage - $7.50 per ton on 30% DM ba51s;

Corn — $1.20 per bushel; MSU—64 Supplement — $5.50 per cwt.

 

 
Shelled
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APPENDIX III - TABLE lb

Effect of Stage of Maturity and Fineness of Chop

on Beef Cattle Performance

January 13, 1967 to July 12, 1967 (180 Days)

 

 

 

 

 

 

    

Date of Harvest October Harvest

Degree of Chop Fine Medium

h d ' As R d ASMet 0 of Feeding Ensiled Iegroun Ensiled Reground

Lot Number 15 17 23 19

No. of animals 9 9 9 9

Av. initial weight, lbs. 540 537 538 538

Av. final weight, lbs. 1045 1030 1005 1016

Total gain, lbs. 505 493 467 478

Av. daily gain, lbs. 2.81 2.74 2.59 2.66

Av. Daily Ration, lbs.

Corn silage fed 19.61 19.17 20.35 19.23

Cornsilage consumed 1 19.31 19.05 19.51 19.06

85% dry matter-shelled corn 7.21 7.02 7.13 6.95

Protein supplement 0.98 0.97 0.99 0.96

TOTAL, 85% DM basis 19.19 18.74 18.84 18.06

Feed consumed per cwt.

gain, lbs.

TOTAL, 85% DM basis 683 695 727 679

Daily feed per 100 lbs.

body weight, lbs.

TOTAL, 85% DM basis 2.42 2.39 2-44 2.32

Concentrates 2 1.03 1.02 1.05 1.01

Roughage 1.39 1.37 1.39 1.31

ConcentratezRoughage Ratio 3 66234 66134 66334 66:34

Feed cost per cwt. gain4 $11-57 $11-60 $12-40 $11°63     
 

1 Corn silage consumed — does not include the portion of silage fed

which was refused by the steers. .

2 Does not contain grain content of corn Silage.

3 Does contain grain content of corn silage. .

Corn silage — $7.50 per ton on 30% DM ba51s;
4 Feed prices used:

corn — $1.20 per bushel; MSU — 64 Supplement - $5.50 per cwt.

Shelled
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APPENDIX III — TABLE 1C

Effect of Stage of Maturity and Fineness of Chop

on Beef Cattle Performance

January 13, 1967 to July 12, 1967 (180 Days)

 

Date of Harvest November Harvest

 

 

 

 

  

    

Degree of Chop Fine Medium

As As

Method of Feeding Ensiled Reground Ensiled Reground

Lot Number 16 24 13 18

No. of animals 9 9 9 9

Av. initial weight, lbs. 538 537 538 540

Av. final weight, lbs. 1028 1047 1028 1019

Total gain, lbs. 490 510 490 479

Av. daily gain, lbs. 2.72 2.83 2.72 2.66

Av. Daily Ration, lbs.

Corn silage fed 17.75 17.06 18.91 17.57

Corn silage consumedl 17.19 16.92 17.65 17.27

85% dry matter shelled corn 7.15 7.00 7.09 6.59

Protein supplement 0.97 0.95 0.97 0.96

TOTAL, 85% DM basis 19.74 19 17 19.73 18 49

Feed consumed per cwt.

Igain, lbs.

TOTAL, 85% DM basis 726 677 725 695

Daily feed per 100 lbs.

body weight, lbs.

TOTAL, 85% DM basis 2.52 2.42 2.52 2.37

Concentrates 2 1.04 1.00 1.03 0.97

Roughage 1.48 1.42 1.49 1.40

ConcentratezRoughage Ratio 3 65:35 65:35 65:35 65:35

Feed cost per cwt. gain 4 $12.13 $11.35 $12.10 $11.67   
 

1 Corn silage consumed - does not include the portion of silage fed

which was refused by the steers. .

2 Does not contain grain content of corn s11age.

3 Does contain grain content of cor

Corn silage -4 Feed prices used:

corn - $1.20 per bushel;

n silage.

$7.50 per ton on 30% DM basis;

MSU - 64 Supplement - $5.50 per cwt.

 

 
Shelled
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APPENDIX V

VERIFICATION OF DRY MATTER DETERMINATIONS

 



 

 



 

 

 

VERIFICATION OF DRY MATTER DETERMINATIONS

The accuracy of dry matter determination of feedstuffs containing

volatile acids and bases has been questioned by many authors, but no

accurate method has been devised which does not involve use_of exhaustive

extraction and distillation techniques.

The two methods most commonly used in work with silages and similar

fermentation products are oven—drying and distillation. Distillation pro-

cedures involve the use of organic solvents which are nonmiscible in water

and have a boiling point higher than water (commonly toluene is used for

this purpose, Bidwell and Sterling, 1923).

Oven—drying at 650 C, as described by Barnett (1954), not only

removes most of the water but also some organic matter, distinctly noticeable

because of the pleasant aroma associated with drying silage (Fenner and

Barnes, 1965). Forbes (1943) used drying in a vacuum oven for 22 hours at

500 C and employed a closed system, drawing heated, dry, and C02-free air

through the sample into a red—hot furnace, where a platinum catalyst

oxidized the organic matter into CO2 and water. The water and 002 were

trapped quantitatively in concentrated sulfuric acid and flaked sodium

hydroxide, respectively. The increase in weight of sodium hydroxide

represented the CO2 from the oxidized organic matter removed from the

sample by the drying air. The amount of removed organic matter was calcu—

lated, assuming that it represents acetic acid only.

158

 



 

 



 

 

159

McDonald and Dewar-(1960) used a similar approach with a regular

oven at 1000 C. Hot, dry and COZ-free air was pumped through the sample.

and through a Liebig condenser. The precipitate was collected in a salt

and ice—cooled vessel. Before entering the atmosphere, the air was forced

to pass through traps of silica gel to remove the water, then through

soda-lime for the absorption of volatile acids and, finally, through a

standard acid solution for removal of volatile bases. This assured a com-.

plete recovery of organic matter. Ammonia, ethanol, acetic, propionic,

butyric, and lactic acids were determined quantitatively in the condensate

and added to the oven-dried dry matter.

Fenner and Barnes (1965) reported that the use of organic solvents

for the determinations of dry matter was first reported in 1904. Perkins

(1943) reported that 95% of the acetic acid of the sample was found in the

water, after having been removed from the dry matter by the toluene method.

Fenner and Barnes (1965) concluded that, in general, with good

corn silages, the toluene-extracted water required only the titration

values of the steam distillate_for volatile bases and acids to make the dry  
matter correct. If this is not done, they concluded, the error could

reach a 10% underestimation of dry matter.

To verify the procedure used in this study, corn silage dry matter

determinations were conducted in the following ways:

1. Toluene (AOAC method with 2—1/2 hours of

distillation).

2. Oven dry matter — 1050 C.

a. 24-hour drying.

b. 48-hour drying.
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3. Oven dry matter -.550 C

a. 24—hour drying

b. 48-hour drying

The following results were obtained:

 

 

 

 

 

 
  

Per Cent Dry Matter as Determined By:

Sample 105° c Oven 50° c Oven °’° Of
No. Error 1

Toluene

% 24 hrs. 48 hrs. 24 hrs. 48 hrs.

% % % %

1 25.5 25.0 25.0 24.1 23.7 7.1

2 24.0 24.3 23.8 23.1 23.1 7.6

3 25.5 22.5 21.6 21.7 21.7 14.9

4 51.1 42.0 41.2 40.0 40.0 21.7

5 50.3 40.8 39.6 40.9 40.9 18.7

6 55.8 43.3 43.1 42.3 42.3 24.2 _

Mean error 15.7

L i

1

      
l % error is the error between the mean of the oven determination

and the toluene determination.

Shown in this table are the results comparing the toluene distil-

lation with various oven drying methods. In this work the error comparing

the two methods ranged from 7.1% to 24.2% with a mean error of 15.7%. The

oven dry matter values certainly appeared more valid and it was concluded \

that not all of the water had been removed during the distillation with

the toluene. To further verify methods and procedures, a second trial was

conducted utilizing
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l. Toluene (2—1/2 hour distillation) using a

_ ground sample.

2. Oven drying (550 C) using a ground sample.

The following results were obtained:

 

 

 

 

 

Dry Matter Determination as

Sample Analyzed on a Ground Silage Sample by: % of

No.. 0 Error

Toluene 105 C Oven

% %

1 33.73 30.25 10.37

2 33.34 33.13 0.63

3 33.60 34.31 2.13

Average error 4.37     
These results compare the two methods after the silage samples were

chopped in a Waring Blender for one minute. This reduced the partical

size and the results compared much better than before with only 4.37%

error. The pH values of the toluene distillate certainly provided evidence

that the volatile acids were not remaining in the sample as dry matter.

After reviewing the literature and the results of the above trials,

it was concluded that oven drying at 550 C for 24 hours gave satisfactory

results. It was further concluded that the accuracy would not be improved

without going to extreme distillation and recovery methods for dry matter

determinations, as described by Forbes (1943) and McDonald and Dewar (1960),

which was not within the financial resources of this project.
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