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COMPARATIVE VALUES OF CORN AND CORN CANNERY
WASTE SILAGES FOR MILK PRODUCTION

IN DAIRY CATTLE

INTRODUCTION

By-product feeds have been used in the livestock industry for

centuries and through time some of the by-products have become

viewed as standard livestock feeds. Prior to acreage restrictions

as much as 90 million acres of corn was grown in the United States.

Still corn is regarded as the most important crop grown in this

country since nearly one-fourth of the crop acreage of the United

States is planted to corn. Its products find their way into processed

products of many types for human consumption, animal feeds and

industry uses.

Corn is produced as either field corn which is used primarily as

livestock feed or processed into corn products for human consump-

tion. Sweet corn is produced for the human food market and its by-

products find their way into livestock feeds.

The, corn plant is composed of the roots, stalk, and ear. The

stalk and ears are harvested, chopped and ensiled. This product is

called field corn silage. It is a common feed for supplying the forage

for dairy and beef cattle in confined feeding systems. Other products

of field corn come from the ear. The ear is made up of the kernels,

cob and husk. The kernels are the grain portion used for livestock



and human foods. Corn cobs are a by-product and have been used

for bedding, feed and fiber. The husk is either discarded or used

for livestock feed. The production of sweet corn for canning and

freezing has increased in the Willamette Valley of Western Oregon.

It has become an important cash crop in this region due to particular

qualities of the climate. The cool nights during the late summer and

early fall slows down the rate of maturation of the corn. This

expands the harvest days possible and increases management flexi-

bility during the harvest season which permits larger scale operations.

Sweet corn is used principally for human food. It is harvested

in the early dough stage and graded by its tenderness. The corn is

harvested with a mechanical picker that removes the ear from the

stalk in the field. The ear is hauled from the field to the processing

plant in trucks. During the processing operation the husks are

removed and then the kernels are removed from the cob. The husks

and the cob become cannery waste products.

In the early days of the corn canning industry, the waste was

often stacked or spread on the fields to be disposed of as cheaply as

possible. Oftentimes, it was given to livestock producers if they

would remove it from the cannery site. With declining margins of

profit in the livestock and dairy business, operators looked for

economical feed sources. One cheap feed source was the waste

products from the processing of cannery crops. The increased use
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of the cannery by-products began to create an increasing demand with

a resultant increase in the price. This shift in demand has moved

the price upward to the point where it may be approaching the price

that livestock producers pay for field corn silage, hay, and other

traditional feeds.

Several research trials have been conducted using feedlot

cattle and measuring their ability to convert corn cannery waste to

meat. However, limited information is available concerning its

adequacy for milk production. Information was available to use as a

basis for pricing the cannery waste for feeding to beef cattle but dif-

ficulty was encountered in determining an equitable price for corn

cannery waste as a feed for producing dairy cattle.

The primary purpose of this study was to determine the cap-

ability of dairy cows to produce milk with corn cannery waste as the

primary forage source compared to production levels when field corn

silage was the primary forage. Secondary objectives were to

observe the effects on herd health and reproduction; to determine the

chemical composition of corn cannery waste including nitrate levels

and to measure the effects of nitrate on the oxygen carrying capacity

of the blood; and to compare the returns of milk production above

feed costs for dairy cattle fed corn cannery waste and field corn

silages.
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LITERATURE REVIEW

Historical Accounts of By-product Feeds

For centuries,by-products have been used for livestock feeds.

Cattle were used in ancient Egypt to graze stubble after harvest,

thereby utilizing products inedible for humans converting them to

meat and milk for human consumption. History records the use of

swine in converting many waste products into pork for human use.

They were used for consuming whey products from cheesemaking,

skim milk and buttermilk that were by-products of butter manufactur-

ing. They were also used to follow cattle in feedlots and to consume

household refuse. As nations developed, they accumulated grains

which were in excess of human needs. The surplus grains began to

be used as livestock feeds as supplies increased.

The traditional early American farm had a blend of enterprises

that permitted farming to exist as a way of life for the majority of

the people of the nation. The farms were quite self-sufficient and

utilized few off-the-farm production inputs. Expanded by-product

uses were developed and life went on with very little cash trans-

action. The advent of the threshing machine brought the straw stacks

and straw became an important by-product for livestock feed.

The industrial revolution in America led to mechanization and



off-the-farm jobs. The movement of the people from the farms to

seek jobs in the cities was soon countered by the movement of modern

farm machines to the country to take their place. Food production

increased to meet the needs of the growing nation and had to be trans-

ported to the expanding urban areas. The demand of the growing

urban sector was for high quality food products at bargain prices.

The increasing effectiveness of the city dwellers' bargaining position

in the marketplace for consumer goods began to require increased

efficiency in agricultural production. Where once the customary

traditional methods of production had provided for the families' needs,

now farmers faced the reality that increased efficiency of production

was necessary. The farmer increased the use of machines and the

use of by-products as feeds for his animals. The free range and

pasture lands were declining as additional acres were placed into

crop production. Much of the range resources that remained were

within forest boundaries and once again the cattle industry became

one of utilizing by-products; this time, the grass which was a by-

product of the forest lands. Finally the combination of farms into

larger units was necessary and changes of enterprises began to occur

as farmers began to specialize and to develop commercial farms.

The advent of specialization -introduced large scale production of

specialty crops such as field corn, cannery corn, cotton, soybeans,

wheat, and many others. They each had their by-products that found
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their way into the market arena as livestock feeds.

Once the processor determined that his waste products actually

had value he would increase the price. The continued willingness of

the livestock producer to buy brought an increase in the effective

demand for former waste products. Where certain by-products or

waste materials such as soybean meal, cottonseed meal, sugar beet

pulp, molasses, grain millers' products, brewers' residue and even

cannery waste residue had once been used only sparingly, they now

became primary feed sources for some livestock operations. Yamoor

et al. (1970) reported that sweet corn is used primarily for human

consumption, in contrast to regular corn which is used largely for

livestock feed. The canning industry utilizes most of the sweet corn

grain. However, the by-products of sweet corn processing, prima-

rily husks and cobs, are commonly used as ensiled feeds for cattle

in areas where the processing plants are located. Beef cattle fed

whole plant sweet corn silage gained faster than those fed regular

corn silage or dried corn cannery waste. Yamoor et al. (1970)

found that cattle fed dried cannery waste consumed significantly more

dry matter per head daily but had lower daily gains than those fed

three other silages. (Whole plant sweet corn, regular field corn

and corn cannery waste silages).
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Characteristic Types and Value of By-product Feeds

The utilization of various agricultural by-products and waste

feeds has been forced onto the livestock producer because of the cost-

price squeeze in recent years and more recently the need to dispose

of crop residues that may otherwise pollute the environment. As a

consequence Church (1971) indicated that a variety of feedstuffs are

being utilized now that were fed only as a last resort in previous

years. Church further indicates that recent examples include

screenings from the grass seed industry and mint silage which is a

residue from the mint oil industry. Corn cannery waste silage has

been fed for some time but Church indicates that its value in specific

feeding programs is relatively unknown.

Dry matter requirements for 100 pounds gain were determined

by Yamoor et al. (1970) when four types of silage were fed. The

performance of beef cattle fed regular corn silage, whole plant sweet

corn silage, sweet corn cannery waste silage and dried cannery waste

was determined. In this study the average daily gain and dry matter

required per 100 pounds of gain were most desirable for the whole

plant sweet corn silage fed group. The average daily gain for this

group was 2.03 pounds compared to 1.30 for the cattle fed dried

corn cannery waste. Feed required per 100 lbs of gain for the whole

plant sweet corn silage group was 475 pounds of dry matter compared



to 871 pounds for the dried cannery waste fed group.

In another study Yamoor et al. (1970) found that cattle fed dried

corn cannery waste required significantly more P< .01 dry matter per

100 pounds of gain (1152) than those receiving other forages. The

other forages and dry matter required were whole plant sweet corn

(655), regular corn silage (761), and sweet corn cannery waste (787).

Meiske (1971) determined that whole plant sweet corn and field

corn silages had about equal feeding value. He compared the TDN

intake of lambs and cattle fed four silages giving regular corn silage

a value of 100. The relative values were: regular corn silage

(100%), whole plant sweet corn silage (100.2), sweet corn cannery

waste (77. 4) and dried pelleted corn cannery waste (72.2). Sweet

corn cannery waste had a low feeding value because of the low dry

matter intake, and the dried corn cannery waste had a low feeding

value because of low digestibility. Yamoor et al. (1970) showed

similar results when lambs were used for digestion trials. Again

corn silage was rated at 100%. His values showed whole plant sweet

corn (85.9), sweet corn cannery waste (94. 1), and dried corn cannery

waste (60. 4). His trials, show low digestibility for the dried corn

cannery waste after the drying and pelleting process. Proximate

analysis of corn and corn cannery waste silages by several workers

is summarized in Table 1.
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Table 1. Composition of three silages from several references.

Feed Source
Reference

Composition of dry matter
Crude

Corn Silage Church 28.2 76 11.6 30.5
Morrison 26.9 68.7 7.5 22.3
NRC 26.0 66.7 7.9 23.9
Ralston 33 67.9 7.5 21.0
Yamoor 30.2 8.3

Whole Plant Morrison 20.3 71.0 9.5 22.0
Sweet Corn NRC 21.2 65.1 10.4 27.2
Silage Schneider 16.5 72.8 13.2 27.0

Yamoor 30.2 9.3

Sweet Corn Cannery Church 25.9 77.0 6.5 30.5
Waste Silage NRC 22.5 73.2 9.3 23.9

Ralston 23.4 75.3 7.8 23.5
Schneider 18.8 70.5 10.0 21.2

The proximate analysis is not infallible according to Ralston

but is useful in estimating a reasonable value for corn cannery waste

and other by-product feeds. In work by Ralston and Taylor (1968)

with beef cattle there was no appreciable depression of performance

in subsequent feeding periods after feeding corn cannery waste.

However, Ralston indicated that if the corn cannery waste had made

up a higher portion of the ration some carry-over effects might have

occurred. Church (1969) indicated that limited data were available

concerning the feeding value of corn cannery waste even though con-

siderable tons were fed annually. The purpose of his study was to

determine the feeding value and digestibilities of by-product silages
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from cannery corn and mint.

Work done by Church (1969) showed that cannery waste silage

had lower coefficients of digestibility and NFE (other carbohydrates)

but more digestible fiber than did corn silage. In this trial where

sheep were used to determine digestibilities, corn silage had

digestibilities of 67% with a finishing ration and 86% when fed with

alfalfa pellets (Table 2). TDN values for corn cannery waste silage

were 67% of the dry matter when fed in a finishing ration and 88%

when fed with alfalfa pellets.

Table 2. Digestibility of mixtures of corn silage and alfalfa and
corn cannery waste silage and alfalfa.

Feed

% of dry Digestibility (%)matter
intake DM OM CP Fat Fiber NFE TDN

Alfalfa and 55
corn silage 45

Alfalfa and 63
corn cannery 37
waste silage

66 68 73 80 44 77 69

64 66 67 73 53 75 66

Corn cannery silage, when compared with corn silage, differed

primarily in that the digestibility of its crude protein was consider-

ably lower as was the NFE (other carbohydrates); however, its fiber

was much more digestible. The net result was that the TDN value

for corn cannery waste silage was about the same as for corn silage.
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Church indicates that the high TDN values (and other values also)

that were derived from feeding the silages with alfalfa pellets are an

example of what is called the associative effect of feeds. The true

digestibilities of the silages are probably lower than the calculated

values; if this is the case, then the alfalfa must have been more

completely digested when fed in the mixtures. In other words, there

is a very compatible mixture when alfalfa is combined with any of

these silages; another explanation may be that the coarse nature of

the silages resulted in a longer retention of alfalfa particles in the

rumen thus allowing greater digestion.

Church indicated that the by-product silages from corn cannery

waste and mint were readily accepted by the sheep during the digest-

ibility trials. He further indicated that due to the coarseness of the

husks and cobs that some sorting could be expected. The corn, corn

cannery waste and mint silages were of excellent quality and were

readily consumed by the sheep, except for the cannery waste where

the sheep refused some of the cobs and husks. Both Yamoor and

Meiske indicated that corn cannery waste had low palatability and

digestibility after drying and pelleting. Daily feed intake is limited

when the corn cannery waste has been processed in this way and

unless adequate feeds are supplemented daily gains will be low.

In Ralston's summary on his by-product silage feeding trials he

commented that care must be exercised in an arithmetical
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manipulation of laboratory findings for there are other factors that

contribute to the true feeding value of silages. Some of these con-

tributors are palatability, excessive moisture which may control

intake, and interactions between the silage and other companion con-

stituents comprising the rations. The true evaluation of the silage

must be determined by feeding it. The interactions of silages and

other constituents of the ration were vividly portrayed in the findings

by Church where the digestibility of the corn cannery waste was

significantly higher when it was fed with alfalfa pellets rather than

with a finishing ration.

Availability of By-product Feeds

It is estimated that more than 200 million tons of straw and

other lignified field-crop wastes are produced in the United States

each year. Alkali plus steam treatment increases digestibility of

straw products. Rice straw that was 34% digestible was upgraded to

61% digestibility with the addition of steam plus sodium hydroxide

(Kohler and Graham, 1970).

Kohler and Graham stress, however, that animal feeding tests

must be conducted to get a valid measure of digestibility.

There are obvious questions about cost, handling, and market-

ing lignified by product feeds but first we want to know how well the

animals digest the materials. Kohler and Graham recognize that
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some protein supplementation will be necessary to balance the carbo-

hydrate derived from the treated waste.

There are ample opportunities in many sectors of the nation

to utilize by-products for feeds and indeed many are in use. Even

though the timber industry is Oregon's leading industry, and tourism

has moved into second place, agriculture is still third and big

business. In the future, forest by-products may become useful

animal feeds.

Oregon's Agricultural Industry

Oregon's agriculture at the farm gate represented a $560

million industry (SR 330, 1971). The food processing industry added

to this amount an estimated $332 million by packing, canning and

freezing products produced by Oregon's growers. The total of $892

million for the state's marketed agricultural products was second

only to the income from the forest industry,

A wide variety of crops are grown in Oregon and specialization

has made Oregon a major producer of some crops which are sold to

other states. Grown in the state are 23% of the nation's snap beans,

and half of the mint.

Growing productivity and larger, more efficient farms are

resulting in a larger share of total agricultural activity being carried

on by a smaller number of farms.
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Years ago the family farm produced nearly all of its inputs.

Recent developments have included a reduction of enterprises per

farm, increased mechanization, and specialization. More machines,

fewer workers and greater investments have been the result.

The number of farms in Oregon has declined from 42, 573 in

1959 to 39, 757 in 1964.

As the farms have been reduced in number the average size has

increased. Specialization has resulted in an increase in the produc-

tion of some special crops. The value of sales of vegetables for

processing and fresh sales increased from $29, 529, 000 in 1959 to

$53, 800, 000 in 1969 (SR 330, 1971).

This increase in vegetable production has provided for an

increase in the availability of the by-products from their processing

for animal feeds. Cannery corn production increased through 1968

for a high of 291, 000 tons. An over supply situation depressed prices

and production dropped to 208, 850 tons by 1970. At the same time

the per ton prices dropped from $29.90 in 1968 to $27. 50 in 1970.

Oregon's 1970 acreage represented 11. 1% of the national sweet corn

acreage (Oregon Commodity Data Sheet, 1971).

Sweet corn production made a partial recovery in 1971 when

224, 000 tons were processed. This crop had a value of $6, 474, 000

at the farm gate, and was the third ranking processed vegetable in

the state.
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Table 3. Cash receipts for cannery corn 1968-1970 (Castle, 1971).

19 68 1969 1970

Sweet Corn $9, 277, 000 $7, 561, 000 $6, 470, 000

Projections of Oregon's agricultural output indicate about a

20% gain in agricultural production by 1980 if the normal trend is

permitted to occur, Gains in cash receipt and net income depend on

price considerations and the ability of farmers to influence price

and control some phase of their market (SR 330, 1971).

The ecological concerns of many groups in society are, and

will be affecting farm operations. Cannery wastes are part of this

concern.

Oregon's production areas are divided in a physical sense by the

Cascade range of mountains, splitting the state into the western and

eastern sectors. The western part of the state is characterized by

high rainfall as contrasted to the eastern sector being a rather dry

climate.

The cool nights in western Oregon in later summer and early

fall slow the maturation rate on cannery corn and enhance its

quality (SR 330, 1971).

The diversity of crops provide for a large volume of natural

animal feeds as well as by-products from the canning-packing

industry. Cannery corn, beets, snap beans, and cauliflower are
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some of the crops providing waste products that find their way into

livestock feeding programs. Dairy and livestock feeds constitute a

sizable economic item to Oregon producers. The cash spent for

feeds annualy is shown in Table 4.

Table 4. Annual cash purchase for Oregon livestock
feeds.

1968 1969 1970

$ 62 million $66 million $72 million

It is estimated that 168, 000 tons of corn cannery waste are

available during a year when 224, 000 tons of sweet corn are har-

vested. This waste finds its way into dairy and livestock feeds

throughout the state. Of this amount it is estimated that 125, 000

tons are used as feed for dairy cattle. The most common selling

price at the processing plant is $1.00 per ton. A. contractor is

usually employed to insure that the cannery waste is removed from

the processing plant during the processing operation. This contractor

serves as a broker handling the cannery waste between the cannery

operator and the livestock producer. The distance from the process-

ing plant will determine the cost of the corn cannery waste delivered

to the farm. Prices of $4.75 per ton are common. However, the

price is variable depending on the distance between the farm and

the processing plant.
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There are approximately 107, 000 dairy cows in Oregon. In

addition to the cows that are milking there are nearly an equal num-

ber of calves, replacement heifers and dairy steers kept to supple-

ment the dairy income. Cash receipts from milk products during

1970 amounted to $56, 246, 000. This amount does not account for

sales of cull cows, breeding stock and surplus calves. Milk sales

amount to 10% of the state's total agricultural sales. Supplying the

feeds for Oregon's livestock population is another giant enterprise

amounting to more than $72 million in 1970 (Table 4). These

statistics assist in estimating the ability of livestock producers to

assimilate additional quantities of cannery by-products for use in

feeds as the production of vegetable crops increase in the state.

Determining the Economic Worth of By-product Feeds

Attempts have been made to make an economic analysis to

determine an equitable price for several of the by-products that now

find their way into dairy and livestock feeds (Yamoor et al. 1970).

The wet by-products such as cannery wastes from corn, apples,

pears, and others have been subjected to laboratory analysis with

estimates made of their value on a dry matter basis. A more mean-

ingful way to determine the economic merit of these types of feeds

is to conduct feeding trials with careful measurement in addition

to laboratory findings. The feed consumed versus refused, moisture
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content, chemical composition, digestibility, distance to the source

and availability of alternatives are all considerations that must be

dealt with in the decision making process concerning what feeds to

feed and should be applied to feeding programs using both conven-

tional and by-product feeds.

Salvage of wastes from fruit and vegetable processing plants

provides a source of feed products for animal producers. Borger

and Wilson (1970) compared nutritive values of horticultural wastes

to those of corn silage as a feed source for beef cattle,

These scientists believe that horticultural wastes could be a

tremendous source of additional feeds for beef cattle in Pennsylvania.

The 240,500 tons of such waste accruing annually would feed an

estimated 56,000 cattle, averaging 600 pounds each for 200 days.

Table 5. Estimated values/ton of Pennsylvania
cannery wastes.

Source of Value /Ton at
Cannery Waste The Processing Plant

Apples $11.51

Corn 9.31

Peas 8.59

Potatoes 7.17

Tomatoes 4.53

Grapes 4.14
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The economic worth of corn cannery waste was determined and

compared to other crop wastes. The cannery waste was determined

to be worth $9.31 at the plant (Wilson, 1971). Value of the waste was

determined using haylage as a control ration. When the trucking

costs were estimated, the value per ton at various distances from the

processing plant was estimated (Table 6).

Table 6. Value of corn cannery waste at various distances from
the processing plant.

Location (distance in miles from the processing plant)
5 25 50 75 100 150 200

Value /ton 7.60 6.99 5.69 4.39 3.09 0.49 -2.11

Yamoor et al. (1970) estimated the value of corn cannery wastes

for feed for beef cattle as a result of actual feeding trials (Table 7).

Table 7. Value of four silages on a dry matter basis (Yamoor et al.
1970).

Forage Value/100 lbs. DM

Regular Corn Silage

Whole Plant Sweet Corn Silage

Sweet Corn Cannery Waste Silage

Dried Sweet Corn Cannery Waste

$1.33

1.33

1.03

. 9 6
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The preceding values were determined by using corn silage as

the base, The values of the other forages were determined by the

multiplication of the relative TDN intake value to that of the corn

silage.

When corn silage was valued at $1.33/100 lbs dry matter,

(Yamoor et al. 1970) the values/100 lbs dry matter of the other

forages were calculated to be $1. 33 for whole plant sweet corn silage,

$1.03 for sweet corn cannery waste and $0.96 for dried cannery

waste.

Since moisture levels are quite variable, Yamoor tabulated

data from various moisture levels to show how the value per ton

increases with decreased moisture levels.

Table 8. Corn cannery waste values at three levels of moisture.

Silage
Moisture

Content, 0/0

Dry Matter
Content, %

Value/ton
Silage

Corn 80 20 $4. 12

Cannery 78 22 4.53

Waste 76 24 4.94

Field 70 30 7.98

Corn 68 32 8.51

Silage 66 34 9.04
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Ralston and Taylor (1968) estimated the value of corn cannery

waste silage at $7. 04/ton compared to field corn silage at $8. 00/ton

during steer feeding trials.

Doubling of the concentrates fed from 0.5 to 1% of the body

weight did not reduce the ad libitum consumption of silage (Ralston

and Taylor, 1968). Although silages do not vary greatly in price in

some locations due to a high demand for the cannery by-products

they found that differences in feeding value of $4. 00 per ton were

realistic when corn silage was used as a base for comparison.

Werth (1971) indicated that both buyer and seller of roughage

can deal more equitably when moisture level is one of the factors

considered in the price. This can be done by establishing a price

for the desired or estimated moisture level and adjusting the actual

price. Equipment is available to sample moisture in silages. Ignor-

ing moisture levels can have a serious economic impact for both the

buyer and seller.

As an example (Werth, 1971), suppose a dairyman needs 2000

tons of silage for his yearly forage supply. If he contracts the silage

at $10. 50/ton delivered he pays $21, 000. If he planned to receive the

silage at 70% moisture and it was actually 75%, he is short 100 tons

of dry matter. This 5% error in dry matter could cost him an

additional $4200 for the year.

The decision of which silage to buy can be difficult to make
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since the true feeding value of corn cannery waste is in question.

For example a dairyman can buy corn cannery waste silage averaging

18% dry matter at $3.75/ton or field corn silage averaging 29% dry

matter at $8.00, both delivered (Werth, 1971).

Cannery Waste -

Corn Silage

$3.75 X 100% - $20. 83
18%

$8. 00 X 100% $27.58
29%

At these prices the dry matter in the corn cannery waste costs

less than the dry matter in the corn silage. Now the question is, are

the two sources of dry matter equal as a feed source in terms of

digestibility? Church (1968) attempted to answer this question for

one species by his digestion trials with sheep. He found that the fiber

in the corn cannery waste was more digestible than in the field corn

silage but that the protein in cannery waste was less digestible.

Milk Production, Measurements and Standards of Quality

The dairy cow is one of the most efficient of the animal pro-

ducers, deriving 73% of her food from forage that is inedible for

humans and, if fed urea, she can manufacture and put into milk more

edible protein than she received in her feed. The dairy cow uses

food processing by-products which might otherwise be lost and pos-

sibly contribute to the problem of waste disposal and environmental
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pollution. A high producing dairy cow will produce almost as many

pounds of protein per year as will the wheat grown on one acre, and

the protein quality is better (Dairy Review, May 1971).

Milk quality is determined by both chemical composition and

freedom from contaminants. The chemical composition determines

the percent fat, protein and solid-non-fat. Contaminants such as

bacteria and foreign matter affect milk flavor and safety for human

consumption. The quantity of leukocytes, commonly called the

leukocyte count, determines the degree of infection of the mammary

gland, commonly referred to as mastitis. The State Department of

Agriculture sets quality standards and enforces them through a

monitoring program.

Jones et al. (1958) studied the effect of various forms of alfalfa

hay on the fat percent of the milk. In their work, cows fed pelleted

alfalfa produced milk that was lower in fat percent than groups fed

either wafered or baled alfalfa (P<. 05). Dairymen observe the fat

percent closely since it is a milk price determiner. Cows fed silage

usually maintain satisfactory fat levels contrasted to those in pasture

programs where fat percent can drop to low levels. When fresh

cannery wastes and other succulent feeds are fed, milk fat levels

can drop to as low as 2. 5% for Holstein cows especially when the

dry matter is restricted.

Milk yield and quality is determined monthly by the Dairy Herd
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Improvement test in herds that are tested. After the milk is weighed

it is sampled. Subsequent tests on the milk determine the percent

fat, solids-non-fat and an estimate of the leukocytes. The Golding

bead test is the means used to determine the solids-non-fat percent,

the Babcock test is commonly used to determine the fat percent, and

the California Mastitis Test measures the level of leukocytes.

Through the use of a computer program the production for the lacta-

tion is carried forward until the end of the lactation. The results of

the 305 day lactation are shown on a print out sheet as the actual

production and the mature equivalent production. Pounds of fat and

SNF are printed out in a similar manner. The pricing of milk on fat

percent has become common practice due to the ease of the test and

earlier widespread markets for butterfat. Milk fat levels can be

influenced markedly by feeding programs (Jones et al. 1958).

Nutrient Requirements for Producin Dair Cows

The requirements of nutrients for various levels of production

have been determined and are tabulated by the National Research

Council. Extracts of these values are shown in Table 9. The com-

mon practice has been to feed dairy cows according to production.

Where this is not practical, cows may be fed all of the roughage that

they will eat and in addition supplemented with grains in order to

meet the energy requirements. The grain is frequently fed
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according to the production average of either the whole herd or groups

of cows and less often to the specific needs of individual cows.

Frequently cows will be grouped according to the stage of lactation

or level of milk production. This allows for feeding the high produc-

ing cows high levels of grain and relying on the roughages to supply

most of the energy for lower producing cows.

Table 9. Daily nutrient requirements for lactating dairy cattle
(NRC extract for maintenance and milk production).

Body Dry Protein
Weight Feed Total TDN Ca P Vitamin A

(kg) (kg) (g) (kg) (g) (g) (1000 I. U. )

Maintenance of mature lactating dairy cows

650 8.0 776 4.5 23 18 28

Nutrients required per kg of 3. 5% fat milk produced

74 0.305 2.6 1.9

Supplementing Silage Rations

Cows being fed large quantities of corn silage usually have good

body weight gains. Thacker (1971) found that dairy cows on corn

silage plus urea gained 120 pounds body weight in 126 days compared

to 39 lbs for cows being grazed on pastures. The corn silage fed

cows were fed free choice corn silage containing 40% dry matter.

This group of cows consumer 122% of the NRC energy recommenda-

tions.
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Thacker found that the energy content of corn silage varied

with the stage of maturity of the corn plant. With increased maturity

of the corn plant the energy content increases due to the increased

ratio of grain to fodder. In his work with dairy cows he found that

digestibility decreased with maturity of the plant, but the cows con-

sumed more dry matter. The increased dry matter intake resulted

in an overall increase in the total amount of energy that the cows

consumed daily.

Thacker found no significant differences in milk production

with cows under several feeding systems (Table 10). However, the

most economical system was when the cows were pastured. The

next best alternative was when cows were confined in a dry lot and

fed a ration of corn silage, alfalfa hay and grain.

Table 10. Average daily dry matter consumption and feed costs
for producing dairy cows (Thacker, 1967).

Ration Total Dry Matter Fed Feed Cost/Day

Hay, grain

Hay, corn silage, grain

Corn silage, urea, soybean
meal and grain

39.5 lbs

34.7

32. 2

$.71

. 67

. 81

Pasture, grain .60

There was no significant difference in milk production for the

three rations fed.
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EXPERIMENTAL PROCEDURE

To gain information concerning lactating dairy cow perform-

ance when fed corn cannery waste silage as the primary forage

source a feeding trial was designed and conducted. The complete

lactation study included detailed feed consumption statistics, chemi-

cal analysis of the feeds, and milk yield and quality. Previous

investigations with corn cannery waste silage used meat animals for

experimental animals and consequently limited information is available

about its adequacy as a dairy cow feed. Since field corn silage is

an alternative forage source for the dairy feeding program in the

region, it was selected to comprise the comparative portion of the

control ration.

Selection and Pairing of Cows

A total of 18 cows were used in 305 day lactation studies. The

cows were registered Holsteins from the dairy herd at Oregon State

University. The details concerning age at calving, and calving date

are shown in Table 11. The cows were paired according to produc-

tion attained in previous lactations using the most Probable Produc-

ing Ability (PPA) formula (Table 12). A computer program was

written with data processed at the Computer Center at Oregon State.

University to determine the PPA of cows. Records of cows were
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initially analyzed to determine the Milk Merit Index on a computer

program. The PPA program was added to the index program to

pick up the same information and in addition print out the PPA. Once

the pairing was accomplished, the cows were allotted randomly to

one of two treatment groups.

The formula for the most probable producing ability (PPA) used

in pairing was as follows:

PPA = Herd Average nr X cow average - breed average

n = number of records

r = repeatability for a single record (0. 50)

Table 11. Age and date of calving of cows on silage feeding trial.

Pair
No. Cow No. Age Date Cow No. Age Date

1 915 3-3 4-18-69 854 4-10 5-31-69

2 831 5-5 4-25-69 911 3-6 7-02-69

3 778 7-6 7-21-69 920 3-2 6 -29 -69

4 844 5-5 5-28-69 838 5-4 4-07-69

5 781 7-2 4-04-69 878 4-2 4-16-69

6 842 5-11 11-06-69 890 4-2 7-06-69

7 860 4-11 5-30-69 866 4-7 6-06-69

8 823 5-10 4-25-69 858 4-10 6-15-69

9 847 4-3 11-19-69 913 3-4 4-12-69
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Table 12. Probable prod acing ability for pairmates.

Pair
No.

Treatment Treatment
Cannery aste Corn Silage

Cow No. Cow No.

1 915 +3080 854 +3186

2 831 +2531 911 +1784

3 778 + 857 920 + 870

4 844 + 758 838 + 782

5 781 + 607 878 + 567

6 842 - 248 890 - 265

7 860 - 664 866 - 411

8 823 - 981 858 - 904

9 847 -2829 913 -1533

Management System Duri tag the Trial

The cows were hot4ed in a freestall barn and all of the animals

were kept in the same allieyway. The freestalls were four by eight

feet in size and were bedOed with sawdust. Bedding was added

monthly and the milkers insured that the stalls remained clean and

dry. The alleys were clekned daily with a water flush cleaning

system. The alley was sloped at 4% which permitted 1000 gallons of

water to clean the alley after it was released from a central holding

tank. The cows were molved to the milking parlor via a concrete

alleyway through a metal and electric gate system. The metal gates

had water diversion panes on the bottom to facilitate directing the



30

water down the alleyway. The electric gates were the drive-thru

type which permitted the movement of equipment throughout without

manually opening and closing the gates. The liquid manure slurry

was collected in a central holding tank and pumped onto nearby fields

daily. Across the alley from the free stalls was a row of locked

stanchions. The stanchions could be locked individually or else all

32 could be closed or opened at one time. A plywood manger was

constructed in front of each stanchion opening for individual cows.

Alfalfa hay was trucked to the site from hay producing areas

near Klamath Falls, Oregon. Corn cannery waste silage was trucked

to the dairy farm from Salem, Oregon, and placed in a bunker silo.

The silage was packed with a crawler tractor for the early part of

the trial when 120 tons were delivered. Later amounts delivered by

individual truck loads were dumped on an asphalt surface and a

wheel tractor was used to compact the material. The silage was

covered with a plastic cover to protect it from the rain. The silage

was removed from the stack with a pitchfork to insure that no mold

or spoilage from the top was fed. Field corn silage was grown on the

OSU dairy farm and ensiled in a bunker silo, Drinking water was

provided for the cows from two Nelson water bowls. These bowls

were protected from freezing with a thermostatic controlled heater

that maintained the water temperature above 45 degrees. Milking

was done in a milking parlor with side opening stalls. The milking
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system was a De Laval pipeline system with individual weigh jars.

Collection and Treatment of Data

Feeding was done on an individual basis with all feeds weighed

in with a state inspected dial scale. The concentrate was a texturized

feed with the fines pelleted into a 3/16 inch pellet. Steam rolled

barley was not pelleted (Table 13). Molasses was added to increase

palatability. The concentrate was fed twice daily and was fed after

milking. The level of concentrate was not restricted during the first

60 days of the trial. During this period the cows were fed 30 pounds

of concentrate daily with the refusal weighed back. The original

intent was to feed concentrate according to the production (1 lb

concentrate to 3.5 lbs of milk) of the highest producing pairmate.

However, the pairmates did not initiate production at the same time

and there was no way of causing the highest producing pairmate to

calve first. Consequently the level of concentrate feeding was

adjusted monthly after the first 60 days of lactation to the 3:1 ratio.

The daily feed intake amounts were totalled monthly and composited

for the entire lactation.

The concentrate was weighed into individual feed tubs which

were placed in front of the cows until all of the concentrate was con-

sumed or else the cows stopped eating. All feed consumption was

recorded daily on a chart provided to the feeder.



32

Table 13. Dairy ration #6, lbs.

Barley 1, 416

Oats 108

SOM 303

Molasses 108

Dicalcium Phosphate 65

Salt (trace mineralized) 20

Vitamin E (alpha-tocopherol acetate) - (10, 000 I. U. )

2, 020

Tabulated Chemical Specifications

Crude Protein 14%

Crude Fiber 5%

TDN 75%

Calcium 1%

Phosphorus 1%

Molasses 8%

Salt 1%
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Silage was removed from the silo manually to inspect quality.

A wagon was equipped with boxes to contain the concentrate, silages

and hay. The silage was weighed into tubs and then fed to the cows.

Adequate quantity of the silages was fed to insure that there would be

refusal. The refusal was weighed back after each feeding and then

the cows were released to bed down in the freestalls.

The cows were fed alfalfa hay once daily mid-way between the

morning and afternoon milkings. The baled hay was weighed out in

ten lb portions and fed to the cows in the individual stanchions. The

cows would consume nearly all of the hay in about 20 minutes, then

were released and the refusal was weighed back. The only part of

hay that was refused was some stems.

The cows were milked as a group at 0500 and 1600 hours daily.

No concentrates were fed during milking. The cows were carefully

washed and each quarter was given a visual check for mastitis by

milking several squirts of milk through the screen of a strip cup.

The machine was applied after allowing 45 to 90 seconds of stimula-

tion time. The machine was removed after the cow was milked out

and the teats were dipped in a commercial iodine preparation

(Bovadine) containing 10, 000 ppm iodine. Milk weights were recorded

during each milking with the De Laval weigh jars. Milk quality was

determined on the monthly test from the Dairy Herd Improvement

Association. Milk fat and SNF were determined as well as scores
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for the California Mastitis Test (CMT). Milk production data were

collected beginning on the first day post-partum and feed intake data

collection began on the seventh day post-partum.

Milk production was age adjusted (McDaniel, 1967) using the

USDA age adjustment factors for this region. The milk was cor-

rected for fat (FCM) using the 4% FCM formula (Gaines, 1928).

In order to insure an accurate intra-pair and inter-group

comparison the production was adjusted to a common energy basis

using the Gaines formula:

4% FCM = 0.4 x total milk + 15 x total fat, where

FCM = Fat corrected milk

Body weights were taken on the seventh day post-partum and

at monthly intervals until the end of the feeding period. Weighing

was done on a set of livestock scales equipped with a platform and

cattle crate. The scales were checked and inspected prior to the

initiation of the trial.

Data on herd health was collected under the supervision of the

OSU veterinarian supervising the herd health program. The inci-

dence of mastitis, ketosis, digestive disorders, uterus infections,

parturient paresis, grass tetany and reproductive problems was

recorded after treatment. Reproductive performance was observed

noting the services per conception after the cows were inseminated

artifically by a trained technician on the OSU dairy staff,
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An economic analysis was an integral part of the study and

dealt with the feed cost - milk production situation and a comparison

of the dollar return over feed costs of the feed treatments. Local

prices of $10 per ton for corn silage and $4.75 per ton for corn

cannery waste were used. Milk prices were determined by the local

market prices for milk based on $6. 20 per cwt of 4. 0% fat milk.

Management observations were made concerning such things

as palatability of the feeds, general appearance of the cows, odor and

texture of the feeds, and the apparent time needed for the rumen to

adjust to a change of feeds.

Blood samples were drawn by veinapuncture on the seventh

day post-partum at mid-lactation and at the end of the lactation.

These samples were stored frozen for later component analysis.

The students paired t-test (Steele and Torrie, 1960) was used

on all paired data in the study. The analysis was to show the dif-

ference in production of the mean performance of the two treatments

of corn cannery waste and corn silage fed cows. The 5% level of

probability was chosen concerning determination of significant dif-

ferences. The null hypothesis was that there would be no difference

in milk production for cows fed corn cannery waste or field corn

silages with the alternative hypothesis to be that production differ-

ences would exist.
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The test statistic was:

t= d
i

where a = n- where di = xli - x2is=1
d

xli performance of the ith pair fed corn cannery
waste silage

x2i performance of the ith pair fed field corn
silage

numbers of pairs in the experiment
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RESULTS AND DISCUSSION

Chemical composition of corn cannery waste silage has been

known for many years and the proximate analysis shows that the

silage should be an adequate feed for dairy cows if supplemented

properly. However, due to the variability of the silage and the lack

of quality control, management problems exist in actually formulat-

ing consistently adequate rations for high producing dairy cows.

The increased use of cannery wastes as feeds for livestock has

cuased an upward shift in price. Actual animal performance data

assist materially in conjunction with laboratory analysis to determine

the economic worth of a feed such as corn cannery waste silage. In

the event that there might be carry-over effects the subsequent

lactation performance can be used as a measure of possible reduced

production during the next lactation.

Milk Production

Milk production of individual cows was measured daily through-

out the lactation (Table 14), Mean milk production of the two treat-

ment groups was compared.

Mean production comparison of actual production show that the

corn cannery waste silage fed cows produced 857 pounds less milk

and 32 pounds less fat than the controls fed corn silage (Table 15).



Table 14. Milk, fat and SNF production (actual).

Pair
No.

Corn Cannery Waste Silage Corn Silage
Cow No Days Milklbs.

Fatlbs. SNF
lbs.

Cow No Days Milk
lbs.

Fat
lbs.

SNF
lbs

1 915 305 16772 626 1398 854 305 21540 800 1787

2 831 281 15961 582 1297 911 305 16406 600 1355

3 778 227 13029 536 1076 920 305 16278 624 1362

4 844 305 15529 570 1281 838 305 1584 1 677 1305

5 781 305 17632 694 1460 878 305 17694 688 1511

6 842 305 19328 754 1610 890 305 14225 512 1121

7 860 261 11930 470 979 866 300 13661 564 1196

8 823 274 14270 558 1171 858 305 17896 623 1447

9 847 305 17500 584 1408 913 305 14124 572 1218
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These differences were not statistically different (P> . 05).

Table 15. Milk, fat and SNF production means (actual).

Treatment Milk (lbs.) Fat (lbs. ) SNF (lbs.)

Cannery Waste 15550 597.1 1297.7

Corn Silage 16407 628. 8 1366. 8

Following the compilation of data concerning actual milk and

fat production the records were adjusted for age (Table 16) This

permitted the comparisons of pairmates and treatment groups on a

common age basis.

When the milk and fat records were corrected for age using

Mature Equivalent (ME) tables, no significant differences were

observed between the two treatment groups (Table 16). The ME

production of the corn cannery waste fed cows was 16,333 lbs of

milk and 613 lbs of fat compared to 17755 lbs of milk and 669 lbs of

fat for the field corn silage fed group.

The age adjustment was necessary due to the variability of age

both within treatment and between treatments. The mean age at

calving of the corn cannery waste fed cows was five years and six

months compared to four years and two months for the corn silage

fed group.

The age adjustment values from USDA for the Northwest region

of the U. S. were used. These values consider cows six and one-half



Table 16. Age adjusted (ME) production.

Corn Cannery Waste Silage Pair No. Field Corn Silage

Cow No. Age 11ilk Fat SNF SNF Fat Milk Age Cow No.
lbs. lbs. lbs. lbs. lbs.

915 3-3 19455 707 1580 1 1841 824 22400 4-10 854

831 5-5 16280 594 1323 2 1491 660 18375 3-6 911

778 7-6 13030 536 1076 3 1553 711 19045 3-2 920

844 5-5 15840 581 1307 4 1331 691 16315 5-4 838

781 7-2 17630 694 1460 5 1587 722 18930 4-2 878

842 5-11 19715 762 1626 6 1166 532 15080 4-2 890

860 4-11 12645 489 1018 7 1244 587 14480 4-7 866

823 5-10 14555 564 1183 8 1505 648 18790 4-10 858

847 4-3 17850 590 1422 9 1376 646 16380 3-4 913

Mean 5-6 16333 613 1333 1455 669 17755 4-2



41

years old to be mature. Ages younger or older than maturity are

appropriately weighted to approximate what the cows record would

have been if calving had occurred at maturity. Since higher levels of

fat production require higher energy increments the fat production

should be considered when comparing cow performance data. By

using the Gaines formula for fat corrected milk (FCM) the adjustment

of the ME records was made as indicated in Table 17.

Table 17. Production levels of 4% fat corrected milk (FCM) from
mature equivalent records.

Treatment

Cannery Waste
Pair

Corn Silage
Cow No. C4%lbs.FM Cow No. 4%111;TM

915 18387 1 854 21320

831 15422 2 911 17250

778 13252 3 920 18283

844 15051 4 838 16891

781 17462 5 878 18402

842 19316 6 890 14012

860 12393 7 866 14597

823 14282 8 858 17236

847 15890 9 913 16242

Mean 15717 17137
Difference = 1420



42

The corn cannery waste fed cows produced 1420 pounds less

fat corrected milk per lactation than the field corn silage fed cows,

However, this difference was not significant (P>. 05).

The effect of corn cannery waste silage on milk production was

the primary objective of the study. Manipulations for age and fat

percent were done to remove as much bias as possible. The differ-

ence of 1420 pounds of FCM is the value of the primary objective.

Milk production per unit of body weight (Table 18) shows 1019 lbs vs.

1172 of FCM/100 lbs body weight for the corn cannery waste and corn

silage fed cows respectively.

Table 18. Milk production per lactation as FCM per
100 lbs body weight.

Treatment FCM/100 lbs

Corn Cannery Waste 1019

Corn Silage 1172

The persistency of lactation is another important aspect of

the total lactation observations. Figure 1 shows that the cannery

waste fed cows had a very adequate lactation peak and attained a peak

production level as high as those fed corn silage. Data from Figure

1 show that the corn cannery waste fed group were less persistent

in lactation having a persistency value of 87%; the corn silage fed

cows had a more normal persistency rate of 92% (Appendix Table 2).
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As the lactations progressed, the production of the cannery waste fed

cows declined and by the third month the corn silage fed cows were

yielding the higher daily production. After the sixth month of lacta-

tion the corn cannery waste fed cows production decreased much

more rapidly and they terminated their lactation early. The normal

lactation length for dairy cows is 305 days. Lactations were termi

nated when daily production decreased to 13 pounds daily. The cows

were dried off at this point rather than continued milking since milk-

ing cows with extremely low production results in overmilking and

increase in the incidence of mastitis. The corn cannery waste fed

cows milked only 285 days which was well under the 304 day lacta-

tion of the corn silage fed group (Table 14). The shorter lactation

length accounts for part of the lower milk production of the cannery

waste fed group.

Milk quality was determined from the monthly DHI test results.

The test provided butterfat plus solids-not-fat (SNF) percentages.

Milk test results showed that the milk from cows fed corn

cannery waste or corn silage forages is of adequate quality. The

mean butterfat percent for the summation of all lactations of cows

fed corn cannery waste was 3. 8% compared to 4. 0% for those fed

corn silage (Appendix Tables 3 and 4). These levels are higher than

the average of the entire OSU Holstein herd of 3. 6% fat during the

experiment.
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Solids-non-fat levels were nearly identical for the two groups

of cows with 8.2 and 8. 3% for the corn cannery waste and corn silage

fed cows, respectively (Appendix Tables 5 and 6).

The data from this trial indicate lower milk production levels

for cows fed corn cannery waste silage than those fed corn silage.

Milk fat and SNF levels were higher than the breed average and

approximately the same for cows fed the two forage treatments. The

most noticeable difference in cow performance on the trial was the

reduced persistency of lactation for the corn cannery waste fed group,

Post-treatment lactation performance was observed for the

cows remaining in the herd during the year after the trial. The sub-

sequent lactation performance records show no detrimental carry-

over effects. However, they could have been masked since the cows

were put on a high plane of nutrition during the dry period (Appendix

Table 17).

Feed Consumption

Feed consumption was determined from records of daily feed

intake on an individual cow basis. Prior to calving, the cows were on

a corn silage, grass hay and concentrate diet. During the trial,

feed intake was recorded beginning on the seventh day post-partum.

Daily feed intake of corn cannery waste and corn silages, concen-

trates and alfalfa hay are shown in Table 19.
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Table 19. Daily feed consumption.

Total Daily Feed Intake,
lbs.

Daily Feed Intake,
% of Body Weight

Silage Hay Concentrate Silage Hay Concentrate

Corn Cannery
Waste Silage

Corn Silage

Difference

52

64

12

9

9

19

19

3. 5

4. 0

0. 5

0. 6

0. 6

1

1

Cows fed corn cannery waste silage consumed 12 lbs. less

silage daily than those fed corn silage when fed the silages ad libitum.

Daily concentrate and alfalfa hay intake was the same for both groups.

The corn cannery waste silage was less palatable than corn silage and

cows reject the cannery waste silage for several days and eat it

sparingly before they become accustomed to it. Once accustomed,

they consume it readily. The texture of the corn cannery waste

silage is less desirable due to its coarse stringly character and

presence of partial and complete cobs. The corn silage was cut with

a field chopper to a consistent length of 1/2 inch or less. The

decreased palatability in combination with the coarser texture prob-

ably were the primary factors in the difference in intake of the two

silages.

Silage consumption for the complete lactation is shown in

Appendix Tables 7 and 8. Consideration must be given to the length

of lactation for both groups. Even though the tables show less silage
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consumed per lactation for the corn cannery waste group, these

values would change some had they milked for a normal 305 day

lactation. Since they dried off at 285 days, they consumed less dur-

ing the lactation period but still had to be fed when dry. During the

period from 285 to 305 days at their daily consumption of 59 lbs.

they would have consumed an additional 1180 lbs. of cannery waste

silage per head. This amount is not included in the feed consumption

data.

Silages consumed during the lactation were 14523 lbs. for the

corn cannery waste and 19090 lbs. for the corn silage fed cows

(Appendix Tables 7 and 8).

Silages consumed throughout the lactation varied between treat-

ments as shown in Figure 2. The corn cannery waste fed group

consumed 27 lbs compared to 34 lbs daily for the corn silage group

during the first month of lactation (Appendix Tables 9 and 10). The

greatest corn cannery waste intake occurred in the sixth month of

lactation (60 lbs); however, after the fifth month of lactation the

cannery waste intake was nearly identical for each month. The corn

silage group also reached their highest silage intake during the

sixth month when they averaged 73 lbs. daily intake. Their average

daily intake was greater throughout the trial than the cannery waste

fed cows (Figure 2).
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Figure 2. Average Daily Silage Intake by Lactation Month
for Cows Fed Ad Libitum Corn Cannery Waste or
Corn Silages.
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Silage Composition

Proximate analysis of silages (Table 20) show similar dry

matter levels for corn cannery waste (26. 1%) and corn silage (24. 6 %).

Considerable differences occur in protein levels of 6.7% and 9, 0%

for corn cannery waste silage and corn silage respectively. There

is also a significant difference in the fiber levels since the corn

cannery waste silage is nearly 10% higher in fiber than field corn

silage. Only traces of nitrates were found in both types of silages.

Table 20. Feed composition.

Sample
Dry Matter Crude

Protein Fats Fiber Nitrate

Corn Cannery Waste

Corn Silage

Alfalfa Hay

26.1

24.6

90.0

6.7

9. 0

17.5

5.0

6. 0

41.4

31.7

Trace

Trace

Nitrate levels have been a concern in animal feeds, especially

in some of the cannery by-product forages. One of the objectives of

this experiment was to measure nitrate effects on animal performance.

Nitrate is converted to nitrite in the gut and absorbed into the blood.

The nitrite converts hemoglobin to methemoglobin which reduces the

oxygen carrying capacity of the blood. Jones et al. (1966) found

that nitrite percent decreased markedly in corn silage that had been
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ensiled for four months. Since nitrate levels decrease when corn is

ensiled possibly this is the reason that only traces of nitrates were

detected in the corn and corn cannery waste silages. Other reports

indicate high nitrate levels in cannery wastes. Additional work should

be done concerning nitrate levels in corn cannery waste silages fed

to dairy cattle. Since only traces of nitrates were detected in the

silages in this trial methemoglobin levels were not determined from

the blood samples that had been collected.

Body Weight During Lactation

Body weights of cows were observed on day seven, at 30 day

intervals and on the last day of the lactation. Comparison of body

weights at the start and finish of the lactation for the two treatments

is shown in Table 21. The corn cannery waste fed cows gained 57

lbs. compared to 95 lbs. for the corn silage group from day seven

to the end of lactation. If the corn cannery waste fed group had not

terminated lactation early (285 days) their final weight would have

been heavier and been closer to the corn silage fed cows that com-

pleted a 304 day lactation.

More detailed weight data are shown in Appendix Tables 11

and 12 which shows initial weights and monthly body weights.
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Table 21. Body weight at beginning and end of lactation, (lbs.)

Treatment
Corn Cannery Waste Silage Corn Silage

Pair
No

Cow
No

Start
Wt

End
Wt Diff

Cow
No

Start
Wt

End
Wt Diff

1 915 1406 1560 +154 854 1502 1510 + 8

2 831 1442 1665 +223 911 1265 1465 +200

3 778 1625 1574 - 51 920 1330 1520 +190

4 844 1485 1535 + 50 838 1623 1633 + 10

5 781 1395 1360 - 35 878 1407 1425 + 18

6 842 1505 1550 + 45 890 1385 1545 +162

7 860 1646 1768 +122 866 1502 1535 + 33

8 823 1653 1690 + 37 858 1501 1640 +139

9 847 1475 1445 - 30 913 1228 1318 + 90

Mean 1514 1571 + 57 1415 1510 + 95

Herd Health During Feeding Trial

There were no major differences in herd health during the

experiment. Diagnosis and treatment was performed by services

from the OSU Veterinary Department. Incidence of sickness

(Appendix Tables 13 and 14) shows equal numbers of cows treated

for mastitis for both treatments. The incidence of metritis was also

nearly the same. There were three cows treated for inappetance

when fed corn cannery waste and only one for the corn silage fed

group and she was being treated for ketosis. These results show a
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tendency for cows to show digestive disturbances when fed corn

cannery waste.

There were no noticeable differences (Table 22) in reproductive

performance as measured by services per conception when the cows

were inseminated artifically. The corn cannery waste fed group had

78% first service conception and the corn silage group had 67% first

service conception.

Table 22. Conception rates during feeding trial.

Pair
No

Treatment
Cannery Waste Corn Silage

Cow
No

Services/ Cow
conception No

Services/
conception

1 915 1 854 1

2 831 1 911 1

3 778 1 920 1

4 844 1 838 1

5 781 9 878 1

6 842 3 890 6 (culled

7 860 1 866 2
open)

8 823 1 858 1

9 847 1 913 2

The California Mastitis Test (CMT) was taken monthly (Appen-

dix Tables 15 and 16) to determine the udder health of the cows.

There were no major differences in the CMT scores.
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Returns Over Feed Costs

Returns over feed costs were estimated (Table 23), assuming

a value of $4.75/ton for corn cannery wastes and $10/ton for corn

silage delivered in the silo. Use of these estimates and the produc-

tion results of this trial yielded an advantage of $27 per cow in the

corn silage group. In fact, with corn silage priced at $10/ton, feed-

ing corn cannery wastes would not be competitive unless it was

prices less than $1.10/ton when fed at the levels in this experiment.

It was also observed that an adjustment period of about two weeks was

necessary to accustom cows to corn cannery wastes. This prevented

a cow going off feed. A wise management tool would be to begin

feeding corn cannery wastes during the dry period so that a cow

would be fully accustomed by calving.
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Table 23. Income and feed costs for cows fed corn cannery waste
or field corn silages.

Cannery Waste Treatment

Milk Production and Income 15717 lbs FCM @ $ 6.20/cwt $974.45

Cannery Waste Fed 14523 lbs @ $ 4.75/ton 34.85

Concentrate Fed 5405 lbs @ $68.00 /-ton 183.73

Alfalfa Hay Fed 2440 lbs @ $36. 00 /ton 43.92

Return over feed costs $711. 9 5

Corn Silage Treatment

Milk Production and Income 17137 lbs FCM @ $ 6.20/cwt $1062.49

Corn Silage Fed 19090 lbs @ $10. 00 /ton 95. 40

Concentrate Fed 5643 lbs @ $68.00/ton 191.08

Alfalfa Hay Fed 2628 lbs @ $36. 00 /ton 47.16

Return over feed costs $ 738.85

Difference (Corn Silage vs. Cannery Waste) $ 26.90
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SUMMARY AND CONCLUSIONS

Cows fed corn cannery waste produced less milk, fat and SNF

(-1422 M, -56F, -122 SNF) than those fed corn silage. Part of this

difference is due to less daily corn cannery waste intake than those

fed corn silage. The corn cannery waste is significantly lower in

protein and higher in fiber than corn silage. Only traces of nitrates

were detected in both the corn silage and corn cannery waste. Corn

silage fed cows had longer lactations (304 days) as compared to the

corn cannery waste treated cows that terminated their lactation at

285 days. There were no noticeable differences in health or con-

ception rates of the two groups of cows. During the next lactation

the cows that were previously fed corn cannery waste produced as

well as those that were fed corn silage. A partial budget developed

from production and cost data in this trial indicate about a $27. 00

advantage in return above feed cost per lactation for corn silage fed

cows.
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APPENDIX I

Glossary of Abbreviated Terms

A, I. = Artificial Insemination

CMT = California Mastitis Test

FCM = Fat Corrected Milk

ME = Mature Equivalent

PPA = Probable Producing Ability

SNF = Solids-non-fat
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APPENDIX II

Tables of Detailed Supporting Data



Appendix Table 1. Daily milk production by lactation month for corn cannery waste fed cows.

Cow Treatment Average Daily Milk Production by Lactation Month (Actual, lbs. )

1 2 3 4 5 6 7 8 9 10
Mean

Persistency %

915 Corn Cannery
Waste Silage 71 88 80 71 61 54 45 34 26 21

831 81 100 89 66 54 44 36 29 22 14

778 77 84 52 60 53 50 42 28

844 70 86 77 64 53 46 38 30 27 19

781 54 88 83 75 63 56 44 42 36 34

842 72 90 84 74 65 61 57 Si 47 42

860 70 84 70 55 40 32 22 14 8

823 67 84 76 60 51 46 39 29 16

847 63 85 80 74 65 62 48 44 31 27

Mean 69 88 77 66 56 50 42 33 24 17

Persistency 127 87 86 85 89 84 78 73 71 86.6



Appendix Table 2. Daily milk production by lactation month for corn silage fed cows.

Cow Treatment Average Daily Milk Production by Lactation Month (Actual, lbs. )

Mean
1 2 3 4 5 6 7 8 9 10 Per sistency %

854
Field Corn
Silage 81 105 97 86 78 59 55 53 48 44

911 71 73 69 63 55 51 46 42 38 31

920 71 78 64 57 53 50 49 43 39 30

838 61 76 79 74 63 45 33 36 32 23

890 63 64 52 50 48 49 46 44 28 32

866 61 81 71 60 50 41 29 24 22 12

858 75 94 89 75 63 52 45 39 33 22

913 55 65 60 54 50 44 40 37 34 32

Mean 66 88 73 65 58 50 44 41 35 29

Persistency 133 83 89 89 86 88 93 85 83 91.8



Appendix Table 3. Fat percent throughout lactation for corn cannery waste fed cows.

Cow Treatment

Fat % During Lactation Months

Mean1 2 3 4 5 6 7 8 9 10

915
Corn Cannery
Waste Silage 3. 3 3. 5 3. 4 3. 8 3. 9 3. 9 4. 2 4. 0 4. 1 4. 4 3. 8

831 3.5 3.8 3.6 3.3 3.7 3.8 3.7 3.9 3.9 3.9 3.7

778 3.5 4.2 4.0 4.0 4.1 3.6 3.6 3.6 --- 3.8

844 3. 1 3. 3 3.7 3.7 3. 5 4. 1 3.9 4.2 4. 3 4. 4 3.9

781 4.9 4.0 4. 1 3.9 3.8 4.0 3.9 4.0 4.0 4. 1 4. 1

842 4.6 4.0 3.7 3.8 4.0 4.2 4.0 3.0 3.5 4.0 3.9

860 4.0 3.9 4.1 3.9 3.7 3.9 3.9 3.9 3.9 -- 3.9

823 4.3 4.1 4.0 3.9 3.5 3.4 3.8 3.9 4.1 3.9

847 3. 1 3.2 3. 3 3. 1 3. 1 3.9 3. 8 3. 5 3. 3 3. 5 3. 4

Mean 3.8 3.8 3.8 3.7 3.7 3.9 3.8 3.8 3.9 4.0 3.8



Appendix Table 4. Fat percent throughout lactation for corn silage fed caws.

Fat % During Lactation Months

Cow Treatment 1 2 3 4 5 6 7 8 9 10 Mean

854 Corn Silage 3.9 3. 6 3.4 3.4 3.5 4.1 3.4 4.0 4.2 4.3 3.8

911 3.5 3.6 3.4 3.7 3.8 3.9 3.4 3.5 4.0 4.2 3.7

920 3.9 3.4 3.5 3.6 3.8 4.1 4.0 4.2 4.3 4.0 3.9

838 5.6 4.3 4.0 3.9 4.0 3.8 3.9 4.4 4.5 4.7 4.3

878 3.5 3.4 3.5 3.7 3.8 4.1 4.3 4.4 4.5 4.5 4.0

890 4.0 3.8 3. 4 3.9 3.7 3.5 3.3 3.2 3. 1 3.5 3.5

866 4.5 4.0 3.9 3.8 3.9 4.4 4.3 4.6 4.4 4.0 4.2

858 3.4 3.3 3.5 3.4 3.5 3. 6 3.8 3. 6 3.4 3.8 3.5

913 4.0 3.8 3.6 3.9 3.8 4.2 4.4 4.5 4.4 4.5 4. 1

Mean 4.0 3.7 3.6 3.7 3.8 4.0 3.9 4.5 4.5 4.2 4.0



Appendix Table 5. SNF percent throughout lactation for corn cannery waste fed cows.

Cow Treatment

SNF 0/0 During Lactation Months

Mean1 2 3 4 5 6 7 8 9 10

915
Corn Cannery
Waste Silage 8. 5 8. 3 8. 5 8. 3 8. 4 8. 4 8.2 8. 1 7.9 8. 3 8. 3

831 8. 3 8. 3 8. 0 7.9 8. 0 8. 1 7. 8 8. 1 8. 7 8. 7 8. 2

778 8.3 8.2 8.4 8.1 7.9 8.3 8.6 8.6 -- 8.3

844 8. 4 8. 3 8.6 8.0 8. 3 8.2 7. 5 7.9 7.9 8. 3 8.2

781 8.4 9.0 8.7 8.4 8.6 8.1 8.4 8.1 8.1 8.4 8.4

842 8. 6 7.9 8. 3 8. 3 7.9 8. 5 8. 4 8. 4 8. 8 8.7 8.4

860 8.4 8.4 8.2 8. 1 8.0 7.8 8.3 7. 8 7. 8 8.2

823 8.5 8.4 8.1 8.4 8.0 8.2 7.8 7.8 8.2 --- 8.2

847 8. 1 8.2 8.2 7.9 7. 6 8. I 7. 8 8. 5 8.2 8. 0 8. 0

Mean 8.4 7.6 8.3 8.1 8.0 8.2 8.1 8.2 8.2 8.4 8.2



Appendix Table 6. SNF percent throughout lactation for corn silage fed cows.

SNF % During Lactation Months

Cow Treatment 1 2 3 4 5 6 7 8 9 10 Mean

854 Corn Silage 8.1 8.6 8.5 8.2 8.0 8.2 8.2 8.4 8.2 8.5 8.3

911 8.3 8.3 8.2 8.0 8.3 8.4 8.2 8.3 8.1 8.7 8.0

920 8.9 8.5 8.3 8.0 8.3 8.4 8.1 8.2 8.5 8.1 8.3

838 8.3 8.2 7.6 8.4 8.1 8.3 8.4 8.8 8.6 8.3 8.3

878 8.5 8.2 8.3 8.6 8.3 8.4 8.5 9.1 9.1 9.1 8.6

890 8.1 8.1 7.9 7.5 8.0 8.3 7.9 7.6 7.3 7.7 7.8

866 8.6 8.7 8.7 8.6 8.7 9.1 9.3 8.9 8.5 9.0 8.8

858 8.2 8.5 8.3 8.2 8.3 7.7 7.8 7.7 7.9 7.8 8.0
,

913 8.4 9.2 8.0 8.7 8.6 8.7 8.8 8.6 8.5 8.6 8.6

Mean 8.4 8.5 8.2 8.2 8.3 8.3 8.3 8.4 8.3 8.3 8.3
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Appendix Table 7, Silage, hay and concentrate data for cows fed
corn cannery waste silage for a complete
lactation.

Cow No
Days

Milked Fed
Feed Data/lb

Silage Concentrate Hay

915 305 298 14343 5960 2297

831 281 274 15518 5399 2411

778 227 220 12025 4554 1919

844 305 298 15621 5490 2583

781 305 298 12455 6055 2565

842 305 298 17295 6180 2847

860 261 254 14922 4484 2257

823 270 263 13749 5240 2212

847 305 298 14782 5282 2868

Means 285 278 14523 5405 2440

Appendix Table 8. Silage, hay and concentrate data for cows fed
corn silage for a complete lactation.

Cow No
Days

Milked Fed
Feed Data/lb

Silage Concentrate Hay

854 305 298 19731 6699 2582

911 305 298 19605 5363 2718

920 305 298 20206 5702 2703

838 305 298 20546 5536 2625

878 305 298 18669 6319 2532

890 305 298 21021 4979 2724

866 300 293 18650 4982 2604

858 305 298 17804 6099 2647

913 305 298 15664 5134 2516

Means 304 297 19090 5643 2628
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Appendix Table 9. Corn cannery waste consumed' daily throughout
lactation,_. (lbs)

Lactation
Month

Cow Number
Mean915 831 778 844 781 842 860 823 847

1 21 30 39 20 20 31 34 27 22 27

2 22 29 52 29 27 46 46 33 34 36

3 32 47 52 42 29 68 56 46 50 47

4 37 62 56 61 34 65 70 45 44 53

5 46 71 61 64 44 71 64 62 50 59

6 55 70 60 59 49 55 65 68 56 60

7 54 58 58 58 52 51 62 58 51 58

8 59 59 56 62 52 50 68 57 43 56

9 62 63 58 55 64 59 61 45 58

10 63 59 59 50 70 58 59 59

Appendix Table 10. Field corn silage consumed daily throughout
lactation. (lbs. )

Lactation
Month

Cow Number
Mean854 911 920 838 878 890 866 858 913

1 42 32 40 30 36 41 29 30 28 34

2 45 48 52 41 42 46 40 40 35 43

3 55 58 63 56 52 57 55 47 42 54

4 56 77 84 70 63 73 73 61 48 67

5 70 70 79 73 66 80 80 72 55 72

6 73 68 69 82 77 80 77 66 65 73

7 79 69 67 77 75 84 79 65 65 66

8 78 71 64 82 75 77 67 63 59 71

9 75 78 76 81 68 79 62 71 55 72

10 78 74 76 79 66 76 65 74 56 63



Appendix Table 11, Body weight changes during lactation for cows fed corn cannery waste.

Cow

Body Weight (lbs.)

Day
Lactation Month

No 7 1 2 3 4 5 6 7 8 8 10

915 1406 1304 1315 1342 1335 1330 1365 1393 1493 1513 1560

831 1442 1440 1415 1393 1500 1517 1535 1550 1640 1665 -

778 1625 1535 1522 1467 1475 1500 1512 1574 -- --

844 1485 1362 1380 1435 1395 1380 1460 1425 1480 1535 1535

781 1395 1290 1318 1303 1320 1304 1320 1327 1365 1355 1360

860 1646 1545 1540 1575 1532 1553 1643 1670 1735 1768

823 1653 1585 1572 1518 1525 1560 1517 1560 1560 1690

847 1475 1378 1355 1360 1430 1400 1400 1405 1405 1445

Mean 1514 1429 1431 1423 1441 1449 1473 1492 1530 1555 1501



Appendix Table 12. Body weight changes during lactation for cows fed corn silage.

Cow

Body Weight (lbs.)

Day
Lactation Month

No 7 1 2 3 4 5 6 7 8 9 10

854 1502 1438 1450 1445 1430 1454 1400 1400 1405 1465 1510

911 1265 1166 1195 1255 1282 1250 1273 1285 1375 1375 1465

920 1330 1294 1345 1337 1350 1334 1340 1350 1428 - 1520

838 1623 1462 1448 1544 1498 1455 1500 1570 1590 1605 1633

878 1407 1313 1271 1281 1382 1300 1359 1384 1404 1443 1425

890 1383 1265 1325 1310 1350 1415 1390 1408 1532 1538 1545

866 1502 1505 1493 1550 1538 1584 1560 1450 1525 1535

858 1501 1447 1560 1485 1488 1492 1443 1514 1560 1620 1640

913 1228 1150 1203 1258 1265 1276 1302 1293 1285 1300 1318

Mean 1415 1304 1366 1378 1399 1390 1418 1418 1444 1483 1510
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Appendix Table 13. Animal health indications for cows fed corn
cannery waste.

Cow No.

915 Mastitis treatment, May 12, 15, 17, 30; June 1

831 Mastitis treatment, April 27, 28, 30. Metritis, May 5,
42, 14, 19, 20, 23; June 10 lame RR foot

778 Mastitis treatment, October 6, 7, 8, 9; September 9 cut
teat. Inappetance 10-14

844 Metritis, June 6, 13. Enteritis, June 8

781 Inappetance, April 9. Retained placenta, April 11.
Metritis April 14, 22; June 6, 10. Mastitis, October 30

842 Metritis, November 14, 17, 19. Footrot, November 29

860 Metritis, June 6-6, 6-13, 6-19. Mastitis 10-6 thru 10-13

823 Inappetance, April 30. Mastitis, May 8, 12; August 20,
27. Footrot treatment, May 26, 27; July 20, 28; August
21; September 2, 3, 5

847 Retained placenta, October 20. Footrot, April 17
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Appendix Table 14. Animal health indications for cows fed corn
silage.

Cow No.

854 Metritis, June 4, 10, Mastitis, January 14

911 Metritis, July 7, 8, 9

920 Mastitis, October 11; April 8

838 Ketosis, April 16. Metritis, April 23, 25, 28. Inappe-
tance, May 20, 21, 22. Injured teat, September 2.
Mastitis, September 4, 12, 15 thru 29; October 5, 6, 9,
10 thru 24, 31; November 1, 3, 7, 23; December 3 and
intermettently until dry. Had injured RF and RR teats.

878 Stiffness, April 14. Metritis, April 25. Mastitis,
December 19; February 2

890 Retained placenta, July 7, 9. Uterus infection, July 14,
28; August 1. Cystic right ovary, September 8, 24.
Metritis, September 24, 26, 30

866 Metritis, June 12, 13, 16, 20, 27; July 1, 3, 7, 9, 14.
Mastitis, September 4, 27; October 10, 11, Injured right
hip, January 9, 19. Fracture left illium, January 27.
Cystic ovaries, April 17

858 Metritis, June 18; July 1, 2

913 No illness recorded
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Appendix Table 15. California Mastitis Test scores for cows fed
corn cannery waste silage,

Cow
No

Lactation Month
Index1 4 5 6 7 8 9 10

915 1 1 TN NN NN N T T

831 NN NN NN NN NN N

778 N N 1 N N T - - T

844 NN NN NN NN NN N

781 T T 1 2 T T 1 1 N 2 1

842 NN NN NN NN NN N

860 N 1 NN T T NN - T

823 N N N T N N N N 1 T

847 N N N T N N N N N T T

Appendix Table 16. California Mastitis Test scores for cows fed
corn silage.

Cow
No

Lactation Month
Index1 2 3 4 5 6 7 8 9 10

854 N N N N N N N N N 1 N

911 N N N N N N N N T N

920 NN NN NN NN 1 - N

838 T N T T N 1 1 N 1 1 T

878 NT N N N T N N N - N

890 N N N N N N N 1 N N N

866 1 1 1 2 N N T N 1 1

858 N N N N N N N T 1 - T

913 NN NN NN NN NN N



Appendix Table 17. Post treatment lactation results (ME) for cows fed corn cannery waste and
corn silages during the prior lactation.

Treatment
Corn Cannery Waste Corn Silage

Cow
No

Age at
Calving Days Milk Fat

Cow
No

Age at
Calving Days Milk Fat

1 915 04-03 303 25113 864 854 06-02 303 13755 551

2 831 06-06 305 17667 649 911 04-06 3,05 19105 656

3 778' 08-05 255 9906 391 920 Culled

4 844 06-06 293 14563 565 838 06-03 305 13240 525

5 781 08-07 305 14972 578 878 05-02b/ 286 9312 338

6 842 06-11 302 18450 756 890 Culledc/
a / d/

7 860 Culled 866 Culled-

8 823 06-11 288 12997 514 858 06-02 305 16194 578

9 847 05-09 305 17784 583 9 1 3 04-05 305 15922 608

Means 17363 15643

'SeriousSerious teat injury - record not included in average.
b/Persistent mastitis record not included in average.
c/ Failed to breed.
d/ Arthritis.


