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The objectives of the research presented in this thesis

are as follows: (1) to measure the effects of different

alfalfa hay qualities on various production parameters of

lactating dairy cows as well as evaluate the new proposed

forage evaluation system, (2) to measure the digestibilities

of different hays, and (3) to access the role of vitamin

B-12 in milk fat synthesis.

Thirty-two lactating Holstein cows were used in a

4 X 4 Latin Square design with three week periods. Four

completely mixed rations consisting of 5% corn silage, 45%

chopped alfalfa hay, and 50% concentrate were fed. nations

differed only in quality of alfalfa hay. Hay quality was

based upon relative feed value (RFV) calculated from

neutral detergent fiber (NDF) and acid detergent fiber (ADF)

analysis. Rations were isocaloric and formulated to meet



minimum protein levels with the least amount of variation.

Ration designation (1,2,3,4) refers to hay quality. The

ADF values were 19.52%, 21.52%, 43.72%, and 46.53% for

rations 1,2,3,4, respectively. The differences among the

following treatment means were significant: actual milk

production (30.18, 29.07, 28.96, 27.59 kg), milk fat

percentage (2.96, 3.21, 3.09, 3.17), persistency (100, 97.9,

98.4, 96.2 %), intake as percentage body weight (3.44, 3.37,

3.44, 3.11 kg), and sera vitamin B-12 (1.92, 3.35, 1.95,

2.02 ng/ml) for ration 1,2,3,4, respectively. The dif-

ferences among the following treatment means were not

significant: changes in body weight per day (.36, .13, .30,

.29 kg), 4% FCM (25.48, 25.75, 24.60, 23.79 kg), average

dry matter intake (24.09, 23.16, 23.59, 21.89 kg), acetate

(A) production (56.85, 48.58, 62.9, 57.19 micromole/ml),

propionate (P) production (30.14, 24.8, 34.98, 31.08

micromole/ml), and A:P ratios (2.05, 2.38, 2.07, 2.19) for

ration 1,2,3,4, respectively.

Four Holstein steers fed the four alfalfa hays used in

the production trial were used in a 4 X 4 Latin Square

design to quantitate voluntary dry matter intake (VDMI) and

to calculate digestibility of crude protein (CP), ADF, and

dry matter (DM). The differences among the following

treatment means were significant: VDMI (10.2, 9.21, 9.95,

8.05 kg) and CP digestibility (79.39, 73.96, 77.31, 71.76 %)

for ration 1,2,3,4, respectively. The differences among the

following treatment means were non-significant: ADF



digestibility (52.84, 50.03, 54.28, 51.24 %) and DM

digestibility (70.02, 64.99, 66.73, 61.86 %) for ration 1,2,

3,4, respectively.

The results indicate that different alfalfa hay

qualities, as measured by RFV, does influence the production

of lactating dairy cows. But if the RFV system is to be

used to predict the economical production of a lactating cow

there are certain qualifications which must be considered

for this system to be an effective tool for the dairy

industry. The results also indicate that the dairy industry

does not have the current technology to utilize high

quality forages for maximum benefit.

Evidence from this experiment indicates that vitamin

B-12 is not the sole factor for milk fat depression and is

against the current hypothesis that a deficiency in vitamin

B-12 is the cause for milk fat depression.
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The Effects of Alfalfa Hay Quality on

the Production of a Lactating Dairy Cow

Introduction

Until recently there has not been a forage evaluation

system which would. provide information about animal

performance, chemical composition of the forage and assign

monetary values to the forage. The new proposed relative

feed value system originated from data utilizing sheep and

is based on the fact that forages are the only source of

dietary energy and protein. However, dairy cattle consume

large volumes of forage and there has been little research

with this species.

A frequent complaint from dairymen is that higher

quality forages cause depression in milk fat percentage.

This is a serious economical problem because milk price is

based on the amount of fat present in the milk. Thus,

farmers may be paying more money for higher quality forage

and at the same time they may be receiving less money for

the product sold.

The present study involved two feeding trials: first a

production trial using thirty-two lactating Holstein cows

fed four lots of hay in combination with a concentrate

mixture and tested for treatment effects on feed intake,

body weight changes, milk yield and fat percentage, per-

sistency, rumen fermentation patterns and sera vitamin B-12

content; and second, a digestibility trial using four steers

to calculate voluntary dry matter intake, crude protein,

acid detergent fiber and dry matter digestibilities in the

same four lots of hay.

The main objectives were as follows:

1. To measure the effects of different hay qualities on

various production parameters, as mentioned above.

2. To measure the digestibility of the four hays.
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3. To assess the role of vitamin B-12 in milk fat synthesis.

Literature Review

Forage Evaluation

American Farmers in 1978 produced 142 million tons of

hay (Crop Reporting Board, 1979), of which 114.6 million tons

were used on the farm while the remaining 27.7 million tons

were sold (Field Crops, 1979). In contrast, Oregon produced

approximately 1.5 million tons with an estimated 40 percent

sold for approximately $42 million (Miles, 1980). There are

nine states which have hay marketing programs and California

is the only state with a system based on chemical evaluation

(Rohweder et al, 1977;1978). The majority of the national

hay inspections were based on hay grade standards set forth

in the Agricultural Marketing Act of 1946 (Official Hay and

Straw Standards, 1949). The USDA system depends entirely

upon visual observations, such as, leafiness, fineness and

color. These criteria are not closely associated with the

chemical compsosition nor does it reflect the nutritive value

of the forages. The inadequateness of this system is

revealed in the fact that in 1977 about 1 percent of the

total hay crop was evaluated (Rohweder et al, 1977;1978). It

is clear a new forage evaluation system which includes both

visual and chemical analysis is needed.

Forage quality in relation to animal performance has

been studied extensively in the last few years in order to

find a quality evaluating system which correlates with animal

performance. Forage and livestock producers need an

accurate, speedy, reliable, reproducible and inexpensive

forage evaluation system. In addition, livestock producers

need information about expected animal performance.

Hay producers would make an effort to increase hay
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quality in order to increase profits (Moore, 1978) if higher

quality forages brought more money. As Moore (1978) pointed

out, livestock producers would invest in higher quality

forages if: (1) forages are a large proportion of the diet,

(2) the level of animal performance is increased by improving

forage quality, and (3) increased animal performance leads

to higher profits. Because of the last three reasons lac-

tating dairy cows, growing steers and heifers become the

main target for higher quality forages.

In order to perdict forage quality it should first be

defined. Forages and roughages are interchangeable terms

for feedstuffs containing 18 percent or more crude fiber.

Forage quality is an expression of the potential of live-

stock to produce milk, meat, or other products usable by

the consumer. It can also be defined as the type and amount

of digested nutrients available per unit time. In terms of

animal performance, forage quality is a function of the rate

and level of intake, the rate and extent of digestion and the

efficiency of utilization of specific nutrients. Any or all

of these functions can be inhibited by the presence of anti-

quality substances in a specific forage (Barnes and Marten,

1979; Burns, 1978; Brazle et al, 1979; Gourley and Lusk, 1978;

Ellis, 1978).

Anti-quality substances are chemical constituents and

physical characteristics of forages which reduce animal

performance. Such substances are usually classified as

secondary metabolites which have an effect on the primary

metabolites within the animal. Animals are affected by a

change in intake, digestibility or physiological status. In

less extreme cases the animal may only have an unthrifty

condition while in more extreme cases death may occur (Burns,

1978).

Burns (1978) listed the chemical compounds which cause

the most problems as follows: (1) terenoids or saponins
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present in alfalfa, (2) flavonids or tannins found in

serica lespedeza, (3) aromatic compounds such as phenols in

crown vetch, and (4) alkaloids, the types in Phalaris species

and Tall Fescue. There are many more anti-quality components

found in nature. For the interested reader, Burns (1978)

lists specific communications about these chemical compounds

and how they act.

Physical barriers, which limit quality, are grouped

into two classes: (1) external barriers, such as trichomes

and bloom on the leaves of millet, and (2) internal barriers

or structural components like cellulose and lignin (Burns,

1978). These components can affect intake as well as

digestion when forages are they only feed source.

Animals maintained on forage based systems have many

factors influencing performance besides the quality of

forage. These factors can be divided into three classes:

(1) aniaml potential, (2) quantity of forage, and (3) sup-

plemental feeds (Moore, 1978; Barnes and Marten, 1979).

These factors are best controlled by management and all

depend on forage quality. Forage quality is affected by

environment, species and maturity as well as management.

Each of these factors affect some component of the forage

which alters the digestible energy (DE) and animal perfomance.

Animals given only forage rations do not always perform

to the maximum ability. The poor performance is often

associated with deficiencies in DE, protein, NaC1, and

vitamin A (°loore, 1978; Barnes and Marten, 1979). These

deficiencies can be corrected with supplemental feeds but

consumable DE is the most common and is the hardest to

correct. This makes accurate and reliable estimates of

forage DE a necessity (Barnes and Marten, 1979).

The proper estimation of DE involves qualitative and

quantitative properties. Qualitative evaluation involves

visual procedures. Quantitative evaluation involves
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laboratory procedures which are either consumptive or non-

consumptive (Barnes and Marten, 1979). The category in

which the test falls will be determined by the final state

of the sample. The obvious advantages of non-consumptive

techniques are that the samples are not weighed and remain

unharmed so they can be used again.

Barnes (1973) has broken down the consumptive category

into five areas as follows: (1) chemical methods, (2)

physical methods, (3) in vivo methods involving suspension

of forages into the rumen or cecum of living animals, (4)

in vitro rumen fermentation methods, and (5) small animal

bioassay methods. Barnes (1973) offers an excellent review

of the application of these methods.

For an effective forage evaluation system there must be

a prediction of voluntary intake (Barnes, 1973; Ulyatt,

1973). The factors influencing voluntary intake are: the

rate of digestion of the potentially digestible fractions,

the rate of passage of the indigestible fibrous fraction, and

the undigested portion of the potentially digestible

fractions. Forage intake can be estimated from laboratory

data provided measures of the total extent of digestion,

digestion rate, and rate of passage are obtained (Barnes,

1973). Voluntary intake is partially determined by the

nutritive value of a feedstuff which in turn depends upon the

stage of maturity, the leafiness, the mineral and vitamin

content, and the method by which the forage was harvested

(Sullivan, 1973; McDonald, 1973).

In 1972 the American Forage and Grassland Council acted

on the need for a forage evaluation system. A Hay Marketing

Task Force was formed with the following goals: (a) identify

hay marketing problems, (b) determine problem priorities and

possible solutions, and (c) develop specific recommendations

for action. Consurrently a Forage Analysis subcommittee was

charged with establishing a system for pricing hay based on
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some realistic measurements of feed value (Rohweder et al,

1977;1978)

In 1974 United States scientists, conducting research

on forage quality and animal nutrition, were surveyed by the

Forage Analysis Subcommittee to find the concensus of opinion

regarding the more precise techniques for evaluating forage

quality (Rohweder ai Al, 1977;1978). The subcommittee found

that there are three basic methods for estimating in vivo

digestibility in use today: (1) the digestion trial, which is

a direct method of analyzing material consumed and excreted

by the animal but is lengthy and costly, (2) the in vitro

fermentation technique, and (3) newer chemical methods which

more adequately characterize the constituents of feedstuffs.

Data from the in vitro fermentation technique gave the

closest approximations of energy digestibility and availa-

bility for forages measured in vivo. The two stage in vitro

fermentation technique of Tilley and Terry (1973) has

provided the best results when compared to other fermentation

techniques. Rohweder et al (1977;1978) are doubtful this

method will become widely adopted for routine use because of

the time needed to complete the analysis.

The chemical assays of choice to estimate in vivo dry

matter digestiblity and dry matter intake are acid detergent

fiber (ADF) and neutral detergent fiber (NDF), respectively

(Rohweder et al, 1977;1978). The ADF and NDF analytical

system developed by Van Soest (1963b) and Van Soest and Wine

(1968) seperates the organic matter of plants into two

fractions. The first fraction, the cell contents, is found

with NDF techniques and is approximately 98 percent available.

It is comprised of substances which are readily attacked by

digestive enzymes and yield usable nutrients to both

ruminant and non-ruminant species. The cell wall fraction is

the second fraction and is called ND. The components of

this class are primarily available to species with gastro-
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intestinal fermentation capabilities. This proportion of the

forage (cell walls) affects the volume a feed will occupy in

the digestive tract, a principle factor limiting consumption

by animals (See Table 1).

The Forage Analysis Subcommittee obtained several

forage samples with known analytical data from a number of

locations (Rohweder et al, 1977;1978). Measurements for

ADF, NDF, in vivo digestible dry matter and dry matter intake

were obtained. The relationships of ADF to in vivo diges-

tible dry matter (DDM) and NDF to dry matter intake (DMI)

were estimated by regression analysis and F-tests were then

used to test the significance of each component in the

equations.

Acid detergent fiber was found to be the assay of

choice to estimate digestibility and the analysis often

indicated the digestiblity of cell walls as well as cell

solubles. Acid detergent fiber levels were highly correlated

with in '.7ivo DDM in alfalfa, temperate grasses, and tropical

grasses. The R values ranged from -.73 to -.93 depending on

location and species giving an inverse relationship between

DDM and ADF.

Neutral detergent fiber was the choice assay to

estimate voluntary DMI. Neutral detergent fiber has the

highest correlation with voluntary intake of forages, which

is a function of the rate of digestion, which in turn

influences the rate of passage and ultimately the amount

of forage the animal will consume. The R values ranged from

-.32 to -.94, again depending on location and species, and

showing an inverse relationship to VDMI.

Rohweder et al (1977;1978) proposed that ADF analysis

more adequately predicts in vivo DDM and energy avail-

ability in forages than any other analysis. The NDF anal-

ysis provides the best indication of DMI for legumes and

grasses by the animals. A combination of both analyses can



Table 1. Division of Forage Organic Matter by the System of Analysis using Detergents)

Fractions
A. Cell Contents

Components
Lipids

Nutritional Availability
Ruminant

VC
Non-Ruminant

HA
(soluble in Sugars VC HAneutral Orgainc Acid and H2O VC HAdetergent) Soluble matter VC HA

Starch VC HA
Non-protein nitrogen VC HA
Soluble protein VC HA
Pectin VC HA

B. Cell Walls
(fiber insoluble
in neutral
detergent NDF)
(1) Soluble in

acid detergent

(2) Insoluble in
acid detergent
Acid Detergent
Fiber-ADF

Hemicellulose

Cellulose
Lignin
Lignified N compounds
Heat damages protein
Keratin
Silica

Partial

Partial
Indigestible
Indigestible
Indigestible
Indigestible
Indigestible

Very low

Very low
Indigestible
Indigestible
Indigestible
Indigestible
Indigestible

1. Adopted from Rohweder et al, 1978

VC= virtually complete HA= highly available

00



9

provide an estimate of digestible dry matter intake (DDMI)

as. follows:

DDM (%) is inversely related to ADF concentration

DMI (g/k0P75) is inversely related to NDF

concentration

DDMI (g/kgW'75) is a function of DDM X DMI.

100

Legumes, grasses, and legume-grass mixtures were

evaluated on a continuum permitting a calculation of feeding

value for all types of plants. The Relative Feed Value (RFV)

system proposed by Rohweder et al (1977;1978) utilizes both

organoleptic characteristics and representative chemical

analysis to establish five grades of forage with one sample

grade. The system estimates full bloom legumes as the base

hay and the grades are based on advancing degrees of maturity.

The grades are also designed to represent measurable dif-

ferences in animal response. The original work was conducted

utilizing feedlot sheep. 1FV is calculated as follows:

Legumes

DDM = 65.5 + .975 ADF% - .0277 ADF%2;

DMI = 39 + 2.68 NDF% - .0410 NDF%2;

Grasses

DDM = 34.8 + 2.56 ADF% - .0491 ADF%2;

DMI = 54.8 + 1.22 NDF% - .0176 NDF%2;

DDMI = DDM X DMI / 100;

RFV = DDMI X 2.5.

The RFV is calculated by dividing the estimated DDM by

40 times 100 to provide a common base for all possible

forages (Rohweder et al, 1977;1978). These values indicate

the best pure grass hay is no better than a grade two

relative to legume hays with mature grass hays grading as

low as grade five (Table 2). ,ielative feed values range

from over 140 for early cut legumes to less than 83 for

mature hays.



Table 2. Typical Digestible Dry Matter (DDiVI), Dry Matter Intake (DMI) an4 Digestible
Dry Matter Intake (DDMI) Values for Proposed Market Hay Grades

Legume Hays Grass Hays.

Grade

1

In vivo DMI
g/kgbr"

>80

DDMI
g/k4.4'75

>57

In vivo
DDIV1%

DMI
g/kgW75

DDMI
g/kgW '75

RFV%

> 140

DOM%

>70

2 66-70 75-80 50-57 72 69 49 124-140

3 58-65 68-74 41-49 62-72 65-69 41-49 101-123
4 <58 <68 < 41 55-61 59-64 33-40 83-100

_5 <55 <59 <33 <83

1. Adopted from Rohweder et al, 1978.
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The system is based on "clean" hay which means the

slightest evidence of any foreign material will drop the

grade by at least one grade (Tables 3 and 4).

There are three major problems with the hay grading

system. The first problem is that the system estimates

intake of DE when forages are the only source of dietary

energy and protein. The second problem is the assay for

lignin. Van Soest (1963b) first described the assay with the

use of 72 percent H2SO4. Van Soest and Wine (1968) later

found Na permanganate is a better procedure but not all

laboratories use the latter system. The last problem is the

sampling technique. It is difficult for a 1 gram sample to

represent a large volume of hay, e.g. 100 tons. These

problems are not serious enough to invalidate the system but

are minor pitfalls which need special attention.

Hay dealers across the United States buy and sell hay

in rapid succession. It is not unlikely for them to buy

and sell a given lot of hay in one day. Such a short time

does not allow them to properly test the hay. Norris et al

(1976) reported the potential of a near-infrared reflectance

(NIRR) technique as an inexpensive and quick method of

estimating forage quality. The NIRR technique was originally

designed for the rapid prediction of oil, protein and

moisture contents of grains and oilseeds. With some re-

search the NIRR method could be used to predict moisture, CP,

ADF, NDF or RFV of forages.

As described by Rohweder et al (1978) these NIRR

instruments could be strategically located in rural areas and

could be attached to a computer network system. A sample

could be taken from the forage, ground and placed into the

instrument which would collect reflectance data. The data

could then be analyzed by a central computer and the

chemical component of the forage would be displayed on the

remote instrument. A built-in warning system would be used



Table 3. Proposed Market Hay Grades for Legumes and Legume-mixtures (Hay Marketing Task
Force )1

Grade Stage of Definition
maturity
inter-
national
term

1 Pre
bloom

2 Early
bloom

3 Mid
bloom

4 Full
bloom

(continued)

Physical
Description

Bud to first flower; 40 to 50% leaves; green;
stage at which stems less than 5% foreign
are beginning to material, free of mold;
elongate to just be- musty odor, dust, etc.
fore blooming

Early to mid-bloom;
stage between
initiation of bloom
and stage in which
of the plants are

in bloom

Mid to full bloom;
stage in which i
or more of plants
are in bloom

Full bloom and
beyond

35 to 45% leaves; light
green to green; less than
10% foreign material; free
of mold, musty odor, dust,
etc.

Typical chemical
composition (%) a
CP ADF NDF RFV

>19 <31 440 >140

17- 31- 40- 124-
19 35 46 140

25 to 40% leaves; yellow 13- 36- 47- 101 -
green to green; less than 16 41 51 123
15% foreign material; free
of mold, musty odor, dust, etc.

Less than 30% leaves; <13 '41 )51 <100
brown to green; less than
20% foreign material; free
of musty odor, etc.



Table 3. Con't.

Grade Stage of Definition
maturity
inter-
national
term

Physical
Description

Typical chemical
composition (%) a
CP ADF NDF RFV

6 Sample gradeb
Hay which contains more than a trace of injurious foreign material (toxic or
noxious weeds and hardware) or that definitely has objectionable odor or is
undercured, heat damaged, hot, wet, musty, moldy, caked, badly broken, badly
weathered or stained, extremely overripe, dusty, which is definitely low quality
or contains more than 20% foreign material or more than 20% mositure.

a. Chemical analysis is on dry weight basis.

b. Slight evidence of any factor will lower a lot of hay by one grade.

1. Adopted from Rohweder et gl, 1978.



Table 4. Proposed Market Hay Grades for Grasses and Grass-legume Mixtures (Hay Marketing
Task Force )1

Grade Stage of Definition
maturity
inter-
national
term

2 Pre
head

3 Early
head

4 Head

Continued

Late vegetative to
early boot; stage
at which stems are
beginning to elon-
gate to just before
heading; 2 to 3
weeks growth

Physical
Description

Typical Chemical
composition (%)
CP ADF NDF RFV

50% or more leaves; green; 18 < 33 <55 124
less than 5% foreign 140
material; free of mold,
dust, musty odor, etc.

Boot to early head; 40% or more leaves; light 13- 33- 55- 101
stage between late green to green; less than 18 38 60 123
boot where inflores- 10% foreign material; free
cences are in of mold, musty odor, dust,
anthesis; 4 to 6 etc.
weeks'

Head to milk; stage
in which i or more
of inflorescences
are in anthesis and
the stage in which
seeds are well
formed but soft and
immature; to 9
weeks' regrowth

30% or more leaves; yellow 8- 39- 61- 83-
green to green; less than 12 41 65 100
15% foreign material; free
of mold, musty odor, dust,
etc.



Table 4. Con't.

Grade Stage of Definition
maturity
inter-
national
term

5 Post
head

Physical
Description

Typical Chemical
composition (%) a
CP ADF NDF RF\

Dough to seed; stage 20% or more leaves; brown <8 >41 >65 < 83
in which seeds are to green; less than 20%
of dough-like foreign material; slightly
consistency until musty odor, dust, etc.
stage when plants
are normally
harvested for
seeds; more than
10 weeks' regrowth

6 Sample grade b
Hay which contains more than a trace of injurious foreign material (toxic or
noxious weeds and hardware) or that definitely has objectionable odor or is under
cured, heat damaged, hot, wet, musty, moldy, caked, badly broken, badly weathered
or stained, extremely overripe, dusty, which is distinctly low quality, or contains
more than 20% foreign material or more than 20% mositure.

a. Chemical analysis expressed as dry matter basis.

b. Slight evidence of any factor will lower a lot of hay by one grade, except grade 5.

1. Adopted from Rohweder et al, 1978.
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to indicate if the sample should be rerun in case of errors.

As described, the NIAR technique still needs considerable

research.
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Practical Approach

Milk fat (MF) is the most variable component found in

milk (Schmidt, 1971). Yet, it is probably the most important

constituent for the dairyman because the price of milk is

dependent on the amount of fat present. This makes MF

depression an issue in economics and a complicating factor

for the nutritionist. The nutritionist must design a

practical ration which will produce the most milk without

depressing the amount of fat.

Powell (1939), working with the Purina Mills Experimen-

tal herd, found ME was changed at " will" by changing the

ration. He observed this phenomenon to be associated with

rumination time. Balch 21 (1955) also reported a marked

reduction in ruminanting time when cows were fed ME de-

pressing rations. Peter gi gi (1959) reported ME was altered

by the ration but also found that the feeding of a higher

fiber ration would cause the cows to produce a higher MF

percentage. The results from these three research groups

implied that a higher fiber content in the ration would

lead to longer rumination time which in turn caused a

higher ME percentage. Welch and Smith (1975) fed a fat

depressing ration with polypropylene ribbon to increase

rumination time. They found an increase in rumination time

did not increase ME percentage and concluded that the effect

of long hay in preventing or reversing ME depression was due

to factors other than its potential for stimulation of

rumination. However, there was a correlation of 0.94 between

rumination time and cell wall constituents of NDF (Welch

and Smith, 1970).

Balch et al (1954,1955) found the primary difference

between a ME depressing ration and a normal ration was the

MF depressing ration had a high amount of soluble starch and

little of the physical properties of roughage. Starch
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content is associated with the energy content of a feedstuff.

A higher energy feed, characterized by a high amount of

soluble starch with little roughage properties, increased

milk production and increased the persistency (Akinyele and

Sphar, 1975). As the amount of grain is increased in the

ration, the digestibilty for DM, CP, ether extract, nitrogen

free extract and total carbohydrate increased, but the diges-

tibility for crude fiber decreased (Putman and Loosli, 1959).

Logically, if a high energy ration, high in concentrates,

causes an increase in MF, then there should be a combination

of these two components which would produce a high quality

of milk with a high fat content.

Jorgensen and Schultz (1965) found reduced MF when

feeding concentrate-to-roughage ratios greater than 3 to 1.

They listed the concentrates causing MF depression, with the

worst first, as follows: (1) pelleted corn, (2) ground corn,

(3) herd mix, and (4) corn and cob meal. When hay to

concentrate ratio was 60:40, cows responded with the best

performance (Ronning and Laben, 1966; Marshall and Vogit,

1975). By increasing the hay content it was evident, from

the reduced milk production, that the cows were not receiving

enough energy. When concentrates were increased to 80 to

100 percent the MF was drastically reduced and over-con-

ditioning of the cows became evident (:donning and Laben,

1966; Akinyele and Spahr, 1975; Emery et al, 1964). Emery

ai al (1964) found ground corn cobs were equal to coarsely

chopped hay and better than ground hay for maintaining M2.

Hays, which are roughages, are higher in fiber than

concentrates. Although the fiber fraction can be represented

by either ADF or CF; ADF represents a better defined

component of feedstuffs and is superior to CI? when relating

dietary fiber fraction to the change in fat (Logren and

Warner, 1970). They found a correlation of +.72 (P4.01) and

+.49 (P .05) between fat test and percentage intake of
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dietary ADF and CF, respectively. Rock et al (1974) found

for each percentage increase in ADF, milk production

declined .36 kg and MF increased .072 percent. Even though

ADF is better defined, ADF or CF will suffice for practical

formulation of dairy rations.

When rations of low CF (12.8%) were fed to lactating

dairy cows, they caused a decrease (Pc.01) in ME (Tsai et Al,

1967; Rakes et Al, 1978). Similarly, Kelser and Spahr (1964)

reported that levels of CF below 13 and 14 percent of the

dry matter consumption caused a reduction in MF. makes et al

(1978) reported an increase in MF when the fiber content

was increased to 16.8 or 17.3 percent (a medium fiber

ration). Lofgren and Warner (1970), using a different

approach, found that by adding additional fiber (6%), to a

ration which was causing MF depression the MF test was

increased (P .001). They concluded that a minimum of 15

percent CF was needed to maintain milk fat. The NAC (1978)

recommends at least 17 percent CF for lactating dairy cows.

Although these two values differ, the reasoning for the

higher recommendation by NRC is quite easy to understand.

Laboratories differ in procedure and precision enough to

warrant a two percent correction factor.

The level of ADF or Cr is important in a dairy ration

but the physical form in which the feed is given to the

animal is equally important (NRC, 1978). Grinding or

pelleting reduces the particle size and increases the density

of the ration (Salsbury, 1961). Pelleting increases the

density but it also improves the net energy of lactation

(Jorgensen and Schultz, 1963; McCullogh and Sisk, 1972).

When ground or pelleted feeds are given to ruminants the

time spent in the gastro-intestinal tract is markedly reduced

as is the rumination time. This causes more of the feed to

be digested beyond the reticulo-rumen. O'Dell et al (1963)

found only 70 percent of the pelleted Coastal Bermuda grass
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digested in the reticulo-rumen compared to 90 percent when
it was in the long form.

As a feedstuff is physically changed the intake

parameters are changed. Dinius al (1970) reported that

sheep would control the intake (DM) when DE was above 2.5

kcal/g. When the density was above 2.5 kcal/g the fill

seemed to limit intake. Cows consuming pelleted hay would

consume more and produce more milk than cows consuming

chopped hay (donning gt al, 1959).

Pelleted alfalfa caused a decrease (P4.01) in MF

percentage (O'Dell et al, 1968). Pelleted concentrates fed

with pelleted medium ground hay only depressed MF slightly

compared to unpelleted concentrates with the same pelleted

hay (Thomas et al, 1968). This is in contrast to the

research of Putman and Davis (1961) who reported pelleted

rations did not cause a depression in MF in milkin Shorthorn

cows. The most plausible explanation for the difference in

observations is the differences in production levels of

the cows used by these researchers. Thomas et al (1968)

found only finely ground hay (0.9 percent retaine on a Tyler

sieve) caused MF depression. O'Dell et al (1968) suggested

the critical grind size is .64 cm whether pelleted or not.

Wafering, a method of harvesting forage, is a modified

version of pelleting and cubing. The feeding of 1/10 bloom

alfalfa wafers and bales increased MF (P(.05) compared to

prebloom alfalfa bales and wafers. Wafering, whether 1/10

bloom or prebloom, caused increases (P1.05) in body weight

compared to 1/10 bloom and prebloom bales (Waidren and

Baird, 1967). Ross et al (1959) also reported a weight

gain along with a depression in MF percentage, less feed

wastage and higher DM consumption.

Ensiling, another method of forage harvesting, changes

the texture of the feedstuff and increases the moisture and

acid content. When corn silage was substituted for cubed
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hay at 20 and 40 percent of DM intake, roughage intake was

depressed but there was no effect on FCM. Silage feeding

resulted in faster recovery of weight lost after parturition

(Murdock and Hodgson, 1979; Thomas gi al, 1969). Thomas

et al (1969) found an increase in DA intake for alfalfa hay

compared to alfalfa silage but production rates for the hays

were not always higher than silages. They concluded that

silages had about 1.24 times more DE as calories per gram

of dry matter than companion hays.

As the form of feed components is changes there is a

change in rumen fermentation patterns. Palmquist e Al

(1964) found if concentrates were fed separately from hay

(pellets) the drop in MF was less than when they were fed

together. They believed there was a more even supply of

rumination products for MF synthesis. O'Dell gl al (1968)

offered pellets twice a day and found the drop in MF was

only .04 percent when compared to feeding pellets once a

day. Both research groups concluded that timing has an

affect on MF percentage.
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If changing the ration components results in a changing

fermentation pattern in the rumen, what are the changes and

how do they affect the physiological status? The remainder

of the literature review will be devoted to physiological

characteristics of the ruminant as related to MF synthesis.

Physiological characteristics of low MF

Auminant animals derive most of their energy from

volatile fatty acid (VFA) production. A normal high

roughage ration will provide 65 to 70 percent acetate, 15 to

20 percent propionate and 5 to 10 percent butyrate. A high

concentrate ration will provide 60 to 65 percent acetate, 20

to 25 percent propionate and 10 to 20 percent butyrate

(Chruch et al, 1972). By varying the ration components

there will be a differing response to the amount and

concentration of VFA's.

High concentrate rations, specifically above 32 percent

readily available carbohydrate, increase total fatty acids

and reduce cellulose digestion (Chappel and Fontenot, 1968;

Beitz and Davis, 1964). The increase in total VFA's was

mainly due to an increase in acetic and propionic acids.

Higher concentrate rations are generally lower in fiber

and are characterized as being low fiber or low roughage

feedstuffs.

Feeding a low fiber ration resulted in lower molar

acetate percentage with a higher percentage of propionate

(Hernandez-Urdanete at al, 1976; Brown et al, 1962). Tsai

et al (1967) found a lower fiber ration reduced acetate and

MF (P<.01). Feeding concentrate to roughage ratios of 3 to

1, 3.5 to 1 and 4 to 1, caused a decrease in acetate and

ruminal pH with an increase in propionate (Jorgensen and

Shultz, 1965). Latham II al (1974) substituted a low

roughage ration for a high roughage ration and found the
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proportion of aceate reduced by 6 to 15 percent.

When more concentrates are fed there is a gradual

increase in the proportion of propionate accompanied by a

gradual reduction in MF content. Latham et al (1974) noted

this close association between VFA's in the rumen and MF

content. These researchers reported 69 percent of the

variation of MF was accounted for by the variation in

propionate alone. By substituting propionate with other

fatty acids they found 52 percent of the variation was

accounted for with butyrate, 44 percent with acetate, and 57

percent with the A:P ratios. But 64 percent of the variation

in MF was accounted for when the A:P ratios were combined

with the interaction of butyric acid. In contrast,

McCullough (1966) found 84 percent of the variation in MF

was accounted for in the variation of propionate and molar

percentages of propionate above 20 reduced MF percentages.

Davis (1978) found a linear increase in MF content as the A:P

ratio increased from a value of 1 to approximately 2.2.

Above 2.2 there was little change in MF percentage. He

reported approximately a .5 unit change in MF percentage

for each 5 percent change in molar percentage propionate.

McCullough (1966) found acetate usually increases with

roughages. Steers fed long hay had more acetate, less

propionate and a wider acetate:propionate ratio (A:P) than

steers fed no hay. Steers fed no hay had lower ruminal pH

and higher total VFA's than steers given long hay. Olson

et al (1974) found wide differences in fiber (18 to 25

percent) did not significantly affect VFA production.

Interestingly, these values were above the minimum guide-

lines used by the NRC (1978).

NRC (1978) cautioned that the form in which the feed-

stuffs are given to the animal is extremely important and

has an influence on VFA's. The flaking of corn resulted in

molar percentages of VFA's similar to those receiving
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ground corn but less total VFA's than those on ground corn

(Thompson et al, 1965). Thomas et al (1968) reported that

within the first seven weeks, the fine grinding of hay

decreased acetate percentage and increased propionate

percentage. Salsbury gLt gi (1961) found the addition of

fine ground cellulose to alfalfa hay plus supplement or

straw plus supplement lowered the percentage acetate and

increased propionate. When a pelleted ration was fed,

ruminal fill and percentage acetate decreased while

propionate and butyrate increased (Hinders and Owen, 1968).

Instead of an increase in total VFA, Hinders and Owen (1968)

found a depression when a pelleted hay ration was given.

So far acetate and propionate have been given in

relative terms. Davis (1967) using an isotope dilution

technique measured the amount of acetate produced in the

rumen. He found that within a 24 hr period 29.3 moles were

produced on a control ration while 28.1 moles were produced

on a high grain, low fiber ration. The difference between

the two treatments was not significantly different. The

cows receiving the high grain ration had a lower fat test

(P<.01) than the cows on the control ration. Similarly,

there was a trend for cows on the higher grain ration to

have a higher total VFA concentration than cows on the

control ration.

Bauman et al (1971), using the same technique as above,

found propionate production to be 13.3 moles for a control

ration and 31.0 moles for a high grain ration per day.

These researchers also had a decrease (F4.01) in MF

production for the high grain ration.

It is well known that the VFA's produced in the rumen

are primary metabolites from the microflora present there.

As suspected a change in VFA pattern could be due to a

change in the primary species of microflora found. Chalupa

et al (1967) found the secretion of low milk fat was
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accompanied with almost complete absence of rumen protozoa.

In all cows studied by Latham et al (1974) with high

propionate, low acetate and low butyrate fermentations,

there was a striking reduction in the proportion of hemi-

cellulose degrading Butyivibrio. They also noted these

bacteria seem to be particularly sensitive to changes in the

roughage content of the ration as well as the physical form

of the roughage. Mertens (1978) suggested that the pH may

alter the metabolism of ruminal microbes or reduce the

proportion of the microbial population which has fiber

digesting activity.

After VFA's are produced they are absorbed into the

portal blood system mainly through the rumen wall. Acetate

is metabolized to a limited extent in the rumen wall with

the production of ketone bodies but the greater part passes

through unchanged and is carried to the liver. Some

metabolism of propionate occurs in the rumen epithelium

resulting in the production of lactic acid but the remaining

propionate is either oxidized or converted to glucose in

the liver. In contrast, butyric acid is largely metabolized

in the epithelium to ketone bodies (Armstrong, 1964).

A change in rumen VFA production will change the VFA

status in the blood. As the propionate supply to the liver

is increased, the level of acetate in peripheral circulation

is markedly decreased. The increase in propionate (and

butyrate) suppresses the oxidation of acetate in the liver

(Armstrong, 1964).

Changing the concentration of acetate and propionate

leads to other changes in the body. Jorgensen et al (1964)

found negative correlations between glucogenic metabolites

(propionate, valerate, glucose) and fat percentage. They

also noted increased propionate in the rumen resulted in

increased gluconeogenesis which could be shown by increased

levels of plasma glucose and higher entry rates of glucose
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into the blood. Rations causing a drop in MF cause a high
level of glucogenic metabolites (Jorgensen al, 1975;

Storry and Rook, 1965). When MF was greately depressed,

Walker and Elliot (1973) found serum immunoreactive insulin

(IRI) was highest in cows fed restricted roughage rations.

In general, there was a negative relationship between serum

IRI and MF production and percentage. Rumen A:P ratios

were also found to be negatively correlated with serum IRI.

A high level of glucogenic metabolites reduce blood

ketone and lipid levels and tend to stimulate a fattening

type of metabolism at the expense of MF synthesis. Baldwin

et al (1969) reported that cows fed high concentrate rations

caused a 3-to 4-fold increase in the level of activity of

enzymes associated with fatty acid synthesis and ester-

ification in adipose tissue but mammary enzyme levels were

relatively unaffected when compared to cows fed high hay

rations. Benson et al (1972) found that switching a normal

ration to a high grain ration increased lipoprotein lipase

and esterifying activities in adipose tissue homogenates

and depressed MF. The changes in serum lipids and tissue

enzymes were associated with an increased flux of fatty

acids toward adipose tissue. Baldwin et al (1972) concluded

that these metabolic changes which cause severe MF depres-

sion can be attributed, in part, to a decrease in the

availabilty of long-chain fatty acids for milk synthesis.

Changes seen in fatty acid composition of blood lipids

are reflected in the fatty acid make up of the MF (Davis

and Sachan, 1966). Stearic acid in MF, thought to arise

from adipose tissue, decreases during MF depression

(Baldwin et al, 1969; Benson aI al, 1972; Davis and Sachan,

1966) . There is also a decrease in the concentration of

palmitic acid (C16) with an increase in 018:1 (oleic), C18:2

(linoleic), and C
18:3

(linolenic) in the milk fat (Davis

and Sachan, 1966; Benson et al, 1964; Baldwin et al, 1969;
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Storry and Sutton, 1969).

Chalupa et al (1967) suggested the defaunation of the

rumen was a primary factor responsible for increased oleate

and linoleate, and decreased sterate, palmitate and

myrisate contents in fat from cows exhibiting MF depression.

If the concentration of VFA's in the rumen affects

the MF content then the supplementation of VFA's in the

ration should affect MF. Acetic acid when supplemented

in the ration, increased milk yield and had a significant

increase in fat percentage. Propionic acid had no affect

on yield of milk but decreased the yield and percentage of

fat (Rook and Balch, 1961; Rook el al, 1965; Storry and

Rook, 1965). Rook et al (1965) found butyrate increased

MF content and when the acids were given in combination, the

effects of fat content were additive. The post-ruminal

infusion of propionate did not have any affect on milk

yield and milk composition or glucose and insulin concen-

trations in the plasma (Forbish and Davis, 1977a).

Supplementing the rations with oil and fat additives

have been shown to affect MF. Storry II al (1974), feeding

protected tallow with a low roughage ration, found the A:P

ratio unaffected in the rumen and remained typical of those

associated with low roughage rations where propionate is

increased. The supplement produced almost complete

recoveries in the yield and content of MF without any

increase in intramammary synthesis. The recoveries were

from the transfer of about 20 percent of the total fatty

acids in the tallow supplement into the blood stream.

They noted in the low-fat-syndrome that the capacity of

the mammary gland to absorb preformed fatty acids was not

impaired. Brown et al (1962) added tallow to high roughage

rations and noted only small but significant increases in

fat. When the same researchers added cottenseed oil (CS0)

to low roughage rations, they observed a depression in MF.
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However, CSO had no effects when included with high roughage

rations where it was fed in lower amounts. In contrast,

Storry and Rook (1965) found an increase in MF when CSO was

fed. The increased MF was due to an increase in secretion

of C18.1, a major component of OSO. When cod liver oil

(CLO) was added to the ration the rumen fermentation

patterns were unaltered. Apparently CLO has its effect on

MF somewhere beyond the rumen.

Another practical method to increase MF, besides the

addition of VFA's or fats and oils, is by the addition of

buffers. The mechanism by which buffers alter rumen

fermentation appears to be by adjusting the pH upward and

increasing the dilution rate of the rumen fluid (Davis,

1978). The dilution rate is possibly changed by increasing

the osmotic pressure in the rumen environment causing and

influx of water (Emery, 1975). Both of these factors tend

to reduce the molar percentage of propionate.

Buffers not only affect MF synthesis but also affect

fiber digestion. Buffers included in high fiber feeds

provoke little response but including them in high grain

rations improves fiber digestion (Mertens, 1978) Most of

the improvement came from increasing the rumen pH with or

without increasing the dilution rate.

Under a normal feeding regime, the pH of the rumen

contents in dairy cattle will range from 6.2 to 6.8. The

amount of bicarbonates (estimated at 1-2 kg NaHCO
3
day -1)

Nand phosphates (estimated at .5 kg NaHPO1 day-1 ) entering

the rumen, via the saliva, would only neutralize about half

the fatty acids produced per day (estimated at 45-50 moles

day-1) (Davis, 1978). Approximately half of the VFA's

produced are absorbed and neutralized in the blood,

demonstrating that pH is not a good indicator of VFA

production (Ash and Dobson, 1963). When high grain rations

are fed the amount of saliva is reduced (Balch et al, 1955;
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Emery and Brown, 1961) and the pH of the rumen contents drop

below the normal range to as low as pH 5 (Davis, 1978).

Within the normal pH (6.2-6.8) only minor changes in the

molar proportion of rumen propionate occur. However, when

the pH declines below 6.0 the molar percentage of propionate

dramtically increases with minor changes in pH.

The optimum pH level in the rumen for cellulotic

activity is between 6.7 and 7.1. Below this level the fiber

digesting ability is reduced. This may in turn alter the

metabolism of the rumen flora by decreasing the population

which has fiber digesting ability and increased potential

for propionate production (Mertens, 1978).

There are numerous compounds referred to in literature

as buffers. Bicarbonates (sodium and potassium) and

phosphates (sodium acid phosphate) are excellent buffers for

ruminants. Other compounds in the literature have been

referred to as buffers (MgO, MgCO3, CaCO
3

, dolmitic

limestone, and bentonite) but due to their physical and

chemical properties they are not effective buffers in the

rumen. All of these compounds have been included in

different rations to prevent a depression in MF content

(Bringe and Schultz, 1969; Emery et al, 1964; 1965; Miller

et al, 1965; .iindsig and Schultz, 1969; 1970; Davis, 1978).

Bicarbonates and phosphates have their main buffering

capacity in the pH range of 6.2 to 6.8. Other buffering

compounds such as MgO, MgCO3, bentonite and whey affect pH

by increasing the dilution rate of the rumen fluid.

Magnesium oxide has been shown to be as effective as

sodium bicarbonate, on a weight basis, for increasing MF.

It was also twice as effective at reducing feed intake

(Emery, 1975). Magnesium oxide may also act directly on

the mammary gland by more effectively transferring acetate

and fat from blood to mammary tissue (Emery et al, 1965).

Benson et al (1972) and Emery (1973) have shown Mg0, when
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included in high grain rations, restores the normal ability

of the mammary gland to remove stearic acid in preference to

polyunsaturated fat. Magnesium oxide also tends to correct

lipoprotein lipase activity and restore the normal situation

in the body (Askew et al, 1971; Benson et al, 1972; Emery,

1973).

The type of rations where buffer addition best

restores normal conditions are as follows: (1) fermentable

carbohydrate is included in the ration, (2) the feed is

ground or otherwise reduced in particle size, (3) the

buffering capacity of the feed ingredients is low, (4) feed

intake is high, (5) feeding patterns are irregular or

concentrated in one or two short periods per day, or (6)

the characteristics of the supplemental buffer result in

increasing and stabilizing rumen pH (Mertens, 1978; Davis,

1978).

From the preceding discussion it is evident that

changes in the ration will cause changes in the body which

will influence milk fat production. It would now be proper

to review milk fat synthesis.

Milk fat represents a loss of energy to the cow. This

energy is potentially available for production of more milk

when MF is depressed by the ration or fatty acids unsuited

for formation of milk glycerides (Emery, 1973). Full

realization of this potential for greater milk production

depends upon energy limiting milk production and upon

preventing deposotion of extra energy in adipose tissue.

The deposition of fat in adipose tissue is in negative

relationship to MF synthesis. The initiation of lactation

causes mammary lipoprotein lipase (LPL) activity to increase

8-fold (Shirley et al, 1971). Simultaneously, LPL activity

decreases in adipose tissue. Thus, when MF is depressed by

the ration then mammary LPL decreases and adipose LPL

increases.
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Decreased secretion of MF with restrictive roughage

rations is characterized by decreased C16 to C18 saturated

acids derived from blood, however, the secretion of trans-

C18:1 and C18:2 acids may be increased (Askew et al, 1971;

Benson et al, 1972). Most of the short chain fatty acids

(C4 to C14) are derived from acetate in mammary synthesis

and approximatley 30 percent of the palmitic (C16) is from

acetate synthesis. The remainder of the palmitic (70%)

and the other long chain fatty acids are derived from blood

plasma (Schmidt, 1971).

Unlike non-ruminants, the ruminant mammary gland can

not use acetyl CoA formed from glucose in the mitochondria

for MF synthesis. Therefore, the increase in gluconeo-

geesis from propionate in high grain rations does not

result in more precursors for MF synthesis but may result in

inhibitors. As a result only acetate and Beta-hydroxy-

butyrate are the precursors for de novo synthesis of MF

(Schmidt, 1971).

There are two pathways for fatty acid synthesis. The

first is the reverse of Beta-oxidation in the mitochondria

which is primarily for short chain fatty acid synthesis.

The second pathway (Figure 1) is located in the cytoplasm of

the cell and is responsible for the production of longer

chained fatty acids. It is called the malonyl CoA system

and has been demonstrated in mammary tissue (Schmidt, 1971).

In figure 1 there are some interesting points which

should be stressed: (1) Acetyl CoA from acetate can act as

a precursor as well as Beta-hydroxybutyrate, (2) propionate

can not enter this cycle directly but in an indirect manner

it can affect MF, (3) many ketones can enter this cycle as

well as the reverse of Beta-oxidation in the mitochondria,

(4) reduced bicarbonate supply can limit the malonyl

pathway, and (5) feeding sodium bicarbonate increases blood

pH as well as MF (Emery et al, 1964; Emery, 1973; Schmidt,
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Figure 1. Malonyl CoA Fatty Acid Synthesisa
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1971).

It is not completely understood why the MF percentage

changes with the ration. There have been some explanations

suggested but they fail to satisfy all physiological

aspects accompanied with MF depression.

The first theory, discussed by Van Soest (1963a),

suggests a deficiency in the amount of acetate supplied by

the rumen miro-organisms. It is known that acetate is an

important precursor for MF synthesis but Davis (1967) has

shown there was no significant difference in the acetate

production btween a normal ration and a MF depressing

ration.

The second theory reviewed is the deficiency of Beta-

hydroxybutyric acid (BHBA) in the mammary gland. As before,

BHBA is an important precursor for MF synthesis but this

theory fails to explain why cows on a MF depressing ration

gain weight according to Van Soest (1963a).

The third theory, which is somewhat more complicated

but probably the most plausible, is the gluconeogenic

theory first proposed by McClymount and Vallence (1962), and

later modified by Bickerstaffe et al (1971) and Annison

(1973). The theory is as follows: (1) the increased

propionate, common to MF depressing rations, causes an

increased availability of glucose, (2) the increased glucose

results directly or indirectly from increased insulin

secretion, via an endocrine response, (3) the increased

insulin and glucose reduces the mobilization of free fatty

acids from adipose tissue which would normally be used for

triglyceride synthesis, (4) the reduced mobilization of

fatty acids in adipose tissue results in reduced avail-

ability of fatty acids in the liver for the synthesis of

lipoproteins which account for 50 to 60 percent of the milk

fat, (5) the rate of removal of triglycerides by the mammary

gland exceeds the rate of supply by the liver and absorption
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from the intestine. Thus, a fattening type of metabolism

is initiated.

Many authors have given support to this latter theory.

Bickerstaffe et al (1971) found that a decrease in acetate

concentration with increased propionate concentration in the

rumen are stimulators of insulin secretion in the sheep and

cow. Bickerstaffe et al (1971) and Annison (1973) found a

decrease in the molar percentage of acetate resulted in the

same increase in the molar percentage of propionate.

Yang and Baldwin (1973) have given more support with

their findings that long term insulin injection and high

concentrate feeding depressed lipolytic activities of

adipose tissue from lactating cows were higher than those

from non-lactating cows. The basis of their findings is a

high free fatty acid:glycerol ratio which suggest that

intense partial hydrolysis of triglycerides occurs in bovine

adipose tissue. Jenny et al (1972) using labelled acetate

sand stearate in the ration, concluded there may be a

retention of fatty acids in adipose tissue.

The last theory was believed to be the most plausible

explanation until Forbish and Davis (1977b) presented a

fourth theory. Their theory postulates that vitamin B-12

is a limiting factor in MF synthesis. The remainder of the

literature review will be devoted to vitamin B-12 and its

influence.
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Vitamin B-12

Vitamin B-12 belongs to a group of chemicals called

cobamides (Babior and Krouwer, 1979). Cobamides, a

partially reduced macrocycle, are cobalt containing

derivatives of corrin which constitute the only biological

organometallics hitherto discovered. This group of com-

pounds are remarkable for the reactions in which they

participate as catalysts. Among these reactions, and

typical of the group, are certain carbon skeleton rearran-

gements for which no precedent exists in organic chemistry.

Cobamides are derivatives of corrin, a nitrogen-

containig macrocycle which is related structurally to

porphyrin. Porphyrins are tetrapyroles found in the

prosethetic groups of the cytochromes and the chlorophylls.

Corrins are highly reduced and contain six double bonds per

molecule. The inner margin of the corrin macrocycle

contains one less carbon atom than the porphyrin. All

cobamides are corrins which contain one atom of cobalt which

can only be released by the destruction of the molecule.

The cobamide isolated from mammalian tissues contains 5,6-

dimethylbenzidazole. This cobamide is the only one

functional in mammals (Babior and Krouwer, 1979). (See

Figure 2).

The cobalt atom in the center of the ring has the

capacity to coordinate up to six surrounding ligands. Four

of these coordination positions are occupied by the four

nitrogens of the corrin ring. A fifth position, the alpha

position, is usually occupied either by the side chain

hetercycle or by solvent, however, it may be unoccupied.

The group occupying the sixth position, usually designated

the Beta position, is extremely variable. In biological

systems, the Beta ligand is usually one of the following

groups: -CN, -OH, the alkyl groups -CH3 or 5'-deoxyadenosyl.
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Figure 2. Co bala mi n (Vitamin 8-12)a

H3

H3

a. Adapted from Babior and Kr ouwer (1979)
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Of these four, the two alkyl ligands are the ones found in

the coenzymatically active cobamides. Methyl-cobamide

dependant reactions include the synthesis of choline and

methionine from homocysteine and N5-methyltetrahydrofolate

as well as the production of methane and acetic acid by

certain anaerobic organisms. The adenosylcobamide-dependant

reactions include a group of extremely unusual rearrang-

gements as well as a remarkable reduction reaction (Maugh,

1973; Babior and Krouwer, 1979).

The chemical characteristic of greatest biological

importance probably is the ability to form a carbon-metal

bond which is stable to air and water.

Vitamin B-12 is the largest known vitamin with a

molecular weight of 1355. It is hygrosropic, soluable in

water and ethanol and is stable in the pH range of 4 to

7. It can be destroyed by oxidizing and reducing reagents

(Skinner, 1976; Scott e al, 1976).

Vitamin B-12 was first isolated in 1948 but it was 25

years later before it was synthesized (Maugh, 1973). Maugh

(1973) indicated the synthesis was a joint effort by R.B.

Woodard of Harvard and A. Eschenmoser of Eidgenossische

Technische Hochschule in Zurich, Switzerland which required

the efforts of 99 workers from 19 countries during an

eleven year period.

Vitamin B-12 is widely distributed in foods of animal

origin (Scott e al, 1976; Underwood, 1977). It is also a

plentiful metabolite from microbial sysnthesis. As

indicated by Underwood (1977) and Scott et al (1976) most

herbivorous animals obtain vitamin B-12 from their microbial

population.

For many years it was thought the plant kingdom did not

containe vitamin B-12. This dictum was questioned by Poston

(1978) when he found B-12 or B-12 like activity in potatoes.

Fries (1962) and Poston (1977) have also reported that B-12
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or B-12 like compounds have been found in peas, beans and

rye-grass. Although the dictum has been challenged, the

researchers have failed to demonstrate if the B-12 found is

from plant synthesis which decreases or increases with time,

or if the B-12 is from a microbe-plant symbiotic

relationship or maybe a parasite relationship.

The assay to determine vitamin B-12 levels present

generally entails one of two procedures. The first, and

most often used, is the microbiological assay. The

procedure involves the use of bacteria or protozoa to

quantitate the amount of vitamin B-12 present. Generally,

the three most used organisms are: (1) Escheria coli, (2)

Lactobacillus leichammani, and (3) Ochramonas malilemensis.

The latter of these organisms is the only one responding

to true vitamin B-12. The other two are non-specfic and

respond to B-12 analogues (Underwood, 1977).

The second method is the radio immunoassay procedure.

This procedure has becomemore popular with the advancement

of more sophisticated equipment in the last few years.

However, the assay is non-specific for true vitamin B-12

and responds to analogues giving unrealistic values. For

a more complete review of B-12 assay procedures and levels

obtained refer to Dudley (1979).

From the structure of vitamin B-12 and the previous

discussion it is obvious that vitamin B-12 is a cobalt

containing molecule. To physically separate the two

moieties causes a complete loss in biological function.

Underwood (1977) reported that Co deficiency could be

corrected with B-12 supplementation but Co supplements,

except when given orally to ruminants, did very little.

The conclusion is Co and vitamin B-12 can not be physically

separated when speaking of levels needed for adequate

nutrition and metabolism.

Askew and Watson (1971) found the Co concentration for
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the liver of healthy sheep to be .15 ppm but Co-deficient

sheep only had .02 ppm in the liver. McNaught (1948) from

Underwood (1977) suggested liver levels of .04 to .06 ppm

of Co or less indicate Co-deficiency but levels of .08 to

.12 ppm were adequate for Co status. Underwood (1977)

presented data showing that between .07 to .11 ppm of Co

ingested orally per day was adequate for proper nutrition.

Elliot al al (1965) found blood vitamin B-12 levels to

vary (P4.001) both among cows and among stages of lactation.

Wilson et al (1967) reported that B-12 values ranged from

2.8 to 6.6 micrograms per gram of protein. These authors

found a poor correlation between liver and blood B-12

levels. Both research groups concluded that the B-12 status

varies with the stage of lactation.

Dryden and Hartman (1971) reported that dairy heifers

fed silage contained a significantly higher (1.4 to 1.7 X)

concentration of vitamin B-12 activity in their rumen

contents than those fed chopped or pelleted hay. Heifers

fed hay and grain in combination contained less of the

vitamin but was not significantly different from the levels

found in chopped or pelleted hay.

Sutton and Elliot (1972) found the daily averages for

vitamin B-12 production in the sheep rumen were from 579 to

1195 micrograms per day. The higher corn rations sig-

nificantly reduced vitamin B-12 production. They also

indicated the form in which the feedstuff is given is

important in the amount produced. Within the range of

intakes studied by these researchers, approximately 1 to 2

times maintenance, vitamin B-12 production responded in a

linear fashion to changes in digestible dry matter intake.

Walker and Elliot (1972) found that during roughage res-

triction the total B-12 activity represented by the vitamin

itself was reduced. The production of vitamin B-12 in the

rumen depends on the Co and the roughage content of the
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ration as well as the total dietary intake (Hedrich et al,

1973; Sutton and Elliot, 1972). The rumen organisms

normally produce in addition to true vitamin B-12, many

Co-containing B-12 like compounds which have no physiolog-

ical activity in body tissues (Gawthorne, 1970; Hine and

Dawbarn, 1954; Porter, 1953).

The ruminant has limited ability to absorb the vitamin

B-12 produced in the rumen. Approximately half the

cobalamin produced in the rumen is lost during passage

through the digestive tract and only 5 percent, or even less

than 3 percent, was estimated to be absorbed (Kercher and

Smith, 1955;1956; Lee and Wolterink, 1955;1955). As

suggested by Underwood (1977) the ruminant clearly makes

extremely inefficient use of its dietary cobalt, both with

respect to production of cobalamin in the rumen and to

absorption of the vitamin from the alimentary tract.

Vitamin B-12 or adenosylcobamides serve as cofactors

for two types of enzyme catalyzed reactions. The first is a

group of rearrangements and the second is a reduction

reaction in which a hydroxyl group is replaced by a

hydrogen atom (Babior and Krouwer, 1979).

Babior and Krouwer (1979) indicated adenosylcobamide-

dependant rearrangements are all reactions in which a

hydrogen atom moves from one carbon to an adjacent one in

exchange for a sunstituted group X which migrates in the

opposite direction:

X
1 1

C C C C

I I

H X

To date, ten such arrangements have been reported which can

be classified into three groups. The first group consists

of reactions in which vicinal diols or amino alcohols are

converted to carbonyl compounds (formerly equilvalent to
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series of reactions where an interconversion between a

primary and a secondary amine takes place through the

migration of an -NH2 group. The third group consists of

reactions in which the migrating group is a bulky carbon

containing fragment. The third is of most interest

because of the role it plays in propionate metabolism.

Propionate metabolism is primarily in the liver of

ruminants. The major metabolic pathway for propionate is

as follows:

Propionate CoA
Biotin Propionyl CoA-PD-MIVIA

L-MMA

jVitamin
B-12

Succinyl CoA

Methylmalonic Acid (MMA)

The equilibrium for this reaction is to the right (Halenz et

Al, 1962; Baretz and Tanaka, 1978). The enzyme responsible

for the latter reaction is methlymalonyl CoA mutase and is

only one of two adenosylcobamide requiring enzymes which

have been found in mammalian tissue (Babior and Krouwer,

1979).

Methylmalonyl CoA mutase catalyzes the interconversion

of methylmalonyl CoA to succinyl CoA, a reaction which

involves exchange of places between a hydrogen atom and the

bulky COSCoA group as follows:

COOH COOH
1 1

CH CH CH CH
231 1 2

COSCoA COSCoA

Methylmalonyl CoA Succinyl CoA

The net result of this reaction is an exchange of places

between the hydrogen and the side group. The hydrogen

transfer involves the coenzyme as an intermediate hydrogen
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carrier. The migrating hydrogen is transferred from the

substrate to the 5'-carbon of the coenzyme, where it

equilibrates with the two hydrogen atoms already attached

to the 5'-carbon. After equilibration, hydrogen is

returned from the cofactor to the final product (Babior

and Krouwer, 1979).

The transfer of hydrogen from substrate to cofactor

(5'-deoxyadenosine) which was shown to occur during

catalysis indicates that adenosylcobamide requiring enzymes

must be able to alter the cofactor in such a way to provide

a place on the 5'-carbon to which a substrate hydrogen atom

can become attached. Enzyme catalyzed cleavage of the

carbon-cobalt bond would clearly furnish such a place.

Methylmalonyl CoA mutase has been shown to generate 5'-

deoxyadenosine from adenosylcobamide in the presence of

malonyl CoA or succinyl CoA (Babior and Krouwer, 1979).

The deficiency of cobalt or adenosylcobamide leads to

an increased excretion of methylmalonic acid in the urine

of monogastric and ruminant animals (Gawthrone, 1970; Smith

Al, 1969; Forward and Gompertz, 1973; Cardinale ai al,

1970; Andrews and Hogan, 1972; Millar and Lorentz, 1974;

Cox and White, 1962; Frenkle et al, 1973) and MMA excretion

can be corrected by vitamin B-12 supplementation. Lough

and Calden (1976) found when barley rich rations were

given to sheep, the levels of MMA rose in the urine from

less than 10 mg liter-1 to 10-20 mg liter-1.

It has been difficult to find a true value for MMA

in the urine of ruminants. Giorogio and Plant (1965)

offered a rapid assay for use in determining MMA in human

urine but when used with ruminant urine by Andrews et al

(1970) the characteristic green color was not achieved.

After modification they could only recover 90 percent of

the added MMA. Millar and Lorentz (1974) as well as Barton

and Elliot (1977) proposed a gas chromatographic method.
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Elliot et al (1979) cautioned that both of these methods may

be overestimating the amount of MMA found in the urine

causing the latter authors to conclude there may not be a

satisfactory assay to determine MMA in the urine of

ruminants.

An increase in MMA has been shwon to have a competitive

inhibition on malonyl CoA in fatty acid synthesis (Cardinale

al, 1970; Scaife et al, 1978; Forward and Gompertz, 1970;

Frenkle eat gl, 1973). This leads to odd fatty acids, such

as, branched chain fatty acids and an increase in un-

saturated fatty acids.

From the previous discussion we have seen that a

deficiency in vitamin B-12 will impair normal propionate

metabolism and cause an accumulation of MMA which inhibits

fatty acid synthesis. Prior to this I have presented

evidence that a milk fat depressing ration is characterized

by an increase in propionate production and have discussed

three theories pertaining to the causes for milk fat

depression. Forbish and Davis (1977b) have proposed that

vitamin B-12 is the limiting factor in milk fat synthesis.

The fourth theory proposed by Forbish and Davis (1977b)

can be best summarized in the following diagram:

CoA CO
Propionic Acid propionyl CoA -77-7MMCoA--.71MAATP

Vitamin B-12 i(-)

LIVER glucose 4_ - - - - Succ inyl 1

CoA

Acetic acid ATP Malonyl CoA--- 4 Milk
Fat

CoA

MAMMARY GLAND

(adopted from Forbish and Davis (1977b)).

It was proposed that a ration causing MF depression

increases propionate production. The increased propionate
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causes an accumulation of MMA when vitamin B-12 is limiting.

The increased MMA then inhibits malonyl CoA in MF synthesis.

The consequence is a metabolic deficiency of vitamin B-12.

Forbish and Davis (1977b) tested this theory by in-

jecting hydroxycobalamin intramuscularly. They found

milk fat secretion to increase in three out of seven cows

and noted that the source of vitamin B-12 may be an

important factor.

Elliot al al (1979) found a small non-significant

increase in MF yield which was attributed to an increase in

milk yield when the cows were given an intramuscular

injection of vitamin B-12. However, the vitamin B-12 status

of the liver increased (P.01). These researchers

concluded that their data was not in support of the most

recent hypothesis. Thus, the promotion of the fourth theory

is at a stand-still.

To prove or disprove that vitamin B-12 is a factor in

MF depression there are two methods to follow. The first

is to formulate a fat depressing ration and add vitamin B-12

to it and measure the response. The second method would be

to feed both normal and fat depressing rations and measure

the levels of vitamin B-12 present in the blood and sub-

sequently add vitamin B-12 to the MF depressing ration and

observe the change in MF. The first step of the second

method was used in this trial to test the vitamin B-12

theory. The rations consisted of different hay qualities

to test the new RFV system concurrently.
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Materials and Methods

Thrity-two Holstein cows were used in an experiment

of 4 X 4 Latin Square design with eight replications for

the production trial. The cows were selected from the

Oregon State University herd based on three criteria: 1)

the ability to produce twenty-five kg of milk per day or

more (based on previous years lactation), 2) greater than

forty days post-partum but less than 100 days, and 3)

second or later lactation. The animals were blocked to

replications according to the days in milk. The average

number of days in milk for groups A through D were 47, 53,

52, and 54 days, respectively. The most probable producing

ability values for 4% FCM in kg herd average were -115.6,

155.2, 179.4, and 20.8 for groups A through D, respectively.

The four periods lasted three weeks each and the trial was

conducted from January 10 to April 19, 1979.

Rations were based on four lots of hay, two of which

originated in Northwestern Oregon and two of which ori-

ginated in the Klamath Falls Basin of Southern Oregon. The

initial analysis of the hays are presented in Table 5.

The hays, when first received, were sampled, coarsely

chopped and stored under cover. Random samples of the

chopped hay were taken and partitioned through a series of

Tyler sieves (Figure 3). The chopping was necessary so the

rations could be fed as complete rations. Grab samples

were then taken from the stored hay at the beginning and the

end of each period, the composite analysis is presented

in Table 6.

Rations were formulated to be isocaloric and contain

a minimum crude protein content of 15.5 percent with the

least amount of variation. On a dry matter basis the

rations contained 45 percent hay, 5 percent corn silage and

50 percent concentrate. The amount of feed given each day
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was monitored in an effort to exceed daily consumption.

Table 7 shows the calculated composition of the rations.

Complete ration samples were taken twice per period and

analyzed (Table 8).

Rations were fed once daily between 0600 to 0800.

The amount fed was recorded daily and refusals were weighed

once weekly. Fresh and weigh-back feed samples were dried

and used to determine dry matter consumption. Weigh back

samples were also analyzed to determine actual nutrient

intake and the ration components which were being refused

(Table 9).

The cows were housed in a single alley of a free stall

barn. The stalls were periodically bedded with wood

shavings and the alleys were cleaned regularly by a water

flush system.

The cows were milked in a double-four-herringbone

milking parlor twice a day. Milk was collected in

calibrated Delaval jars and the weight was recorded. Milk

samples were collected once weekly from two consecutive

milkings and the composite was used to determine milk fat

percentage.

The milk fat percentage was analyzed using the Banco

Fat Determination Method. 1 Actual average daily milk,

4% FCM and average weekly fat percentage were calculated

for each cow. Average persistency was calculated at the

end of each period by dividing milk yield for a given

week by the prior week's milk yield.

1. Banco Laboratory Chemicals-Anderson Laboratories,

Inc., Fort Worth, TX.
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Cows were weighed at the beginning of the trial and

thereafter at the end of each period. The cows were

weighed immediately after the afternoon milking on two

consecutive days and the average was recorded and used to

calculate average daily change in body weight for that

period.

Four cows were chosen from each group, largely on the

basis of temperment, for rumen and blood samples. The

rumen samples were for VFA analysis and the blood samples

were for vitamin B-12 analysis.

The rumen samples were drawn by stomach tube into an

erlenmeyer flask until approximately 500 ml were obtained.

The rumen fluid was then strained through cheese cloth, 5 ml

was added to 1 ml of 25 percent metaphosphoric acid in a

polyethelene centrifuge tube. The samples were taken to

the laboratory and centrifuged to separate the solids. The

supernatant was decanted into a small glass vial, capped

and frozen until all samples were collected. Volatile

fatty acid analyses were made using a Varian Aerograph

Series 1200 gas chromatograph with a flame ionization

detector. The column was stainless steel and was packed

with Chromosorb 1002 . Peak areas of VFA were automatically

computed by a Spectra-Physics MinigratorTM, and

concentrations of acetate and propionate were calculated

in micromoles per ml. From the data, A:P ratios were

calculated for each cow, each period and statistically

analyzed.

Approximately 8 ml of blood were obtained by tail

puncture into a heparinized tube, centrifuged, and at

least 4 ml of serum was drawn by pipette into a glass

vial. The samples were frozen and kept stored to be

anlayzed later.

2. Johns-Manville, Denver, CO. 80217.
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The method used for the vitamin B-12 assay was a
combination of procedures. The serum was extracted as

described by Matthews (1962). Preliminary trials on

samples taken from different cows than used in the present

experiment indicated that 3 ml of serum extract, 1 ml of

water and 5 ml os assay medium (Difco-Vitamin B-12 Assay

Medium--0360-15-73) led to growth within the range of the

standards. The standards contained from .01 ng to 6 ng per

ml and were prepared as described by the Difco Manual4 .

The organism which was used was Lactobaccilus leichammani5.

The cultures were incubated in a water bath at 37° C for

24 hours, removed and placed in a refrigerator at 2 to 8° C

for 15 minutes to kill the organism. A turbidometric

analysis was conducted using a Baush and Lomb Spectronic 20

at a wavelength of 700 nm. Between 15 and 17 samples were

randomly chosen for each experimental analysis. The

standards were used to compute a regression equation. The

values obtained from the samples were then substituted into

the equation to find the concentration per ml. The standard

dilution factor was then used to calculated the concen-

tration of vitamin B-12 in ng per ml.

A digestibility trial with the four hays was also

conducted. This involved four Holstein steers in an

experiment of 4 X 4 Latin Square design with only one

replication, being fed hay only. There were four periods

lasting about fifteen days.

The steers were tied under cover in a large pen bedded

with wood shavings. They were fed three times a day and

3. Difco Laboratories, Detroit, MI.

4. Difco Laboratories, Detroit, MI.

5. American Type Culture Collection, Rockville, MD.
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were given ample access to water at feeding time.

At the beginning of each period the steers were given

the respective hays in excess of intake for a minimum of 5

days. During this time, refused feed was collected and

weighed to determine the maximum voluntary intake of each

animal.

For five days during each period the steers were fitted

with bags of fecal collection and were fed 85 percent of

the voluntary DMI of the hay. In the morning the bags

were removed, cleaned, 100 g samples were taken and added

to sealed plastic jars containing 100 g of 5% HCL. Samples

from each steer were composited for each collection period

so at the end each jar contained 500 g of feces. The

composite samples were then air-dried, ground and oven dried

to 100 % DM for analysis of percentage CP, digestible ADF

and percentage digestible DM. Samples of fecal matter were

taken and partitioned through a series of Tyler sieves

(Figure 4) .
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Table 5. Original Hay Samples

Hay
Lot
#

CP Ash ADF NDF Ca P RFV Grade

1

2

3

4

21.91

19.36

16.07

15.89

25.68

29.35

37.76

38.45

33.90

38.84

46.51

48.47

1.18

1.02

1.08

1.48

.31

.37

.29

.43

150

143

117

113

1

1

3

3

Table 6. Composite Hay Samples

Hay
Lot CP Ash ADF NDF Ca P RFV Grade

1 21.61 10.16 26.86 36.15 1.07 .39 148 1

2 18.27 8.42 31.51 42.33 .97 .32 136 2

3 15.97 11.53 38.08 46.71 1.10 .31 117 3

4 14.93 8.49 42.08 52.68 1.29 .32 95 4



Table 7. Ration Components

Ingredients ac
lac

Ration

2
ac 4bc

Hay, lot # 1 2 3 4

Hay, %DM 45 45 45 45

Corn silage(%) 5 5 5 5

51

Molasses (%) 2.5 2.5 2.5 2.5

Wheat (%) 39 39

Barley (%) 46 46 2.5 2.5

Dical (%) .5 5 .5 .5

Soybean Meal
(%) 1 1 5.5 5.5

a. Rations 1 and 2 had a low protein concentrate

b. Rations 3 and 4 had a high protein concentrate

c. All rations were figured to be isocaloric
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Table 8. Complete Ration Analysis

Ration
CP Ash ADF NDF Ca

Grade of
Hay

1 17.69 7.56 19.52 45.96 .76 .38 1

2 15.63 6.24 21.52 48.03 .62 .40 2

3 16.21 8.14 23.79 43.72 .78 .40 3

4 15.73 6.22 26.34 46.73 .85 .41 4

Table 9. Weigh Back Analysis

Ration CP Ash ADF NDF Ca
Grade of

Hay

1 19.04 11.1 19.61 44.77 .98 .45 1

2 15.59 7.25 26.96 51.73 .78 .40 2

3 16.75 11.41 24.15 43.98 .97 .38 3

4 13.27 6.89 39.75 53.41 .86 .31 4



Figure 3. Percentage of particle size retained; hays.

(%)

50

4o

20

10

IMI11111

53

4.0 mm 2.00 mm Fines

Sieve Size



Figure 4. Percentage of particle size retained; fecal

matter.
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Results and Discussion

The production trial results are presented in Table 10.

The differences in treatment means for average daily milk

production and milk fat percentage were highly significant.

The differences in treatment means for production expressed

as four percent fat corrected milk (4% FCM) approached

significance. The differences in treatment means for

persistency were very significant. Significant differences

in treatment means were observed for intake when expressed

as percentage of body weight and sera vitamin B-12 levels.

The results from the digestion trial are presented in

Table 11. The differences in treatment means were signif-

icant for voluntary dry matter intake and for crude protein

digestibility.

Milk Production

The average daily milk production was highly in-

fluenced by the quality of hay given in the ration.

Although the least significance difference test did not

reveal any significant differences in mean production for

cows given rations containing hay qualities 2 and 3, it did

show significantly higher production for cows fed the ration

containing hay quality number 1 and significantly lower

production for cows given the ration containing hay quality

number 4. In a previous study (Dudley, 1979) there were no

differences in mean production where hay comprised 30

percent of the DMI but in this study hay comprised 45

percent of the DMI. From visual observation the hay in

ration 2 appeared to be poorer in quality and contained

more foreign material than the hays in ration 1 and 3. The

cows when consuming rations 2 and 4 were more selective.

With the proposed RFV system (Rohweder et al, 1977;
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1978) the mean production would be expected to decrease

when lower quality forages were fed, as was recorded in this

study. But the differences in mean production between

rations containing hay qualities number 2 and 3 would be

expected to be more than the .11 kg difference observed.

The differences over time, for average milk production,

were highly significant indicating that the production

decreased with time as typical of lactating dairy cows.

The differences in treatment means for percentage milk

fat were highly significant. Ration 1 was lower (P<.05,LSD)

than ration 3 which was lower (Pc.05,LSD) than ration 2 or

4. Ration 2 had a higher percentage MF than did ration 4

but the difference was non-significant. The average MF

percentage was 3.19 before the cows were placed on test.

The depression in AF percentage from cows receiving rations

1 and 3 indicates that both concentrate mixtures had the

ability to reduce the percentage milk fat.

Ration 1, as indicated in Table 8, contained 19.52

percent ADF on a dry matter basis which is 1.5 percent

below the NRC (1978) recommended minimum necessary to

maintain normal MF levels. However, ration 3 contained

23.79 % ADF, 2.3 % more than NRC (1978) recommends,

indicating that a sufficent quantity of fiber was not the

cause for the decreased MP percentage. It is possible that

the reduction in MF was due to the particle size. The

results depicted in Figure 3 show that hay 1 and 3 had the

least percentage of particles retained on a 4 mm screen

and they had the most retained in the fines, the particles

being small enough to pass through a 2 mm screen.

Literature cited by NRC (1978) indicate that the particle

size may have accounted for part of the MF depression for

the cows consuming rations 1 and 3. In contrast, O'Dell

et al (1968) suggests the critical grind size to be .64 cm

when using a hammer mill screen but the next size these
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researchers used in their study was .32 cm which is smaller

than the 4 mm used in this study.

The difference in treatment means for 4% FCM appro-

ached significance (P = .07) and offer some interesting

results. The adjustment for 4% FCM combines the differences

in actual milk production and fat percentage which tend to

reduce the differences between groups. Ration 2 resulted

in the highest production followed by ration 1, 3, and 4.

The reason for the higher production for cows receiving

ration 2 is the higher milk fat percentage of the four

groups combined with the second highest actual milk

production. The results indicate that higher quality

forages may not be the best forage available for lactating

dairy cows from an economic standpoint.

It is apparent that the RFV may predict total milk

response but may not be a predictor of most economical

production, such as, MF or 4% FCM when lactating cows are

fed a ration with alfalfa hay as the major source of forage.

Persistency

Very significant differences between treatment means

were obtained for persistency. Similar to average daily

milk production, the least significant difference test did

not dect any differences in mean persistency for cows

given rations containing hay qualities 2 and 3. It did

demonstrate significantly higher persistency for cows fed

the ration containing hay quality number 1 and significantly

lower persistency for cows given the ration containing

hay quality number 4. The lower persistency of cows on

ration 2 may be explained by a lower intake as will be

discussed below. The persistency levels tend to follow the

same trends as total milk production and are indicative of

more available energy to the cows consuming rations with



58

higher quality hays.

Intake

The difference in treatment means for average dry

matter intake were non-significant but there were some

interesting trends. Ration 1 and 4 resulted in the highest

and lowest intake, respectively. Yet, ration 3 caused a

higher intake than ration 2. The lower intake for cows

receiving ration 2 may in part explain the lower per-

sistency levels for those cows.

When dry matter intake is expressed as a function of

body weight the differences become significant. The means

of rations 1, 2 and 3 were found to be different (N.05,LSD)

from the mean intake of ration 4. Interestingly, the mean

intake of ration 1 and 3 was the same and the mean for

ration 2 was lower than that of both ration 1 and 3.

The visual observation of the cows corresponded to the

intake level. Throughout the trial cows rejected rations

2 and 4 while readily accepting rations 1 and 3. The visual

appearance of hay 1 and 3 was a brighter green in color

with no visual foreign material except hay 3 contained

more dust. Hays 2 and 4 had a browner appearance than hays

1 and 3 with hay 2 exhibiting a hgih amount of foreign

material. Hay 4 had the highest amount of stems.

The intake data and the visual observation possibly

indicate rations 1 and 3 were more palatable than rations

2 and 4. Of more importance, when the production was put

on an equilvalent basis, ration 2 caused a higher production

when expressed as 4% FCM. Thus, intake may not be the best

indicator of animal performance and visual observations can

be misleading.
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Body weight change per day

The differences in treatment means for body weight

were non-significant, yet, there were some interesting

trends. As pointed out by Van Soest (1963a) cows on milk

fat depressing rations tend to gain weight. Rations 1 and 3

resulted in the highest weight gain and were also MF

depressing rations. But cows on ration 4, which was not a

fat depressing ration, gained more weight than cows on

ration 2. It is evident that cows eating ration 2 were

utilizing more energy for production purposes, instead of

body maintenance, than cows on the other rations.

Results listed in Table 9 indicate the cows on rations

2 and 4 were practicing a high amount of selectivity. Yet,

the cows receiving ration 4 appeared to be selecting a

higher quality ration than did those cows receiving ration

2. This was confirmed by the differences in the ADF

percentages and the crude protein percentages for rations

2 and 4 (Table 9). It was also confirmed by the visual

observations of the cows. Cows receiving ration 4 were

more selective and feed refusals were characterized by a

high amount os steemy feed.

Rumen VFA's

The differences in treatment means for acetate

production, propionate production, and A:P ratios were

non-significant. There was a correlation of +.65 between

the A:P ratios and MF percentage.

The levels of acetate listed in Table 10 for acetate

production are lower than the values found in the liter-

ature. In contrast, the propionate concentrations found

in this trial are higher than the normal values usually

encountered in the literature. Bauman et al (1971)
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reported similar propionate concentrations as those listed

in Table 10 but MF depression was observed in all cows fed

rations utilized in his study. As discussed above, only

ration 1 and 3 caused a MF depression. McCullough (1966)

indicated molar percentages of propionate above 20 would

reduce MF percentage. All the treatment groups in this

trial had more than 20 percent propionate and only rations

1 and 3 had MF depression below pre-trial levels. Since

the change in MF percentages are relative within a herd,

it is possible that the feeding regime of the whole herd

has caused an overall MF depression. Davis (1978) suggests

that there should be an approximate .5 unit change in MF

percentage for each 5 percent change in propionate per-

centage. Ration 1, 2, and 3 follow this pattern but ration

4 does not.

Interestingly, the A:P ratios listed in Table 10 did

follow the pattern suggested by Davis (1978). He found

a linear relationship between MF and A:P ratios from a

value of 1 to approximately 2.2. Above 2.2 there was little

change in MF percentage.

Sera vitamin B-12 levels

The differences in treatment means for sera vitamin

B-12 were significant, whereas, the differences in period

means were highly significant. When sera vitamin B-12

levels were correlated with other parameters the following

was found: (1) the correlation between sera vitamin B-12

levels and the A:P ratios was +.66 using treatment means

but increased to +.85 when ration 2 was dropped, (2) the

correlation between individual sera vitamin B-12 levels

and individual A:P ratios was +.22, and (3) the correlation

between the mean sera vitamin B-12 levels and mean MF

percentage was +.65.
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When the fecal matter was partitioned according to

particle size (Figure 4), ration 2 differed from the other

rations by having the highest percentage of particles

retained on a 1 mm screen with the lowest percentage of

particles retained on a 500 micrometer screen.

The values for sera vitamin B-12 listed in Table 10

are within the range of values given by Hoekstra, (2.2 to

4.6 ng/ml) as described by Smith and Loosli (1957), and

Sutton and Elliot (1972). However, these values are higher

than the 1.3 ng.ml value found by Polak et al (1979).

The reason for the differences are probably experimental

technique, outside contamination, or a combination of both.

The cobalt content of the hays is not a reason because all

hays contained less than .02 ppm of cobalt.

Wilson et al (1967) and Elliot et al (1965) found sera

vitamin B-12 levels to increase with time. In contrast,

the blood levels of vitamin B-12 in this experiment

decreased with time. This is probably due to differences

in experimental technique because the fromer research groups

increased the roughage content with time, whereas, the

roughage content remained constant in this trial.

In summary the sera vitamin B-12 levels indicate the

following: (1) more vitamin B-12 will be produced by

increasing forage resistance to microbial degradation,

suggesting that the microbial population in the rumen is

under physical constraint of the feedstuff, such as,

particle size and pH; (2) vitamin B-12 may have an active

role in milk fat synthesis because vitamin B-12 accounts

for 42 percent of the variation in MF percentage. However,

this relationship indicated that vitamin B-12 is not the

sole factor in MF depression but probably works in

combination with some other factor or factors to cause MF

depression; and (3) the differences observed in this study

can not be used to make generalizations about vitamin B-12
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production from varying quality of alfalfa hays.

Digestion Trial

The results from the digestion trial are presented

in Table 11. Significant differences were only found for

voluntary intake and crude protein digestibility.

Interestingly, the steers consumed more of ration 3

(10.2 kg) than ration 2 (9.21 kg) (PC05,LSD) confirming

the fact that ration 3 was more palatable than ration 2.

This is further supported by trends found in ADF, CP, and DM

digestibilities which indicated that ration 3 appeared

to be more digestible. Unfortunately the steer weights

could not be used because of a malfunctioning of the scale

in the course of the trial.
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Table 10. Production trial results.

Parameters 1

Ration
2 3 4 S-

x
P

Ave Daily 30.16a 29.07b 28.96b 27.59c .911 .001
Milk (kg)

% MF 2.96a 3.21b 3.09c 3.17b .043 .001

4% FCM (kg) 25.48 25.75 24.60 23.79 1.26 .071

Persistency 100a 07.9b 98.4b 96.2c .61 .002
(%)

Ave DMI (kg) 24.09 23.16 23.59 21.89 .02 .123

% BW intake 3.44a 3.37a 3.44a 3.11b .06 .022

BW change per
day (kg)

.36 .13 .30 .29 .30 .107

Acetate
micromoles/ml

56.8 48.6 62.9 57.2 2.57 .277

Propionate
micromoles/ml

30.1 24.8 34.9 31.1 3.99 .364

A:P ratio * 2.1 2.4 2.1 2.2 .13 .574

Sera B-12
(nera)

1.92
a

3.35
b

1.95
a 2.02

a
.55 .024

aMeans with different superscripts are different Pc.05.

* The A:P ratios can not be compared directly to the

concentrations above it. The A:P ratio means were

calculated on an individual cow bais which was then used

to calculate an overall mean.
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Table 11. Digestion trial results

Parameters 1

Ration
2 3 4 S-

VDMI (kg) 10.20a 9.21b 9.95a 8.05c .496 .0018

CP (%)
digestibility

79.39a 73.96a 77.31a 71.76b .043

ADF (%)
digestibility

52.84 50.03 54.28 51.24 3.7 .98

DM (12)
digestibility

70.02 64.99 66.73 61.86 2.1 .145

aMeans with different superscripts are different at Pv.05.
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Conclusions

When hays having different quality were included in

the ration at 45 percent DMI, there were significant

differences in average daily milk production, milk fat

percentage, persistency, percentage body weight intake and

sera vitamin B-12 levels of lactating dairy cows. When

the production was viewed from an economical basis a number

1 quality hay resulted in less economical return than a

number 2 or 3 quality hay using the RFV sytem. If the RFV

system works as proposed, with higher quality forages

bringing more money, then a dairyman could not economically

feed the higher quality forages because of the potential

for less income with a higher expenditure. Therefore,

the RFV system is applicable to the dairy industry only

if used under certain qualifications. The dairy industry

does not have the current technology to utilze high quality

forage to the maximum ability.

Evidence from this experiment indicates that vitamin

B-12 is not the major causatory agent in milk fat

depression suggesting that it may act in combination with

some other factor or factors to cause milk fat depression.
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Table 1. Production trial -

average daily milk

analysis of variance for

ANOVA
SS df MSSources

Cows in squares 15223.19 24 634.29

Squares 6047.15 7 836.88

Treatment 670.63 3 223.54 8.40 .001

Periods 2003.26 3 667.75 25.09 .001

Error 2394.87 90 26.61

Total 26339.10 127

Treatment Mean

Ration 1 30.18a

Ration 2 29.07
b

Ration 3 28.96b

Ration 4 27.59c

S- = .92

LSD
.05

= .98

a4eans with different superscripts are different.



80

Table 2. Production trial -

Milk Fat production

analysis of variance for

ANOVA

Sources SS df MS F P

Cows in Squares 26.08 24 1.09

Squares 3.84 7 .55

Treatment 1.07 3 .36 5.93 .001

Period .64 3 .21 3.53 .018

Error 5.44 90 .06

Total 37.06 127

Treatment Mean

Ration 1 2.96a

Ration 2 3.21
b

Ration 3 3.09c

Ration 4 3.17b

S- = .04
x

LSD
05 = .10

aMeans with different superscripts are different.
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Table 3. Production trial - analysis of variance for

4% FCM per day

ANOVA

Sources SS df MS

Cows in Squares 11321.08 24 471.71

Squares 3623.16 7 517.59
Treatment 370.98 3 123.65 2.42 .07

Period 1135.83 3 378.61 7.42 .001

Error 4595.12 90 51.06

Total 21046.18 127

Treatment Mean

Ration 1 25.48a

Ration 2 25.75a

Ration 3 24.60a

Ration 4 23.79b

S- = 1.26

LSD
.05 = 1.35

a
Means with different superscripts are different.
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Table 4. Production trial - analysis of variance for

persistency

ANOVA

Sources SS df MS

Cows in squares .017 24 .0007

Squares .006 7 .0009

Treatment .019 3 .0066 5.36 .002

Period .041 3 .0135 11.07 .001

Error .1101 90 .0012

Total .1937 127

Treatment Mean

Ration 1 100a

Ration 2 97.9b

Ration 3 98.4b

Ration 4 96.2c

S- = .0061

LSD
05

= .0144

aMeans with different superscripts are different.
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Table 5. Production trial - analysis of variance for

average dry matter intake

ANOVA

Sources SS df MS

Cows 1.398 3 .466 25.09 .001

Periods .0378 3 .013 .68 .597

Treatments .2526 3 .084 4.53 .123

Error .1114 6 .019

Total 1.7998 15
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Table 6. Production trial - analysis of variance for

percentage body weight intake of dry matter

ANOVA

Sources SS df MS

Cows 1.238 3 .413

Periods .057 3 .019 1.3 347
Treatments .299 3 .099 6.9 .02

Error .085 6 .014

Total 1.680 15

Treatment Mean

Ration 1 3.44a

Ration 2 3.37a

Ration 3 3.44a

Ration 4 3.11b

S- = .059

LSD
.05

= .21

aMeans with different superscripts are different.
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Table 7. Production trial - analysis of variance for

body weight change per day

ANOVA

Sources SS df MS

Cows in squares 42.82 24 1.78

Squares 11.38 7 1.63

Treatment 17.64 3 5.88 2.09 .107

Period 37.22 3 12.41 4.41 .006

Error 253.04 90 2.81

Total 362.11 127

Treatment Mean

Ration 1 .36a

Ration 2 .13
b

Ration 3 .30a

Ration 4 .29a

S- = .29

LSD
05

= .32

aMeans with different superscripts are different.
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Table 8. Production trial - analysis of variance for

acetate production

ANOVA

Sources SS df MS

Cows in squares 2140.50 12 178.37

Squares 2029.88 3 676.63

Treatment 1667.90 3 555.97 1.09 .36

Periods 512.76 3 170.91 .34 .80

Error 21427.97 42 510.19

Total 27779.00 63
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Table 9. Production trial - analysis of variance for

propionate production

ANOVA

Sources SS df MS

Cows in squares 2984.35 12 248.69

Squares 777.86 3 259.29

Treatment 843.72 3 281.24 1.33 .28

Periods 201.25 3 67.08 .317 .81

Error 8874.78 42 211.30

Total 13681.95 63



88

Table 10. Production trial - analysis of variance for

A:P ratios

ANOVA

Sources SS df MS

Cows in squares 20.234 12 1.686

Squares 1.186 3 .395

Treatment 1.116 3 .372 .672 .57

Periods 1.364 3 .455 .821 .49

Error 23.268 42 .554

Total 47.169 63
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Table 11. Production trial -

sera vitamin B -12

analysis of variance for

ANOVA

SS df MSSources

Cows in squares 31.41 12 2.62

Squares 1.91 3 .636

Treatment 23.32 3 7.75 3.50 .024

Period 65.07 3 21.69 9.77 .001

Error 93.23 42 2.22

Total 214.95 63

Treatment Mean

Ration 1 1.92a

Ration 2 3.35
b

Ration 3
1.95a

Ration 4 2.02a

Si = .55

LSD
05

= 1.07

aMeans with different superscripts are different.
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Table 12. Digestion trial - analysis of variance for

voluntary dry matter intake

ANOVA

Sources SS df MS F P

Steers 59.58 3 19.86

Period 94.56 3 31.52 32.08 .001

Treatment 55.36 3 18.45 18.78 .002

Error 5.89 6 .98

Total 215.39 15

Treatment Mean

Ration 1 22.49a

Ration 2 20.31
b

Ration 3 21.94a

Ration 4 17.75c

S- = .49

LSD
.05

= .68

aMeans with different superscripts are different.
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Table 13. Digestion trial - analysis of variance for

crude protein digestion

ANOVA

Sources SS df MS F P

Steers 34.48 3 11.49

Periods 127.37 3 42.46 4.71 .051

Treatments 139.04 3 46.35 5.15 .04

Error 54.05 6 9.01

Total 354.94 15

Treatment Mean

Ration 1 79.39a

Ration 2 73.96a

Ration 3 77.31a

Ration 4 71.70
S- = 1.50
x
LSD

05
= 4.52

aMeans with different superscripts are different.



Table 14. Digestion trial

ADF digestion

- analysis of variance for

ANOVA

Sources SS df MS F P

Steers 121.49 3 40.50

Periods 743.83 3 247.94 4.52 .06

Treatment 9.98 3 54.82 .061 .98

Error 328.90 6 54.82

Total 1204.20 15
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Table 15. Digestion trial - analysis of variance for

DM digestion

ANOVA

Sources SS df MS F P

Steers 75.71 3 25.24

Period 328.48 3 109.49 6.20 .03

Treatment 139.12 3 46.37 2.62 .14

Error 105.92 6 17.65

Total 649.23 15


