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CHAPTER I
INTRODUCTION

During midsummer, maintenance of milk flow is a problem to most
dairy farmers. In general, shortage of high quality forage during the
dry summer months reduces the milk yield. Permanent pastures in this area
are usually less productive during this peried. The varying topography,
responsive soils and livestock potential offer wide scope to build up a
year round pasture management program. The main objective should be to
find an adapted species that has good persistency, disease resistance
and a high yield in tonnage and total digestible mutrients for seasons.

Gahi-l and Starr are two varieties of pearl millet (Pennisetum
glaucum) recently introduced for summer grasing in this area of the United
States. Both varieties are known to have a wide range of soil adaptation,
resistance to drought and foliage diseases and a high leafestem ratio.
Absence of prussic acid gives more preference to them than other summer
pastures and they are more productive than common pearl millet.

Studies have been made comparing Sudan and pearl millets since the
millets became popular in this area. But little work has been done to

compare the various varieties of millets or to evaluate the quality of
Gahi~l and Starr on the basis of milk yield and composition.

The future dairy industry has to face a problem of great economic
interest. The mucy,' that regular intake of milk fat in the diet may
predispose heart attack, prevails among a section of the milk consuming
public. This fear may have created in many people the tendency to lower
the intake of fat by decreasing the intake of fluid milk. The nutritional
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significance of milk fat - & powerful energy source of high ealoric value
has been underestimated. To avoid this dreadful disease, many have
considered skim milk to be the safest for consumption. Today the per capita
consumption of skim milk and other beverages containing milk solids - not «
fat, has increased rapidly. Should we need milk laden with fat or total
solids? Are the availalile methods of detecting fat and total solids
accurate enough to satisfy the quality demands?

To standardize dairy products and to satisfy quality demands and
legal requirements, a correct estimation of both total solids and fat
content of milk has become a routine in dairy plants. Several volumetric
and gravimetric methods are in use for the determination of fat. The
Cenco Moisture Balance and the Mojonnier are the two commonly used methods
for the estimation of total solids. The use of the Babcock test for
estimating the fat content has been wniversally accepted as a routine,
reliable and quick method and the Mojonnier fat test method has been used
to compare the accuracy of the Babcock method. The Cenco Moisture Balance
was introduced recently in the dairy industry for the estimation of total
solids and has not yot obtained officisl recognition., Varying results
cbtained, in other parts of this country, necessitated a repeated testing
of the instrument as to its efficiency in estimating total solids when
compared with other accepted methods like the Mojonnier. Results so far
obtained in estimating total solids with the Cenco Balance seem to be quite
encouraging and it holds promise for the near future. Simplicity in
operation, less expense and saving of much labor and time are certain
advanbages with the instrument.

The two objectives of this investigation were to £ind the relative
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summer feeding value of Gahi~l and Starr millets in terms of milk yield,
percent butterfat, percent total solids and body weight changes; and the
relative efficiency of the Babeock versus the Mojonnier method for
estimation of butterfat and the Mojomnier versus the Cenco Moisture Balance
method for total solids of milk samples collected from cows grazing Gahi-l
and Starr nillets.



CHAPTER II
FEEVIEW OF LITERATURE

A search of the literature was made to determine the value of

" summer supplemental pastures, and the best forages to be used for supporting
summer milk production. Agronomic and animel studies on pearl millets and
also the literature dealing with the various methods for determining fat
and total solids in milk were reviewed.

Value of summer supplemental pastures. Dow (10)cbserved that when

graging facilities were provided from May to mid-October, there was a L6
percent reduction in the amount of grain fed, 86 percent in the roughage
fed other than pasture and 31 percent less labor used daily in ecaring for
the cow. The average reduction in feed and labor cost per cow per day was
48 percent below that for the winter feeding period. 4

0'Neil (38) reported the value of summer fodder crops as providing |
succulence when it was most needed. The crops were found especially useful
for cows in calf and for extending production into the summer.

Hazelwood (17) fed one group of Jersey cows on an all roughage
ration throughout the year, supplemented when necessary with alfalfa hay
and silage and another group was fed a grain mixture. Under Tennessee
conditions, it was found that cows declining in production during June
would increase their production when given access to supplemental summer
pasture.

Jones et al. (27) studied the use of Sudan pastures and other feeds
for beef production. Sudan grass was found to be a vigorous growing annual



5
summer pasture and could be used as an emergency crop. Under good manage-
ment, one acre of Sudan grass provided graszing for two or more cows during
the summer.

Paul (L1) reported that 25 acres of Sudan grass provided adequate
grazing for 25 dairy cows from July until frost. These cows were rotated
on two plols svery week, OSome cows increased their daily production as
mach as 10 to 15 pounds per day and showed no decrease in fat temt.

Foley (13) observed that the most economic ration for the summer
months for dalry cattle was an sbundance of good quality pasture. A two
year feeding trial was conducted to determine the most economical feed for
dairy cattle. In the first year, two groups were fed for 100 days. One
group received concentrates plus all the pasture they would consume. The
other group received pasture and all the roughage they would eat plus a
little concentrate. In the second year, three experimental groups were
used. Two received the same rations as the previous year, while the third
group received three pounds of ocat feed per animal per day and no hay.
All animals in the trial were found to be in good milking condition. The
group on concentrates and pasture gained more weight, whereas the group
that received concentrates, pasture and hay averaged eight pounds of milk
per pound of grain fed. The group that received oat feed and no hay
bmandhbocvmm. The results indicated a reduction of 22 cents
per 100 pounds of milk, in the feed cost for the hay group. A wider grain
to milk ratio on good pasture and mixed hay, would lower milk production
cost durdng the summer months.

Systems of grazing and management. Owen et al. (39) compared
rotational grazing, strip grazing and green feeding of Tift Sudan grass.
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Three groups of ten cows each were rotated on three paddocks of two acres
each. Pasture was found to be quite adequate for a 63 day period. There
was no significant difference between the three systems of graszing in the
average production of fat-corrected milk. At the end of the experiment,
the forage left in the rotational grasing plot was found to be more healthy
and vigorous than the plots used for strip grasing or green feeding.

Gordon et al. (1h) worked on the relative merit of rotational grazing,
strip grasing and soiling and the effects on milking cows. The experi-
mental plots consisted of twelve one-acre plots on which Orchardgrass -
ladine clover pasture was established. GOrasing groups were rotated at
intervals of five to len days. The value of these plots for supporting
milking cows was measured as the calculated total digestible mutrients
furnished to milking cows plus total digestible mutrients removed as excess
forage. No differences were observed in the amount of forage graged per
acre, milk production or body weights. The conventional rotational system
was found to be the most desirable, when managed properly.

Hewidins et al. (18) compared three groups of five cows each, on
three different treatments of contimuous grazing, soiling and rotational
graging. To get good quality forages, an initial growth of 15 - 18 inches
and two or three paddocks to shift the grasing cows to new growth at two-
mkimwmmobnmdtounmam. Good grasing in summer was
dependent on locality of the farm, soil fertility, rainfall and stage of
maturity of the grass. Maintaining pasture growth at fifteen inches was
found to be satisfactory to get high quality.

Hoveland and McCloud (2l)) recommended a height of 2§ feet for Starr
millet as the right height for grasing.




Feeding value of millets and sudan. Wrather (51) reported en 2
sumer reversal feeding experiment comparing Piper Sudan grass and Starr
pearl millet fed by the soiling technique to lactating dairy cows.
Statistical analyses of milk production, four percent fat-corrected milk,
butterfat production, body weight changes and total solids showed no
significant differences between the two forages. The two groups derived
approximately the same quantity of total digestible mtrients from each
forage; but the average daily consumption of millet forage exceeded Sudan
grass by 18 pounds. Sudan grass was infested by a leaf disease and this
with early maturity decreased the consumption of Sudan forage. The yield
of dry matter was 1.7 tons per acre for both forages.

Hawidns et al. (18) compered Starr millet with Sweet Suden grass
and Johnsongrass under identical management conditions. Cows graged on
these three varieties did not differ in milk production or persistency.
At similar stages of growth, Johnsongrass, Sweet Sudan grass and Starr
millet were found to be about squal as feed for milking cows.

Roark et al. (L3) studied the relative feeding value of pearl
millet with grain sorghum and Tift Sudan grass. Cows on the experiment
did not receive any other roughage except concentrates fed according to
production. Pearl millet was seen to be a higher yielding forage than
g;-a&n sorghm or Tift Sudan grass. Cows used in the comparison obtained
2,056 pmuh of total digestible mutrients per acre from pearl millet
and only 1,480 pounds of total digestible mutrients per acre from the
Sudan grass. Digestive disturbances were noticed with those cows fed

grain sorghunm.
Wller et al. (33) compared the relative merit of Tift Sudan and
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Starr millet when fed to Qaixy cows. They measured differences in fate
corrected milk production, butterfat percent, persistency, weight change,
digestibility and forage consumption. The cows were rotationally grased.
Total digestible mutrient ylelds were measured by the animal regquirement
and cage clipping methods. The Starr millet group gave low butterfat
tests; but more total digestidle mutrients per acre were obtained in one
year of the study. The best measure of evaluating forages was found to
be digestidility.

Underwood et al. (50) compared Tift Sudan grass and Starr pearl
millet when fed to lactating dairy cows. Two equalized groups of seven
Jerseys and Holsteins, were rotationally grazed for three weeks. After
three weeks rotation, the groups were switched to the other forage. The
average dally preduction of four percent ttt-cmctod milk for ths Sudan
group and millet group was 22.2 and 21.8 pounds, respectively. The butberw
fat test was found to be the same to;bothgmpn. Cows on Sudan grass
gained an average of 1.1 pound daily, which was significantly more than the
0.7 pound daily gain per cow on pearl millet. Sudan was found to be
slightly more digestible than the millet.

Agronomic studies on Gshi-l and Starr millets. Broyles and

Privourg (L) studied the effects of nitrogen fertilization and cutting
intensities on the dry matter yield and nitrogen content of Piper, Sweet
Sudan, Gahi = pearl millet and German millet. This experiment was
conducted at Knoxville, Temnessee during the summer of 1957. Gahi-l
produced more dry matter than the other varieties in all eutting intensities
Gahi was also found to be best at all nitrogen levels. At a height of 30
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inches, waximum yleld in tonmnage and nitrogen was obtained. Gahi-l was
found to be the highest producing grass and was considered the best for
hay, silage, or pasture.

Cragniles, Baird, and McCullough (8) studied the digestibility,
chemical composition, leafiness and other factors influencing the quality

of Sudan grass and millets. Stems and leaves dried and as green forages
were fed separaiely to sheep in order to determine digestibility. Sudan
grass was found to contain a little more total digestible mutrients than
millet. Dried materials from these two species were poorly digested as
compared with the green forages. Starr millet had the most desirable leaf
to stem ratio.

Sullivan (48) studied the relative adaptation of hybrids and
varieties of Sudan grass, pearl millet and forage sorghum for Pemnsylvania
conditions. Flace to place variation was observed in the yield of Gahi-l
millet and very little difference was noted in the composition of Sudan
grass and pearl millet. There was a difference between locations and
among varieties. Sudan was found to be higher in dry matter yield than
pearl millet. Gahi-l pearl millet had the highest yield in Central
Pennsylvania.

Baxter et al. (3) observed contrasting appearance of Gahi-l and
Starr millet forages. Starr millet plants appeared to be finer stemmed.
The cows grazed Starr plants closer to the ground, while they grazed the
blades only from the Gahi~l plants and refused to grasze the tall stalks.

Animal studiez on pearl millets. Baxter et al. (3) compared Gahi-l
and Starr varieties of pearl aillets on a rotational grazing trizl with




10
two paired groups of seven Jersey cows each. The concentrate fed was based
on & ratio of one pound of grein to each four pounds of milk produced. The
cows on Starr millet averaged 35.1 pounds of milk and those on Gahiel
produced 3.5 pounds of milk per day., Both groups showed a decline in bubter-
fat percent. Most cows on Starr nillet gained body weight, while those in
the Gahi=l group lost body weight. Starr millet appeared to be a better
variety for summer pasturing of dairy cows.

Gross et al. (16) ran grasing trials for two years using three
millet varieties and Sudan grass. Wilking Jersey cows were grazed on
these pastures for the season. Heifers were used to prevent any spoity
growth, Concentrates were fed at the rate of one pound for each four pounds
of four percent fat-corrected milk. They observed a significant difference
between the millets and Sudan in that more total digestible mutrients and
fat~corrected milk were obtained per acre from the millets. However , there
was no significant difference in fat-corrected milk production between the
groups on the millet varieties. It was predicted that Gahi-l millet may
surpass other varieties as a summer pasture for dairy catile.

Marshall et al. (30) studied rotationsl grasing on three plots of
pearl millet with lactating Jersey and Guernsey cows. OGrazing began when
the millet was 1L to 22 inches tall. Cows were contimuously on pasture .
except for milking. Barly weed and grass growth was controlled by
cultivation. lacteting cows grasing millet produced an average of 30.3
pounds of four percent fat-corrected milk daily and the total digesiible
mbrients obtained daily were found to support body maintenance plus ten
pounds of four percent fat-corrected milk. Persistency of milk production
was found to be good.
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Cathcart (6) reported a three-year stady of the value of pearl
millet as a pasture and as silage. An average of Th0.58 pounds of tetal
digestible nutrienis per acre was obiained which furnished gresing for
68.Sowdawp¢am. Pearl wmillet gave L42.9 percent wmore mutrients per
acre when grazed, than when harvested as silage.

Good grazing facilities for milking cows during the sumser months
have maintained wilk flow and reduced feed cost and labor. Studies have
shown that one acre of Sudan grass under good management will provide
enwghmniwfwhawmnmduﬁmmmrmm. Eilking cows
rotationally grazed on well mansged pasture, produced as much milk, as on
strip graging or soiling and in addition, the rotationally grased plot was
found to be more healthy and vigorous than the plots used for strip grasing
or green feeding. The quality of pasture is dependent on the height to
which it ie greged. In general, the quality of pusture will not deteriorate
if pasture growth is maintained at 15 inches height and grasing cows shifted
at intervals of two weeks to new pasture. The feeding value of millets for
uilldng cows have been observed to be about the same as Johnsongrass and
Suden gress. Several workers found that pearl millets produced more total
digestible mutrients per acre than other grasses like Tift Sudan. Agronomic
observations on millet varieties have shown ww yields in tomnage from
Gahi~l millet and a more desirable leaf-stem ratio, than other varieties
of millet. Fluctuations in the tomnage yield of Gahi-~l millet were observed
at different locations in Pemnsylvania. Contrasting appearance of Gahi-l
and Starr millet has been noted by Baxter et al. (3)s The Gahi-l millet
plants appeared to be taller with broader leaves, than the Starr millet
plants. However grazing cows showed a tendency to refuse the tall stalks



12
umwm«m:uwhnummnmmmmwmm
were obtained from the cows on Starr millet, Gross et al (16) found no
significant difference between the two varieties in milk production and k
percent fat-corrected milk, He did predict that Gahi-1 millet may surpass
other varieties, as a summer feed for milking cows. There are conflicting
reports as to the feeding value of Gahi-l and Starr millets. Therefore,
WM#N%MG%WW&N!MW“MM“.

Methods for butterfat determination. Phillips (LO) prepared
muumkmuwmmmmmmwmm
fat test by the Babcock and Roese-Gottlieb (Mojomnier) methods. The
Babcock results gave s higher butterfat test than the Mojomier. The
average of 50 comparisons was found to be 0,0588 percent higher than the
Mojonnier and the variations between the two methods were from 0.005 to
0.126 percent.,

In & study of the Babcock test at Iowa (1) it was reported that
readings from the top of the upper meniscus to the bottom of the lower
meniscus were higher than those obtained by the gravimetric methods. of
WMWW,WM!MNO.MMMM
methods,

Mlq(?)udomarlmmmnﬂkowhsmmnodmt
WWMOMO.“MWMWMBHMC.
rmaomummmmwmdmwmtm,mam
cow and stage of lactation. The latter was due to variation in the size
dﬁntﬁgbhlu“dutomntmmmfuwmagcorm
sample. In the Babcock test, there was 0.13 percent butterfat, found in
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the liquid below the fat colum. Impurities in the butterfat column
averaged 0.78 percent of the reading. If meniscuses were not included,
the Babcock test read about 0,11 percent low.

Dahlberg, Holm and Troy (9) compared the Babecock method with the
Gerber and the Roese-Gottllieb methods. These tests were carried out in
three different laboratores and four dairy control laboratories with 925
samples of milk and cream. Differences between laboratories were obtained
in the Roese-Gottlieb tests. Duplicates of the Roese-Gottlieb agreed
within 0.5 percent, after the preliminary tests had been made. Duplicate
Roese~(ottlieb tests made at the same laboratory agreed within 0.16 percent
in individual tests and the tests of any two laboratories usually agreed
with each other within 0,50 percent. The Babcock and Gerber methods agreed
within 0.LO percent whereas the Babcock and Roese-Gottlieb tests agreed
within 0.50 percent.

Fahl, Lucas and Baten (11) investigated the factors invelved in
the accuracy of the Babcock test. Out of 513 samples of milk tested by
the Mojonnier and Babeock methods, it was found that varying temperature
considerably affected the butterfat test. Also a significant difference
was noticed between the Babcock and the Mojonnier methods. The Babeock
method yielded results varying from 0.0kl to 0.082 percent higher than
the Mojonnder. Analysis of the above data by Hileman, Rush and Moss (22)
showed a standard deviation of the butterfat test to be 0.092 and the
standard deviation between the methods was 0.082. They observed a higher
Babcock reading then in the Mojomnier method in both milk and eream.

Fisher and Walts (12) determined the fat content on sixteen
samples of fresh, sweet whole milk in quadruplicate by the Babeock, the
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Gerber and the Roese-Gottlieb methods. Results indicated a reasonsbly
close sgreement between these methods. The Babeock and Gerber methods
gave results, which in 68,75 perceni of the samples were higher than the
Roese~(ottlieb method.

Herrington (20) observed thai errors in Mojonnier butierfat tests
occur whenever the room temperature varies during the course of analysis.
Experiments were conducted to study errors due to temperature variation,
and their control in the Mojonnier butterfat test. Variation of only one
degree in temperature caused a changs of approximately threefourths
milligram in weight, which was equivalent to an error of 0.078 percent
butterfat, when testing cream.

Holland (23) in a study to determine factors respomsible for low
butterfat tests, concluded that the Babeock test on composite samples
drops about 0.1 perecent below the average as compared to daily tests on
trnhn!.lk._ This decline was found to be more in the first two days of
the storage, both on the Ko.jenniar and Babcock methods. The factors
responsible were oiling off, churning and packing of the fat globules.

Jack and Abbot (25) stressed the need for further investigation
of the accuracy of the Babeock method, since this test has been blamed
mtkfwgivm;muzhlat percentage. The work of several
investigators, as showm in Table 1, reveals that the Babcock valuss
are above Roese~Gottlieb or Mojonnier by 0.011 to 0.115 percent.

Jenness and Herreid (26) conducted a uﬁos of experiments on milk
samples to find the effect of temperature at the time of reading on the
accuracy of the Babecock test. Temperatures at various depths in the
columns of the Babeock fatty materials were compared with temperatures
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in a dilatometer contaiming purified milk fat. This work indicated that

a temperature of about 53.5° C. for the fatly material fulfills, on the
average, the conditions necessary to regulate the butterfat density to
0.9+ Holding for five mimutes in a water bath at 60° C, was found to be
satisfactory. The coefficient of expansion of the column was responsible
for the difference in the reading.

Mojennier and Troy (35) worked on the relative efficiency of the
Babecock method as compared with the Mojonnier methed for testing fresh
milke A wide variation in results obtained by the same operator and alse
between two different operators was observed. Total solids determinations
by the Hojonnier method gave accurate and consistent results. A single
estimation could be made in 21 mimutes and duplicates in 30 mimutes. Both
fat and total solids could be determined in 35 mimites. The Babecock test
showed higher readingsthan Mojormier. This was due to the presence of
substances other than pure fat in the fat column.

Trout and Lucas (k9) compared the Babeock, Gerber, Minnesota,
Permsylvania and Mojonnier methods. Duplicate tests for each of these
methods were mads on twenty-four samples of homogenized milk and found
that all samplestested slightly more than non-homogenised, by the Mojonnier
method. The non-homogenized milk averaged 0.057 percent higher by the
Babcock method than by the Mojonnier method. The Gerber test was found
to be most satisfactory of all methods for making butterfat test on
homogenized milk. The Minnesota and Pennsylvania methods tested lower
than the Mojonnier and therefore, could not be recommended.

Nelson (37) made an extensive study of the Babecock test on 2,000
samples of unpreserved milk. The probsble error of reading the test was
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+0.02 percent with a pessible variation betwsen readers of 0.10 percent.
On each of six samples of milk, Ll tests were made by the Babcock method
and 16 by the Mojonnier. The average of the two methods was found to be
within the probable error of the Babcock method.

Methods for total solids determination. Mickle et al. (3h4) took
a total of 1,lh8 composite samples from 63 Holstein cows over a period of
20 months. The results of the total solids determinations by the Ounee.
Moisture and Mojonnier methods nﬁ found to differ significantly at the
five percent level in faver of Mojennier. When another trisl of 4O total

solids determinations wae run from & single sample by the Mojonnier, Cence
and Fischer methods, no significant difference was observed. The mean
values obtained were 12.80, 13.05 and 12.83 percent for the three methods,
mspoétivo]y. The Cenco values were found to be within 0.38 to 0.36
percent of the Mojonnier values and Fischer values were within 0.73 to
C.11 percent of the Mojonnier values.

Lowenstein (29) observed no significant difference between the
Cenco and Mojonnier values in the estimation of total solids. A total of
686 samples was tested by both methods. Tho_xuan values for the Mojomnier
and Cenco tests were 12.31 and 12.20 percent, respectively. 1Ihe average
difference between methods for individual samples was O.2Lk percent. The
Mojonnder test gave resulis averaging slightly higher in total sclids than
did the Cenco test. The standard error computed in the statistical analysis
was +0.245.

Stein (L7) stated that the gravimetric methods of total solids
determinations, like the Mojonuier, Distert-Debroit Solid Determinator and


https://Moionid.er

: 18
the Barbender-Semi Automatic Moisture Tester and the Cenco Moisture Balance

are in use at present. Comparisons between the Cenco and standard oven
drying tests, indicated little or no significant difference in the results.
The time required for the Cenco test was shortest of all gravimetric
methods and it varied from 12 to 13 mimtes. The Cenco method closely
agreed with the official gravimetric method.

Herrington (20) reported two important sources of error in total
solids determination; one was the transformation of lactose during the
drying process and the other the chemical action between protein and lactose,
when the two are heated. The physical state of lactose while drying,
sltered the total solids value of the sample by 0.2 percent. The inter-
sction of protein with lactose, lowered the Mojonnier value by 0.25 per-
cent. No known methods are in existence at present, to prevent this
reaction during the test by the Mojonnier methed. Drying at a lower
temperature may reduce the lactose-protein reaction, but this might raise
other complications. Total solids estimation by various methods, therefore
raised the problem of accuracy of a particular method. To fix a basis
for pricing milk and to standardigse values obtained by different methods,
a clear definition of total selids in milk and a knowledge to control the
physical state of lactose would be required.

The relative efficiency of the Babecock and the Mojonnier methods
of butterfat determinations has been fully studied. There is a general
agreement among workers, that the Babeock test read slightly more than the
Mojonnier. But opinions differ as to the efficiency of Cenco Moisture
Balance and Mojonnier methods for the estimation of total solids.
Simplicity in operation, saving of mich labor and time with the Cenco
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Balance encourages re~testing of the instrument to see how results agree
with the other official methods. Nutritlional significance of milk fat
and total solids has become so very important especially now when milk fat
has been criticized. As butterfat and total solids in amilk are governed

by State law, it was thought necessary to find ocut the composition of
nllk from cows on the experiment and to see that they meet the standard
for Temnessee.



CHAPTER III

METHOD OF PROCEDURE

Duration. The grezing experiment was conducted for ninety-eight
days during the summer of 1960, froa June 21 threough Seplember 26. It
consisted of a two week pre-experimental, ten week experimental and a
two week post-experimental period.

Establishment of paddocks. On June 1, 1960, a two and one-half
acre paddock was seeded to Gahi~l millet and a comparable paddock was
seeded to Starr millet both at the rate of 20 pounds of seed per acre.
The paddocks, located on the University of Tennessee dairy farm, were
fertiliszed alike at the time of seeding on June 1. The fertilization
rate was 100 pounds of 33 percent ammonium nitrate, 50 pounds of 52 per-
mtmhmdsﬁmdsotwpr«ﬁmhdm;um.
The Gahi-l field was a fertile river bottom and the Starr millet field
was located adjacent to it. Hereafter for simplifieation, Gahi-l pearl
millet and Starr pearl millet will be referred to as Gahi millet and
Starr millet, respectively. A second seeding of each forage was made on
two additional comparable paddocks on June 15.

A fortnight between the first and second seeding dates was provided
80 that initial grasing would be spread over & longer period of time and
to facilitate rotational grasing., The seeding and fertilization rates
were the same as for the first seeding on June 1. All paddocks were
fenced separately with an electric barbed wire.

Pairing of Cows. The 22 lactating dairy cows used in this study
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were selected from the University of Tenncssee Holstein deiry herd. They

were divided into two groups, as comparable as possible with regard to
wilk production, body weight, age, stage of lactation and stage of ges~
tatdon. The informetion on sash cow used in selecting the peirs is shown
in Appendix A.

Feeding and care of cows. The two groups of cows were handled in
the same mamner during the pre-experimental period which extended frem
June 21 to July k. Throughout the experiment, both groups were fed the
same grain mixture. The grain mixture contained one part of corn, two
parts of oats and one part of cotton seed meal. Both cows in each pair
were fed the same amount of grain each day which was set at the rate of
one pound of grain for each four pounds of milk produced. The rate of
grain feeding was set at the beginning of the experiment on the basis of
the average production for each pair and was held at this level throughout
the experiment.

The hay fed was poor quality alfalfa and contained small quantities
of bluegrass and Johnsongrass. Every afternocon shortly after milldng,
sufficiently large quantities of hay were weighed on platform scales and
fed to the cows in each group. A portion of the weighed hay was put in
a concrete feed manger located in the holding area and the other portion
placed in feed bunkers located in the lane leading to each paddock. The
cows had free access to their respective paddocks and to the hay in the
feed bunker at all times. Approximately ome hour prior to each milking
the two groups were placed in a separate holding area where the cows had
access to the hay located in the concrete feed manger. The refused hay




22
was weighed back every day and fed vo cows nol on expsriment, Hay
consmption was measured on the group basis.

The cows had constant aceess to salt and a mineral wixture. Drinking
facilitles were provided iz the feed lotsleading to the paddocks, holding
areascnd in each paddock. The paddocks sad the feed lot or lanes which
extended approximately 400 yerds from the barn to the paddocks were
provided with shade~trees.

Rotational graging. The two groups were turmed into the first
seeded paddock of each forage on July 5 with one group on Gahi and the
paired metes in the other group on the Starr paddock. After the cows
began initial grasing on July 5, the two paddocks seeded to each millet
were rotationally grazed. The paddocks were inspected at frequent intervals
in an attempt to evaluate the quentity and quality of forage available
for grazing. Mmymmhhdﬁwmuvmingintm&he!

8 to 20 days. On two occasions, clean-up cows from the regular herd were
selected to graze down the spolty growth remaining after the experimental
cows had been switched to the other paddock,

On September 12, the terminal day of the experimental period, all
cows from both groups were turned with the regular herd after recording
body weights and the paddocks were closed.

During the post-experimental period, from September 12 through 26,
silage was added and hay was fed ad 1ib as usual with the same grain ration
at milldng time.

Milk production, butterfat, totel solids and body weights. A1l cows
were milked twice daily at appreximately 3:00 pane and 4300 2.m. and their
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production recorded at each milking. Couposite samples of milk from
dndividual cows were obtained at weekly intervals for butterfat and total
solids determination. Butterfat test was determined by the Babeock method
and total solids, the Cenco Balance method. The pounds of milk and butter-
fat produced were couverted to four percent fat-corrected milk, using the
- formulas
g.h(mdmﬁklf)iﬁ(pom&buﬂm&)'hw

Body weights were taken on five different occasions during the
entire experiment. One day welghts were taken at the beginmning of the pre-
experimental period, at the begluning of the experimental period, once
during the experimental period, at the end of the experimental period and
at the termination of the post-experimental period. These weights were
taken in the afterncon before milking.

Statistical significance of differences in milk and butterfat
production and four percent fatecorrected milk was determined by analysis
of variance of the individual responses (5). The difference between the
two groups of cows in the total solids content of the milk was checked
for significance by the t test (L6).

Dry matter determinations of forages. At approximately weekly
intervals samples of the two forages were taken from the respective fields.

They were obtained by hand plucking and were immediately weighed and placed
in an oven to dry at 60° C. Dry weight was determined after drying for
approximately 24 hours and then setting for 12 hours. The value obtained
was used to caleulate the dry matter content. The dry matter content of
the hay was determined in the same mamner. A total of seven dry matier
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determinations was made on sach foi-ago and five on the hay fed during the
!Ip.rmnt.

Preparation of composite samples. All experimental cows were milked
twice daily and composite samples of milk were taken one day each week for
analysis. Every lionday evening approximately a 70 milliliter sample of
milk was obtained from each cow and on the following morning an equal amount
was mixed with it and stored in eight ounce sample bottles using one
milliliter of formalin as the preservative. The samples were brought to

the laboratory on Tuesday and were tested immediately for butterfat by
the Babcock method. Total solids determinationsby the Cenco and Mojomnier
methods and the Mojonnier fat test were determined during the course of the
week, All samples were refrigerated immediately after arrival at the
laboratory.

The composite samples of milk from each cow were tested weekly for
butterfat by the Babcock and Mojonnier methods and for total solids by the
Mojonnier and Cenco Moisture Balance methods. All tests were made in

duplicate.

Butterfat test by the Babeock Method. Assoeiation of Official
Agricultural Chemists Babecock butterfat method as outlined in the Laboratory

Manual (32) was followed. This was briefly as follows: a thoroughly
mixed, 17.6 milliliters sample of milk tempered to 60° - 70° F. was
transferred into an 18 gram test bottle. An equal amount of sulphuric
acid at 60 ~ 70° F. was added and allowed to flow gently down the neck of
the test bottle, as it was rotated slowly. The mixture was vigorously
agitated by shaking until it assumed & dark chocolate color. The samples
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were then centrifuged for 5 mimutes. Hot tap water at 140° F. or above was

then added and agein centrifuged for two mimites when a sufficient amount

of water was added to bring the level of the fat to the top of the graduated
portion of the bottle. m was again centrifuged for one mimte. The
bottles were then immersed in a water bath held at 140° F., so that the top
of the fat column was below the water level and were left there for 5 mimutes.
The fat columns were measured with the dividers removing one bottle at a

time from the water bath.

Butterfat test by the Mojonnier Method. The Associatdon of Official
Agricultural Chemists Mojonnier method for butterfat test as outlined
in the laboratory Memual (32) was followed. After thorough mixing of the
wilk and tempering to 60 = 70° F., a 10 grem sample was weighed into a
Mojonnier extraction flask.

The twe ether extractions were as follows:

1. Added 1.5 milliliters of NH,OH, to neutralize any acid present
and to dissolve casein. The content of the extraction flask
was then thoroughly mixed by vigorous shaking.

2. Added 10 milliliters of 95 percent grain alcohol, to prevent
the formation of a precipitate with ethyl ether, to be added
subsequently. m.- was shaken for one and one-half mimutes.

3. 7To this mixture, 25 millilitersof ethyl ether were added and
again shaken for one and one-half mimtes.

e 25 milliliters of petroleum ether were then added and shaken
for one and one-~half mimtes.

‘The last two extractions were for dissolving the fat
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and taking out moisture.

A set of eight extraction flasks were placed conveniently
in & Mojonnier extraction flask holder and the sbove procedure
was hastened, by the addition of each reagent with simultaneous
shaking of eight samples for the specified time.

S« These samples were then centrifuged 30 turns, taking one and

one=half mimtes.

6. The ether solution was then decanted carefully into the

Mojonnier aluminium fat dish, which had undergone preheating
to 2759 F. in the fat oven for five mimtes and seven mimites
ﬁbuqmt cocling in the fat cooling desiceator.

The procedure for the second extraction was the sane as the first
except the volume of each reagent added was smaller and no ammonia was added.
After decanting, the ether was evaporated from the ether mixture containing
the butterfat, by placing over an electric hot plate at 275° F. After
ether evaporation, the aluminium dish containing the fat was transferred
to the vacuun oven at 2759 F., for five mimtes with 20 inches of vacuum.
The dish was then cooled in the cooling desiceator with the circulating
water at room temperature for seven mimutes, after which the dish was
rapidly weighed and the weights recorded.

Percentage of fat was then calculated as follows:

Welight of fat ;
Percentage of fat =ﬁ%§'u‘a’nﬁ o

Total solids test by the Mojonnier Method. Two grams of milk were
weighed from the thoroughly wmixed sample into the solid dish which had
been previously heated for 10 minutes in the solids oven at 212° P, and
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subsequently cooled for five mimutes in the solids cooling desiccator and
weighed. The weighed sample contained in the dish was spread evenly over
the bottom by tilting. The sample was uniformly dried on a hot plate with
the use of 2 contact-maker, until the residue turned light brown. The dish
with the dried residue was then transferred to the solids vacuum oven at
212° ¥, and held for 10 mimites with 20 inches of vacuum. The dish was
then transferred to a cooling desiccator and after five mimtes removed and
weighed with the dish covered.

Percentage of total solids was calculated as follows:

Percentage of total solids = lﬂiﬁ of sample

To save time a set of four samples was duplicated and tested for fat
and total solids simultaneously.

Total solids test by the Cenco Moisture Balance Method. The

procedure as outlined in the Laboratory Manual (32) was followed. The
balance was adjusted by setting the scale on 100 percent and moving the
knob up or down until the pointer was directly in line with the index.
About five milliliters of milk were pipetted over the aluminium disposable
pan, to bring the peinter in line with the index line. The lamp-housing
was closed and the infra-red lamp turned on. As the moisture evaporated,
the pointer moved upward which was contimuously brought back in line with

the index, until no further change was noted in the pointer for a period
of one to three mimutes. The percentage of moisture in the sample was
read directly. From this the total solids was determined by difference.



CHAPTER IV
RESULTS AND DISCUSSION

Establishment of paddocks. The cows began the initial grasing of
mm«nmmsmchmssmmmfustmmin
made. They were shifted to new pasture growth in the second seeding
paddocks, 30 days after the second seedings were made. The Gahi was
approximately 16 inches high and the Starr, 12 inches. OGahi plants
appeared to be more prolific and had relatively taller stems and broader
leaves than Starr plants.

Milk production, butterfat and l percent fat-corrected milk. The
Gahl group averaged 39.L pounds of milk per day, whereas the Starr group
averaged 39.8 pounds per day. These averages are shown in Table II and
™eure 1A . The two groups differed very little in milk production, which
agreed with the milk production results of Baxter (3). Despite this small
difference between the two groups, an analysis of variance of the individnal

mmiadhwo&cﬁmofmnmmwwmmaw
a significant difference between the Gahi group and the Starr group at the
five percent level. The method of analysis was dependent upon the
representative performance of each cow during the pre-experimental period.
As shown in Appendix A, one cow in the Gahi group had calved just prior
to the beginning of the experimental period and of course, she increased
rapidly to her peak of lactation during the first part of this period.
Another cow in the Gahi group calved during the second week of the pre~
experimental period and followed a similar pattern to the other one in
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increasing her production. Both of these cows showed extremely high
responses in milk production, compared to their mates in the Starr group.
The production response of one cow was 12.46, compared to 1.77 for her
paired mate and the response of the ethar cow in the Gahi group was 13.62
compared to 1.87 for her mate. Therefore, these two pairs were omitted
and an analysis of the production responses was made on the nine remaining
pairs, which showed no significant difference between the two groups in

‘milk production. The analyses of variance of the dats are shown in Appendix

B. On the basis of the latter analysis, this study agrees with the
previously mentioned observation of Baxter et al. and it was concluded
that the two forages did not differ in their effect on milk production.

The Babcock butterfat test was run each week on the milk from each
experimental cow throughout the entire experiment. On the average, the
Gahi group tested 3.2 percent butterfat during the Wmmal period
and it went up to a height of 3.6 percent during the eighth week of the
experimental period. The Starr group sveraged 3.3 percent during the pre=-
experimental period and did not show any marked increase during the
experimental period. The average butierfat test for the experimental
peried was 3.4 and 3.1 percent for the Gahi group and Starr group,
respectively. Average butterfat percent for each week is shown in Table
II and Figure 1 B. The analysis of variance of the respomses in butterfat
production for all 11 pairs showed a significant difference at 1 percent
level between the Gahi and Starr groups. When a second analysis of
variance, as outlined above for caleulating the milk production responses,
was made on the remaining nine pairs, there was still a significant
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difference at 1 percent level of probability. The reasons for a higher
fat test in the Gahi group were not clear. The Gahi group did contain
more animals in an advanced stage of lactation than the Starr group as
shown in Appendix A, The average daily milk production of the Gahi group
was O.h pounds less than the Starr group. Perhaps, this combined with the
more advanced stage of lactation for the Gahi cows may have been responsi-
ble for the higher fat test. This increase in fat test by the Cahl :
group appeared 4o be within physiological limits and showed the negative
correlation between milk production and butterfat secretion (28). However,
from the statistical analysis it may be reasoned that the Gahi forage did
influence butterfat secretion and mey have contributed, at least partly,
to the overall group increase in butterfat.

The average daily four percent fat-corrected milk produced was
35.7 pounds for the Gahi group and 3L.0 pounds for the Starr group. These
averages are showa in Table II and Figure 1 C. On the fat-corrected milk
basis, the Gahi group showed a higher average than the Starr group. The
analysis of variance of individual responses in fat-corrected milk by all
cows showed a significant difference at the five percent level. Whersas,
the analysis of the responses of the 9 pairs of cows (Appendix C) showed
a significant difference between the Gahi group and Starr group at the one
percent level. This indicates that the higher butterfat test of the Gahi
cows resulted in a significantly higher production of fat-corrected milk.
Oross et al. (16) observed no significant difference in fat-corrected
milk productien between cows grazing Gahi and Starr millets and remarked
that both forages eﬂnm&d&m&eﬁmo@hnn. The highly
statistically significant difference obtained in this study, thus, disagrees
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with the findings of Uross. eb al. However, the higher responses in fate
corrected milk shown by the Gahi group substantiates the prediction of
Gross. et al. (16) in that Gahi-l millet may surpass other verieties of
millets as a summer pasture for dairy cattle.

Total solids and solids-not-fot. The Cenco Moisture Balance

method was used in making duplicate total solids tests each week during
the experdmental and posi~experimental periods. Cows in the Gahi group
averaged ll.l perceni tobal solids and the Starr group averaged 10.7
percent during the experimenial period. The weekly average percentage of
total solids for each group is shown in Table II and Figure 2. The t-value
obtained in testing the difference between the two groups was not
significant at the 5 percent level.(k6). The total solids in the milk of
both groups did not change very much from what it was at the initisl stage
of the experiment.

The solids-not-fat averaged 7.7 percent for the Gahi and 7.6 percent
for the Starr groupe These values were far below 8.5 percent, which is the
windnum legal standard for Tennessee.

Body weights. The cows in the Cahi group averaged 1,35k pounds
when they started graging Gshi and 1,3L1 pounds at the end of the experie
mental period with an average loss of 13 pounds. The Starr group averaged
1,355 pounds at the beginning of the experimental period and 1,360 pounds
at the end for a gain of 5 pounds per cow. At the end of the post-
experimental period both groups had gained in weight with the Gahi group
gaining an average of Ll pounds and the Starr group 48 pounds. Loss of
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body weight by cows grasing Gahi was reported previously by Baxter (3).
The gain in body weight, by both groups, during the post-experimental
period, may have been due to the effect of the switch in feed which may

have resulted in greater consumption.

Consumption of hay and concentrates. During the experimental period,
the Gahi group was offered an average of 193 pounds of hay each day of
which 22.8 percent was refused. The Starr group received 192 pounds per

day with a refusal of 23.9 percent. Table II shows the weekly average
hay consumption for each group. The average daily hay consumption was
12.h pounds for the Gahi group and 12.2 pounds for the Starr group. On
an average, the Gahi group consumed 0.2 pounds more hay per day than the
Starr cows. An appreciable decrease in hay consumption by both groups
was observed in the third week of the experimental period. Both groups
showed a gradual increase in hay consumption towards the end of the
experimental period with the highest average cMMm occurring during
the ninth week.

The paired cows were fed the same amount of the standard grain
mixture which averaged 16.5 pounds per cow daily for each group.

The dry matter analyses of seven samples of each forage showed an
average of 16.6 percent dry matter for the Gahi millet and the Starr millet
averaged 15.7 percent. The dry matter content of the hay averaged 87.8
percent. Fluctuations were observed in the dry matter content of both
millets.

Observations on the forages, grasing habits and weather conditions.
The Starr millet paddocks were very weedy, as well as the Gahi paddocks to
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some degree. The Gahi millet headed out much faster and seemed to mature
more rapidly than the Starr millet. The Gahi was very stemmy and the cows
refused a large part of the plant after grasing only the top portion of
the millet plants. lLosses due to trampling and treading were also observed
to be very heavy in the Gahi millet paddocks. There were slight to moderate
rains in June and July for 11 days. The cows were not allowed on the
paddocks on July 10 due to heavy rains, the preceeding night. The Gahi
millet group was not on pasture on August 1 due to fence vepairs. These
factors may have made it difficult to estimate the potential level of
graging and proper evaluation of the merit of both varieties of millets.

This part of the forage evaluation study was of a preliminary
nature. However it appears, that under perfect pasture management, Gahi-l
millet may surpass Starr millet in the support of milk production.

Comparison of butterfat tests. Results of this phase of the study
are presented in Table III and show a lower average butterfat test for the
Mojonnier method than the Babcock method. This agrees with the findings
of Phillips (w), Fahl, Iucas and Baten (11), Fisher and Walts (12),
Hileman (22), and Trout and Lucas (49). The values obtained on 260
&pnglt‘ »n_plu_ tested during the experimental period by the Babeock and
Mojonnier uthods, were found to average 3.3125 percent and 3.2568 percent,

respectively, with a difference of 0.0557 percent in favor of the Babeock
method. A variation within 0.041 to 0.082 percent was observed between

the two methods by Fahl, ILucas and Baten (11) with 513 samples. The
difference of 0.0557 percent observed between the two methods in this

study, seemed to fall within this reported range and therefore, substantiated
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the previous finding,

The two methods used to compare the walues of bubterfat parcent
thowed a positive correlation (r » 0,7865) which was significant at the 1
percent level of probability. The b«value obtained was 0,78, In this
study, it was found that for every one unit increase by the Babecock method
mwmmmmmwwo.m. In temo of the buttere
fat test, the same sample showed a higher fat test by Bebcock, than by ihe
Mojonnier,

solids tests. The values obtained on 260 dupli-
aumwwmm&mummmmmm
(Table III) were found to average 1) percent and 11,8565 percent, respectively.
The Mojomnier methed value was 0,8565 percent higher than the vaiue obbained
by the Cenco method. Mickle et al. (3h) observed a significant difference
between the Genco and Mojonnier methods while Lowenstein (29) and Stein
(LT) reported no significant difference between these two methods, Herrington
(21) suggested that no known methods of analysis fer total solids were
perfectly accurate. Therefore, when the conflicting results and cbeervations
made by the above workers are considered it might lead one to think that
mcmmummmummmummth
Mojonnior for routine milk snalysis. The saving of time, simplicity snd
economy in operation are advantageous features of the Cenco method.
rumnammmmwmmmm:w
total solids showed a positive correlstion (r = 0,7598) and was significant
at the one percent level of probability. However, the higher Cenco
Moisture Balance value obtained in this study may be due to factors like




Lo
temperature variation, size of the sample, time and techniques of weighing.
The bwvalue obtained was 1.5. For every one percent increase in total

solids by the Cenco method, there was a corresponding increase of 1.5 per-
cent by the Mojonnier method.

Visual estimation of color change in both methods gave greater
chances to err, in the experiment. If this factor could be controlled in
scme way during the test, mbnb]&thod.monthodtmld%unu&mﬁh
results. The most critical error with the Cence balance was found to be
the inability to balance the disposable pan during the operation which
would cause an uneven evaporation rate at the milk surface. Based on the
results observed elsewhere and those obtained in this study, it was
concluded that the results of these two methods are substantially different.

Possibly, modifications in the instrument or refined technique on
the part of the operator would enable closer checks with the Mojonnier
method and would give the dairy industry a valuable and very useful procedure.
A further contimuation of this project under controlled laboratory
conditions seems to be necessary to learn the agreement between the
Mojonnier method and Cenco Moisture Balance method, for total solids
estimation of milk.



CHAPTER V

SUMMARY AND CONCLUSION

Two groups of 11 Holstein cows each were grazed separately on
Gahi~l millet and Starr millet forages for & period of ten weeks. A
comparison was made of the production and composition of the milk produced
by each group. During & 70 day experimental period, tho‘wompcof
cows were compared on the basis of their silk production, butterfat tests,
four puragut. fat-corrected milk, total solids, hay consumption and body
weights. The Mojonnier and Babcock methods were compared for determining
the butterfat test and the Cenco Moisture Balance and Mojonnier methods
were compared for determining total solids.

The eleven cows in the Gahi millet group averaged 39.} pounds of
milk per day, whereas the Starr millet group averaged 39.8 pounds per day.
The average butterfat test was 3.4 percent for the Gahi millet cows and
3.1 for the Starr millet gmpmwompmmatmlumbm.
11.1 for the Gahi and 10.7 for the Starr group. The average daily four
percent fat-corrected milk production during the experimental period was
35.7 pounds for the cows on Gahi millet and 34.8 pounds for the cows on
Starr millet.

!.'h-eﬁamthmmhtamploutmmmofnmmh
body weight while on the experiment, whereas the cows in the Starr group
gained an average of 5 pounds body weight. Both groups gained in bedy
weight during the post-experimental period.

The Gahi group consumed an average of 12.4 pounds and Starr group,
12,2 pounds of hay per day.



k2

Statistical analysis of variance of the responses in milk production
showed a significant difference between groups. However, when two pairs
of cows, which showed unusually high responses, were eliminated from the
analysis the difference in milk preoduction between the groups was not
significant,

The Gahi cows produced significantly more four percent fatecorrected
milk than the Starr millet cows. It was postulated that the higher fat
test of the Gahi cows was responsible for this significant difference.

The average butterfat test by the Babeock method was 3.3 percent
and 3.2568 percent, by the Mojonnier method. Percent of total solids
averaged 11.0 percent by the Cenco method and 11.8565 percent by the
Mojonnier method.

The average of 260 duplicate samples tested by the Mojonnier method
was 0,0557 percent lower in butterfat than the Babeock and 0.8565 percent
higher for total solids than the Cenco Moisture Balance method,

On the basis of the data in this trial, there is not sufficient
evidence to warrant the superiority of one variety of millet over the other
for summer supplemental pasture. Milk samples from the experimental cows,
mfwhtwltwmmmWthhmm
Mojonnier method. For total solids estimation, Mojonnier method gave
higher values than the Cenco Moisture Balance.
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APPENDIX A

INFORMATION USED AS A BASIS FOR PAIRING
COWS FOR A GRAZING STUDY COMPARING
GAHI-1 AND STARR MILLETS

Age at  Days in Days in Average Body

Last Lactation  Gestation Daily Milk Weight

Pair Cow Calving June 1, June 1, Production # June 9,
1960 1960 1960

Tr. Mo.

 Dimah S . 92 18 53.2 106
Debby G . 10k Open 52.7 3k
“Elnora S T & 17 L8 h9.5 13k0
Becky G e 1 90 Open h2.9 21
Hope G L 9 197 97 .5 uas
Viela S h 3 b h 57.6 1146
Gay G T k 130 Lé 58.2 1318
Amelia S 7 § Dry 270 h7.1 1488
1i1Mde G 5 32 Dry ? 0.0 1568
cmmmt’z 2 10 234 Open 32.9 1181
Carrie S 2 9 172 78 37.1 1185
Imey G 2 8 123 L8 36.1 1130
Marie S 7 1 151 sh 52.8 1376
Della G 5§ 2 17k 68 53.9 1395
S 3 0 170 25 9.6 1307

S 0 33 3he m k2.2 1261:
Frances S k 6 91 Cpen 52.5 121
oiivo G 8 ¢ Dry 255 Dry W7k
Sunbeam S A o 58 58 39.3 1312
Eileen G 2 7 1&0 35 3?0‘4 1119

# Average production from March to June 25th.
#»* Indicates treatment - G (Gahi) and 5 (Starr)



APPENDIX B

ANALYSIS OF VARIANCE OF RESPONSES IN MILE PRODUCTION
OF 11 PAIRS OF COWS GRAZING GAHI AND STARR
MILLETS FOR 10 WEEKS

Source of Degrees of Sum of Mean

Variation Freedom Squares Square F
Total Variation 21 259,34

Between Groups 1 51.225 51,225 5.12%
Within Groups 20 208.115 10.105

ANALYSIS OF VARIANCE OF RESPONSES IN MIIX PRODUCTION
OF 9 PAIRS OF COWS GRAZING GAHI AND STARR
MILLETS FOR 10 WEEKS

Source of Degrees of Sum of Mean

Variation Freedom Squares Square ¥
Total Variation 17 k.25 :

Between Groups 1 6.88 6.88 2.95
Within Croups 16 37.37 2.33

* Significant at P = /.05




APPENDIX C

ANALYSIS OF VARIANCE OF RESPONSES IN FAT-CORRECTED MIIK
OF 11 PAIRS OF COWS GRAZING GAHI AND STARR
MILLETS FOR 10 WEEKS

Source of Degrees of Sum of Hean
Variation Freedom Squares Square ¥
Total Variation 21 230.38
Between Groups 1 60.85 60.85 5.5k »

ANATYSIS OF VARIANCE OF RESPONSES IN FAT-CORRECTED MILX

/OF 9 PAIRS OF COWS GRAZING GAHI AND STARR
MILLETS FOR 10 WEEKS

Source of Degrees of Sum of Mean
Variation Freedom Squares Square F
Total Variation 17 47.31
Between Groups 1 20.97 20.97 13.1 #»
Within Groups 16 26,3k 1.60

% Blgnificant at P = / .05
## Significant at P = / .01
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