Nutritive Value and Suitable Levels
of Wheat
for Dairy Cattle

D. E. WALDERN
Introduction

Wheat and its associated products have been staple foods for man
and his livestock since ancient times. Wheat provides a livelihood for
millions of people as well as comprising an important part of the diet
for millions more.

Present-day wheat originated in the highlands of Ethiopia or Iraq
(formerly called Mesopotamia). Traces of the wheat plant were found
in Stone Age ruins of the Swiss Lake dwellers some 10 to 15 thousand
years ago. Excavations of Egyptian pyramids, constructed over five thou-
sand years ago, have provided well preserved samples of wheat. In Bibli-
cal times, wheat was called corn.

The Spaniards introduced wheat into North America in 1550 when
they occupied Mexico. The French colonists led by Samuel de Champlain
first grew wheat in Canada in 1604 (Canada Dept. of Agric. Publ. 1586.
1969) .

Today, wheat occupies a major position as an agricultural commod-
ity in the Great Plains areas of the United States, and in the correspond-
ing Prairie provinces of Canada, as well as in the white and soft red
wheat growing areas scattered throughout North America.

D. E. Waldern is Research Scientist, Dairy Cattle Nutrition, Canada Department of
Agriculture, Research Station, Agassiz, British Columbia, Canada.
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During 1968-69 about 55 million acres of wheat were harvested for
grain in the United States. The estimate for 1969-70 is below this level.
(Oregon Commodity Data Sheet, September 1969). In Canada, wheat
was grown on about 25 million acres in 1969, (DBS Field Crop Report-
ing Series, Nov. 21, 1969) while projected acreage for 1970 is about 749
of the 1969 figure (DBS Field Crop Reporting Series—No. 2 March 18,
1970) . Total surplus stocks of Canadian wheat on March 31, 1970 were
estimated at a record 1,227 million bushels.

In the Pacific Northwest, (PNW) (Washington, Idaho, Oregon)
most of the grain fed in recent years has been barley. About 289, of the
grain grown in the area in 1967 was fed to livestock. During the crop
year July 1968 to June 1969, total wheat production in the PN'W amount-
ed to 139 thousand bushels while white wheat totalled about 129 thou-
sand bushels. However, only 8.79, of the wheat was used in the feed
trade (USDA Statistical Reporting Service. PNW Wheat Summary, Sec-
ond Quarter Crop Year, January 29, 1970). In 1965 and again in 1968
when the price of soft white wheat fell below barley in the Pacific North-
west, the amount of wheat fed to livestock trebled and doubled, respec-
tively, compared to the previous year.

It has been estimated that 100 pounds of Western white soft wheat
can replace 100 pounds of barley, corn or milo and 105 pounds of oats
on a nutritional basis in dairy cattle rations; thus western white soft
wheat will probably be used in dairy rations when the price of it is
equivalent to that of corn, harley or sorghum to the feed trade (Task
Force, School of Agriculture, O.5.U., Issues and Alternatives in Wheat
Production and Marketing, Cooperative Extension Service, January,
1970) .

In a recent address to the National Association of Wheat Growers
in Oklahoma City, Assistant Secretary of Agriculture Mr. C. D. Palmby
pointed out that an estimated 200 million bushels of wheat would be
fed to livestock in the U.S. in 1969, which was double the amount fed
in the Sixties, but still less than 3%, of the total grains being fed to live-
stock. Mr. Palmby also pointed out that the increase in the amount of
feed grains being fed to livestock in the last 15 years was greater than
the 1969 wheat crop (Feedstuffs, January 24, 1970).

The marked increase in the consumption of beef and poultry in
North America has resulted in a greater demand for domestic use ot
cereal grains in raising increased numbers of livestock and poultry. On
the other hand the numbers of dairy cattle, which also contribute ex-
tensively to the meat trade in North America, continue to decline. How-
ever, the average milk production per cow per year continues to increase.
In 1958 there were just over 18.7 million dairy cows in the United States
producing an average of 6,685 pounds of milk and 249 pounds of fat
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from 2.8 millioy in 1965 to 2.5 million in Jage 1969, with
9,440 pounds in 1969. The numbers
i Past two years, Along with ip.

today this figure exceeds 409,
adequate level of ENEIgy to produce milk. This is being furnisheq pri-
marily by cerea] grains, most of which are ngy wheat, Thuys
tential exists for increased use of wheat in dairy cattle rations, Herd sjze
is increasing. Methods of feeding ang management are changing toward
Breater automation o accompany increased herd size ang greater effi-
ciency in labor use. Rations and feeding practices are being geared to
feeding greater quantities of grain when the cowy requires the addj tional
€Nnergy in early lactation,

Price s usually the maip factor regulating the use of a
grain in a toncentrate ration (grain mixture)

unfamiliar wigh wheat,

given cereal
of lactating cows. How-
lack experience in feed-
at in concentrate rations for
their cows. There is also a gap in our knowledge of (}e relative nurritive
value and acceptability of different varieties of wheat for lactating coys
and how (hig might be affecteqd by different methods of Processing,
Dairymen are concerned about the Palatability of concentrates when
large amounts of wheat and certain wheat by-products are used in rations
for lactating cows, Problems of feed refusal, off-feed, digestive distur,.
ances, cows drying off early, etc,, sometimes arise in the minds of dairy-
men when wheat js considered as ap ingredient for their concentrate or
grain mix,

the literature op
wheat by-products in dairy cag]e rations and to ser forth

recommendations ang practical guidelines fo the use of wheat by dairy
cattle.
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it will not be reviewed here. However, the type and source of the wheats
used in the Kansas and Guelph experiments and their protein content
are of interest and are reported in Table 1. Table 1 shows mean protein
levels for a high and low protein hard red winter and hard red spring
wheat. The soft white winter wheat grown in the Pacific Northwest,
Gaines, contained the lowest level of crude protein. The proximate an-

alysis and mineral content of a typical Gaines wheat are presented in
Table 2.

Table 1. Description and Origin of Wheat Samples Used in Coop-
erative Studies by Kansas State University and Guelph.
Designa- Grain proteinl
Wheat type tion code  Geographical source Level %
Hard red winter HRW-L 9001 Blackwell, Okla. Low 108
HRW-H 9002 Burdett, Kan. High 13.3
HRW-R-12 9008 Kansas State University Aveg, 11.5
HRW-R-22 9007 Kansas State University Avg. 11.2
HRW-R-32 9010 XKansas State University Avg., 119
Hard red spring RHS-L 9009 Choteau, Mont. Low 11.1
HRS-H 9003 Valley City, N. D. High 13.8
Soft white winter Gaines 9005 Pullman, Wash. Avg. 9.2
Soft red winter SRW 9006 Winchester, Ind. Avg. 11.8

1149, moisture basis.
2 Composite samples
(Adapted from Moran and Summers, 1970)

Composition of Wheat By-Products

The wheat by-products used most commonly in dairy cattle feeds are

wheat mixed feed (mill run), wheat bran, wheat standard middlings
(shorts), wheat red dog, and blended products. Fraps (1921) in 1921,
summarized compositional and digestion trial data from ruminant di-
gestion trials conducted on wheat millfeeds to that time. These are pre-
sented in Table 3. Compositional and digestion coefficients of proximate
principles of wheat millfeeds as summarized by Morrison (1956) are
presented in Table 4.

Wheat by-products are an excellent source of protein for dairy cattle,
and often contain from one and a half to two times as much protein as
barley, milo or corn. For monogastric animals the kernel as well as the
by-products appear to be inadequate or marginal in methionine lysine
and/or isoleucine (Moran and Summers, 1970). Wheat grain is also
deficient in Vitamins A, D, riboflavin and B,,. Wheat is a fair source
of phosphorus but contains little calcium and is low in magnesium and
potassium as are many of the cereal grains (Table 2). On the other hand
most wheat by-products are an excellent source of phosphorus for dairy
cattle and can be used to advantage in balancing rations of lactating
cows fed high legume roughages. The energy (total digestible nutrient
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(TDN)) content of the wheat by-products (Tablfe 4) is v.z;;‘_mblc.-The
outer portions of the wheat kernel when removed in the milling 1ﬁ ocess‘
are high in crude fiber and thus have the l(?west energ)f conte?t dut lm
the starchy portion of the kernel ifu:reases in the by-;nodu;t ee‘s the
energy content increases correspondingly. Thus, the estimated net u?;argi
(ENE) in Therms or Megacalories per 100 pounds of the varllous \t\‘-lCdl
feeds for dairy cattle is as follows: wh.eat 80, wheat jbran 67;, wheat mixec
feed 70.6, and wheat standard middlings 77 (Morrison 1956) .

Wheat as a Roughage for Dairy Cattle

In many livestock areas through.out the world,‘wlleat alnld ather
cereal grains arve used as forage crops in the form of sﬂaglf, c;rd n:y. 2t

Hay made from the wheat plant- has been successfully fe Ho 3 gr
cattle in Australia, South Africa, United States, and Can~a€1a. r owele_;
wheat hay is low in protein and if over m_afured or the g! a,m.l zlpt;nfcl,l ;v
will be high in fiber and of low palatabihlty. Wheat harv Eesue ' ohmm'_1
should be cut when the wheat is in the_ solt. c_lo-ugh stage for max -
preservation of nutrients and greatest digestibility (Sotola, 1936a) . Gen-

Table 2. Composition of Soft Wheat.

WwSsu NRC Morrison,
Gaines Wheat Publ. 585 22nd ed.
Constituent (soft wheat) (softwhite wheat)
stituen A
= Chemical Spectrographic -
analysis analysis 1968 B
s 10.9
Maoisture, percent 9.05 e = 02
Ash, percent 1.47 e e 9
Protein, percent 10.25 - o4 5
Ether extract, percent 1.@8 o Y 2
Crude fiber, percent 3.27 —_— s ha
Gross energy, kcal/gm. 3.983 g

Metabolizable energy, percent 71.1 . csiiaic Fu'n
Mineral Analysis, Percent

Phosphorus 0.25 0.32 8 zi 323
Potassium 0.40 0.42 0.1 - o
Magnesium 0.13 0.13 0. 0 0.04
Calecium 083 [O)gg _-._ “.’
Silicon 0. .02 v 2

i 0.005 e
?;0 pe Sy 0.002 0.006 0.006

hyieh oy 0.0008 s e

ﬁ:ﬁf}g}:ﬁ;}e St u.oogg 0.0006 0.004

i 0.00 i e
o o 0.0006 0.001 0.001
ggfgcr A 0.0001 o iy
Titanium = e ggggi ::: g
Nkl e 0.00002  —— ey
Sher $ e 0.000007  —— v
(S]l]g‘;zl;nium S 0.000003 _—- =
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Table 3, Average Composition and Digestion Coefficients of Wheat Millfeeds

Used in Digestion Experiments
With Ruminants as Summarized by Fraps.1
Digestion Coefficients
Nitrogen Nitrogen
No. Protein  Ether Crude free Water  Ash  Protein Fat Fiber free
avgd. extract fiber extract extract
Wheat bran 12 15.7 4.7 9.8 53,1 10.8 5.9 78.1 68.6 32.9 70.4
Wheat middlings and
brown shorts 3 19.7 54 7.2 54.2 9.5 4.9 81.6 85.9 16.9 79.8
Wheat middlings 5 18.5 4.6 4.4 58.4 11.0 3.1 83.9 87.2 17.6 90.8
Wheat meal 5 11.8 2.1 2.8 70.1 11.6 1.2 81.5 77.4 25.6 90.5
Wheat white shorts 2 16.3 2.5 1.3 68.4 10.3 1.2 90.1 89.1 41.8 98.7
Wheat screenings 2 15.6 6.2 8.2 56.0 9.8 4.4 71.8 88.5 0 73.2
Feed flour 1 214 0.7 2.3 54.8 17.9 3.0 79.1

1 Fraps,

G. 8. Texas Bul, 282, 1921,

vl

:ommonly Fed to Dairy
Composition and Digestion Coefficients of Wheat By-Products Commonly
Table 4. Average Composi @

= Digestion Coefficients
Nitrogen
: i Fiber TDN# ENE4
Crude Nl{t::egen Waler Ash Protein Fat  Fiber ci:f;c:
No." s (:Iillt:zt fiber extract
= : 67 67
i (5 il 83 49 76 )
g P L 10 16.4 15 10,0 53.1 99 6.1
analysis :
i 85 74 67
57.1 L¥E 4.2 85 85 G0
Wheat brown " ) 45 i
shorts
g 88 79 75
3.8 88 86 54
i ll’lour 4 17.5 4.5 4.3 60.0 9.9
middlings ;
j 86
} ) 2 34 99 86
g : 24 65.1 106 24 88 92
Whﬁat s 2 16.5 3.0 2. . %
shorts 4 q : G p
£ 9.6 +.6 72
ings 10 1.8 4.7 9.0 58.2 i
Whest screeni
70 88
0.2 83 86 e 78
R+ kv i 158 43 8.3 57.1 93 52
all analyses :
a1 80 80
69.9 10.5 1.9 84 81 70
Wheat, average 152 - o6 ;
all types

i 956.
1 Marrison, F. B, Feeds and Feeding, 22 Ed. 1956
2 Digestion trials.
i i ients.
3 Total digestible nutrien )
4 Estimated mnet energy—megacalories per 100 pounds.



erally, cereal hays are fed to supply about one-third of the forage dry
matter and are preferably offered with other roughages such as alfalfa
hay or corn silage.

The entive wheat plant, like other cereals, has been successfully
ensiled when the grain is at the early dough stage and provides a pala-
table ensilage. Mixtures of winter wheat and sweet clover harvested as
hay and silage in Washington resulted in forage mixtures containing
48% total digestible nutrients (TDN) and a crude protein content of
7% (Sotola, 1936). Ohio workers seeded wheat into a poor first year
stand of alfalfa. The mixture was harvested when the grain was in the
dough stage and the alfalfa in early bloom. The wheat-alfalfa silage
(two parts wheat — one part alfalfa) was compared to alfalfa hay in a
40-day trial with lactating cows. Dry matter intake was very similar on
the two roughages. Milk and fat production were essentially identical
(Ohio Bulletin 617) .

Research workers in India have successfully ensiled wheat-bhoosa
(screenings-like product) and green guar and fed it to steers. Animals
consumed 1.7 pounds per 100 pounds body weight daily and gained 0.3
pounds per day (Kehar and Jahri, 1959).

The digestibility of dough-stage wheat silage, ensiled sudan grass
and drouth corn silages was investigated by Pfander and co-workers
(1957) of the Missouri Station. Forty pounds of molasses was added per
ton of wheat at time of ensiling. The wheat silage averaged 38.59, dry
matter. On a dry matter basis, wheat silage contained 7.9% crude pro-
tein, 3.99, ether extract, 599; nitrogen free extract, 239, crude fiber,
and 6%, ash. Digestibility of the crude protein of wheat silage was 46,
compared to 499 and 71¢¢ for the sudan grass and corn silage, respective-
ly. Protein digestibility for wheat silage was lower than previously re-
ported values for oat silages. Total digestible nutrient content of the
wheat silage, at 56.47¢ on a dry matter basis, was lower than corn silage
at 68.5% but above sudan grass silage at 54.397. Sheep used in the di-

gestion trials consumed more dry matter from wheat silage than from
the other forage crops. In feed lot trials animals fed wheat silage out-
gained those fed drough corn silage.

McCullough and Sisk (1967) ensiled wheat silage at three stages
of maturity; early heading (5% of the heads had emerged), full bloom
(10 days after the early heading silage, or about milk stage), and dough
stage (20 days after early heading). The silage averaged 9.6, 11.7, and
8.19, crude protein; 29.9, 30.0, and 36.09 crude fiber. Early heading
wheat silage was fed to lactating Guernsey cows for 21 days at three grain
to silage dry matter ratios: 20:70, 35:65, and 509, grain:509, silage.
The three silages were fed for 18 days to heifers in a 5X8 latin square
design. The silages were fed alone, or at 309, grain:709%, silage, or 504
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grain:50%, silage dry matter ratio. :1"11(: ellect of stuge ol“l.n:lturiLy ?mdi
grain to forage ratio on consumption of wheat silage -dl‘y matter was
evaluated, Digestibility of all rations was also determined with dairy
bteeli)ry matter digestibility (64% vs 58% ) and intake _of nnlemboli-f-‘l;-lble
energy (2.28 vs 2.07 Mcal) were greatest for early Ahc:uhrlfg W hfa: si ‘1%c.
A ratio of 35:65 of concentrate o roughage (e:‘u'l) heading silage) -a S0
permitted the greatest increase in dry m;uter'lmuke by the‘cows -L()ITI-‘
pared to the 20:80 ratio. Maximum response in dry m(:ndtuét I-l'ltill-(ﬁh ‘fvah
obtained with heifers fed the early heading silage at a 55:65 concentrate
¥ ratio.
tuiO;[g;ffil:'Z:; throughout the Y.rorld utilize cereal gr:-]ilns ior all }ea:;
pastures. Winter wheats grown in many areas of .\01{11‘.-?1?11:1:1:11'
often grazed from fall to spriflg‘and are 5u.hsec,]uem1'y 1‘13\?‘s;en d:rld,
grain crop. In some of the dairying areas Wintexr \‘\’llell[fp‘lf)\f{.illfs early
l!:ipring pastures or late fall pasture Llepeluclxx}g on d?te o em’-ec g -
Successful rearing of cattle and lam{?s in Kansas :m ‘\\1‘111281 rw 1er}
pasture developed from a small industry in the early 1.)59 5 n?.to‘ ‘,Sl\’fl?l
extensive industry by the mid 1940’s, and included 0Ll?et P%a.ms ]m el:l
Large numbers of lambs were often fattened on these;‘pasfmis fm( 51(: zl
directly to meat packers (Cox and \:Veber. 1943’). V\ mtlul ’w a.c.tt._ :\- 1:;1
eaten at the pasture stage, will contain over 1875 digestible protein
63.5% TDN (Morrison, 1956) . . - ARESEYN
Winter wheat has been used extensively in South Africa 41_1.( s fua
tralia as a forage for rearing sheep, as well as for emergency forage for
beef, sheep and dairy cattle (Badenhorst, 19‘%9), AT
Verbeek (1946), of the Vaalhartz Experiment St.zmon 11,1 o' L }cd
vica, obtained greater milk production when lactating cm\s‘wciu, oy
limited alfalfa hay and no concentrate and grazed on wheat pasture [‘J:lﬁ-
when they were fed alfalfa hay and concentrates without ra;c’eSS to pas
ture; 29.5 vs 24.7 pounds of milk daily per cow, respectively.

Wheat as a Feed for Lactating Cows

Early Research in Feeding Wheat to Dairy Cattle. Mut*lj f:f’th(;: r:fli::riﬁ
on feeding wheat to dairy cattle dates to the 'e:u'ly 1930°s a‘1‘1 aga Y
the 1940's when wheat was a surplus commodity and the price compe

ive wi her feed grains at the time. - ,
- gﬁ: :))[l the earlybpapers on the use of wheaE as a ll\'e!?E(-JCkl fecidl 11\.;5
a report by Bartlett (1896) from Maine State Lcl)llege( Agl}icu tmfl w:ls
periment Station in 1895. Following drouth year in 1894 when ccln?t f;d
in short supply, wheat was available as an n‘.teru:fte E?ELLE Eart eounds
five Jersey cows 18 pounds of timothy hay and a mixture ot Iive p
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of wheat meal or five pounds of corn meal plus two pounds of cottonseed
meal daily in a double reversal trial of three 2l-day periods. Cows fed
wheat meal produced as much milk as those fed corn meal and gained
more weight. From this early experiment Bartlett concluded that wheat
meal, pound for pound, furnishes more food than corn meal, mostly
more digestible protein. The cows averaged between 17 and 19 pounds
of milk daily.

In early experiments conducted by the Ontario Agricultural College,
Guelph (1893), rations of either eight or ten pounds of ground wheat
or four pounds of bran and four pounds of ground wheat plus about
50 pounds of corn silage and six pounds of hay were fed in three different
short term (three to four weeks) experiments with two cows per treat-
ment. Results indicated that the wheat rations provided favourable re-
sults but a combination of wheat and bran was more economical to feed.
In another experiment conducted at Guelph and reported the same vyear,
four cows were placed on a standard ration for 10 days then two cows
were fed for 60 days a mixed grain ration of ground oats, barley and
peas while the other two cows were fed ground wheat, 'The same forages
were fed to both groups, mainly hay, straw and ensilage. At the end of
60 days the rations for the groups were reversed. The results indicated
that milk flow was maintained at a somewhat higher level on the mixed
ration than on the wheat ration.

In 1930, wheat prices were at a low and surplus wheat was avail-
able as a feed grain in the Great Plains States. Jacobs (1931) of the
Oklahoma Panhandle Station compared a mixed ration containing 539
wheat with a ration containing 604 milo for lactating Holstein cows on
native short-grass pasture in a 15-day changeover experiment. Cows on
both treatments consumed on the average eight pounds of each grain
ration per day. Animals on the wheat ration produced 37.6 pounds per
day while those fed milo produced $6.2. Jacobs concluded that at least
two-thirds of the daily grain ration may be comprised of wheat and not
cause a decline in milk production and that wheat was equal to milo
for dairy cows. He also stated that wheat did not need supplementing
with bran to be a satisfactory feed for lactating cows.

Copeland (1938 compared a ration containing 509 coarsely
ground soft winter wheat with a ration containing 50% ground milo in
three double reversal experiments of six cows per treatment at the Texas
Experiment Station in 1951. Sorghum silage and alfalfa hay were fed
as roughage and grain was fed at one pound for every two and a half
pounds of milk produced daily. Each grain ration was consumed readily.
In the three experiments cows fed milo produced slightly but not signifi-
cantly more than those fed wheat. However, body weight increase was
greater for the wheat fed cows. The productive energy value for the
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wheat was calculated at 84.9 therms per 100 pound.s compared to milo
at 83.3. It was concluded that wheat could replace r.mlo pound for pound
when not more than 509 of the grain I‘EltEO[-l conslzstecl of wheat. '

Hayden and Monroe (1931) of the Ohio Station c_ompa.red a grain
ration containing corn and oats as the main cereal grains w1th_a ration
where 75% of the corn was replaced w_ith wheat (wheat comprlsec'll%‘ﬂ.—,-
of the grain or concentrate mixture) . Six cows were fed e.ach experiment-
al ration for 75 days then switched to the opposite ration and fe-d for
75 days. Four cows from each group were continued on the experiment
for a further 75 days .Alfalfa hay and corn silage were fe_d to both.groups
at 1 and 3 pounds, respectively, per %00 pquncl live-weight. During the
three periods, cows fed the two grain rations }:)I'OdUCE[I almost equal
amounts of 4% fat-corrected milk (FCM), averaging over ?;3 pounds per
day for the seven months, At a ratio of one pound ‘of grain to_two and
a half pounds of milk produced (41 pounds of grain were used to proE
duce 100 pounds of milk.) This ‘would amount to a consslmpnonilo
about 13 pounds of the grain mixture per day or approximately 4.3
pounds of wheat per day. At peak productu_m Lhe‘ cows cpuld have con-
sumed seven pounds of wheat per day. Lwe-nfrmght. gain favored the
cows receiving the corn grain mix. The eftect (.]i continuous wheat- fee_d—
ing on performance and reproduction of lactating cows was evz‘iluate‘('l in
a second experiment by the Ohio workers. A.gt.'oup ofﬁll COWfi 1911 :auous
stages of lactation were given a ration containing 40%, wh'eal, 30 /iloats,
1097, bran, and 209, linseed oil meal. The cows produced normally on
the ration and 8 of the 11 cows dropped normal calves. Level of grain
intake or milk production was not given. Hayden .and Monroe conclud-
ed that wheat and corn were nearly equal in feeding value. The wheat
and corn rations were of equal palatability. i "

In a subsequent wheat feeding EXl)el'illlP:llt at 01]10‘ in 1932, con-
ducted by Monroe, Hayden and Knoop (Ohio Bull. 51b_), a corn:oz.xts-.
bran-linseed meal ration was compared to a second ration containing
509, wheat. Two per cent bone meal was :t(ldﬁ:d to the' wheat ration
while no bonemeal was used in the control ration. During a 150 day
single reversal feeding trial, the cows consumed an average oi.? 11.5 pounds
of grain per day, or an intake of 5.7 pounds of wheat daily. Four per
cent fat-corrected milk production averaged close to‘29.5 pounds for each
treatment group. Weight gain favoured the corn grain group. In a f_urther
trial (Ohio Bull. 532) two Jersey cows were fed for a full lactation on
a ration of ground wheat containing 29, steamed bonemeal, Alfalfa h.a}f
was the only roughage fed. One cow produced over 9,800 pounds of nn?k
and 474 pounds of butterfat and consumed about two tons of whealt n
the 865-day lactation. This would be an averuge.of 11 pounds of. wheat
per day and probably well above this at lactation peak. No digestive
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problems were encountered with either cow.

Rescarch workers at the Kentucky Experiment Station (1931) and
the University ol Guelph (Ontario Dept. Agric., 1982) as well as work-
ers at Federal Experimental Farms in Canada (Rennie, 1960) in the
early 1930's found wheat to be a suitable grain for dairy cattle. Levels
of wheat in concentrate rations, in comparison with other feed grains,
were as high as one-third.

Fitch and Cave (1932) of the Kansas Station reported that wheat
could replace corn pound for pound up to 579, of the ration. However,
there was a slight tendency for cows to go off feed when the wheat ration
was fed.

Dice (1932) of the North Dakota Station determined the palatability
of grain rations when ground wheat made up one-third, one-half, and
two-third of the ration. Cows ate the rations readily. Levels of intake
were not reported. In two feeding trials, ground durum wheat at 409,
of the grain mix was compared to either ground barley or wheat bran.
Feed intake values were not reported. In both experiments production
wis comparable, but low for both groups.

In 1933, Bateman of the Utah Experiment Station (1942) studied
the effect of an all-chopped-wheat grain ration on feed intake and per-
formance of four lactating cows for a complete lactation. Alfalfa hay
was fed as the only roughage. Three cows were average producers and
received only a moderate amount of grain. The fourth cow was a high
producer, in relation to average production at that time, and yielded
14,031 pounds of milk and 480 pounds of fat. During her lactation she
consumed 2,892 pounds of wheat and at peak production was eating 14
pounds of chopped wheat per day. All cows ate their chopped wheat
readily throughout the Jactation and at no time did a significant refusal
occur. Cows were in good condition throughout the experiment.

Further interest in the use of wheat as a feed grain for dairy cattle
arose in the Pacific Northwest at the outset of World War II when over-
seas export markets were lost. As a result, a surplus of soft wheat was
available to the feed trade. Conditions were similar in many other wheat
growing areas of North America at this time.

A series of trials on Pacific Northwest soft wheat were undertaken
by the Oregon Agricultural Experiment Station as a result of a grant
of 350 tons of surplus wheat from the Federal Surplus Commodities
Corporation for experimental livestock feeding in 1939. Part of this
work included feeding trials with dairy heifers and lactating cows con-
ducted by Dr. I. R. Jones of the Department of Dairy Husbandry, Ore-
gon State University (Oregon Station Circ., 137, 1940) . Two trials of
approximately 60 days each were conducted by the Oregon workers with
36 dairy heifers fed live pounds of wheat daily in different physical forms
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to supplement poor quality lm.y, or hay plus Slj-lllg;i‘.' 'll"he Wlhqu “-'a;:ietl[
as rolled, coarsely ground, medium ground, or lmel y glOl.l-l;;f 0121?1:}.{-' ;3
consumption on all forms of the wheat w;ls-gooc_l with 1.10 U - ee.in S, cller
oains ranged from 0.3% to 1.77 pounds daily, depending on the quality
: oy -
¥ th;f?ti:iies with lactating cows of the :\“,'I'Sl.lil'(.' and Holstein breeds
at Oregon, three cows were assignec.l to one ol tlu'_ec ne:ulmr:}lt _.s;lmlxlps
and fed the regular herd ralicm. (mainly oats, brnrlﬁzy z{ncltpi lote,ml:a]upli;
ment) plus hay and silage for 20 to f}{) wefis); I"l.us wasl 0 0“?(— i)y‘ ¥
same forage and either a 25%, 509, or 75 To. 1\he.:1‘t 2 .n[n nuxl 0{1 g
weeks, then pasture, plus the same wheat grain n‘mx t‘o‘ the _en(l Oﬁrr}?
lactation. Medium-ground wheat was the onl.y grain [)1&56I]L-1ll :] 1& J_J,-(;
wheat mix. When cows were switched- to_elther of the Itlnee i @en
wheat levels, milk production was mangumd as xvel? as, fmd 111 éome
instances better than, when the cows were fed the regular he;.d 1111.5.1 rnwls.
fed the 759, wheat ration were receiving up to 10 pm‘mc; KEI “;}“2,
an intake of 7.5 pounds of wheat. 1\{0 off feeds were recorded. .l tBl:l( clhz.
for the 75% wheat ration to be slightly less palatable than ‘I. 1e Ligtdld
herd mix was observed when this group was on pasture‘. !on_ea 'cionct lil ::n
that wheat could replace up to 507 of the ba.rleyw. oats, and w 1;1‘:17 f)llc[lm
in a concentrate mixture for lactating cows fed B to 10 pfnllncs 11) i
mixture daily. Higher levels of wheat could be fed but with some los:
2 1LY. 1
= p:;:eaéflli)llllgt}trials with lactating cows k‘ec.l [\Ell"(l 1"e'd Si’.)l‘\ll.lg 'th[ilé ::ille
conducted by Bowstead (1942) of the University of Afll)um mk b Z
1940’s. Two double reversal trials of three weeks with a “ce cnl gl
over were conducted with 12 cows Of.Lllree breeds. In. the h]s.s(; mtuflh ::t
essentially oat concentrate (grain) ration was compared to '1 1 ; m1w30;
ration while in the second trial the oat ration was compaule( o ;hw;.;;
and 609, wheat ration. Alfalfa and oat silage were the _on y ro-t:;c,1 u.ctérs
ted. Concentrate intakes reached 12 pounds perlday f?; tolp 1:;1 i
on 309 wheat and 10 pounds daily for cows eating 60.,‘J w;}clak o
trate mixtures, or an intake of six pounds of wheat C[F(l}l.ly.t 105 : pdroﬁor"
tion and body weight gains were comparable at the 0 Jo» 30 /olanl he;{;
wheat levels. In earlier experiments, Bowstead (1930) found t mll, w b:]t
maintained milk and butterfat production as well as oats or bs:z‘ ey ,mtlﬂ
hased on digestion trials that he conducted wheat coma-me;lhl Zg 1;;(1
digestible nutrients (TDN) while oats and barley contained 71.5% £
78.79, TDN, respectively. . RN A
In summarizing the results of some oi' these ean lEl- ii o
Morrison (1956) stated that “ground wheat is equa'l to .g:ciuni ; ;::d i
dairy cattle and is a satisfactory fe.ed, even for long periods, : NoRS
suitable concentrate mixture and in a properly balanced ration.
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cause of its rather pasty nature, the best results are probably secm‘ed]
when wheat does not form more than one-third to one-half of the con-:
centrate mixture. However, wheat has been fed successfully to cows as
the only concentrate, with plenty of legume hay for roughage.”

Feeding Wheat Under Conditions of Low Forage Intake. In early 1944 af-

ter severe drouth conditions, followed by extensive fires that destroyed
much pasture and stored forage, dairy farmers in Victoria, Australia
were faced with extreme feed shortages for their herds. Wheat by-prod-
ucts could not be supplied in sufficient quantities. However, ample
wheat stocks were available and released to tide the stricken areas over
the difficult period. Many dairymen were faced with the problem of
feeding lactating and dry cows essentially on all wheat rations. In the
early stages when no green forage, alfalfa, clover hay, or silage were avail-
able, the following rations were recommended (Hewitt, 1944) : 1) 3 Ib.
linseed meal, or 1 Ib. meat meal and 5 1b. of ground wheat; 2) 10 Ib.
good quality oaten chaff, 12 Ib. ground wheat, 2 1b. meat meal, 1 oz
ground limestone; 3) 6 1b. chaff, 12 lb. ground wheat, 12 lb. bran, pol-
lard, linseed meal, or other protein supplement fed up to 24 1b. per cow
per day for cows producing 30 1b. of milk daily; 4) Dry cows could be
maintained on 8 Ib. of ground wheat daily or less wheat plus dry forage.
In the subsequent months a survey was made of dairy farmers in

the area by the Victoria Department of Agriculture (Hewitt and Turner,
1944) . The survey covered over 1,400 milk cows, being fed wheat as part
of the grain mixture. The average herd size was 33 cows. About 609,
of the farmers had been feeding wheat six months or more. Over 507
of the dairy men fed between 7-14 pounds of a wheat ration daily. Fifty
per cent fed wheat as the only concentrate material. Of those dairymen

interviewed, most off-feed problems were first associated with rations.
However, after application of some general guidelines in feeding wheat
to dairy cows, further problems were not encountered. In areas where
wheat was fed most heavily, due to the acute shortage of other feeds,
milk production was 259, higher than normal during the winter months.
The practices of four of the heaviest wheat feeders as reported by
Hewitt and Turner (1944) of the Victoria Department of Agriculture
are shown in Table 5.

The State Research Farm at Werribbee, Australia (Hewitt, 1944)
fed a ration containing 59% wheat, 279, pea meal, 5% bran, 49, oats,

o
49 barley, and 19, meat meal to 80 lactating cows at rates from 4-21

pounds daily with excellent cow health and performance. This repre-
sented an intake of up to 1214 pounds of wheat daily.

In contrast to the excellent results obtained by the Victorian Agri-
cultural advisors following the drouth and fires of 1943-44, Bailey (1965)
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of the New South Wales Milk Board advised in 1965, when wheat was
again in demand as a supplementary feed during another drouth period,
to feed only up to four pounds of wheat per cow daily and to keep the
proportion of wheat at not over one-third of the concentrate or grain
mixture. These recmmendations were based on research conducted in
1944 at the McGarvie-Smith Animal Husbandy Farm of the University
of Sydney. Cases of short term “off-feeds”, longer term “feed-sickness”
with a large reduction in milk yield, and laminitis or founder (shown
as lameness) were reported. Similar rather stringent recommendations
for feeding wheat have not been put forth as a result of most wheat feed-
ing research with dairy cows.

Recent Research in Feeding Wheat to Dairy Cattle. In reviewing the early
literature it is apparent that, in many experiments, the level of milk
production was low compared to that obtained today; and the total
intake of wheat, or for that matter any other cereal grain, was minimal
and in many cases did not exceed four to seven pounds of actual wheat
consumed per day. Only in the early research of Monro and Hayden
at Ohio (Ohio Bull. 516, 532) and Bateman (1942) at Utah, where se-
lected cows were fed a full lactation, did wheat intake on all-wheat ra-
tions reach values of 8-14 pounds per day. Comparable intakes were also
obtained in Australia (Hewitt and Turner, 1944) when wheat was fed
in substantial amounts in certain drouth years. Only very recently has
the use of wheat been investigated under today's conditions of heavier
grain feeding and somewhat different management.

Weather Damaged Wheat. Edgerly (1966) of North Dakota State Univer-
sity compared the feeding value of a mixture of equal parts damaged
durum wheat and oats with a mixture of barley, oats and corn, for lac-
tating cows. Alfalfa hay and silage were the major sources of roughage
and were fed daily at two pounds of hay equivalent per 100 pounds of
body weight. Additional energy requirements were supplied by the grain
rations according to National Rescarch Council Requirements for Dairy
Cattle (1958). Two trials were conducted, the first, a double reversal
trial with three 21-day periods and a 7-day adjustment period between
experimental periods, and the second, a 90-day continuous trial. The
wheat and oats concentrate mixture contained 19 salt and 1% bonemeal
and had a crude protein content of 11.6%,. The concentrate ration also
contained mineral and salt as well as 109, of each of soybean oil meal
and wheat bran, and had a crude protein content of 15.19,. Cows were
adjusted to the grain over a seven-day period. Feed intake and perform-
ance on each trial are shown in Table 6 and 7.

Edgerly (1966) reported that palatability of the ground wheat-oat
concentrate mixture was not as good as for the control ration and as a
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on the wheat-oats ration required longer to adjust to
this mixture. Production of 49, {.at corrected milk (PCNI) ]w.as.1 f:;mga:;
able for cows on each treatment in the double reversail 0 ial, w _11 e thé
fed wheat and oats out-produced those Ee.d the control m1xEu(111e:11:\ b e
continuous trial. Weight gains in both trials favored cows fed the con

result the cows

d Intake and Performance of Lactating Cows Fed Dam-

utie - b Feed Durum in the 21-Day Double Reversal Triall

age
Treatment
Control
Item Barle‘;'?or:ts-(:orn Wheat and Oats
en
Feed intake &
i A 4
Silage — (Ib) = e
Grain i 417— (Ib) :
¢ daily 4% S
Aver?fl corrected milk — (1) 30.7
Average daily change in S
verbgdy weight — (1b) 1.06

1 (Edgerly, 1966).

trol ration. From feed intake figures, the he:w'ier producers in thedc‘o;
tinuous trial would be eating at peak Producuon c}o_se to.lglpoun V:Len
durum wheat per day. Other than sl{ght palatablhty. pro lel1}1srxr0(7
cows were started on the wheat-oat mixture, results from adding 5U%,
wheat to the grain ration were entirely satisfactory.

dvent of gas-tight storage facilities, em-

shasis has been placed on harvesting, storing and feed-ing high mms[ulre
: ruminants. Recently Marx and Youngquist (]‘967) o.f_ the
ation, compared high moisture
dard dry grain ration. The

High Moisture Wheat. With the a

grains for
University of Minnesota, Crookston St

wheat as part of the grain ration with a stan

Table 7. Feed Intake and Performance of Lactating Cows Fed Dam-
aged Durum in a 90-Day Continuous Trial.
Treatment

Wheat and Oats

Item Control
Feed intake "
==
Silage — (Ib) 17.7 o
Grain P/— (1b) :
Average daily 4 ' s
fat corrected milk — (Ib) 36.6
Average daily change 1n b4
body weight — (1b) 0.96

289, moisture, passed through a

A e ; .
moisture wheat was combined a : : :
e Harvester silo. After a two-week

hammer mill blower, and stored 1n a
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standardization period, twenty cows were paired and assigned to one of
two treatment groups in a continuous 92-day feeding trial. The wheat
group were fed 12 Ib. of high moisture wheat per animal daily with the
balance of the grain ration consisting of equal parts oats, barley, beet
pulp and corn plus 1149 dicalcium phosphate, 14%, urea and 19, trace
mineralized salt. In the second treatment, high moisture wheat was re-
placed by equal parts oats and barley and fed to the same dry matter
level with the two grain mixtures fed at one pound of grain to three
pounds of 4% FCM. Cows fed high moisture wheat produced slightly
less (36.1 vs. 37.8 1b) 49, FCM per cow per day than those fed the dry
grain ration, Yields of total milk, total fat, and total solids as well as
daily weight gain by treatment groups were not significantly different.
High moisture wheat appeared to be well liked by the cows but some
cows required three to four days to become accustomed to the wheat.

The most recent information on the nutritive value of wheat for
dairy cattle comes from a series of studies made by McPherson and Wal-
dern (1969), Tommervik and Waldern (1969) and Waldren and Cedeno
(1970) at Washington State University, Pullman,

Most research on the nutritive value of wheat for lactating cows was
conducted over 25 years ago, as can be seen from the foregoing review.
Average production per cow was low in terms of today’s standards and
the amount of grain or concentrate fed was rather limited, and in most
instances did not exceed six to eight pounds. Recommendations were
that wheat not exceed one-third to one-half of the concentrate mixture.
During the past 25 years there has been a marked change in feeding and
management practices employed by the dairyman and in the production
of his cows. Considerably more grain is now being fed to lactating cows
in North America to meet their energy needs for higher levels of milk
production. Are wheat feeding recommendations adequate under today's
management practices where heavy producers may be fed up to 30 pounds
of grain per day? This could mean that cows would be consuming from
15 to 22 pounds of wheat daily. What level of wheat could today's cows
handle in relation to the total roughage and grain feeding program with-
out going off feed or showing digestive disorders or laminitis? How does
the acceptability and feeding value of wheat compare with other feed
grains? These were some of the questions that the Washington State
group attempted to answer.

Levels of Wheat in the Concentrate Ration, In the first Washington State
University study®, McPherson and Waldern (1969) determined the ac-
ceptability and nutritive value of Gaines soft white wheat for high pro-
ducing lactating cows when the concentrate ration contained 20, 53, 63,

*Supported in part by a grant from the Washington State Wheat Commission.
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75, 83, and 939 wheat. Three major trials were conducted: 1) a series
of seven digestion trials to determine the total digestible nutrient (TDN)
content of the six grain rations and the roughage; 2) a continuous feeding
trial with 24 cows in which the acceptability of each concentrate was
determined; and 3) a double reversal lactation trial with 30 cows to
determine the effect of levels of wheat on cow performance and milk
composition. . : _

The composition of the six concentrate or grain mixtures is shown
in Table 8.

Rations containing 83, 73, 63 and 589 wheat were balanced to an
approximate equal protein content of 129, based on the protein content
of the alfalfa hay, while the control ration (20% wheat) was a standard
149, protein mixed grain ration. The 939, wheat ration was used to
evaluate wheat as the only cereal grain without supplemental protein
when alfalfa was the only roughage fed. The wheat came from one field
grown near Pullman, Washington. The cereal grains were steam rolled,
mixed with other ingredients, then compressed into one-fourth-inch

pellets.

Table 8. Composition of Concentrate Rations.!

Treatment
Ingredient 1 2 3 4 5 6
7 % 63 53 20
t 93 83 3 3
2?;}11'{::‘}? == st 10 20 30 49
QOats - s -~ o - lfi'
Cottonseed meal o 10 10 10 1 &
Cane molasses 5 5 5] 5 5 ;
Salt, trace-mineralized 1 1 1 1 1 ;
Dicalcium phosphate 1 1 1 1 1

1 Fach ration contained 2,784 1U vitamin D and 3,095 1U vitamin A/kg of mix.

Table 9 Proximate Analysis and Total Digestible Nutrients of Alf-
alfa Hay and Concentrates,

Composition of Dry Matter

D Crude Crude Ether  N-free
Feed malt-zcr fiber  protein extract extract Ash TDN
Ly
Alfalfa hay 88.1 24.7 18.7 3.0 43.1 10.6 62.3
Grain rations
H o
= E;:B?t L 89.0 3.3 11.0 2.2 79.9 3.9 Bl.j
83 89.2 3.4 A 21 78.3 3.8 86.2
il 88.9 8.7 12.4 2.0 78.1 3.8 80.9
63 88.9 4.0 12.4 2.0 il 4.1 81.8
53 88.5 4.2 12.8 2.0 76.8 4.3 8L.8
20 88.8 5.8 14.1 3.2 71.9 5.0 83.3
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The chemical composition of the rations offered and their TDN
content as determined in the digestion trials with heifers fed at a 55:45
ratio of hay to grain are shown in Table 9.

In this and succeeding studies the cows were housed in an open
concrete lot with an attached loafing shed. They were tied four times
daily 5:00 and 9:00 a.m. and 2:45 and 7:30 p.m. for approximately 1 to
114 hours for feeding. Grain was fed four times daily, twice in the milk-
ing parlor at 2:30 a.m. and p.m. and at the 9:00 am. and 7:30 p.m.
roughage [eeding periods. Only five pounds of concentrate were fed at
each milking to ensure complete consumption Daily milk weights were
recorded on all experimental animals and composite milk samples were
collected at four consecutive milkings, weekly, and analyzed for milk fat,
solids-not-fat, and protein. All cows were weighed on three consecutive
days at the beginning and end of all experimental periods.

During the first week of a three-week preliminary period of the ac-
ceptability trial in which the relative palatability and maximum accept-
ability of each ration was determined, all cows received alfalfa hay ad lib
and control (209, wheat) concentrate ration at 1 1b. per 8.5 1b. of 49
fat-corrected milk (FCM) produced daily. During the second and third
weeks, hay was reduced to 1 1b. per 100 Ih. of body weight and the cows
were switched to one of the five wheat concentrate rations or remained
on the control concentrate. Grain intake was increased gradually until
all cows reached maximum consumption approximately three weeks later,

In the lactation trial, thirty cows were selected from the WSU dairy
herd and placed on a double switchback desgin to evaluate the effect of
the six wheat concentrate rations on feed intake, milk production, milk
composition, efficiency of FCM production, and body weight gain. Dur-
ing the first week of a three-week preliminary period the cows were fed

Table 10. Daily Nutrient Intake, Milk Production, Composition, and
Body Weight Gain of Cows Fed Various Levels of Wheat
in the Acceptability Trial.

Wheat in the concentrate ration (%)

Criteria 93 83 73 63 53 20
Highest sustained grain
dry matter intake (Ib) 27.3 28.2 29.1 28.4 28.4 26.9
Total dry matter intake (lb) 37.7 39.5 40.8 39.7 38.4 37.9
Crude fiber intake (lb) 376 4.2b 4.6a 4. 4ab 4.8a 4.8a
4% FCM produced (lb) 45.2 46.9 43.2 44.5 45.4 47.6
Milk fat (%) 2.6 2.5 2.8 2.4 2.8 2.6
Solids-not-fat (%) 8.8 8.6 8.8 8.4 8.4 8.6
Milk protein (%) %3 3.4 3.5 3.2 3.8 8.2
Body weight gain (Ib) 14 2.6 2.4 28 2.6 LY
abc
Treatment means of a given variable with different superscripis are statistically different
(P=<<0.03).
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alfalfa hay free choice and the control ration at the rate of 1 %b. per 3.5
Ib. of 4%, FCM produced daily. In the next week, hay was 1e.c[uced Lt?:r
1.7 1b. per 100 1b, body weight and grain increased to meet the Sowibl
energy requiremems for maintenance, gl:uwth ;md. production (Nauon.?
Research Council, Pub. 464, 1958) . During 111e"t1urd w_eek the cows were
switched to the assigned grain ration for the first period of d'ae double
reversal experiment. Experimental periods were four we;ks with a two-
week adjustment period between each experlmental.permd.. 7 |

The chemical composition of the [eeu.ls (:f{fered in the digestion, ac-
ceptability, and feeding trials (Table 9) indicate that perc-:entage CIL‘IdE
fiber content increased as wheat was replaced b)" bar!ey and oats. A sm?-
ilar increase was noted in the ash COIltEIl[-Whlle nitrogen [1:ee e_.\FraL;
declined. Digestibility of dry matter for the six alEalEa—w?wat mixtures 'fes
in the digestion trial ranged betwean.'il.ﬁ al‘l('l_j?.g with ti}e e%t;eipuon
of the 839, wheat-alfalfa mixture which was 77.7. Total ch'ges‘t{ le nu-
trient content of the wheat rations reflected dry matter d1gesu‘btl1t}es,
with the 889 wheat ration being highest. An examination of dlges.u-c{)‘n
coefficients of proximate principles (not s.hown) revealed no specific
patterns as related to level of wheat, protein content, etc. -

Daily feed intake and performance of cows E_ed the- various concen-
trate rations in the acceptability trial and lactation trial are shown in

Table 10 and Table 11, rvespectively.

¢ . 5 412 d
ilv Nutrient Intake, Milk Productlpn, Composition, an
pawat s gzg;' Weight Gain of Cows Fed Various Levels of Wheat

in the Lactation Trial.
Wheat in the concentrate ration (%)

Criteria 03 83 73 63 53 20
Grﬁiﬂ)dw o i_mke 160 158 174 165 168 154
Tof'ilti)dry g mtak? 67 334 81 %9 9374 314
s dfcﬁ)e;réﬁtfffd ((155 4%137 . 4%ﬁ§ab 4%};3 42%1: 4335; ke 43:213
et of 80 & 8 8
%ﬁ; B aht g(a?g) (1b) b.44b  0.88a  D.d44b  022c 022  0.66a

e Treatment means of a given variable with different superscripts are statistically different

(P<<0.05),

In the acceptability trial where hay was r.estrictec[ to 1 Ib. per 503
Ib. body weight and concentrate offered essenuall‘y free choice, cows t dll( :
appear to crave more forage. Cm‘mentrate (grain) dry 1nat.LerI1‘nl :
averaged 25.8 pounds per cow daily over all treatments Whllt: highes
sustained daily concentrate intakes averaged over 28 pounds per cow per
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day. Concentrate consumption at all levels of wheat in the concentrate
mixture was similar (P> 0.05) , somewhat in contradiction to the Oregon
(1940) research but in agreement with early Ohio (Ohio Bull. 576, 532)
and Utah (Bateman, 1942) experiments where wheat was fed for a com.-
plete lactation, Rations containing 93 and 839, wheat were slightly less
but not significantly less palatable than those containing lower levels.

Total milk production ranged from 55.3 to 62.4 pounds while pro-
duction of 4%, FCM ranged from 43.2 to 47.6 pounds per cow per day
due to the low-fat tests. However, differences in milk production and
composition, due to level of wheat in the concentrate ration, were not
significant (P> 0.05). As anticipated, fat tests were depressed in the
acceptability trial, due in part to the high ratio of concentrates to rough-
age (65:35) plus the high starch and low fiber intakes.

Consumption of digestible protein and total digestible nutrients was
more than adequate (National Research Council Pub, 464, 1958) to
meet the requirements of the cows. Excess TDN intake above require-
ments for production and maintenance were reflected in substantial daily
gains on all treatments,

Results obtained in the lactation trial (Table 11) were very com-
parable to those from the acceptability trial as far as treatment differences
were concerned. Concentrate (grain) intake averaged 45.39, of total
dry matter intake over all treatments and the means of the treatments
ranged from 15.4 to 17.4 pounds of concentrate per cow per day. Average
consumption of the 939, wheat concentrate ration was only slightly lower
than that of the 739, wheat mixture, while consumption of most wheat
rations was greater, but not significantly, than for the control ration,

Although the mean concentrate consumption by treatment is shown
in Table 11, many cows, in early lactation at the start of the trial, were
eating over 24 pounds of concentrate per day, or an intake of 22 pounds
of wheat per day, without digestive disturbances,

Energy intake was adequate, or nearly so, for most treatments, while
mean crude fiber intake ranged from 5.5 to 5.7 pounds per cow daily or
about 159, of the total daily dry matter intake, which has been indicated
(Kesler and Spahr, 1964) as adequate to help sustain normal fat test.
Although the crude protein content of the 939, wheat concentrate mix-
ture was lower than the control (209 wheat), milk production was not
affected as the level of crude protein intake on all treatments was in ex-
cess of requirements,

Average actual daily milk production over all treatments was 51.4
pounds with differences between treatments being non-significant (P
0.05) . Milk production expressed as 4% FCM, was comparable (P>
0.05) on all treatments. Although slight differences existed in fat test,
with cows fed 739, wheat concentrate producing milk of a higher fat
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content than those fed 63 or 209, wheat, ration fiber Ie\.fel or intake Was
not related to fat test. Differences between treatments in Rounds of fat
produced daily were negligible (P> 005) as those cows \_wth the lo‘;ver‘
test also produced slightly but not SIgnljflcantly more milk t.hanlol _16[1
wheat groups. Changes in milk producuo.n have bee-n agsocmt?(. W1_t1 :
changes in milk composition, that is as milk production 1ncrealaes 1;;1
fat content decreases (Castle et al 1959; Hf)lmes. et al 1957). The e elttl:
of the different levels of wheat in the grain mixture on per cent mf:
non-fat solids and per cent protein were smal_l and non—mgmflcan_t (P>
0.05) . Similarly, differences in mean c[_all?r .S()lldS-HOt-fat and protein pfrol-
duction due to treatment were non.-sngmficm.lt. Alth.m.xgh Lh(.B cows fec
the six wheat concentrate rations gained at slightly different rates, treat-
ment differences did not appear to be related to TDN or protein intakes
irements. ‘
abov%l:)ea(iuélinflnﬁl)ccur with some of the animal:_; at Lh.e outset of t%le trial.
Since lealy, low fiber, high protein r.hird-cuttmg altfnlfa was behevr;dcto
be the cause of the problem, 209, of each cow’s daily allotng:‘nt of Co-
lumbia Basin alfalfa was replaced with an equal amount of first-cutting
Pullman alfalfa hay, which contained less lea'[ and more s.tftm. In most
cases this prevented further bloat; laf)wever with four r,:o;,vsl it ;v;s II;E:}:Z:;
sary to replace from one-half to all of the leafy an{al[a wit 11 oca ua ‘1 fLe 2
alfalfa to prevent further bloat. “Bloat Guard (polg*a ene) (viv aThe
to so-called chronic bloaters during the later phases 9[ t}'le study.,
greatest problem occurred with cows fed only 20%, wheat 111- Fl.le co_n:e.n-
trate. McArthur and Milimore (1964) hz.we shown that a cer tain plC? ein
fraction in alfalfa is closely associated with b]oa‘t. It was :'1150 mtefrea;}n;gr
that most bloat problems were encountered with cows in the e?]c.;?ita
trial rather than with those fed higher levels of wheat in the acceptability

trial.

Wheat vs. Other Feed Grains for Lactating Cow‘s. In the :.se.cond 1studyf.
conducted by Tommervik and Waldern (1969), the nutritive Iva ue .;)0
Gaines soft white wheat was compared to that of corn, oats, barley, mh1_l
and a mixed concentrate ration for lactating cows. Digestion, accepta 1n
ity, and lactation trials were conducted on the six concentrate ram;l;s i

a manner as outlined in the previous study (McPherson and Waldern,
l%giliach of the five single grain mixtures co.ntained 95.9% olmwheat,
corn, milo, oats or barley plus 5.0%, sodum’} tnpolyphos‘ph_ate, 1 mtatir::;z
mineralized salt plus vitamins A and D. The c011trgl ration czg s
389, barley, 209 wheat mixed feed, ?5%. peas,.3.2/5 c_otr;?nse ol mi‘;
9.59% molasses plus mineral, salt and vitamins as in the single gr 3

ture,
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All grains were steam or dry rolled and then mixed with other in-
gredients and pelleted. The chemical composition of the rations offered
and the total digestible nutrient content as determined in digestion trials
with heifers fed at a 55:45 ratio of hay to grain are shown in Table 12,

Table 12. Proximate Analyses and Total Digestible Nutrient Content
of Grain Mixtures.!

Dry Crude Crude Ether N-free
Feed matter protein fiber extract  extract Ash TDN
Yo
Wheat 87.3 10.8 2.7 L 79.1 81 87.7
Corn 85.8 14.1 3.3 4.4 73.6 e 85.1
Milo 86.7 11.1 3.1 2.7 76.5 6.6 89.2
Oats 90.0 142 9.2 4.8 64.5 7.5 79.5
Barley 89.5 10.4 5.3 2.3 75.0 21 83.3
Control 90.2 16.4 6.0 1.8 67.2 8.5 84.3

1 Values reperted on a 100% dry matter basis.

In the acceptability trial during a three-week preliminary period
alfalfa hay was adjusted to 1 Ib. per 100 Ib. body weight and concentrate
consumption increased to ad libitum intake. Feed consumption and per-
formance were then recorded for four to six weeks.

Following a three-week preliminary period in the lactation trial,
hay was restricted to 1.7 1b. per 100 Ib. of body weight and concentrate
fed at an average of 1 1b. of concentrate (grain) to 2.7 Ib. of the previous
weeks mean daily fat-corrected milk production. The final ratio of con-
centrate to forage was 45:55. Experimental periods lasted four to five
weeks,

Table 13. Daily Feed Intakes, Milk Production, and Composition and
Body Weight Gain in the Lactation Trial for Cows fed
Various Cereal Grains.

Criteria Wheat  Corn Milo Oats Barley  Control

Grain DM intake (lb) 23.3ab 21.6b 26.8a 26.6a 24.2ab  25.1ab
Total DM intake (lb) 34.3 380 38.7 38.3 36.3 36.5

CF intake (Ib) 4.2¢ 4.6 4.6bc 5.9a 21b 5.1b
Total milk
produced (lb) 53.2 57.2 60.9 57.6 524 51.0
4% FCM produced (Ib) 40.7 46.8 49.9 47.9 42,4 422
SNF (%) 8.8 8.6 8.8 8.6 8.6 8.9
Milk protein (%) 3.5 3.3 3.2 3.1 28 3.5
Body weight gain (1b) 1.10 0.44 0.22 0.44 0.66 1.10
b
"5 Values within the same category with a common superscript are not statistically different
(P=.05).

The TDN values of the concentrate or grain mixes as determined
in the digestibiltiy trials, when calculated on a 909 dry matter basis and
the grain mix corrected for the additional salt and mineral, were similar
to the values listed by Morrison (1956).
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Daily feed intake and pcrformance_of the cows on the acceptgbility
trial are shown in Table 13, while the mt;}kc Emd performance of those
cows used in the lactation trial are shown in "lahle_: .14. ‘ -

The major purpose of conducting-the acceptabl!lty trial was to detel_-
mine the relative palatability of the five c.ereal.grams when they consti-
tuted over 95% of the concentrate or grain mixture.

ilv Feed Intakes, Milk Production, and _COmposition and
L it giﬁ; %(::ight Gain in the Lactation Trial for Cows fed

Various Cereal Grains.
Criteria Wheat Corn Milo Qats Barley  Control

: 16.9ab 18.0a  17.4ab 17.8ab
e n a6 5ab 3762  369ab 374ab
7.0b 7.3b

Grain DM intake (Ib)
DM intake (lb 36,9ab  36.3b
gg‘“{;take (llli;) v 6.6c 6.6¢ 6.6¢ 7.9a

5 0 517 52.1
S roduwcsd (b 303 8% 521 5L _
I‘;’ta%"g)hlﬁ pe':)(:iultl:.ed (1b) 486 49.1 47.9 50.4 49.37 " -}g.él L
ik fat (%) 303ab 383ab 3776 4132 397ab 39la
Milk fat (1b) 1.98 1.76 1.76 1.98 1.98 1.08
L%\l?}? (227 ) 9.1a 9.0ab 9.0ab 8.8b 9.,0ab 9.0ab
SNF (lg} 4.62 4.62 4.62 -:}.52 4,62 fl-g% .
gﬁ]k protein (%) 3.69a 3.§]Sab ?.(_S]tgab f;gb .‘;z.?gab ?.762‘
i tein (lb 1.76 1.76 b i 2 3
glostlil; F\’:'::;}hr; éaizl (lb) 1.10 0.22 0.22 0.88 0.88 0.88
abc

Values within the same category with a common Superscript are not statistically different
(P=0.05).

Under the system of restricted forage intake‘ and f_ree-choice concen.-
trate, the concentrate to forage ratio averaged 67:33 for all treatments.
As indicated by the results in Table 13, milo and oats were consumed in
oreatest amounts with the least tendency for cows eating these_@ncen-
?rates to go off feed, whereas cows fed corn in both the accep.tablhty ar1-d
lactation trial (Table 14) consumed the 1east. au'munt of grain and “Ir;n;
the most difficult to maintain on constant grain intake, The steam rolle ;
and pelleted wheat was consumed at about the same level_ as the contro
ration and all other concentrate mixtures in both‘ the feeding and accept-
ability trials. Jacobs (1931) and Copeland _(1933} reported equal a;:;fglgt‘
ance of wheat and milo by dairy cattle while Brown et al .(1966, _fft).
found pelleted milo and barley to be of equal palaFablllty Wlt!l no dilfer-
ence in the ability of the two grains to support milk }‘)I'O(hl'CEIOI]'. o g

In both the acceptability and lactation L.rlals daily rmlk_ yl.ef. ; ifg

FCM yield, solids-not-fat, and milk protein ylelfl- were not Slgfll u:antty
different (P> 0.05). Per cent milk fat did not clttfer. between tle.atm:rr-l 51
in the acceptability trial but cows fed the oat ration in the 1acta_u(]m '1'9:1
had a higher fat test (P> 0.05) th-:in those fed milo. Body weight gal

least for cows fed corn and milo.

. Iil experiments by Seath and chdgrson (1947), oats Wf:reE {"01111;.2
to compare favourably with corn or a mixture of corn and oats for lac

159



tating cows. Oats could replace most, if not all, the corn in the grain
ration.

After reviewing early wheat feeding experiments with beef cattle
Heinemann (1957) stated, “Usually on a pound-for-pound basis, cracked
wheat, when fed at relatively limited levels, has had fully the value of
cracked corn for fattening cattle.” In many of the early wheat feeding
experiments with beef cattle (Heinemann, 1957; Morrison, 1956) and
even in more recent experiments (Oltjen, 1965; Bris and Dyer, 1967;
Brethour, 1970) , as the level of wheat in the diet has been increased and/
or as the level of total concentrate fed was increased, consumption of
wheat grain rations tended to decrease. Gains on wheat rations were
often maintained comparable to or slightly less than those made when
other grains were fed. However feed efficiency on wheat has often been
greater than that obtained from other grains. Research by Oltjen (1965)
with finishing steers fed all-concentrate rations of all-corn, all-wheat, or
60:30 ratios of each in a 98-day feeding trial, indicated that feed intake
and performance of all groups was comparable to 70 days. After this time
feed intake and performance of those animals fed over 609, wheat tended
to decline below the other groups. There is also some indication that
fiber level is important in maintaining adequate feed intake when wheat
is fed (Bris and Dyer, 1967).

A greater incidence of digestive disorders is often evidenced among
cows as the level of concentrate fed is increased (Ward and Wilson,
1967) . This was true in the Washington State University experiments,
and, irrespective of grain treatments, cows would sometimes suddenly
reduce their grain intake with or without a corresponding decline in milk
production. Feces were sometimes rather fluid in nature. Balch et al
(1952) also reported this condition when low-hay high-grain diets were
fed.

Milk fat percentages were considerably lower in the acceptability
trial than in the lactation trial. This response was expected since general-
ly low-roughage high-concentrate rations cause a depression in milk fat
content (Balch et al 1952; Bishop et al 1963). However, Brown et al
(1967) did not obtain a significant difference within seasons when lac-
tating cows were fed milo or barley at 40:60 or 60:40 concentrate to
roughage ratios. It is also interesting to note from Tables 13 and 14 that
cows fed wheat concentrate produced milk with a higher protein and
solids-not-fat content than those fed the oat concentrate, although daily
yields of these milk fractions were not significantly different due to dif-
ferences in milk production. Cows fed milo and corn gained significantly
less than cows in all other groups.

From the two wheat studies conducted at Washington State Univer-
sity (McPherson and Waldern, 1969; Tommervik and Waldren, 1969),

160

it is apparent that high-producing cows can be fed rather substantial
levels of steam rolled and pelleted wheat. Rations containing 209, to
959, wheat were entirely satisfactory for lactating cows in short term
trials as far as palatability, consumption, performance, and milk com-
position are concerned. Lactating cows fed a concentrate ration contain-
ing 969, wheat performed as well as those fed rations containing corn,
milo, oats, barley or a mixed concentrate ration, with negligible differ-
ences between the concentrates as to palatability or effect on milk pro-
duction and composition.

It is apparent however, that more research is required on the effect
of wheat and the other cereal grains when fed at high levels in different
physical forms and for a full lactation on performance of lactating cows
and on the composition of the milk produced.

Wheat By-Products for Dairy Cattle

Wheat by-products have been popular feeds in dairy concentrate
rations for over 70 years. Wheat bran, wheat-mixed feed, and wheat shorts
have been some of the most popular by-product feeds used in dairy cow
rations. Other by-products, (for example, wheat red dog, wheat white
shorts, and middlings), are used in calf meals or calf starter rations be-
cause they arve higher in energy and lower in fiber content than wheat
bran.

Most of the wheat by-products fed to dairy cattle are normally fed
in combination with other cereal grains and protein supplements. They
are an excellent natural source of phosphorus and they are higher in
protein than the whole grain or the starchy portions of the kernel.

Bran has been used for years to supply bulk to the concentrate ration
and to improve the palatability of grain mixtures when a large propor-
tion of the grains were ground and fed in meal mixtures. Bran and oats
were often used interchangeably. Bran was always recommended for cows
just prior to and after calving. However, with greater use of rolled grains
and pelleted grain mixtures, larger herd size, and greater labor demancds
and costs, less attention has been paid to special rations and feeds at
calving time, with the result that often the milking ration is used for
dry cows as well as milking animals. However, a recent survey of dairy
departments at state universities and dairy extension personnel reveals
that wheat mixed feed (mill run), middlings, bran, red dog, and other
wheat by-products continue to be used up to about one-third of the con-
centrate mixture in wheat growing and adjacent areas throughout North
America and in other parts of the world, as long as the price warrants
their inclusion.

Little information exists on the value of the wheat milling by-prod-
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uts when they constitute the major portion of the concentrate mixture.
Battaglini (1954) compared defatted wheat bran and regular wheat bran
when included in rations for lactating cows at 609, of the concentrate
mixture over a four-month period. Only small differences were noted in
weight gain and performance between cows fed the two types of bran as a
major portion of the concentrate.

Wheat Middlings. The acceptability of wheat middlings for dairy cattle
was evaluated in a preliminary study conducted some ten years ago at
the Cornell University Experiment Station (Loosli, 1970). When mid-
dlings were fed in a finely ground form at much over 409, of the con-
centrate mixture a palatability problem was encountered. The addition
of molasses up to 99, or 109 of the concentrate overcame, in part, much
of the palatability problem. When the middlings were pelleted, lactating
cows accepted the material well as the only concentrate.

Wheat Mixed Feed. Wheat mixed feed is available for feed purposes in
large amounts in the Pacific Northwest as a by-product of the soft wheat
industry. Waldern and Cedeno (1970) , at Washington State University,
investigated the nutritive value and acceptability of wheat mixed feed
in comparison with rolled barley and a mixed concentrate ration for
lactating cows in meal and pelleted forms. The composition of the rations
compared is shown in Table 15.

The cereal grains were steam rolled at atmospheric pressure for ap-
proximately six seconds before mixing. The rations to be pelleted were
passed through 4.83-mm-diameter dies of a California pellet mill under
a steam pressure of 6.33 kg/cm? for approximately five seconds. No bind-
ing agent was used. Wheat mixed feed formed a good firm pellet.

Alfalfa was the only forage offered. As in the previous Washington
studies on soft wheat, digestion trials, an acceptability trial and a lacta-
tion trial were conducted on the six rations. The numbers of animals
and methods of feeding and management were similar to those outlined
in the research of McPherson and Waldern (1969) wherve different levels
of wheat were used in the concentrate mixture,

The concentrate to roughage ratio in the digestion trials and lacta-
tion trial averaged 45:55, while it averaged 70:30 for cows fed in the
acceptability trial. After the three-week preliminary period in the lacta-
tion trial, grain or concentrate mixtures were fed according to forage
intake (1.75 Ib. per 100 1b. body weight) and energy requirements for
maintenance and milk production based on Morrison's upper levels
(1956) .

Rumen volatile fatty acids were determined at hourly intervals for
12 hours following feeding on samples drawn from three rumen fistulat-
ed steers fed the six experimental rations at a 45:55 concentrate to forage

162

Table 15. Composition of Meal and Pelleted Grain Rations.!

Wheat
mixed
Barley feed Control
Meal and Meal and Meal and
Ingredient pellets pellets pellets
%0
Steam-rolled barley 98.0 40.0
Wheat mixed feed 98.0
Steam-rolled wheat 20.0
Ground peas 25.0
Cottonseed meal (41% protein) 3.5
Molasses 0.5
Steamed bonemeal 1.0 1.0 1.0
Trace-mineralized salt 1.0 1.0 1.0

1 Fach ration contained 4,494 1U vitamin D/kg of mix.

ratio.

The average chemical composition of the feeds offered in the experi-
ments is shown in Table 16, while the digestion coefficients and total
digestible nutrient content are given in Table 17.

Crude protein digestibility of meal rations was slightly but not sig-
nificantly greater for meal than for pelleted rations. The digestibility
of nitrogen-free extract of wheat mixed feed rations was lower (P< 0.05)
than for the barley or control mixtures. The digestion coefficient for
energy of wheat mixed feed in both meal and pelleted forms was lower
(P< 0.05) than for the other mixtures, whereas the TDN content of
wheat mixed feed meal was lower than for wheat mixed feed pellets and
all other rations (P< 0.05). Barley meal and pellets had a higher TDN
content than wheat mixed feed rations (P< 0.05).

In the acceptability trial where hay was restricted to 1 lb. per 100
Ib. ot body weight and grain rations fed free choice, cows offered wheat
mixed feed meal consumed less of this ration than cows offered the
other five rations (P< 0.05) (Table 18). This indicated lower palat-
ability of wheat mixed feed in the meal than in the pelleted form, plus
the excellent acceptance of pelleted wheat mixed feed.

Digestive disturbances were observed in some cows consuming high-
er levels of grain, but these were associated mainly with changing rations
too rapidly at the beginning of the trial. Least difficulty was encountered
with wheat mixed feed.

Since the crude fiber of wheat mixed feed concentrates was higher
and the nitrogen free extract lower than in other concentrates (Table
16), crude fiber intake on these rations exceeded that when other con-
centrates were fed. With greater fiber intake and lower starch (NFE)
intake, milk fat test was maintained at a higher level in the acceptability
trial when wheat mixed feed was fed than when other concentrates were
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Table 16. Proximate Analysis of Rations Fed.

1009 Dry mater basis

Dry Crude Crude Ether N-free
Ration matter fiber protein Ash extract extract
%o

Alfalfa hay 86.9 32.0 173 9.5 3.6 5
Rolled barley

Meal 87.1 5.5 10.4 3.7 2.6 77.8

Pellets 87.7 5.8 11.9 4.4 2.8 75.0
Wheat mixed feed

Meal 871.7 8.9 16.7 6.9 5.0 62.5

Pellets 88.5 9.4 17.1 7l 49 62.4
Control ration

Meal 87.1 5.0 15.1 4.9 2.5 714

Pellets 88.4 3.1 Ihid 5.2 2.5 i )

Table 17. Mean Digestion Coefficients and Total Digestible Nutrients
Content of Alfalfa Hay and Concentrate Rations.

Total
Dry  Crude Crude  Ether N-free dig.
Feed matter protein fiber extract  extract Energy nutr.
%
Alfalfa hay 62.3 76.6 45.5 43.1 73.6 60.3 56.5
Rolled barley
Meal 83.8bc 86.5 ar.2 88.3 89.4b 86.5b 88.3¢c
Pellets 85.9¢ 81.6 52.2 86.4 90.1b 83.7b 86.9c
‘Wheat mixed feed
Meal 78.9ab 86.6 55.5 87.7 77.8a 79.3a 76.6a
Pellets 77.3a 82.6 54.1 96.1 81.2a 78.1a 82.4b
Control ration
Meal 85.8¢c 79.7 54.1 82.7 90.2b 84.4b 85.4bc
Pellets 86.3¢ 76.7 51.4 92.7 92.2b 85.0b 85.2bc
abc
Treatment means with a common letter within a column are not statistically different
(P=0.05).

fed. These same differences in concentrate composition also help explain
the differences obtained in milk fat depression when concentrate rations
fed as a meal were pelleted. Pelleting wheat mixed feed meal resulted
in less fat depression than when the barley or control concentrate were
pelleted. Changes in milk protein and SNF percentages from pre-trial
levels were small and non-significant in relation to treatment.

In the lactation trial grain dry matter intake, as a percentage of
total dry matter intake, averaged 45.89, for the six treatments (Table
19) . Since the estimated energy content of wheat mixed feed (Morrison,
1956) was lower than that of other concentrate rations, the amount fed
in the lactation trial should have exceeded that of other concentrate ra-
tions. However, as shown in Table 19, the consumption of wheat mixed
feed in a meal form was significantly lower (P< 0.05) than the same
concentrate in the pelleted form. Thus the palatability was less for wheat

164

Table 18. Mean Daily Nutrient Intake, Body Weight Change, and Milk Production and Composition Changes of
Cows on the Acceptability Trial Meal and Pelleted Concentrates.

Treatments
Wheat mixed feed

Control ration

Meal
26.1b

Rolled barley

Meal
28.5h

Pellets

Pellets
26.6b

Meal

Pellets

Criteria

27.4b

20.7a

27.6b

Grain DM intake

70.1

3 B

68.9

61.0

o
o
B

V.2

Grain intake, percent ol total DM

5.2ah

4.7a

6.1b

G.1b

4.8a

4.9a

Total CF intake (Ih)

12.9a

15.8b

18.0c

CT, percent in the DM

3.0d

0.7b

1.3a

2.7cd

0.8b

Body weight change (Ib)

48.3

48.7

43.0

40.3

46.1

5l

Total milk produced (Ib)

1.3ab 1.8b 2.2b

2.4a

0.4ab

2.4b

Difference®

337

39.6

359

359

324

4% FCM produced (1b)

7.9ab

1.4bc

4.5abe

6.4abe

11.1a

0.2¢

Difference

335

1.9

Milk fat (%)

8.6

8.1

7.8

8.4

0.1 0.0

0.0

0.4

0.1

Difference
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mixed feed as a meal than for the pelleted form, similar to the results
obtained in the acceptability trial. Some cows ate all the wheat mixed
feed offered as a meal while other cows demonstrated a marked dislike
for the meal, with smaller variations in the lactation trial than observed
in the acceptability trial.

Average daily milk production and 49, FCM production (ex-
cept for cows fed the control ration) (Table 20) was higher from cows
fed the pelleted form of each concentrate than from cows fed the meal
form (P< 0.05).

In most instances the percentage of milk fat was lower for cows fed
pelleted rations than for animals fed meal rations. Cows fed wheat mixed
feed meal had a slightly but not significantly higher fat test than all
other groups, while the pellet fed cows showed a fat depression similar
to that of other groups. Due to diametrically opposed factors of increas-
ed total milk production and reduced fat test on pelleted rations, daily
fat production was comparable across treatments.

Non-fat solids (SNF) content of milk produced on each treatment
was not significantliy different. However, due to differences in actual
milk production, cows fed pelleted concentrate rations produced more
pounds of SNF daily than those fed meal. A similar situation existed for
daily protein production,

Cows in all groups gained weight except those fed wheat mixed feed
meal, reflecting the lower intake and the lower energy content of wheat
mixed feed meal compared to other rations.

Rumen volatile fatty acid (VFA) studies (Table 21) revealed a
lower production of rumen VFA in nearly all cases when meal rations
were fed than when pelleted rations were fed. Similarly, the molar per-
centage of rumen acetate was higher on pelleted than on meal rations
(except for wheat mixed feed) while the reverse situation occurred for
rumen butyrate and to a somewhat lesser extent, rumen propionate.

These results are contradictory to earlier findings of other investigators
(Bishop et al 1963; Yamdagni et al 1967) . However in the present ex-
periments rumen samples were collected hourly rather than once daily
as in many other studies.

From the foregoing trials it is rather evident that wheat mixed feed
can be used as the only cereal ingredient in the concentrate ration for
lactating cows. Many other wheat by-products may be used to a greater
extent in concentrate rations for lactating cows. The blending of various
wheat components, for example, bran and shorts and other by-products,
would permit their use if prepared and fed in a pelleted form. Further
research is required to study the suitability of these products for lactating
COWS.
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Mean Daily Nutrient Intake of Cows on the Lactation Trial Fed Meal and Pellet Concentrates.

Table 19.

Treatments

Control ration

Wheat mixed feed

Barley

Pellets

Meal

Pellets

Meal

Pellets

Meal

Criteria
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Table 21. Effect of Meal and Pelleted Barley, Wheat Mixed Feed, and
Control Grain Mixtures on Diurnal Mean Rumen Volatile

Fatty Acids.
Volatile fatty acids
Total
volatile
fatty
Ration acids Acetic  Propionic Butyric Valeric  G,/C,
(4o moles/ml) (molar %)
Barley
Meal 66.8b 66.8¢ 14.8a 13.1b 2.87b 4.51
Pellets 82.6¢c 70.8d 14.7a 10.9a 1.68a 481
‘Wheat mixed feed
Meal 50.2a 63.9b 17.2¢ 12.9b 2.85b 371
Pellets 60.4ab 65.9bc 16.8bc 11.1a 3.25bc 3.92
Control ration
Meal 59.5ab 57.2a 17.8¢c 18.7¢c 4.02d 3.21
Pellets 85.6¢c 66.0bc 15.4ab 12.9b 3.54cd 4.28
abec

Treatment means with a common letter within a column are not statistically different.

Wheat and Wheat By-Products for Calves

Wheat and wheat by-products like bran, middlings, wheat mixed
feed, and wheat shorts have all been used in limited quantities by dairy-
men as part of calf starter and calf grower rations. The quantities of
by-products used have ranged from one-fourth to one-third of the grain
mixture. Wheat has also been used as the only cereal grain in starter
rations for early weaned calves. Asplund (1961), at the University of
Alberta, studied the value of a simple calf starter containing 649, wheat,
289 soybean meal, 49, dehydrated alfalfa meal, minerals, and vitamins
for calves weaned from whole milk at five weeks of age. The starter con-
tained 209, digestible protein and 729, TDN, 4%, crude fiber, and 0.65
and 0.609, calcium and phosphorus respectively. Whole milk was fed to
five weeks of age up to a maximum of 250 pounds. Two lots of calves
with five calves per lot were fed either a commercial calf starter or the
6467 wheat starter, free choice to four months of age. Later, a second lot
of 10 calves was fed the high wheat starter. Water and good quality hay
were available at all times. The results are presented in Table 22, From
these results Asplund concluded that dairy calves fed limited whole milk
and a simple calf starter of wheat and soybean meal would grow as satis-
factorily and economically as calves fed an expensive commercial calf
starter.

In recent studies at the University of Alberta, Grieve and Winchell
(1970) compared a wheat calf starter ration with a barley starter for
dairy calves weaned from milk replacer at four weeks of age. Soybean
meal (289 of the starter) was the only protein source in the wheat start-
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Table 22. Weight Gains of Early Weaned Calves Fed a 649, Wheat
Starter Compared to a Commercial Starter.

Commercial Experimental starter
starter Lot 1 Lot 2

Number of calves 5 G 5
Average weight at

5 weeks (1b) 123 123
Average weight at

4 months (Ib) 259 297 275
Average daily gain

5 weeks to 4 months (Ib) 1.55 2.00 1.78

er while 5%, fishmeal and 0.5% urea were the nitrogen sources used in
the barley starter. The crude protein content of the wheat and barley
starters were 22%, and 169, respectively. Brewers yeast was added at
1.0% of both diets plus 0.5% of a vitamin-antibiotic premix. Daily gains
between birth and 60 days averaged 0.96 pound on the wheat starter com-
pared to 0.74 pound on the barley starter. The difference was significant
statistically (P< 0.05). Calves fed wheat meal consumed more feed and
required less feed per pound of gain than those fed barley meal. How-
ever, the feed cost per pound of gain for calves fed wheat starter was 1.7
cents more than for those fed harley starter.

In an experiment conducted by Waldern (1970) at the Research
Station, Agassiz, B.C., wheat mixed feed was compared with five other
starters as a complete feed for Holstein calves weaned at five weeks from
whole milk. The rations compared were:

1. Complex 209; protein calf starter containing milk and cereal prod-
ucts fed up to four pounds per calf daily plus chopped local grass hay
to appetite.

2. Wheat mixed feed fed to appetite, no hay.

3. Dehydrated grass fed to appetite, no hay.

4. Complex starter (Ration 1) mixed equally with dehydrated grass
and fed to appetite, no hay.

5. Simple barley-soybean meal ration fed up to four pounds daily plus
free choice hay.

6. Dehydrated grass, barley, beet pulp and soybean meal fed to appetite,
no hay.

All grain rations contained Vitamins A and D, salt and minerals,
and were pelleted. Six male calves were fed each ration in digestion trials
conducted between the 4th and 5th week and again between the 12th
and 13th week of age to determine nutrient digestibility and energy
utilization. A minimum of 24 calves were used on each treatment over
two years. Calves were allotted equally to treatments during a given sea-
son. Performance on each treatment is shown in Table 23.

Calves fed dehydrated grass and wheat mixed feed as the only con-
centrate rations gained at a slower rate than calves in all other groups.

169



There was little difference in rate of gain between calves fed the com-
plex ration plus hay and those fed barley-soybean meal plus hay or those
fed the complete ration of dehydrated grass-beet pulp-barley-soybean
meal. Daily gains of calves in all treatments were depressed during the
second year of the trial due to the presence of enzootic pneumonia in

Table 23. Feed Intake and Performance of Calves Fed Simple Starter

Rations.
Milk
intake  Grain Hay  Average
Ration to5wks intake  intake daily gain
1b
1. Complex -+ hay — 12 wk 312 179 37 1.29
— 16 wk 294 90 1.37
2. Wheat mixed feed — 12 wk 313 192 0.90
— 16 wk 341 0.90
3. Dehydrated grass — 12 wk 310 202 0.88
— 16 wk 366 0.98
4, Complex 4 dehy. grass — 12 wk 308 212 1.10
— 16 wk 389 1.27
5. Barley-soybean
meal 4 hay — 12 wk 314 182 28 1.27
— 16 wk 292 28 127
6. Dehy. grass,
beet pulp,
barley,
soybean meal — 12 wk 327 222 1.23
— 16 wk 405 1.38

almost all calves. Daily gains on the wheat mixed feed ration and on the
dehydrated grass ration were close to 1.1 pounds per day to 12 weeks
of age before enzootic penumonia was a problem. This rate of gain is
nearly satisfactory for replacement heifers of this age. Cost of the wheat
mixed feed was about $40.00 per ton less than the complex starter. Calves
offered wheat mixed feed as a complete ration consumed less feed than
those offered the complete ration of dehydrated grass-beet pulp-barley-
soybean meal. The use of molasses with the wheat mixed feed could pos-
sibly have increased consumption. Laboratory analyses are presently be-
ing conducted on feed and fecal samples from calves used in the digestion
trials in order to determine energy utilization, starch utilization, fiber
digestion, and nitrogen balance at 4 and 12 weeks of age.

It is quite possible that many other wheat by-products feeds could
be used to a greater extent as all or part of a complete ration for early
weaned calves. Amino acid supplementation (Moran and Summers,
1970) as well as supplementation with certain vitamins may be necessary
if maximum use is to be made of these wheat by-products in starter ra-
tions for early weaned calves where limited or no green roughage is fed.
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Additional research is required on the effect on processing (steaming,
cooking, flaking, popping, etc.) many of the wheat by-products on the
digestion and utilization of the various carbohydrate and protein frac-
tions by the early weaned calf (Lima, et al, 1968; Shuh, et al, 1970, Walk-
er, 1970, USDA) . Processing could enhance acceptability and utilization
and thus improve rate and economy of gain of young calves (Lima et al,
1968; Schuh et al, 1970) . At the same time feed and labor costs could
be reduced during rearing through the use of a complete ration.

Preparation of Wheat for Dairy Cattle

General recommendations derived from early research on feeding
wheat to dairy and beef cattle were to feed wheat in a coarsely ground
or crushed form. Care was to be exercised that wheat was not finely
ground or floury. Early research from the University of Guelph (Rennie,
1960) recommended that rolled wheat be used in place ol ground wheat
as the rolled wheat made the ration light and bulky and improved palat-
ability. Recommendations to dairymen of Australia (Hewitt, 1944) when
limited forage was available and wheat was fed in large amounts were
to roll the wheat.

In the series of studies by the Washington State group on wheat for
lactating cows (McPherson and Waldren, 1969; Tommervik and Wal-
dern, 1969) , rations containing wheat were first steam or dry rolled, then
pelleted. This probably affected the palatability of the rations when
offered essentially free choice in the acceptability trials. Far more research
has been conducted recently on the use of different physical forms of
wheat in rations for beef cattle. Rations have been fed as all-concentrate
rations or as different combinations of concentrate and roughage. These
papers will be reviewed by other members of this Symposia. However,
Oltjen (1965) reported that coarsely cracked or rolled wheat produced
best results in all-concentrate rations for beef cattle. Bris and Dyer
(1967) found no difference in feed consumption by steers fed a 50%
soft white wheat (709 concentrate ration) in a pelleted, dry rolled, or
steam rolled form. Walker (1970) recently discussed the processing and
advantages of popped wheat that had been subsequently rolled and fed
to finishing steers, )

Further research is required on the use of processed wheats in dairy
cattle concentrate rations. The effect of dilferent forms of processed
wheats, when fed at various concentrate to roughage ratios, on ration
acceptability, digestive disturbances, and milk production and composi-
tion should receive early attention by nutritionists if wheat is to be used
to a greater extent in dairy cattle rations,
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Summary and Conclusions

The literature on the nutritive value of wheat for dairy cattle was
reviewed. Much of the research conducted in North America dates to
periods (the late 19207, early 1930’, early 1940’s, and mid 1960's) when
wheat was a surplus commodity and available for livestock feed at a
price competitive with other feed grains. In the early research with wheat
for dairy cattle, actual levels of wheat consumption were low and seldom
exceeded four to seven pounds. In recent research dairy cows have been
reported to consume in excess of 22 pounds of wheat per day in a rolled
and pelleted form without digestive disorders after having been adjusted
to concentrate mixtures containing up to 95% wheat and at a concen-
trate to roughage ratio from 45:55 to 67:33.

Wheat compares favorably with the other feed grains for dairy cattle
and can replace corn, barley, milo, or oats in the concentrate mixture.

Wheat can be used as the only cereal grain in a concentrate ration
for lactating cows. However, fewer problems will probably be encounter-
ed by the average feeder if wheat forms not over 6569 of the concentrate
mixture. Good feeding and management practices are required when
high levels of any cereal grain are fed to lactating cows. When cows are
switched from a concentrate (grain) ration with no or a low level of
wheat (80%) to a high level of wheat, the adjustment to the new mix-
ture should be made gradually over a two-week period; especially for
cows consuming large amounts of concentrate.

Preparation of the concentrate ration is important if cows are to
maintain maximum intakes. Wheat should be rolled or ground coarse.
Pelleting will also enhance acceptability and consumption of concentrate
rations containing a high proportion of wheat. Wheat mill feeds like
middlings, and wheat mixed feed, can be used as the main cereal source
in the concentrate ration for lactating cows if fed in a pelleted form.

Wheat can be grown very successfully as a forage crop and fed as
pasture, silage, or hay to lactating cows,

Wheat or wheat mixed feed properly supplemented with vitamins
and minerals, can be used as the only cereal component in calf starter
rations for early weaned calves.

Attention must be paid to the mineral balance and levels of the
whole ration (roughage plus concentrate) when large amounts of wheat
or any cercal grain are used in the concentrate mixture and fed to lac-
tating cows.

Further research is required on different methods of preparing and
processing wheat for dairy cows and calves and the effects of processed
wheats on feed consumption, digestive disorders, milk production and
composition, body weight gain, and feed efficiency.

172

References

Anon. 1939. Wheat and allalfa make good silage. Ohio Agr. Exp. Sta.
Report for 1958-1939. Bull. 617.

Asplund, J. M. 1961. Feeding dairy calves. 40th Annual University of
Alberta Feeders' Day. Department of Animal Science. Press Bulletin,

. 1.

Badepnhorst, D. F. 1949, Meat instead of cereals. Farming in South Africa,
24:506.

Bailey, R. W. 1965. Wheat feeding for dairy cows. Milk Board Journal,
New South Wales. August, p. 87.

Balch, C. C., D. A. Balch, 5. Bartlett, C. P. Cox and 8. J. Rowland. 1952,
Studies on the secretion of milk of low fat content by cows on diets
low in hay and high in concentrates. I. The effect of variation in
the amount of hay, J. Dairy Res,, 19:39.

Bartlet, J. M. 1896. Feeding experiments with milch cows. 1. Wheat meal
compared with corn meal, Maine Agr. Exp. Sta. An. Report. 1895,

. 25,

Bate.xl:mn, G. Q. 1942. The conversion of surplus wheat into much needed
milk, Utah Agr. Exp. Sta, Farm and Home Sci. 3 (4).

Battaglini, A. 1954. Comparative tests on the nutritive value of wheat
bran, de-fatted with chemical solvents, and whole bran employed in
the feeding of dairy cows. Annali Della Sperimentazione Agraria,
8:1142.

Bishop, S. E., J. K. Loosli, G. W. Trimberger and K. L. T_urk. 1963. Ef-
fect of pelleting and varying grain intakes on milk yield and com-
position. J. Dairy Sci., 46:22.

Bowstead, J. E. 1950. Wheat as a concentrate for dairy cows. Dept. of
Animal Husbandry, University of Alberta, June Animal Feeders'
Day.

Bowstead, J. E. 1942. Wheat for milk production. Dept. of Animal Hus-
bandry, University of Alberta, Mimeograph 111.

Brethour, J. R. 1970. Wheat as a feed grain for beef cattle. Proceedings
Kansas Formula Feed Conference. [anuary. 5, 6.

Bris, E. J. and 1. A, Dyer. 1967. New varieties of wheat for bovine finish-
ing rations. Wash. Agri. Exp. Sta. Bull. 682,

Brown, W. H,, A. O. Jareed and J. W. Stull. 1967. Comparison of milo
and barley for lactating cows. IL Effects of roughage intake and
season. J. Dairy Sci.,, 50:700.

Brown, W, H,, J. W. Stull, F. O. Dafaala and P. W. Riley. 1966. Com-
parison of milo and harley for lactating cows. J. Dairy Sci., 49:386.

Canada Department of Agriculture. 1969. What you should know about
wheat. Information Division, Canada Dept. Agric, Publ. 1386.

Castle, M. E., D. S. MacClusky, J. Morrison and J. N. Watson. 1959. The
effect of concentrates of high or low starch equivalent, both fed at

two levels, on the milk production of dairy cows. J. Dairy Res., 26:1.

173



Copeland, O. C. 1953. Wheat versus milo for dairy cows. Texas Agr. Exp.
Sta. Bull, 480,

Cox, R. F. and A. D. Weber. 1948. Winter wheat for livestock. Kansas
State Board of Agriculture 35th Biennial Report (1945-1946).
Dice, J. R. 1932. Home grown feed. North Dakota Agr. Exp. Sta. Bien-

nial Progress Report 1929-31. Bull. 256, p. 32.

Dominion Bureau of Statistics. 1970. Intended acreage of principal field
crops in Canada. Field Crop Reporting Series No. 2. March 18.
Dominion Bureau of Statistics. 1969. November estimate of production
of principal field crops. Field Crop Reporting Series No. 20. No-

vember 21.

Edgerly, C. G. M. 1966. Dairy cattle can be fed damaged durum. North
Dakota Farm Research 24:13.

Farrell, E. P, A. Ward, G. D. Miller and L. A. Lovell. 1967. Extensive
analyses of flours and mill feeds made from nine different wheat
mixes. 1. Amounts and Analyses. Cereal Chem., 44:89.

Fitch, J. B. and H. W. Cave. 1932, Ground wheat versus ground corn
for dairy cows. Kansas Station Biennial Report.

Fraps, G. 8. 1921. The composition and value of wheat by-products.
Texas Agr. Exp. Sta. Bul. 282.

Grieve, G. M. and K. S. Winchell. 1970, Feeding holstein dairy calves.
49th Annual University of Alberta Feeders' Day. Department of
Animal Science, Press Bulletin p. 26.

Hayden, C. C. and C. F. Monroe. 1931. Wheat as a substitute for corn
in the dairy ration. Ohio Agr. Exp. Sta. BiMonthly Bul. 153.
Heinemann, W. W. 1957. Wheat as a fattening feed for Washington live-

stock, Wash. Agr. Exp. Sta, Circ. 313,

Hewitt, A. C. T, 1944. Wheat as a solution to the stock feeding program.
Journal of Agriculture, Victoria, 42:97.

Hewitt, A. C. T. and H. O. Turner. 1944, Wheat as a feed for dairy cows.
Experience of those who have tried it. Journal of Agriculture, Vic-
toria, 42:437.

Holmes, W., D. Reid, D. 8. MacClusky, R. Waite and J. N. Watson.
1957. Winter feeding dairy cows. IV. The influence of four levels
of concentrate feeding in addition to a basal ration of grass products
on the production obtained from milking cows. J. Dairy Res,, 24:1.

Jacobs, E. E. 1931. Can low priced wheat be fed to dairy cows at a profit?
Panhandle Agr. Exp. Sta. Bul. 29,

Kehar, N. D. and P. N. Jahri. 1959. Investigations on silage making.
Digestibility and nutritive value of green guar (Cyamopsis psora-
loides) and wheat (Triticum vulgare) bhoosa silage. Indian J. Vet.
Sci. and Animal Husbandry, 29:47.

Kentucky Agricultural Experiment Station. 1931. Cracked wheat versus
cracked corn for cows. Forty-fourth Annual Report. Part 1. p. 46.

Kesler, E. M. and 8. L. Spahr. 1964. Physiological effects of high level
concentrate feeding. J. Dairy Sci., 47:1122,

174

el e e
- — -

B et

Lima, J. O. A, J. D. Schuh, W. H. Hale and C. B. Theurer. 1968.
Steam-processed flaked grains for dairy calves. J. Dairy Sci., 51:972.

Loosli, J. K. 1970. Personal communication.

Marx, G. D. and B. E. Youngquist. 1967, Feeding value of high moisture
wheat in dairy rations. ]J. Dairy Sci., 50:966.

McArthur, J. M. and J. E. Miltimore. 1964. Bloat investigations: The
foam stabilizing protein of alfalta. Canadian J. Anim. Sci., 44:200.

McCullough, M. E. and L. R, Sisk. 1967. Influence of stage of maturity
at harvest and level of grain feeding on intake of wheat silage. J.
Dairy Sci. 50:705.

McPherson, R. G, and D. E. Waldern. 1969. Pacific Northwest soft white
wheat for lactating cows. J. Dairy Sci., 52:84.

Moran, L. T. and J. D. Summers. 1970. Nutritional value of wheat mill-
feeds. Feedstuffs, 42:26.

Morrison, F. B. 1956, Feeds and feeding. 22nd ed. The Morrison Publish-
ing Co., Clinton, lowa.

National Academy of Sciences—National Research Council. 1958. Nu-
trient requirements of dairy cactle. 3 ed., rev. Publ. 464.
National Academy of Sciences—National Research Council. 1964. Joint
United States-Canadian tables of feed composition. Publ. 1232,
Ohio Agricultural Experiment Station, 1933. Fifty-first Annual Report.
Bull. 516, p. 7L Experiment Station Press. Wooster, Ohio.

Ohio Agricultural Experiment Station, 1934. Fifty-second Annual Report.
Bull. 532, p. 58. Experiment Station Press. Wooster, Ohio.

Oltjen, R. R. 1965. Wheat for fattening cattle. Feed and Feeding Digest,
Vol, 17, No. 22.

Ontario Department of Agriculture. 1893. Annual Report. p. 123, 151.
Guelph, Ontario.

Ontario Department of Agriculture. 1932, Wheat for dairy cattle feeding.
Annual Report. p. 72. Guelph, Ontario.

Oregon Agricultural Experiment Station. 1940, Surplus wheat feeding
experiments in Oregon. Sta. Circ. 137. p. 33.

Oregon State University. 1969. Cooperative Extension Service. Wheat.
Oregon Commodity Data Sheet. September 25.

Oregon State University School of Agriculture Task Force. 1970. Issues
and alternatives in wheat production and marketing, Cooperative
Extension Service, O.5.U. January.

Palmbey, C. D. 1970. Address to National Association of Wheat Growers.
Reported in Feedstuffs, 42: (January 24), p. 61.

Pfarider, W, H., D. Roberts, J. E. Comlert and J. W. G. Jones. 1957.
Digestibility of wheat, sudan grass and drouth corn silages by wethers
and steers. Missouri Agr. Exp. Sta, Res. Bull. 628.

Rennie, J. C. 1960. A review of published and unpublished re:search in
dairy cattle nutrition conducted in Canada. National Dairy Cattle
Committee Mimeo.

175



Schuly, J. D., W. H. Hale and C. B. Theurer. 1970. Pressure cooking
versus steam processing and flaking milo for dairy calves. . Dairy
Sci., 53:675.

Seath, D. M. and P. Henderson. 1947. Oats vs. corn in dairy rations.
Louisiana State Univ. Agr. Exp. Sta. Annual Report 1946-47,
Sotola, J. 1936. Digestion experiments with mixtures of sweet clover and
albit wheat forage ensiled and used as hay. Proceedings Amer. Soc.

Animal Prod. p. 143, November 27.

Sotola, J. 1936a. Nutritive value of cereal hays. Washington Agr. Exp.
Sta. 46th Annual Report. Bull. 342, p. 20.

Summers, J. D., 8. J. Slinger, W. F. Pepper and E. T. Moran, Jr. 1968.
Biological evaluation of selected wheat fractions from nine different
wheat samples for energy and protein quality. Poult. Sci, 47:1753.

Summers, J. D., E. T. Moran, Jr. and W. F. Pepper. 1969. Nitrogen di-

gestibility of various selected wheat fratcions. Canadian J. Animal

Sci., 49:105.

Tommervik, R. §. and D. E. Waldern. 1969. Comparative feeding value
of wheat, corn, barley, milo, oats and a mixed concentrate ration
for lactating cows. J. Dairy Sci., 52:68.

United States Department of Agriculture. 1970. Pacific Northwest wheat
summary. Supply and disposition. Statistical Reporting Service,
USDA, Second Quarter 1969 Crop Year. January.

Verbeek, W. A. 1946. Oats and wheat as grazing for high producing cows.
Farming in South Africa, 21:545.

Waggle, D. H.,, M. A, Lambert, G, D. Miller, E. P. Farrell and C. W.
Deyoe. 1967. Extension analyses of flours and millfeeds made from
nine different wheat mixes. II. Amino acids, minerals, vitamins and
gross energy. Cereal Chem., 44:48.

Waldern, D. E. 1970. Simple starter rations for early weaned calves. Un-
published data. Canada Dept. Agr. Research Station, Agassiz, B.C.

Waldern, D. E. and G. Cedeno. 1970. Comparative acceptability and nu-
tritive value of barley, wheat mixed feed, and a mixed concentrate
ration in meal and pelleted forms for lactating cows. J. Dairy Sci.,
532817,

Walker, H. G. 1970. Dry air expansion to improve grains for feed. Feed-
stuffs 42, April 4, p, 24.

Ward, G. M. and J. H. Wilson. 1967. A review of low roughage feeding
experiments with dairy cattle. Feedstuffs, 39:14.

Yamdagni, S, R. D. Warner and J. K. Loosli. 1967. Effects of pelleting
concentrate mixtures of varying starch content on milk yield and
composition. J. Dairy Sci., 50:1606.

176

The Use and Value of Wheat
ﬁc‘ In Beef Cattle Feeding

Joun R. BRETHOUR

Since wheat is used predominantly for human food, there is not as
much information about feeding wheat to beef cattle as has been accumu-
lated about other grains. However, the failure of domestic usage and ex-
port demand to keep pace with expanded production potential (29) has
stimulated interest in feeding wheat to livestock. Even though this seems
a logical outlet for wheat when prices are low, feed usage has not been
greatly increased. Probably this is due to several factors. Orderly market-
ing channels for feed wheat are absent because of low levels of "free”
wheat not under government loan and because wheat has a greater ten-
dency to move into terminal storage than other grains. There is some
reluctance to consider wheat as a feed grain rather than human food (for
ethical reasons as well as possible changes in federal agricultural pro-
grams). Uncertainty as to proper management of wheat in beef cattle
rations probably decreases its usage. The depressed intake of wheat-con-
taining rations, even though associated with increased efficiency, can
be disconcerting to the cattle feeder. It is difficult to assign a definite
relative value to wheat to determine if it is competitively priced. Wheat
does not seem to respond to the various heat treatments that are readily
available for processing other grains.

When an oversupply of wheat caused it to be priced competitively
with other feed grains, interest in feeding wheat has brought spurts of
wheat-feeding research. These efforts have become more intense in recent
years. The purpose of this paper is to briefly review and’ attempt to
amalgamate the results of these experiments,

John R. Brethour is animal scientist in charge of beef cattle investigations at the
Fort Hays Branch Experiment Station, Kansas State University, Hays, Kansas 67601.
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