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Introduction 
Wheat and its associated products have been staple foods for man 

and his livestock since ancient times. Wheat provides a livelihood for 
miJiions 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 1530 when 
they occupied Mexico. The French colonists led by Samuel de Champlain 
first grew wheat in Canada in 1604 (Canada Dept. of Agric. Publ. 1386. 
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 oE Canada, as well as in the white and soft red 
wheat growing areas scattered throughout North America. 
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During 1968-69 about 55 million acres o( 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 grnwn on about 25 million acres in 1969, (DBS Field Crop Repon
ing Series, Nov. 21, 1969) while projected acreage for 1970 is about 7'1% 
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) (vVashington, Idaho, Oregon) 
most of the grain fed in recent years has been barley. About 28% of the 
grain grown in the area in 1967 was fed to livestock. Dw·ing the crop 
year July 1968 to June 1969, total wheat production in the PNW amount
ed to 139 thousand bushels while white wheat totalled about 129 thou
sand bushels. However, only 8.7% of the wheat was used in the feed 
trade (USDA Statistical Reporting Service. PNW "'i,Vheat Summary, Sec
ond Quarter Crop Year, January 29, 1970). In 1965 and again in 1968 
when the price of soft white wheat [ell below barley in the Pacific North
west, the amount of wheat feel to livestock trebled and doubled, respec
tively, compared to the previous year. 

It has been estimated that 100 pounds of Western while soft wheat 
can replace l 00 pounds of barley, corn or milo and 105 pounds of oats 
on a nutritional basis in dairy cattle rations; thus western while soft 
wheat will probably be used in dairy rations when the price of it is 
equivalent to that of corn, barley or sorghum to the feed u·acle (Task 
Force, School of Agriculture, O.S.U., Issues and Alternatives in vVheat 
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. HoK
ever, tbe 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 6,585 pounds of milk and 2'19 pounds of fat 
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annually. By l!J68 t11e number of cows had declined to just over 1:J mil
lion with an average annual production of 9,006 pounds of milk and 331 
pounds of fat. About 16.4-% of U.S. dairy cattle are presently on United 
Stales Department of Agriculture DHIA test programs and average close 
to 12,500 pounds of milk and 473 pounds of fat. Similar trends in dairy 
caule numbers and production have occmred in Canada. The cow popu
lation declined from 2.8 million in 1965 to 2.5 million in late 1969, with 
the average production per cow at 9,440 pounds in 1969. The numbers 
of cows have stabilized somewhat in t11e past two years. Along with in
creased annual milk production per cow, the consumption of succulent 
feeds and dry forages, on a hay equivalent basis, by dairy cattle 11as in
creased by almost 16% while concentrate (grain) consumption J1as in
creased by an amazing 5 I% d1u-ing the past 10 year period. A vei·age 
yearly grain consumption per cow for DHIA tested 11erds in the U.S. is 
approaching 5,000 pounds while that for aJJ dairy cows is aboul 4,300 
pounds. Some 10 years ago the average cow on DHIA received less than 
30% of her total dry matter from the concentrate or grain ration wJ1ile 
today this figtu-e exceeds 40%. Today's high producing cow requires an 
adequate level of energy to produce milk. TJ1is is being furnished pri
marily by cereal grains, most of which are not wheat. Thus a great po
tential exists for increased use of w11eat in dairy cattle rations. Herd size 
is increasing. Methods of feeding and management are changing toward 
greate1· automation lo accompany increased herd size and greater effi
ciency in labor use. Rations and feeding practices are being geared to 
feeding grealer quantities of grain when the cow requires the additional energy in early lactation. 

Price is usually the main factor regulating the use of a gi\'en cereal 
grain in a concentrate ration (grain mixtnre) of lactating cows. How
ever, many dairymen are unfamiliar with wheat, Jack experience in feed
ing it, and hence are hesitant in using wheat in concentrate rations for 
their cows. There is also a gap in our knowledge of the relative nutritive 
value and acceptability of different varieties of wheat for lactating cows 
and 110w tl1is might be affected by different methods of processing. 
Dairymen are concerned about lhe palatability of concenlrates when 
large amounts of wheat and certain wheat by-products are used in rations 
for 1actaling cows. Problems of feed refusal, off-feed, digestive disturb
ances, cows drying off early, etc., sometimes arise in tlie minds of dairy
men when wheat is considered as an ingredient for their concentrale or grain mix. 

In this paper an effort has been made to re\'iew the Ii lera lure on 
wheat and wheat by-products in dairy cattle rations and to set fonh 
recommendations and practical guidelines for the use of wheat by dairy cattle. 

136 

osition of Wheats 

Comp I ea, extends well o,et 75 y,m. R
esearch on the feeding value of ~vi ' f ,:heat used, bushel weight, 

tl t pe and variety o . . ' nly I a
ny experiments 1e y cl r· d ]\Jany vanelles grm, n o n m • • e ·e not e me . . eel 

d other charactensucs w r d h e been replaced by new improv 
;; ms ,go"' not sown today ,nm'.:,., them;c,J tompo,;tional dat, 
varieties. Thus only very l1_illlr:lation and other u-ials with dairy cattle ·1 ble for wheat feel in a are ava1 a 

1 

· . 

over the years. • £ wheat on its feeding value for c_auy 
The effect of type ant! va;1ety_~al composition of wheat o( a ~;:en 

cattle is little known. The c 1e~u o ear depending upon area, feru iza
nd variety varies from year t y . QTOnomic factors. Crude pro~r:: :ate, moisture conditi?ns, and ot1~:~d1~ed spring wheats will vary 

·11 content is highly va~iable. The ·eel winter wheats from 10-15%, 
te1 12 1901 crude protein, the hard I . ontent of the concentrate from - 10 201. The protem c f 
and the soft wheats from _8-1 :o• d ·n relation to the protein c_onlent o 

• for lactating cows is adJuste '. lainino- high protem wheats 
ration t ·ale rauons con ::, .f. for·age £ d 

Thus concen r • when a spec1 1c the forage e • f lemental protem . 1 
Id require lower levels o supp . cl a low protein wheat. H1~ 1 

:o~d than when the tontent<ate '~:",:::what mo,·e tlrnn low pco<e'_" 
Protein wheats would then _belw~1y true when low protein forages we1e Tl • would be partlcu ar 
wheats. us . . . n-

l as the major roughage. . QTOs~ and digestible ene1gy ~o. 
fee l bl,.shed information on the ;:, RC p bl 123?) Hence it is 

T 1e pu • • .• ble (N u · - . . d f Wl
'eat for ruminants is va1 ia . I o1' P-ross digestible, an tent o • • ·s requll"ec • ;:,- ' • I 

• t more information i £ vheat for J ununants Pp
arent t 1.1 1 -·ous classes o \ • -

11 
a 1· ble energy levels of l 1e vai' . . l this Symposium w1 metabo 1za . . _, ows Olher pape1s 11 , 

• lar·ly hctaung claiq c • f ,,·heat for cattle. P
art1cu ' . y con tent o • £ 

• lhe tofJic of the ene1g . . l11e for monogastncs o be covermg . . d nutnt1\'e va 

1 

• 
The chemical compos1uon a~ . nler hard reel spring, soft w_ut~ 

b • Jroducts from llard re w1 .'. ·ious locations in lhe Um tee 
wheat y ~ soft .cd w;nter whms from ',n . t;ve study conducted by 
winter, an re o1·ted from a coopera . Canada 

• 
1
tly been P . ( G I Jh Ontano. · States has iecer • l l University o ue I , l tive 

~;,:"; ,~;:: ~~;;':,:';~,~n~t t :"""',.:\:''.e,~ ;:::,;•~; j~~~:'.a~~'.m'.' cl:,., 
l 1)roximate analysis of . . al vitamm and gross amounts anc Amino acid, mmer • le el al 

mined (Farrell et al, 1967) ·_ ·ned by the Kansas group (Wagg f p I~ 
content were also deleum 1 b the Department o ou 

energy • •• 1 aluation was conductec y l 1968· Summers, 
1967). B1olog1ca ev • . ( Guelph (Summers et a, , ted to 

• h Umvers1ty o .·. d and presen try Science at t ~ , l . cently been summa11ze 1970). As 
et al, 1969). This work 1as re . Moran and Summers, - . 
the feed u·ade by the Guelph ~:~t, ~ther speakers at this Symposium, 
this work will probably be repor e 137 



:it will not be reviewed here. However, the Lype and source of the wheats 
used in the Kansas and Guelph experiments and their protein content 
are of interest and are reponed in Table l. Table I 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 contenL of a typical Gaines wheat are presented in 
Table 2. 

Table 1. Deso·iption and Origin of ,vheat Samples Used in Coop
erative Studies by Kansas State University and Guelph. 

Wheat type 
Desjgna
tion 

Hard red winter HRW-L 
HRW-H 
HRW-R-12 
HRW-R-22 
HRW-R-32 

Hard red spring RHS-L 
HRS-H 

Soft white winter Gaines 
Soft red winter SRW 
1 14 % moisture basis. 
, Composi1c samples 

code 

9001 
9002 
9008 
9007 
9010 
9009 
9003 
9005 
9006 

(Adapted from Moran ancl Summers. 1970) 

Geographical source 

Blackwell, Okla. 
Burdett, Kan. 
Kansas State University 
Kansas State University 
Kansas State University 
Choteau, Mont. 
Valley City, N. D. 
Pullman, Wash. 
Winchester, Ind. 

Composition of Wheat By-Products 

Grain protcinl 
Level % 

Low 10.8 
High 13.3 
Avg. 11.5 
Avg. 11.2 
Avg. 11.9 
Low 11.l 
High 13.8 
Avg. 9.2 
Avg. 11.8 

The wheal by-products used most commonly in dairy cattle feeds are 
wheat mixed feed (mill run), wheat bran, wheat standard middlings 
(shorts), wheat red clog, and blended products. Fraps (1921) in 1921, 

summarized compositional and digestion t.rial 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 o[ protein for dairy cattle, 
and ohen 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 Lo 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 B1~. ·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 otl1er 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 (toLal digestible nutrient 
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TDN)) conLent of the wheat by-products (Table 4) is ~ar_iable. The 
( · . f ti e w11eat kernel when removed in the rn1lhng process outer poruons o 1 ' 

are high in crude fiber and thus have the l~west energy content but as 

1 tarc hy portion o( the kernel increases 1n the by-p1ocluct feeds the 
ues I • d t'. gy content increases conespondingly. Thus, tie esumaLe _ne cne1gy 
e~~E) in Therms or Megacalories per 100 pounds o( the various w~1eat 

£( cl for dairy cattle is as follows: wheat 80, wheat bran 67, wheat mn::ed 
ee s ' . · ~ • • 19r:6) 

feed 70.6, and wheal standard m1ddlmgs 71 (Mo1nson :J • 

Wheat as a Roughage for Dairy Cattle 
In many livestock areas throughout the world,. wheat and other 

cereal grains are used as forage crops in the form of silage, or hay. . 
'Ha made from the wheat plant has been successfully fed to dairy 

cattle i1~ Australia, South Africa, United States. and Ca~a~a. _ _Howeve:, 

1 .. t hay is low in protein and if over matured or the g1 am upened, 1t 

:~i~~\e high in fiber and of low palatability. Wheat harves~ed _fo:· hay 
should be cut when the wheat is in the sof~ ~~ugh stage for maxlill.um 
preservaLion oE nutrienls and greatest digest1b1lity (Sotola, 1936a). Gen-

Table 2. Composition of Soft Wheat. 
JSRC Morrison, 

Publ. 585 22nd ed. 

Constituent 

wsu 
Gaines Wheat 

(so{t wheat) (so£t white wheat) 

Chemical Spectrographic 
analysis analysis 

Moisture, percent 9.05 
Ash, percent 1•47 
Protein, percent 10.25 
Ether extract, percent 1.48 
Crude fiber, percent 3.27 
Gross energy, kcal/gm. 3.983 
Metabolizable energy, percenl 7 I. 1 

Phosphorus 
Potassium 
Magnesium 
Calcium 
Silicon 
Sodium 
Iron 
Aluminum 
Manganese 
Barium 
Copper 
Lead 
Titanium 
Strontium 
Nickel 
Silver 
Chromium 

Miner:il Analysis, Percent 
0.25 0.35 
0.40 0.42 
0.13 0.13 
0.05 0.04 
0.02 0.02 

0.005 
0.002 
0.0008 
0.0009 
0.0009 
0.0006 
0.0001 
0.000 I 
0.0001 
0.00002 
0.000007 
0.000003 

1968 

1.9 
10.0 
2.0 

0.33 
0.44 
0.11 
0. 10 

0.006 

0.0006 

0.001 

1956 

10.9 
J.9 
9.9 
2.0 
2.7 

0.39 
0.42 
0.H 
0.04 

0.06 
0.006 

0.004 

0.001 
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Table .1. 
Average Composilion and Digestion Coefficients o( Wheat Millfceds Used in Digestion Experiments With Ruminants as Summarized by Fraps. 1 

Digestion Coefficients NiLrogen 
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 32.7 70.4 
Wht'at middlings and 

brown shorts '.l 19. 7 5.2 7.2 5-L2 9.5 -1.2 81.6 85.9 16,9 79.8 Wheat middlings 5 18.5 4.6 4.4 58.4 J 1.0 3.J 83.9 87.2 17.6 90.8 Wheat meal 5 11.8 2.1 2.8 70. I 11.6 1.7 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.l 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 

21.4 0.7 2.3 5•k8 17.9 3.0 79.1 --- --- 75.5 1 
Fraps, G. S. Texas Ilul. 282, 1921. 

Table ,J. Average Composition and Digeslion Coefficients o[ ·wheat Uy-Produces Commonly Fed to Dairy 
Cattle. 1 

Digestion CoefCicients 

No. ProlC'in Ether Crude 
Nitrogen 

free ,Vall', A,h Prolcin Fat Fiber 
Nitro~cn 

free TON:! ENE4 
avg.:.! c.\.tracl fiber extract extra cl 

% 
Wlirat bran, all 

analysis 10 16.·1 ·1.5 10.0 53.1 !) 9 Ii.I Ill 8'.l +9 7r, li7 67 

Wheal brown 
shorts r, 16A 4.0 f,,8 57.1 I 1.5 -1.2 85 85 60 8:i 7+ fi7 

Wheat flour 
middlings 4 17.5 4-.5 4.3 60.0 9.9 3.8 88 86 54 88 79 75 

Wheat white 
shorts 2 16.5 '.3,0 2.4 65.1 10.6 2.1 88 92 3+ 99 BG 86 

Wheat screenings 10 1 ·1 9 ·l.7 90 58.2 9.G -1.fi 7?. 88 6 8+ 69 58 

Wheat mixed feed, 
all analyses 4 15.8 ·1.'.l 8,3 57.1 9.'.l 52 83 86 -- 78 70 88 

Wheat, average 
all types 13.2 1.9 2.6 69.9 10.5 1.9 0,~ 81 70 91 80 80 

1 Morrison, f. 11. Feed, and Feeding, 22 Ed. 1956. 

~ Digestion tria.li. 
3 Total digestible nutrients. 

~ 
• Estimated net energy-megacalories per IOU pounds 



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

. The entire whe~t plaJJ t, Ii ke other cereals, has been successfully 
ensded w_hen the _grarn i, aL t_he early dough stage and provides a pala
table ensilage. ?II1xLUrcs o( wmter wheat and sweet clover harvested as 
hay and silage in Washington resulted in forage mixtures containino 
48% total digestible nutrients (TDN) and a crude protein contenL of 
7% (Sotola, 1936). Ohio workers seeded wheat into a poor first year 
swnd 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 pans wheat - one pan alfalfa) was compared to alfalfa hay in a 

40-day trial with lactating cows. Dry matter intake was very similar on 
the two roughages. ?IIilk and fat production were es~entially identical 
(Ohio Bulletin 617). 

Research workei-s 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 clay (Kellar and Jahri, 1959). 

The digestibility of dough-stage wheat silage, ensiled sudan grass 
and drouth corn silages was invesLigaLecl by Pfander and co-workers 
(1957) of the Missouri SLation. Forty pounds of molasses was added per 
ton o( wheal at time of emiling. The wheat silage averaged 38.5% dry 
m~lter. On a clry mauer basis, wheat silage contained 7.9% crude pro
tem, 3.9% ether extract, 59c; nitrogen Cree extracL, 23r:0 crude fiber, 
and 6% ash. Digestibility of the crude protein of wheat silage was 46% 
compared to 49% and 71 'c for the sudan grass and corn silage, respective
ly. Protein cligestibil it y for wheat silage was lower than previously re
ported \'alues for oat silage~. Total cligcstible nuLrient content of the 
wheat silage, at 56.-l~c on a dry matter basis, was lower than corn silage 
at 68.57c but aboYe suclan grass silage aL 54.3°~. Sheep used in the di
gesLion trials consumed more dry matter from wheat silage than from 
the other (orage crop~. ln feed lot trials animals feel wheat silao-e out-
gai nccl those fed dro ugh corn si I age. " 

McC.ullough and ~isk (1967) ensilcd wheat silage al three stages 
of maturny; eal'!y headmg (5';, of Lhe heads had emerged), full bloom 
(IO days afler Lhe early heading silage, or about milk stage), and dough 

stage (20 clays after early heading). The silage averaged 9.6, J 1.7, and 
8.1 % c~·ude protein; '.?9.9, 3?.0, and 36.0% crude fiber. Early heading 
whe~t silage "·as fed Lo lactaung Guernsey cows for 21 days at three grain 
to silage clr_y maLLer ratios: 20:70, 35:65, and 50% grain:50% silage. 
Th~ three sil~ges were fed for 18 clays to heifers in a 3X3 latin square 
design. The silages were fed alone, or at 301/c grain:70% silage, or 507o 
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crrain:50% silage dry matter ratio. The cllect of stage ol maLUriLy aml 
:rain to forage ratio on comumption o[ wheal silage dq· matter was 
~valuated. Digestibility o[ all rations was abo tlctermined ,vith dairy 

sLeers. 
Dry matter cligesLibiliLy (611yi- vs 58',) ancl intake _o[ meLaboli~able 

energy (2.28 vs 2.07 i\Jcal) were greaLest !or early hcad11~g wl~eaL silage. 
A raLio of 35:65 o( conce11LraLe tO roughage (early headmg silage) also 
)crmiued the greaLest increase in dry matter imake by the cows com
lJarcd to the 20:80 ratio. Maximum res1~ons~ in dry ma;te~ intakes was 
obLained with heifers feel the early heading silage at a 3:):6:J concemraLe 

LO roughage ratio. . . . 
l\lany areas Lhrougltout the world uulite cereal ?rams for ~11 year 

pastures. v\'intcr wheals grown in many areas of :\orth A.menca are 
often grazed from Jail to spring and are su_hsequently harve:'>ted as a 
grain crop. In some o[ the dairying areas _winter wheat prov1~cs early 
spring paswres or late fall pasture depencl11~)!, 0~1 elate of ~e~cling. 

Success[ul rearing of caLtle and lambs 111 1._ansas on winter wheat 
paslure developed from a small industry in_ the early 1~J30"s i1~to a very 
extensive iuclustry by the mid 194.0's, ancl 111dlltled oLher Plains States. 
Large numbers o[ lambs were ofLen fauened on Lhe,e_ pastures and sold 
directly to meat packers (Cox and \,Veber, 19-18). :Vm~er wheat •. ·when 
eaLcn at the pasture stage, will contain o,·er 18'; d1gesuble proLem and 

63.5% TDN (Morrison, 1956). . . , . 
\,Vinter wheat has been used extensive!) 111 ~outh Africa ancl Aus-

tralia as a forage (or rearing sheep, as well as for emergency forage for 
bee[, sheep and dairy callle (BadenhorsL, 19.J.9) • . . 

Verbeek (1946), of the VaalharLz Experiment Sc_auon m South JH
rica, obtained greater miik production when lactaung cows were fed 
limited alfalfa hay and no concentrate and grazed on wheat pasLUrc tlian 
when they were fed alfalfa hay and concentrates withou~ access Lo pas
ture; 29.5 ,·s '.?4.7 pounds o[ milk daily per co,,·. respecttvely. 

Wheat as a Feed for Lactating Cows 
Early Research in Feeding Wheat to Dairy Cattle. :\luch of the res~ar~h 
on feeding wheat to dairy caLtle elates Lo L11e _early 1930's a~d aga111 1'.1 

the 19•10's when wheat was a surplus commocl1ty and Lhe pnce competi

tive with other feed orains al Lhe time. 
One o( the earl/papers on the use of wheat as a liYeSt~ck feed was 

a report by Bartlett (1S96) from Maine State College Agncultural Ex
periment Station in 1895. Following clrouth year in 189_--l when corn ,~as 
in short supply, wheat was a,·ailable as an altern~te feed. ~artlett fed 
five Jersey cows IR pounds of timothy hay and a m1xwre of five pounds 
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of wheat meal or fiye pounds of corn meal plus two pounds of cottonseed 
meal daily in a double reversal trial of Lhree 21-day periods. Cows feel 
wheat meal produced as much milk as those feel 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 e..,periments conducted by the Ontario Agricultural College, 
Guelph (1893), rations of either eight or ten pounds of ground wheat 
or four pounds of bran ;me! four pounds of ground wheat plus about 
50 pounds of corn silage ;mcl 5jx 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 year, 
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 feel ground wheat. The same forages 
were fed to both groups. mainly hay, straw and ensilage. At the end of 
60 clays the rations for the groups were reversed. The results indicated 
that milk ilow 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 53% 
wheat with a ration comaining 60% milo for lactating Holstein cows on 
native short-grass paswre in a 15-day changeover experiment. Cows on 
both treatments consumed on the average eight pounds of each grain 
ration per day. Animals on die wheat ration produced 37.6 pounds per 
day while those fed mi!o produced 36.2. Jacobs concluded that at least 
two-thirds of the daily gr:iin 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 ::ilso stated that wheat did not need supplementing 
with bran to be a satisfacwry feed for lactating cows. 

Copeland (1933) compared a ration containing 50% coarsely 
ground soft winter wheat with a ration containing 50% ground milo in 
three double reversal experiments of six co1\'S per treatment at the Texas 
Experiment Station in 193 l. Sorghum silage and alfalfa hay were feel 
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 experimems 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 I 00 poun~s compared to milo 
at 83.3. It was concluded that wheat could replace mllo pound for pound 
when not more than 50% of the grain ration consisted of wheat. . 

Hayden and lVIonroe (1931) of the O_hio Station ~omp~ed a .gr~m 
ration containing corn and oats as the mam cereal grams \\Tlth_ a 1auon 
where 75% of the corn was replaced with wheat (wheat comprise~ 33% 
f the !!rain or concentrate mixture) . Six cows were fed each expenment

:1 rati~n for 75 clays then switched to the op~osite ration and Ie_cl for 
75 days. Four cows from each group were ~onunued on the expen~ent 
f - further 75 clays .Alfalfa hay and corn silage were fed to both groups 
or a . . I D . tl 

at l and 3 pounds, respectively, per ~00 p~und hve-we1g lt. unng 1c 
three periods, cows fed the two gram rattons ~rocluced almost equal 
amounts o[ 4'/c fat-corrected milk (FCM), averagmg over ~3 pounds per 
clay for the seven months. At a ratio of one po_und _of gram to two and 
a half pounds of milk produced (41 pounds of gram were used t_o pro
duce 100 pounds of milk.) This would amount to a cons~mpuon of 
about 13 pounds of the grain mixture p~r clay or approxunately 4.3 
pounds of wheat per clay. At peak production the_ cows c?uld have con
sumed seven pounds of wheat per clay. Live-,~e1ght_ gam favored the 

• • - tlie cor·11 g1·a1·n mix The effect of continuous wheat feed-cows rece1v1n5 • . . 
ing on performance and reprod_uction of lactating cows was ~v~luate_~ m 
a second experiment by the Oh10 workers. A_g1:oup of 11 CO\\S 1n va11ous 
stages of lactation were given a ration contarnmg 40% wheat, ~0% oats, 
10% bran, and 20% linseed oil meal. The cows produced nmmaJly ~n 
the ration and S of the 11 cows dropped normal calves. Level of gram 
intake or milk production was not given. ~ayden ~nd Monroe conclud
ed that wheat and corn were nearly equal rn feeding value. The wheat 
and corn rations were of equal palatability. . . 

In a subsequem wheat feeding experiment at Oh10 m 1932, con
ducted by Monroe, Hayden and Knoop (Ohio Bull. 516_), a corn:o~ts
bran-linseed meal ration was compared lo a second ration contam~ng 
50% wheat. Two per cent bo~e meal was adcl~cl to th~. wheat ration 
while no bonemeal was used m the control ration. Dunng a 150 day 
single reversal feeding trial, the cows consumed a~ average o! 11.5 po~nds 
of !!rain per day, or an intake of 5.7 pounds oE wheat daily. Fow per 
cen~ fat-corrected milk production averaged close to_ 29.5 pounds for each 
treatment group. Weight gain fayourecl the corn gram group. In a ~urther 
trial (Ohio Bull. 532) two Jersey cows were fed for a full lactation on 
a ration of ground wheat containing 2% steamed bonemeal. Alfalfa h_? 
was the only roughage fed. One cow produced over 9,800 pounds of rm_ k 
and 474 pounds of butterfat and consumed about two tons o[ wheat 111 

the 365-day lactation. This would be an average of 11 pounds o~ wh~at 
per day and probably well above this at lactation peak. No d1gest1ve 
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problems \\·ere encoumered wiclt either cow. 
Re~earc.h workers at the Kentucky Experiment Station (1931) and 

the Umversny of Guelph (Ontario Dept. Agric., 1932) as well as work
ers at Federal Experimemal Farms in Canada (Rennie, 1960) in the 
early 1930_'s found wheat to be a suitable grain for dairy cattle. Levels 
of wheat '.n concentrat.e ration~, in comparison with other feed grains, 
were as high as one-third. 

Fitch and Ca\·e (1932) o[ the Kansas Station reported that wheat 
could replace corn pound for pound up to 57cr~ of the ration. However, 
there was a slight tendency for cows LO go off feed when the whe;it ration 
was fed. 

D!ce (1~32) of the ;'\"orth Dakota Station determined the palatability 
of gram rations when ground wheat made up one-third, one-ha![, and 
two-third of the ration. Cow~ ate the rations readily. Levels of intake 
were not 1:epor~ed. In Lwo feeding trials, ground durum wheat at 40% 
of the. gram mix ,ms compared to either ground barley or wheat bran. 
Feed rntakc values were not reported. Tn both experiments production 
was comparable. bm lo\\· 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 lour lactaung cows for a complete lactation. Alfalfa hay 
was. fed as the only roughage. Three cows were a\·erage producers and 
recen-ed only a moderate amount of grain. The fourth cow was a hio-h 
producer, in relatio'.1 LO ,l\·erage production at that time, and yield~cl 
H,031 pounds of milk and 430 pounds of fat. During her lactation she 
consumed 2,892 pounds of wheat and at peak production was eating 1,1 
pou1~ds of chopped 1rheat per clay. All cows ate their chopped wheat 
readily throughout the lactation and at no time did a significant refusal 
occur. Cows were in good condition throughout the experiment. 

_ F~rther int~1:est !n the use of whe;it a~ a feed grain for dairy cattle 
a.Jose 111 the Pacil1c ::'\orthwest at the outset of \Vorkl ,,Var 11 when over
seas. export markets were lost. As a result, a surplus o( soft wheat was 
avail~ble to the feed trade. Conditions were similar in many other wheat 
grow111g areas of :l\onh :\merica 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 t~ns ~£ surplus_ 1rheat from the Federal Surplus Commodities 
Corporation lor experimental livestock feeding in 1939. Part of this 
work included feeding trials with dairy heifers and lactating cows con
ducted by Dr .. l. ~· Jones of the Department of Dairy Husb,mdry, Ore
gon SL~te Umvers1ty (Oregon Station Circ.. 137, 19,10). Two trials of 
appr~x1rna~ely 60 days each were conducted by the Oregon workers with 
36 dairy heifers fed five pounds of wheat daily in different physical forms 
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Lo supplement poor quality ha_y, or hay plus ,i_lage. The wheat was_ fed 
as rolled, coarsely ground. medJ11111 grouml. or i1nely ground forms. 1-eecl 
consumption on all form~ of the wheat was good with no off-feeds. Heifer 
gains ranged from 0.33 to 1.77 pounds daily, depemling on the quality 

of the forage. 
Jn studies witlt lactating cow\ of the .\yrshirc and Holstein breed~ 

al Oregon, three cows 1,·ere assigned to one of three treauncnt groups 
and feel the regular herd ration (mainly oat,, barley anti protein ~upple
mcnt) plus hay and silage for 20 to 30 weeks. This ,ms JolJowed by the 
sarne forage and either a 25't, 50% or 750-0 ,rheat grain mix for 1'l 
\\'eeks, then pasture, plus the same wheat grain mix to the encl of the 
l;ict.ttion. :.\Ieclium-grountl wheat was the 011I)' grain present in the 75% 
wlteat mi,-.. When cows were switched to either oI the three different 
wheat levels, milk production wa~ maintaillecl as well as, an<l in some 
imtaJiccs better than, when the cows were feel the regular herd mix. Cows 
led 1.he 75% wheat ration were recei\·ing up to 10 pounds per clay or 
;in imake of 7.5 pounds o[ wheal. No off feeds 1rere recorded. A tendency 
for the 75r:f wheat ration to be slighcly less palatable than the regular 
liercl mix was observed when this group was on pasture. Jones concluded 
that wheat could replace up to 50% of the barley, oats, and ·wheat bran 
in a conce 11trate mixture for lactating cows fed S to 10 pounds of the 
mixture daily. Higher le,·eb of wheat could be fed but with some loss 

o[ palatability. . 
Feeding trials with lactating cows fed hard reel sprmg ~1'11eat were 

conclucteLI by Bowsteacl (191:2) o( the University of Alberta m the early 
19·10's. Two double re\·ersal trials of three weeks \\'ith a week change 
over were conducted with 12 cows o[ three breeds. In the first trial an 
essentially oat concentrate (gTain) ration w~~ compared to a 30%, whea_L 
ration while in the second trial the oat ration was compared to a 30c o 
and 5001

0 
wheat ration. Alfalfa a11d oat silage were the only roughages 

feel. Co~icentrate intakes reached 12 pounds per day for top producers 
on 30¼ wheal and IO pounds daily for cows eating GO~~ wh~al concen
trate mixtures, or an imake of six pounds o[ wheat daily. Milk produc
tion and body weight gains were comparable at the O~?' 30% and 60';o 
wheat levels. In earlier experiments, BowHeacl (1930) found that wheat 
maintained milk and butterfat production as ,rell as oats or barley, but 
based on digestion trials that he conducted wheat cont~inec\ 84o/~. total 
digestible nutrients (TDN) while oats and barley contained 71.5 1

0 and 

78.7% TDN, respectively. . . . 
ln summarizing the results of some oi these carher experunents, 

~rorrison (1956) stated that "ground wheat i~ equal to ?roun_cl corn_ for 
dairy cattle and is a satisfactory feed, even for long periods, _1£ fed m a 
suitable concentrate mixwre ancl in a properly balanced ration. - Be-
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cause of its rather pasLy nature, the best results are probably secure(~ 
when wheat does not form more than one-third to one-half o[ the con
centrate mixture. However, wheat has been feel successfully to cows as 
the only concenn·ate, 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 o[ 
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) : I) 3 lb. 
linseed meal, or I lb. meat meal and 5 lb. of ground wheat; 2) 10 lb. 
good quality oaten chaff, 12 lb. ground wheat, 2 lb. meat meal, I oz. 
ground limestone; 3) 6 lb. chaff, 12 lb. ground wheat, 12 lb. bran, pol
lard, linseed meal, or OLher protein supplement fed up to 24 lb. per cow 
per day for cows producing 30 lb. of milk daily; 4) Dry cows could be 
maintained on 8 lb. 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 Agriculwre (HewiLt 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 60% 
of the farmers had been feeding wheat six months or more. Over 50r,h 
of the dairy men fed between 7-14 pounds of a wheat ration daily. Fifty 
per cent fed wheal as 1he only concentrate mate1-ial. 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 encoumered. In areas where 
wheat was fed mosL heavily, due Lo the acute shortage of other feeds, 
milk production was z5cr~, 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 o( Agriculture 
are shown in Table 5. 

The State Research Farm at "'erribbee, . .\ustralia (Hewitt, 19H) 
fed a ration containing 59'c wheat, 27% pea meal, 5% bran, 4% oats, 
4% barley, and 1% meal meal to 80 lactating cows at rates from 4-21 
pounds daily with excellem cow health and performance. This repre
sented an intake of up LO 12½ pounds of wheat daily. 

In contrast to the excellent results obtained by the Victorian Agri
cultw·al 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 wheal was 
again in demand as a supplementary feed during another c.Lroulh period, 
to feed only up LO four pounds of wheal per cow daily and to keep the 
proporlion 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 Universily 
of Sydney. Cases of short term "off-feeds", longer term "feed-sickness" 
wilh 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 o( most wheat feed
ing research with dairy cows. 

Recent Research in Feeding Wheat to Dairy Cattle. In reviewing the early 
literatw·e it is apparent that, in many experiments, tl1e 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 clay. 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 recenlly 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 
dw·um wheat and oats with a mixture of barley, oats and corn, for lac
tating cows. Alfalfa hay and silage were tl1e 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 Research Council Requiremenls for Dairy 
Catlle (I 958) . Two trials were conducted, the first, a double reversal 
trial with Lhree 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 I% salt and 1 % bonemeal 
and had a crude protein content of 11.6%, The concentrate ration also 
contained mineral and salt as well as 10% of each of soybean oil meal 
and wheat bran, and had a crude protein content of 13. 1 %- 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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result the cows on the wheat-oats ration requi~ed longer to adjust t~ 
• . d • f 401 fat corrected milk (FCM) was compa1-this mixture. Pio ucuon o 10 ' . 1 .1 

a.ch tre•1tment in the double reversal tnal, w u e cows ble for cows on e ' . • 1 a d t out-produced those [eel the control m1xtw·e m t 1e 
fed wheat an. loaWs e1·g11• gains in both trials favored cows fed the con-
continuous tna . • 

Feed Intake and Performance of Lactating Cm~s ~cd Dam• 
Table 6. aged Durum in the 21-Day Double Reversal Tnal. 

Item 

Feed intake 
Hay (lb) 
Silage (lb) 
Grain - (lb) 

Average daily 4% . 
fat corrected mil~ - (lb) 

Average daily change 1n 
body weight (lb) 

, (Edgerly, 1966). 

Treatment 

Control 
Barley-Oats-Corn 

l+.4 
23.4 
15.7 

30.7 

1.06 

Wheat and Oats 

13.8 
23.4 
15. 7 

31.3 

0.88 

. F f l • take figures Lhe heavier producers in the con-trol ration , ro1n eec J n ' 10 1 of 
. : 1 uld be eating at peak production dose to pounl s 

tmuous tna wo b·1· bl vhen 
I . day Other than slight palata I ity pro ems " 

durum w 1eat per • . - l r 5001 
re Started on the wheat-oat mixture, results from ac c mg to 

cows we . . . , 
wheat to the grain ration were enurely sat1sfactoq. 

. . Wh t With the advent of gas-tight storage facilities, em-
High Moisture ea • · I · 1 • · 

I . h been placed on harvesting, storing and feedmg ug 1 m01sture 
p 1as1s as ' cl y • t (1967) o[ tbe 

ains for ruminants. Recently Marx an oungqu1s . . . 
tniversity o[ l'vlinnesota, Crookston Station, compared !ugh _m01s;~: 
wheat as part o[ the grain ration with a standard dry gram ration. 

Table 7. Feed Intake and Performance o( Lactat~ng Cows Fed Dam• 
aged Durum in a 90-Day Continuous Tnal. 

Item 

Feed intake 
Hay - (lb) 
Silage - (lb) 
Grain - (lb) 

Average daily 4% 
fat corrected milk - (lb) 

Average daily change in 
body weight (lb) 

Control 

13.2 
2'.l.2 
17. 7 

36.6 

0.96 

Treatment 

Wheat and Oats 

11.7 
19.6 
17.3 

38.9 

0.74 

• 1 2s01 moisture passed through a 
high moisture wheat was combmec at to . ' After a two-week 
hammer mill blower, and stored in a Harvester s1lo. 
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standardization period, twemy cows were paired and assigned to one of 
two treatment groups in a continuous 92-day feeding trial. The wheat 
group were fed 12 lb. 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 1½% clicalcium phosphate, 1½% urea and 1 % 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 lb) 4% 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 feel 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 grnin 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 £or 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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73, 83, and 93% 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 co 
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 53% wheat were balanced to an 
approximate equal protein content of 12%, based on the protein content 
of the alfalfa hay, while the control ration (20% wheat) was a standard 
14% protein mixed grain ration. The 93% wheat ration was used to 
evaluate wheat as the only cereal grain without supplemental protein 
when alfalfa was the only roughage feel. The wheat came from one field 
o-rown near Pullman, Washington. The cereal grains were steam rolled, 
~ixed with other ingredients, then compressed into one-fourth-inch 
pellets. 

Table 8. Composition of Concentrate Rations. 1 

Treatment 

Ingredient 1 2 3 4 5 6 

% 
Wheat 93 83 73 63 53 20 
Barley 10 20 30 40 
Oats 22 
Cottonseed meal 10 10 10 10 11 
Cane molasses 5 5 5 5 5 5 
Salt, trace-mineralized l 1 1 1 I 1 
Dicalcium phosphate 1 1 1 1 1 1 

1 Each ration contained 2,784 IU vitamin D and 3,095 JU vitamin A/kg of mL'<. 

Table g. Proximate Analysis and Total Digestible Nutrients of AH-
a1£a Hay and Concentrates. 

Composition o{ Dry Matter 

Dry Crude Crude Ether N-free 
Feed matter fiber protein extract extract Ash TDN 

Alfalfa hay 88.1 24.7 18.7 
% 

3.0 43.1 10.6 62.3 
Gratn rations 

wheat (%) 
3.3 ll.0 2.2 79.9 3.9 81.4 93 89.0 

83 89.2 3.4 12.3 2.1 78.3 3.8 86.2 
73 88.9 3.7 12.4 2.0 78.1 3.8 80.9 
63 88.9 4.0 12.4 2.0 77.5 4.1 81.8 
53 88.5 4.2 12.8 2.0 76.8 4.3 81.8 
20 88.8 5.8 14.1 3.2 7 l.9 5.0 83.3 
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The chemical composition o[ the rations offered and their TDN 
content as determined in the digestion trials with J1eifers [ed at a 55:'15 
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 shecl. They were tied four times 
daily 5:00 and 9:00 a.m. and 2:'15 and 7:30 p.m. for approximately 1 to 
l ½ hours for feeding. Grain was feel four time5 daily, twice in the milk
ing parlor at 2:30 a.m. and p.m. and at the 9:00 a.m. and 7:30 p.m. 
roughage feeding periods. Only five pounds of concentrate were feel at 
each milking to ensure complete consumption Daily milk weights were 
recorded on all experimemal animals and composite milk samples were 
collected at [our 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 encl 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 cletennined, all cows received alfalfa hay ad lib 
and conu-ol (20% wheat) concentrate ration at 1 lb. per 3.5 lb. of 1% 
fat-corrected milk (FCM) produced daily. During the second and third 
weeks, hay was reduced to 1 lb. per 100 lb. of body weight and the cows 
were switched to one of the five wheat concentrate rations or remained 
on the conu-ol 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 clesgin 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. Dm
ing the first week of a three-week preliminary period the cows were feel 

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

Wheat in the concenu·ate ration (%) 

Criteria 93 83 73 G3 53 20 

Highest sustained grain 
dry matter intake (lb) 27.3 28.2 29.1 28.+ 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) 3.7c 4.2b 4.6a 4.+ab 4.8a 4.8a 
4% FCM produced (lb) 45.2 +6.9 +3.2 -H.5 45.4 47.6 
Milk fat ( o/t-) 2.6 2.5 2.8 2.4 2.8 2.6 
Solids-not-fat (%) 8.8 8.6 8.8 8.+ 8.4 8.6 
Milk protein (%) 3.3 3.4 3.5 3.2 3.3 3.2 
Body weight gain (lb) 1.7 2.6 2.·l 2.8 2.6 1.7 

abc 
1'1cauncnl means of 
(1'<0.05). 

a ghen ,·arlablc with difrcrcnt superscrip1s arc statistically different 
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al(al(a hay free choice aml the control ratio11 at the rate of I lb. per 3.5 
lb. of 4% FGM produced daily. ln the next week, hay was reduced to 

1.7 Jb. per 100 lb. body weight and grain i11creasecl to 1~eet the ~ow5' 
energy requirements for maimenance, g~owth and_ production (Nauonal 
Research Council, Pub. 464, 1958) . Dunng the tlm<l week the cows we1e 
switched co the assigned grain ration for the [irst period of the double 
reversal experiment. Experimental periods were four weeks with a two-
week adjustment period between each experimental. period.. . 

The chemical composition of the feeds offered m the d1gesuon, ac
ceptability, and feeding trials (Table 9) indicate that percentage cr~<le 
fiuer contenl increased as wheat was replaced by barley and oats. A sim
ilar increase was noted in the ash content while nitrogen (~ee extract 
declined. Digestibility of dry matter for the six alfa1Ea-w!1eat m1xwres ~eel 
in the digestion trial ranged between 71.5 and 72.3 with tl:e e~cepuon 
of the 83% wheat-alfalfa mixture which was 77.7. Total d~gest~b~e. ~1u
trient content of the wheat rations reflected dry n'.aue_r d1gesll_bil1L~es, 
with the 83% wheat ration being highest. An exam111at1on of cl1gest'.o_n 
coeft:icients of proximate principles (not shown) revealed no spec1[1c 
patterns as related to level o[ wheat, protein content, etc. 

Daily feed intake and performance of cows f~d tb~ various conce~
trate rations in the acceptability trial and lactation tnal are shown ll1 

Table 10 and Table I l, respectively. 

Table 11. Daily Nutrient Intake, Milk Production, Composition, and 
Body Weight Gain of Cows Fed Various Levels of Wheat 
in the Lactation Trial. 

Wheat in the conccnu·ate ration (%) 

Criteria 93 83 73 63 53 20 

Grain dry matter intake 
16.9 15.8 17.4 16.5 16.9 15.4 

(lb) 
Total dry matter intake 

36.7 35.4 38. 1 36.9 37.4 37.4 
(lb) 

(lb) 5.5 5.5 5.7 5.7 5.7 5.5 
Crude fiber intake 
4% FCM produced (lb) 46.8 45.9 48.4 48.3 ,~0.5 48.3 

3.7ab 3.7ab 3.9a 3.6b 3.7ab 3.6b 
Milk fat (%) 

8.8 8.8 8.9 8.8 8.7 8.8 
Solids-not-fat ( '7o) 

3.6 3.6 3.6 3.6 3.5 3.6 
Milk protein ( % ) 
Body weight gain (lb) O.44b O.88a O.44b O.22e O.22c O.66a 

abc Treatment means of a given ,ariablc with di[(crcnt superscripts arc statistically tliHercnt 

(P<0.05). 

In the acceptability trial where hay was 1~estricted to I_ lb. per l?O 
lb. body weight and concentrate offered essenuall_y free choice, co~s chd 
appear to crave more forage. Concentrate (grain) dry ma~ter 1_ntake 
averaged 25.8 pounds per cow daily over all treatmems while lughest 
sustained daily concentrate intakes averaged over 28 pounds per cow per 
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day. Concentrate consumption at all levels of wheat in Lhe conccnn·ate 
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 lact~ti~~- Rations containing 93 and 83% wheat were slightly less 
but not s1grnficantly less palatable than those containing lower levels. 

:rota! milk production ranged from 55.3 to 62.4 pounds wuile 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 
compos1t1on, 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 pa.rt to the nigh 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 ad~quate (National Research Council Pub. 464, 1958) to 
meet the reqmrements 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 lo those from the acceptability trial as far as treatment differences 
were concerned. Concentrate (grain) intake averaged 45.3% of total 
dry matter intake over all treatments and the means of the treatments 
ranged fr~rn 15.4 to 17.4 pounds o( concentrate per cow per day. Average 
consumpuon of the 93% wheat concentrate ration was only slightly lower 
than that of the 73% 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 l I, many cows, in early lactation at the start of the u·ial, were 
eating over 24 pounds of concenu·ate 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 ci~ude fiber intake r~nged from 5.5 to 5.7 pounds per cow daily or 
about b% of the total dally dry matter intake, which has been indicated 
(Kesler and Spahr, 1961) as adequate to J1elp sustain normal fat test. 

Although the crude protein content of the 93% wheat concentrate mix-
ture was lower than the control (20% 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 '".ith differe~ces between treatments being non-significant (P> 
0.05) • Milk procluct10n expressed as 4% FCM, was comparable (P> 
0.05) on all u·eatments. Although slight differences existed in fat test, 
with cows feel 73% wheat concentrate producing milk of a higher fat 
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content than those fed 63 or 20% wheat, ration fiber level or intake was 
not related to fat test. Differences between treatments in pounds of fat 

roduced daily were negligible (P> 0.05) as those cows with the lower 
iest also produced slightly but not significantly more milk ~han otl~er 
wheat groups. Changes in milk production have been assoaated with 
changes in milk composition, that is as milk production increases milk 
fat content decreases (Castle el al 1959; Holmes el al 1957). The effect 
of the different levels of wheat in the grain mixture on per cent milk 
non-fat solids and per cent protein were small and non-significant (P> 
0.05) . Similarly, differences in mean daily solids-not-fat and protein pro
duction due to treatment were non-significant. Although the cows fed 
the six wheat concenu-ate rations gained at slightly different rates, treat
ment differences did not appear to be Telated to TDN or protein intakes 
above requirements. . . 

Bloat did occur with some of the ananals at the outset o( the tnal. 
Since leafy, low fiber, high protein third-cutting al[alfa was believed to 
be the cause of the problem, 20% of each cow's daily allotm~nt of ~o
lumbia Basin alfalfa was replaced with an equal amount of first-cutung 
Pullman alfalfa hay, which contained less lea( and more stem. In most 
cases this prevented further bloat; however with four ~ows it was neces
sary to replace from one-half to all of the leafy alfalfa with local Pullman 
aHalfa to prevent further bloat. "Bloat Guard" (poloxalene) was feel 
to so-called chronic bloaters durine: the later phases of the study. The 
greatest problem occurred with cows fed only 20% wheat in t~e conce~
trate. McArthur ancl Milimore (1964) have shown that a certam protem 
fraction in alfalfa is closely associated with bloat. It was also interesting 
that most bloat problems were encountered with cows in the feec:i'.1g 
trial rather than with those fed higher levels of wheat in the acceptab1l1ty 
trial. 

Wheat vs. Other Feed Grains for Lactating Cows. In the second study, 
conducted by Tommervik and Waldern (1969), the nutritive value _of 
Gaines soft white wheat was compared to that of corn, oats, barley, milo 
and a mixed concentrate ration for lactating cows. Digestion, acceptabil
ity, and lactation trials were conducted on the six concentrate rations in 
a manner as outlinecl in me previous study (McPherson and Walclern, 
1969). . 

Each of the five single grain mixtures contained 95.7% of wheat, 
corn, milo, oats or barley plus 3.0% sodium tripolyphosp~ate, 1% ~ace 
mineralized salt plus vitamins A and D. The conu·ol ration contamecl 
38% barley, 20% wheat mixed feed, 25% peas, 3.2% c.ottonsee~ me~l, 
9.5% molasses plus mineral, salt and vitamins as in the smgle grrun mix
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 
ar~ll 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 
o( Grain Mi.xtures.1 

Dry Crude Crude Ether N-Cree 
Feed inatter protein fiber extract extract Ash TDN 

% 
Wheat 87.3 10.8 2.7 1.7 79.1 5.7 87.7 
Corn 85.8 11.1 3.3 4.4 73.6 7.5 85.1 
Milo 86.7 11.1 3.1 2.7 76.5 6.6 89.2 
Oats 90.0 14.2 9.2 4.8 64.5 7.5 79.5 
Barley 89.5 10.4 5.3 2.3 75.0 7.1 83.3 
Control 90.2 16.4 6.0 1.8 67.2 8.5 84.3 
1 V;llucs reported on a 100% dry matter basis. 

~n the accep~ability u·ial during a three-week preliminary period 
alfalfa hay was adjusted to 1 lb. per 100 lb. body weight and concentrate 
consumption increased to ad libitmn 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 lb. per 100 lb. of body weight and concentrate 
feel at an average of 1 Jb. of concentrate (grain) to 2.7 lb. 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 Fee~ Intake~, ~ilk Production, and Composition and 
Body Weight Garn m the Lactation Trial for Cows fed 
Various Cereal Grains. 

Critcda Wheat Corn Milo Oats Barley Control 

Grain DM intake (lb) 23.3ab 21.66 26.8a 26.6a 24.2ab 25. lab 
Total DM intake (lb) 34.3 33.7 38.7 38.3 36.3 36.5 
CF intake (lb) 4.2c 4.6 4.6bc 5.9a 5.16 5.lb 
Total milk 

produced (lb) 53.2 57.2 60.9 57.6 52.4 51.0 
4% FCM produced (lb) 40.7 46.8 49.9 47.9 42.4 42.2 
SNF (%) 8.8 8.6 8.8 8.6 8.6 8.9 
Milk protein (%) 3.5 3.3 3.2 3.1 3.3 3.5 
Body weight gain (lb) 1.10 0.44 0.22 0.44 0.66 1.10 
abc 

Va lucs wiLhm 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 ~liges~biltiy trials, when calculated on a 90% dry matter basis and 
the gram 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 performance of the cows on the acceptability 
u·ial are shown in Table 13, while the intake and performance of those 
cows used in the lactation u·ial are shown in Table 14. 

The major purpose of conducting the acceptability u·ial was to deter
mine the relative palatability of the five cereal gi-ains when they consti
tuted over 95% of the concentrate or grain mixture. 

Table 14. Daily Feed IntakC;i, ~ilk Productio_n, and _Composition and 
Body Weight Gam m the Lactauon Tnal for Cows fed 

Various Cereal Grains. 

Criteria Wheat Corn :\filo Oacs Barley Control 

Grain DM intake (lb) 17.4ab 16.7b 16.9ab 18.0a l 7.4ab l 7.8ab 

Total DM intake (lb) 36.9ab 36.3b 36.5ab 37.6a 36.9ab 37.4ab 

CF intake (lb) 6.6c 6.6c 6.6c 7.9a 7.06 7.36 

Total milk produced (lb) 51.3 52.6 52. l 51.0 51.7 52. l 

4% FCM produced (lb) 48.6 49.l 47.9 50.4 49.3 49.l 

Milk fat (%) 3.93ab 3.83ab 3.776 4.13a 3.97ab 3.9lab 

Milk fat (lb) 1.98 1.76 l.76 1.98 1.98 1.98 

SNF (%) 9.la 9.0ab 9.0ab 8.8b 9.0ab 9.0ab 

SNF (lb) 4.62 4.62 4.62 4.62 4.62 4.62 

Milk protein ( % ) 3.69a 3.63ab 3.66ab 3.45b 3.58ab 3.53ab 

Milk protein (lb) l.76 I.76 1.76 l.76 1.76 1.76 

Body weight gain (lb) 1.10 0.22 0.22 0.88 0.88 0.88 

abc Values within the same catcgor)' with a common supcrstTipl are not statistically different 
(P>0.05). 

U ncler the system of restricted forage intake and free-choice concen
u-ate, the concentrate to forage ratio averaged 67: 33 for al 1 treatments. 
As indicated by the results in Table 13, milo and oats were consumed in 
greatest amounts with the least tendency (or cows eating these_ ~oncen
trates to go oH [ee<l, whereas cows fed corn in both the accep_tab1ltty and 
lactation trial (Table 14) consumed the least amount of gram and ·were 
the most difficult to mainlain on constant grain intake. The steam rolled 
and pelleted wheat was consumed at about the same leve~ as the control 
ration and all other concentrate mixtures in both the fcedmg and accept
ability trials. Jacobs (1931) and Copeland (1933) reported equal accept
ance of wheat and roilo by dairy catlle while Brown ct al (1966, 1967) 
found pelleted milo and barley to be oE equal pala_tability wit!1 no differ
ence in the ability o( the two grains to support nulk producuon. 

In both the acceptability and lactation □-iab daily milk_ yi:l_d, 4% 
FCl\1 yield, solids-not-fat, and milk protein yield were not s1gmf1cantly 
different (P> 0.05). Per cent milk fat did not differ between t.re_atme~ts 
in the acceptability Lrial but cows fed the oat ration in the lacta~1on tn~l 
hacl a higher fat test (P> 0.05) than those fed milo. Body weight gam 

was least for cows fed corn and milo. 
In experiments by Seath and Henderson ( 1947), oats were. found 

to compare favourably with corn or a mixture of corn and oats for lac-
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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 feel at relatively limited levels, has had fully the value of 
o·acked corn for fattening cattle." In many of the early wheat feeding 
experimems with beef cattle (Heinemann, 1957; l\forrison, 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 ino·eased, 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 feel. However feed efficiency on wheat has often been 
g1:eate1: t_ha~ that obtained from other grains. Research by Oltjen (1965) 
with f1111shmg steers fed all-concenu·ate rations of all-corn, all-wheat, or 
60:30 ratios of each in a 98-clay feeding trial, indicated that feed intake 
and performance of all groups was comparable to 70 clays. After this time 
feed intake and performance of those animals fed over 60% 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 amono-
'" cows as the level of concentrate feel is increased (Ward and Wilson, 

1967). This was u·ue in the Washington State University experiments, 
and, irrespective of grain u·eatments, 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 

£ed. 
Milk fat percentages were considerably lower in the acceptability 

u·ial than in the lactation, u·ial. 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:<10 concentrate to 
roughage ratios. It is also interesting to note from Tables 13 and 14 that 
cows fed wheat concenu·ate produced milk with a higher protein and 
solids-not-fat content than those feel the oat concentrate, although daily 
yields of t11ese milk fractions were not significantly different clue to dif
ferences in milk production. Cows feel 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 Walclern, 1969; Tommervik and Waldren, 1969), 

)60 

it is apparent that high-producing cows can be fed rather substantial 
levels of steam rolled and pelleted wheat. Rations containing 20% to 
95% 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 96% 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. 

lt 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, (Cor example, wheat reel dog, wheat white 
shorts, and middlings), are used in calf meals or calf starter rations be
cause they are higher in energy and lower in fiber content than wheat 
bran. 

Most of the wheat by-products feel 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 a.re 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 feel 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 demands 
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 tlte major portion of the concentrate mixture. 
Battaglini (1954) compared defattecl wheat bran and regular wheat bran 
when included in rations for lactating cows at 60% of the concentrate 
mixture over a four-month period. Only small differences were noted in 
weight gain and performance between cows feel the two types of bran as a 
major portion of the concentrate. 

Wheat Middlings. The acceptability o( 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
cllings were fed in a finely ground form at much over '10% of the con
centrate mixture a palatability problem was encountered. The addition 
of molasses up to 9% or 10% of the concenu·ate 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 
larg-e amounts in the Pacific Northwest as a by-product of the soft wheat 
industry. Waldern and Cedeno (1970), at Washington State University, 
investigated the nuu-itive 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 [or ap
proximately six seconds before mixing. The rations to be pe11eted were 
passed through 4.83-mn.1-cliameter 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. '\,Vheat mixed feed formed a good firm pellet. 

Alfalfa was the only forage offered. As in the previous Washington 
studies on soft wheat, dig'estion 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 vValclern ( 1969) where different levels 
of wheat were used in the concentrate mixture. 

The concentrate to roughage ratio in the digestion trials and lacta
tion trial averaged '15:55, wbile it averaged 70:30 for cows feel 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 (l.75 lb. per 100 lb. 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 feel the six experimental rations at a 45:55 concenu-ate lo forage 
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Table 15. Composition of Meal and Pelleted Grain Rations.1 

Ingredient 

Steam-rolled barley 
Wheat mixed feed 
Steam-rolled wheat 
Ground peas 
Cottonseed meal ( 4 I% protein) 
Molasses 
Steamed bonemeal 
Trace-mineralized salt 

Barley 

Meal and 
pellets 

98.0 

1.0 
1.0 

i Each ration contained 'l.194 lU vitamin D/kg of mix. 

ratio. 

Wheat 
mixed 

feed 

.\lea! and 
pellets 

98.0 

l.0 
1.0 

Control 

Meal and 
pelletS 

20.0 
25.0 

3.5 
9.5 
1.0 
1.0 

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

Crude protein digestibility of meal rations was sliglllly 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 conu·ol 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 otl1er 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 ,vas restricted to I lb. per 100 
lb. of body weight and grain rations feel free choice, cows offered wheat 
mixed feed meal consumed less of th.is ration tlian cows offered the 
other five rations (P< 0.05) (Table 18). This indicated lower palal
ability of wheat mixed feed in the meaJ 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 niu·ogen 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. 

Ration 

Alfalfa hay 
Rolled barley 

Meal 
Pellets 

Wheat mixed feed 
Meal 
Pellets 

Control ration 
Meal 
Pellets 

Dry 
matter 

86.9 

87.1 
87.7 

87.7 
88.5 

87.1 
88.4 

Crude 
fiber 

32.0 

5.5 
5.8 

8.9 
9.4 

5.0 
5.1 

100% Dry mater basis 

Crude 
protein Ash 

17 .3 

10.4 
11.9 

16.7 
17 .1 

15.1 
15.7 

% 
9.5 

3.7 
4.4 

6.9 
7.1 

4.9 
5.2 

Ether 
extract 

3.6 

2.6 
2.8 

5.0 
4.9 

2.5 
2.5 

N-Cree 
extract 

37.5 

77.8 
75.0 

62.5 
62.4 

71.4 
71.5 

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

Dry Crude Crude Ether N-free 
Feed matter protein fiber extract extract Energy 

Alfalfa hay 62.3 76.6 
Rolled barley 

Meal 83.8bc 86.5 
Pellets 85.9c 81.6 

Wheat mixed feed 
Meal 78.9ab 86.6 
Pellets 77 .3a 82.6 

Control ration 
Meal 85.8c 79.7 
Pellets 86.3c 76. 7 

abc 

45.5 

57.2 
52.2 

55.5 
54.1 

54.1 
51.4 

43.1 

88.3 
86.4 

87.7 
96.l 

82.7 
92.7 

% 
73.6 

89.4b 
90.lb 

77.8a 
81.2a 

90.2b 
92.2b 

60.3 

86.5b 
83.7b 

79.3a 
78.la 

84.4b 
85.0b 

Total 
dig. 

nntr. 

56.5 

88.3e 
86.9e 

76.6a 
82.4b 

85.4bc 
85.2bc 

Treatment means with a common letter within a column are not statistically different 
(P>0.05). 

£ed. These same differences in concentrate composition also help explain 
the differences obtained in milk fat depression when concentrate rations 
feel 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 45.8% for the six u·eatments (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 u·ial 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 
concenu·ate in the pelleted form. Thus the palatability was less for wheat 
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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 tJ1e meal, with smaller variations in the lactation trial than observed 
in the acceptability u·ial. 

Average daily milk production and '1% 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 otJ1er 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 u·eatment 
was not significantliy different. However, due to differences in actual 
milk production, cows fed pelleted concenu·ate 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 feel wheat mixed feed 
meal, reflecting the lower intake and the lower energy content of wheat 
mixed feed meal compared to otJ1er rations. 

Rumen volatile fatty acid (VF A) 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; Yamclagni 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 concenu·ate ration for 
lactating cows. Many other wheat by-products may be used to a greater 
extent in concenu·ate rations for lactating cows. The blending of various 
wheat components, for example, bran and shons 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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Table 21. Effect of Meal and Pelleted Barley, Wheat Mixed Feed, and 
Conu·ol Grain Mixtures on Diurnal Mean Rwnen Volatile 
Fatty Acids. 

Total 
Volatile fatty acids 

volatile 

Ration 
fatty 
acids Acetic Propionic Ilutyric Valerie C2/C3 

(µ, moles/ml) (molar % ) 
Barley 

~ea! 66.Bb 66.Bc 14.8a 13. tb 2.876 4.51 
Pellets 82.6c 70.8d 14.7a 10.9a 1.68a 4.81 

Wheat mixed feed 
~eal 50.2a 63.96 17.2c 12.96 2.85b 3. 71 
Pellets 60.4ab 65.9bc 16.8bc 11.la 3.25bc 3.92 

Control ration 
Meal 59.5ab 57.2a 17.Bc 18.7c 4.02d 3.21 
Pellets 85.6c 66.0bc 15.4ab 12.96 3.54cd 4.28 

abc 
Treatment means wilh a common letter within a column are not statistica.lly 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 starLer containing 64-% wheat, 
28% soybean meal, 4% dehydrated alfalfa meal, minerals, and vitamins 
for calves weaned from whole milk at five weeks of age. The starter con
tained 20% digestible protein and 72% TDN, 4% crude fiber, and 0.65 
and 0.60% 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 
6{ % wheat starter, free choice to four months o( age. Later, a second lot 
of 10 calves was fed the higli wheat starter. Water and good quality hay 
were available at all times. The results are presented in Table 22. From 
these results Asplund concludecl 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 feel an expensive commercial calf 
scarter. 

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 £our weeks of age. Soybean 
meal (28% 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 64% Wheat 
Starter Compared to a Conunercial Starter. 

Commercial Experimental starter 
starter Lot l Lot 2 

Number of calves 5 5 5 
Average weight at 

5 weeks (lb} 123 123 
Average weight at 

4 months (lb} 259 297 275 
Average daily gain 

5 weeks to 4 months (lb) 1.55 2.00 1.78 

er while 5% fishmeal and 0.5% urea were the nitrogen sow:ces used in 
the barley starter. The crude protein content of the wheat and barley 
starters were 22% and 16%, 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 Jess feed per pound of gain than those fed barley meal. How
ever, the feed cost per pound of gain for calves feel wheat starter was 1. 7 
cents more than for those fed barley starter. 

In an experiment conducted by Walclern (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 20% 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 feel to appetite, no hay. 
3. Dehydrated grass feel to appetite, no bay. 
4. Complex starter (Ration 1) mixed equally with dehydrated grass 
and [ed 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 feel 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. 
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There was litLle difference in rate of gain beLween 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 u·ial due to the presence of enzootic pneumonia in 

Table 23. Feed Intake and Performance of Calves Fed Sim.ple Starter 
Rations. 

Ration 

1. Complex+ hay 12 wk 
16 wk 

2. Wheat mixed feed 12 wk 
16 wk 

3. Dehydrated grass 12 wk 
16 wk 

4. Complex + dehy. grass - 12 wk 
16 wk 

5. Barley-soybean 
meal + hay 12 wk 

16 wk 
6. Dehy. grass, 

beet pulp, 
barley, 
soybean meal - 12 wk 

- 16 wk 

Milk 
intake 

to 5 wks 

312 

313 

310 

308 

314 

327 

Grain 
intake 

179 
294 
192 
341 
202 
366 
212 
399 

182 
292 

222 
405 

lb 

Hay Average 
intake daily gain 

3 7 1.29 
90 1.3 7 

0.90 
0.90 
0.88 
0.98 
1.10 
1.27 

28 1.27 
28 1.27 

1.23 
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 raLe 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 tbe complex starter. Calves 
offered wheat mixed feed as a complete ration consumed less feed than 
those offered Lhe compleLe ration of dehydrated grass-beet pulp-ba.rley
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 milization, 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 raLion 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 feel. 
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Additional research is required on the effect on processing (steaming, 
cooking, (laking, popping, etc.) many of Lhe wheat by-products on the 
cligesLion and utilization of Lhe various carbohydrate and protein frac
tions by lhe early weaned calf (Lima, et al, 1968; Shuh, et al, 1970, Walk
er, 1970, USDA). Processing could enhance acceptability and uLilization 
and thus improve rnte and economy o[ 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 ro!1ed wheat be used in place o[ 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 WashingLon Slate 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 o( the rations when 
offered essentially free choice in the acceptability trials. Far more researd1 
has been conducLecl recently on the use of different physical forms of 
wheat in rations for beef cattle. Rations have been £eel as all-concentrate 
rations or as different combinations o[ concenu-ate and roughage. These 
papers will be reviewed by other members of this Symposia. However, 
Oltjen (1965) reported that coarsely a-a.eked or rolled wh~at produced 
best results in all-concentrate rations for beef cattle. Bns and Dyer 
(1967) found no difference in Ieed consumption by steers fed a 50% 
soft white wheat (70% concentrate ration) in a pelleted, dry rolled, or 
steam rolled form. Walker (1970) recently discussed lhe processing ancl 
advanLages of popped wheat that had been subsequently rolled and feel 
to finishing steers. 

Further research is req uirecl on the use o[ processed wheats in dairy 
cattle concentrate rations. The effect o[ clif(erent 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 

Tile 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 1920's, early 1930's, early 1940's, ancl 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
u·ate 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 65% of the concenu·ate 
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 (30%) 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 feel in a pelleted form. 

vVheat can be grown very successfully as a forage crop and feel 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 cereal 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. 
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Since wheat is used predominantly for human food, there is not as 
much information about feeding wheat to beef cattle as bas been accumu
lated about other grains. HoweYer, the failure of domestic usage ancl 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 clue 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 eITiciency, 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 Lhe various heat treatments that are readily 
available for processing other grains. 

W'hen 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. 
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