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Comparative Net Energy Values 

of Rations Containing 

Wheat and Other Grains 

for Beef Cattle 

G. P. LOFGREEN 

Introduction 
Historically wheat has not been used extensive! y as a feed for beef 

cattle in comparison to other grains such as corn, barley, and wrghum 
grains. This is partially responsible for Lhe almost complete lack of in
formation on the net energy (NE) value o[ wheal. i\lorrison (1956) lisLs 
an esLimatcd net energy [or maintenance plus production (NEm+p) 
of 80 megcal. per 100 lb. The comparable values for corn (dent. No. '.2), 
barley and milo are 80.1, 70.5, and 77.8. Morrison states that in the hands 
of an experienced feeder wheat may be folly equal to corn in value al
Lhough no direct NE comparisons are reported. Brethour (1966) pre
sents an excellent review of results of trials in which wheat has been 
compared to other grains for beef cattle. He has calculated the amount 
of grain replaced by one pound of ,,·heat by converting other feeds to a 
grain equivalent. Although these replacement values will vary depending 
on the factors used to convert non-grain ingredients to the grain equiva
lent, his comparisons are of interest. In these tests one pound of wheat 
replaced the equivalent of 1.10 pounds of barley, 1.09 pounds of corn, 
1.06 pounds of rye, and 1.15 pounds of sorghum grain. WiLh wheat as 
I 00 the other grains would, Lherefore, have relative values of 91, 92, 94, 
and 87 for barley, corn, rye, and sorghum grain, respectively. Although 
NE was not determined in any of Lhese trials, Lhe comparisons certainly 
demonstate wheat is a very good energy source for beef catlle. 

G. P. Lofgreen is a nutritionist with the Department of Animal Science, Uni\"crsity 
of California Imperial Valley Field Station, El Centro, California 92243. 
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Net Energy Trials 
Garrett, et al (1968), determined L11e NE for maintenance (NEm) 

and NE for weight gain (NEg) of rations containing 64% or 84% o{ 
barley, corn, milo, or wheat. All grains were steam processed in the same 
manner. Although the trials were not designed to determine NE values 
of the grains, the NE values of the entire rations should be indicative of 
the value of the grains since all other ingredients were constant. The 
results o{ this study are shown in Table 1. At both grain levels the NE 
values are highest for corn followed by wheat, milo, and barley although 
in the 84 7c grain rations milo and barley appeared to be of approximate
ly equal value. IL is of interest to note that for maintenance wheat rations 
were only slightly lower than those containing corn while for gain the 
rations containing wheat had 94 % the energy of the corn rations but 
approximately 7% and 8% more energy than rations containing milo 
or barley. 

Table 1. Net Energy Value of Rations Containing Barley, Corn, Milo, 
or Wheat as the Only Grain. 

Le,·el 
o[ Energy Grain 

grain measure Barley Corn Milo Wheat 

'k ( megcal. per 100 lb. of DM) 
6+ NEm 76 84 79 82 

NEg 5+ 63 57 60 
8+ NEm 85 92 86 90 

NEg 65 74 65 69 
Means NEm 81 88 83 86 

NEg 60 69 61 65 

At the Imperial Valley Field Station of the University of California 
three trials have recently been com.luctecl in which the NEm and NEg 
of wheat has been determined alone and in combination with other 
grains. 

Trial 1: A study was made of Sonora 64 wheat feel alone and in combina
tion with California Mariout barley. The four e,xperimental rations are 
shown in Table 2. The whole wheat weighed 64. pounds per bushel and 
the barley 51 pounds. 

After steaming for approximately 15 minutes and rolling, the bushel 
weights were 29 and 22 pounds for wheal and barley respectively, a 55% 
reduction in ·weight per unit volume (or wheat and 57% reduction for 
the barley. All cattle were fed [or 154 days. 

Table 3 presents some of the per[ormance data from this study. It 
is apparent that the cattle did well on all rations. The cattle fed wheat 
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Table 2. Composition o{ Rations.1 

2/3 wheat J /3 wheat 
Ingredient All wheat 1/3 barley 2/3 barley ALI barley 

% % % % 
Alfalfa hay 5.0 5.0 5.0 5.0 
Sudan hay 5.0 5.0 5.0 5.0 
Rolled barley 0 23.0 46.0 69.0 
Rolled wheat 69.0 46.0 23.0 0 
Beet pulp 10.0 10.0 10.0 10.0 
Urea 1.0 1.0 1.0 1.0 
Fat 3.0 3.0 3.0 3.0 
Molasses 7.0 7.0 7.0 7.0 

Totals 100.0 100.0 100.0 l 00.0 
1 One pound of limestone and 100,000 
above rations. 

IU of ,·it;imin A were added to eac.h I 00 pounds of the 

Table 3. Performance of Cattle Fed Wheat and Barley Rations. 

2/3 wheat I/3 wheat 
Item All wheat I /3 barley 2/3 barley All barley 

Number of steers 16. 16. 16. l 6. 
Initial weight, lb. 557. 561. 540. 548. 
Daily feed intake, lb. 18.05b 18.90c 18.22b 17.56a 
Daily weight gain, lb. 3.11 3.20 3.22 3.03 
Feed per pound gain, lb. 5.80 5.91 5.66 5.80 
Yield,% 60.4 61.0 60.0 61.7 
Carcass grade scores: 

Quality gradel 8.2 8.+ 8.3 8.2 
Cutability grade2 2.4 2.3 2.3 2.5 

1 8 = low choice, 9 = choice 
'Grade 1-5, with I being the highest cutability. 
a, b, c means having different superscripts are significamly differe11t (P<0.05). 

as the entire grain consumed more feed than those iecl barley and gained 
slightly more and thus the conversion was the same. There appears to 

be a somewhat larger feed intake with a resultant increased gain on the 
two mixed grain rations compared with the two pure grains. When such 
a comparison is made, the results shown in Table 4 are obtained. Al
though there was significant increase in feed consumption and weight 
gain obtained by mixing the grains, the feed conversion was not signifi
cantly influenced. The data [rom this study indicate that wheat can be 

Table 4. Comparison of Pure and Mixed Grains. 

Item 

Number of steers 
Initial weight, lb. 
Daily feed intake, lb. 
Daily weight gain, lb. 
Feed per pound gain, lb. 
Yield,% 
Carcass grade scores: 

Quality grade 
Cutability grade 

Pure 

32. 
553. 

17.81a 
3.07J 
5.80 

61.l 

8.2 
2.5 

l\ILxed 

32. 
556. 

18.56b 
3.2 lb 
5.78 

60.5 

8.4 
2.3 
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fed satisfactorily as the only grain in a high energy ration or that a mix
ture of barley and wheat will also yield satisfactory results and may 
stimulate a somewhat higher rate of gain but with no benefit on feed 
com·ersion. 

The NE values of the 4 rations are shown in Table 5. The values 
determined in this study from the data on energy deposition are com• 
pared Lo predicted values o( the ration calculated from the NEm and 
NEg values of the ration ingredients published by Lofgreen and Garrett 
( 1968a) . The differences between determined and predicted values and 
the differences among rations are all well within experimental error and 
show no differences among rations or between the determined and pre-

Table 5. Net Energy of the Rations. 

2/3 wheat 1/3 wheat 
All wheat 1/3 barley 2/3 barley All barley 

(megcal. per 100 pounds) 
NEm Determined 83 83 82 84 

Predicted 85 84 83 83 
NEg Determined 55 56 55 56 

Predicted 55 54 54 54 

dieted rnlues. The NEm and NEg values for wheat and barley of Lof
OT~en and Garrett (1968) are 90 and 59 £or wheat and 87 and 58 for 
0 . 
barley. Since there was essentially no difference between the detenmned 
and predicted values of the entire rations, these data furnish no evidence 
that the Yalues for wheat and barley are different than the values quoted 
abo,·e. The data, howeYer, also gives no evidence that the NE values of 
wheat anll barlev are di [[erent since there were no real differences among 
rations. The res,ults of tliis trial di[[er somewhat from those of Garrett 
ct rrl (1968) in which "·heat had somewhat bigher energy values than 
those obtained for barley. It is important to note, however, that the bar
ley used in this study was higli quality. The bushel weight was 51 pounds 
and the crude protein was 12.4% for the barley and 12.5% for lhe wheat. 

Trial 2: The design oE this trial was similar to trial I but involved a 
comparison of Sonora 64 wheat with a reel Texas milo of unknown 
variet,·. The wheat in this study again weighed 64 pounds per bushel 
while' the milo weighed 60 pounds. The wheat was steamed approxi
mately 15 minutes prior to rolling and the milo approximately 20 min
utes. The weights following rolling were 30 and 28 pounds per bushel 
(or the 11·heat and milo respectively. The crude protein content of the 
wheat i\'as 12.3% and the rnilo 10.4% on an air dry basis. Because of 
this difference in protein co men t. the nitrogen content of the rations 
was equaliLed by increasing the urea content o[ the ration as the milo 
content increased. The composition of the rations is shown in Table 6. 
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The determined crude protein coment of the four ratio11s was 10.6, 11.2, 
11.3, and 11.1 for the all wheat,% wheat, 1/{ wheat, and all milo nitions, 
respectively. 

Table 6. Composition of Rations for Trial 2. 

All wheat 2/3 wheat 1/3 wheat 
Ingredient No milo 1/3 milo !!/3 milo All 111ilo 

(percent composition) 
Alfalfa hay 5.00 5.00 5.00 5.00 
Sudan hay 5.00 5.00 5.00 5.00 
Rolled wheat 67.67 -15.0+ 22A6 0 
Rolled rnilo 0. 22.50 44.93 67.27 
Beet pulp 10.00 10.00 10.00 10.00 
Urea 0.49 0.63 0.77 0.89 
Fat 3.00 3.00 3.00 3.00 
Molasses 7.00 7.00 7.00 7.00 
Minerals 1.84 1.84 1.84 1.8+ 
Vitamin A I 000 IU per lb. of ration 

AU cattle were feel for a period of 28 days on an intermediate energy 
ration containing 45% roughage prior to starting on the four experiment
al rations which were feel for 196 days. 

The performance data are shown in Table 7. 

Table 7. Performance Date for Trial 2. 

All wheat 2/3 wheat 1/3 wheat 
Item No milo I /3 milo 2/3 milo 

Number of steers 15. 15. 15. 
Initial weight, lb. 392. 396. '1-01. 
Daily feed consumed, lb. I 5.61a 15.83a 16.646 
Daily weight gain, lb. 2.84 2.85 2.91 
Feed per pound gain, lb. 5.50a 5.55a 5.72ab 
Yield,% 60.4 60.2 62.2 
Carcass grades : 

Quality gradel 8.5 8.6 9.1 
Cutability grade2 2.9 2.9 3.3 

a, b means having different superscripts are significant!~ diffe1ent (P<0.05). 
1 Low choice = 8, choice = 9, top choice = 10. 
• Graded 1-5, wjth I being the highest cutabilit). 

No wheat 
All milo 

15. 
392. 

16.5-lb 
~.82 
5.876 

61. 1 

8.9 
2.8 

It is apparent that the cattle feel rations in which the grain was 
either all wheat or ¾ wheat ate significantly less feed than those feel 
the higher levels of milo. ll is a commonly observed fact that \l'hen the 
energy concentration of a ration increases feed consumption tends to 
decrease. This is because within t11e zone of thermal 11eut.rality animals 
eat to satisfy their energy needs. Thus, if palatability is no problem, as 
energy concentration increases, feed consumption decreases. From this 
observation one would conclude that the high wheat rations had a high
er energy content than the high milo rations, or that the (eed consump
tion was reduced because of a reduced acceptability of the rations. The 
feed conversion adds evidence that increasing the wheat concentration 
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increased the energy since the feed conversion was improved with each 
increase in wheat. 

Although the yields tended to be somewhat lower on the two high 
wheat rations, these differences were not slatistically significant. There 
were no significant differences among either the quality grades or rhe 
cu tabi lity grades. 

From data developed at the California station it is possible to deter
mine the NE of the ratio11s from tlle daily gains, mean body weight, and 
feed consumption. This procedure diHers somewhat from that used in 
previously published trials and is illustrated in the following example: 

Daily feed intake, lb. 
Daily weight gain, lb. 
Mean body weight, lb. 
Daily NEm intake, rnegcal.1 
Daily NEg deposited, megcal.~ 
NE per I 00 lb. of feed, megcal. 

J\;£m 
l\:Eg 

Calculations 

All wheat 
ration 

15.61 
2.84 

710. 
5.91 
5.66 

37.86 
36.26 

AU mi1o 
rations 

16.54 
2.82 

708. 
5.90 
5.61 

35.67 
33.92 

1. 100 lb. of wheat ration = 100 lb. of milo rntion + 2.19 megcal. NEm and 
+ 2.34 megcal. NEg. 

2. Since the only -variable in Lhe rations is the source of grain, all differences can 
be attributed to the approximate!)' 67.5% grain in the ration. 

3. Thus, 67.5 lb. of wheat = 67.5 lb. of milo + 2.19 megcal. NEm and + 2.34 
megcal. NEg. 

+. Therefore, 100 lb. of wheat= 100 lb. of mj[o + 3.24 megcal. NEm and+ 3.47 
megcaJ. NEg. 

5. Previously determined rnlues of NEm and NEg for mile are 87 and 58 megcal. 
/100 lb. 

6. Therefore, 100 lb. o[ wheal = 87 + 3.24 megcaJ. NEm and 58 + 3.47 megcal. 
f\"Eg or approximately 90 and 61 megcal. per 100 lb. for NEm and NEg 
respectively. 

1 1\"Em = 0.043 W g/5 

NEg = 2.0385g + 0.00G061 W lb. - 4.4288. 
(Determined by Carrea and Lofgreen from the rclaLionship of NEg deposited, daily weight 
gain. and body weight Fro1n 1.he data. on 17-12 steers.) 

Using this procedure, the NE values shown in Table 7 were determined. 

Table 8. Net Energy Conlent of the Grains Used in Trial 2. 

Grnin 

All wheat 
2/3 wheat, J/3 milo 
1/3 wheat, 2/3 milo 
All milo (standard) 

N£m 

90 
90 
88 
87 

(megcal./100 lb.) 

NEg 

61 
61 
60 
58 

Thus, in this trial wheat had a NEm approxirnalely 3% greater than 
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m_ilo ancl a NEg approximately 5% greater. These findings agree well 
with those reported by Garrett et al (1968) in which wheat had an aver
a~ N_Em approxima_t~l}" 4% higher than milo and NEg approximately 
7 10 lugher. The add1t1011 of milo did not depress the NE values at the 
½ level but die! at the ~';! milo level. 

Trial 3: Since the results of Garrett et al (1968) suggested that steam 
processing may not be beneficial to the energy value of wheat. a trial was 
conducted to compare a ground wheat with steam rolled wheat. Milo was 
again used as a standard but rolled to two degrees of flatness after steam
ing for 30 minutes. The wheat was ground in a hammer mill through a 
3½" l b s_ screen anc t e steam rolled wheat was steamed approximately 15 
mmutes and rolled to a flake weighing an average of 28 pounds per 
bushel. The weight of the whole grain was 64 pounds per bushel. The 
whole milo weighed 60 pounds per bushel and was rolled to either 36 or 
28 pounds per bushel after 30 minutes of steaming. The rations conlaiiiecl 
7.0% aJ~al[a hay, 3.0'fo sudan hay, 58.33% wheat or milo, 5.5% hominy 
feed, 6.67% cottonseed meal, 8.0% wheat mill run, 3.0% fat, 7.0% mo
lasses, and 1.5% minerals. The test ran for 168 days. The performance 
data are shown in Table 9. 

Table 9. Perfonnance of Cattle in Trial 3. 

Item 

Number of steers 
Initial weight, lb. 
Daily feed consumed, lb. 
Daily weight gain, lb. 
Feed per pound gain, lb. 
Yield, % 
Carcass grade scores: 

Quality gradel 
Cutability gradc2 
Marbljng grade3 

l 8 = low choice, 9 :::: choice. 

Ground 

I?. 
GI?. 

I 7.5 la 
'.:.9+ 
5.95a 

61.-J. 

8.6 
'.:.4 
6.3 

Wheat 
Steam 
rolled 

I 2. 
637. 

17.60a 
2.88 
6. I0a 

61.0 

8.1 
2.6 
5.9 

• Cutobilit)' is _scored I through 5 wilh I being the highest. 
3 5 === small minus, 6 = small, i = small plus. 

36 lb. 
per bu. 

J 2. 
646. 

18.68b 
2.88 
6.48b 

60.4 

8.0 
2.8 
6.3 

Milo 
28 lb. 

per bu. 

12. 
595. 

I 7.22a 
2.96 
5.82a 

60.4 

8.1 
2.7 
6.3 

These results confirm the suggestion of Garrett et al (1968) that 
steaming may not improve the value of wheat since the gains and feed 
conversion on the steam rolled wheat were not significantly different 
from those observed on the ground wheat. 

There were no significant differences among the daily gains of any 
of the four u·eatments. The cattle on the milo rolled only lO a 36 pound 
per bushel product ate significant!)' more feed which resuJ ted in a lower
ed efficiency on this treatment. One would conclude that the wheat feel 
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in this study was approximately equal to well processed rnilo and super
ior to rnilo not adequately processed. 

It is possible to determine the net enerbry of the grnins using the 
previously described procedure. In this case the 28 pound milo was used 
as the standard and assigned the previously determined NEm and NEg 
values 0£ 87 and 58 megcal. per 100 lb., respectively. Using this procedure 
the following values were obtained: 

Ground wheat 
Steam rolled wheat 
36 lb. rolled milo 
28 lb. rolled milo 

NEm NEg 
Megcal. per 100 lb. 

87 
88 
84 
87 

57 
57 
54 
58 

These values confirm the earlier conclusion that the NE of the wheat 
was equal co properly processed milo and superior to the milo not ade
quately rolled. They also confirm the lack of influence of 15 minutes 
o[ steaming and rolling on the utilization of wheat. 

Another means of comparing the energy values of the grains fed in 
the trials discussed is to calculate the expected rate of gain based on 
the feed consumption, mean body weight, and previously published 
energy values. This procedure has been described by LofgTeen and Gar
rett (1968). The previously published energy values for the grains in 
question are 

Wheat 
Barley 
Milo 
Corn 

NEm NEu 
" Megcal. per 100 lb. 

90 
87 
87 
92 

59 
58 
58 
60 

Table IO presents a comparison of the expected and observed gains 
for all four trials discussed in this paper. The observed gains obtained 
on the wheat rations ranged from 97 to 103% of the expected gains with 
the average of all rations containing wheat as the only grain being 10070. 
This means the NEm and NEg values of 90 and 59 megcal. per 100 
pounds accurately expresses the NE value of wheat. The comparison of 
the expected and observed gains achieved on the milo rations indicates 
that rolling to a final weight of 36 pounds per bl1shel clicl not permit 
optimum energy utilization. Rolling to 28 pounds per bushel allowed 
the milo ration to be utilized at the expected rate. If the 36 pounds per 
bushel milo is eliminated from the comparison, the mean observed gain 
on the other three all milo rations is 100% of the expected. This incli-
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Table 10. Comparison of expected and Observed Rate of GaiL1. 

Daily empty weight gain 

Observed 

Trial Expected Observed 
as % o[ 
expected 

lb. lb. % Garrett et al (1968) 
Wheat 2.28 2.25 99 Barley 2.26 2.18 96 
Milo 2.33 2.+o 103 Corn 2.24 2.47 110 Trial I 
All wheat 2.86 2.78 97 2/3 wheat, 1/3 barlcv 2.97 2.90 98 
I /3 wheat, 2/3 barle;• 2.90 2.89 100 
All barley 2.70 2.86 106 

Trial 2 
All wheat 2.52 2.49 99 2/3 wheat, 1/3 rnilo 2.48 2.53 102 l/3 wheat, 2/3 milo 2.56 2.65 104 
AU milo 2.65 2.51 95 Trial 3 
Ground wheat 2.54 2.62 103 
Steam rolled wheat 2.46 2.49 101 
Steam rolled milo: 

36 lb. per bu. 2.69 2.48 92 
28 lb. per bu. 2.48 2.51 101 

cates that the NEm and I\Eg Yalues of 87 and 58 megcal. per 100 pounds 
accurately predict the performance of properly processed milo. For the 
two rations containing barley as the only grain, the observed gain was 
96% of th,e expected in one comparison and 106% in the other. The 
ra'.ion containing ?:J barley and 1/:i wheat produced the expected rate of 
gam. These studies, therefore, give no evidence that the NEm and NEo
values of barley are different than those used. In the one trial involvini 
corn the observed gain w:is ll0% of the expected. If repeated trials re
sult in the same finding. the NE values for corn will need to be revised 
upward. 

Summary 
In the four te~t~ discussed in which NE values were determined 

either for the complete ration or the grain portion of the ration, wheat 
was slightly superior to milo in tl1e test of GmTett et al (1968) and in 
one of the Imperial Valley Field Station tests and equal to well processed 
milo in the second Imperial Valley Field Station test. Compared to bar
ley wheat was slighlly superior in the test of Garrett et ol and equal to 
barley in the Imperial Valley Field Station test. In the one comparison 
involving corn and wheat the wheat had slightly lower NE values. On 
the basis of these studies there appears to be no valid reason for mocli[y-
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ing the NE values for bee[ cattle pubfohed b) Lofgreen and Garrett 
(1968a) which give wheal a NEm value approximately 3% higher than 

barley or milo but 2% lower than corn, and a NEg value 27c higher 
than barley or milo and 2'~. lower than corn. 
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