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Abstract

The effect of replacing 0%, 40% and 60% of the corn with wheat in young claves diets on 

their performances was investigated on 27 animals randomly allocated to groups M, E1 

and E2, respectively. Before weaning, calves were fed 3 variants of compound feeds ad 

libitum (M, E1, E2) and 0.4 kg head

-1

 day

-1

 hay and 5 kg fresh milk head

-1

 day

-1

. After 

weaning, calves received 3 variants of compound feeds ad libitum (also with 0, 40 and 60% 

of corn replacement) and 1 kg hay head

-1

 day

-1

. The weight gains recorded for the three 

groups (854.1±101.4, 844.9±68.9 and 803.0±76.9 g head

-1

 day-1, respectively) were 

statistically equal (P>0.05). It is to be mentioned the tendency to affect weight gain while 

the degree of replacement of corn by wheat increased to 60%. However, this didn’t 

influenced the feed conversion ratio, expressed by dry mater, energy (Milk Feed Units) or 

protein (Intestinal Digestible Protein) consumed for 1 kg of gain. 

Keywords: calves, corn, wheat, weight gain, feed conversion

Introduction

The new developments in ruminant nutrition materialized in Romania by the new 

system of assessing the nutritive value of forages, feed allowance calculation and 

optimisation of farm animals’ diets proposed by Burlacu, 2002, allowing 

reconsideration of the diet formulations for young calves.

In Romania, large amounts of wheat are available in certain situations, and they 

can be used as alternative to corn. Also, the prices of corn and wheat are quite 

variable and not always correlated with the nutritive value. 

One of the problems arising when wheat is used as dietary ingredient is its excess 

ruminal degradation, which may affect the efficiency of diet utilization. Stoica, 

1996, shows that the use of wheat as single dietary cereal for animals generally 

doesn’t yield good performance. In ruminants, the effect of replacing corn by 

wheat was studied mostly on finishing steers and on dairy cows (Bock et. al, 1991; 

Petit and Santos, 1996). Several papers (Kreikemeies et. al, 1990; Espindola et. al, 1997), 

surveyed the effect of physical and chemical processing of the wheat on its ruminal 

degradability and the result of using processed wheat on the ruminal metabolism 

and on steer performance and stressed the importance of the rate and extent of 

wheat degradability in rumen. On the other hand, calves’ rumen is under 
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formation, so that the results obtained on adult animals do not apply integrally to 

this category. 

The paper address the effect of feeding wheat to Romanian Black Spotted calves 

around calving because during the early suckling period of the calves ingestion of 

compound feeds is reduced. In this period, the major role of the compound feeds 

(and of all solid feeds, in general) is not the supply of nutrients, as most of them 

are furnished by the milk or by the milk replacer. One of this periods’ targets is to 

stimulate consumption of solid feeds as early as possible and as much as possible, 

therefore the stress lies on the compound feeds’ palatability. The importance of the 

compound feed, in terms of structure, ingredients and amount, increases during 

the last part of the suckling period and after weaning. In these periods, the dietary 

concentrate feeds become economically important due to the higher level of 

consumption. 

The purpose of the paper was to assess the partial replacement of the dietary corn 

by wheat grains and its effect on young Romanian Black Spotted calves.

Material and method

The experiment used 27 young calves assigned to three groups of two 

experimental blocks each, according to their origin, age, weight etc. There were 

two experimental periods, 55 days before weaning and 30 days after weaning. The 

calves were introduced into experiment when they were several weeks old (initial 

average weight 50-55 kg), providing thus that the compound feed intake was large 

enough so as to detect the effect of changing its structure on calf performance 

(Teodorescu, 1980; Lovinescu, 1985). 

The animals were kept outdoors, in the warm period of the year, in glass fibre 

cages fitted with individual paddocks. 

A feeding scheme usual for Romanian animal production sector was used: ad 

libitum compound feeds and limited quantities of hay and milk (scheme imposed 

by usual prices and availability of feeds). Therefore, calves had free access to the 

compound feed and they also received 0.4 kg hay head
-1

 day
-1

 and 5 kg milk head
-1

day
-1

 before weaning and 1 kg hay head
-1

 day
-1

 after weaning. The diets of the two 

experimental groups had similar levels of energy and protein, the difference being 

made by the compound feed structure (Table 1) in which the corn was replaced by 

0% (control group, C), 40% (group E1) and 60% (group E2) wheat, respectively. The 

wheat was grinded rougher so as to prevent the risk of digestive disorders.

The new system of assessing the nutritive value of forages, feed allowance 

(Nicolae et al., 1993, Burlacu, 2002) was used to assess the nutritive value of the 

forages and to formulate the diets.
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Table 1. Compound feed formulation (%)

Before weaning After weaning

C E1 E2 C E1 E2

Corn 90.1 54.1 36.1 69.0 41.4 27.6

Wheat 36.1 54.1 27.6 41.4

Sunflower meal 7.8 7.8 7.8 27.8 27.8 27.8

Dicalcium phosphate 0.5 0.5 0.5

Feed grade limestone 0.7 0.7 0.7

Salt 1.0 1.0 1.0 1.0 1.0 1.0

Vitamin-mineral premix 1.0 1.0 1.0 1.0 1.0 1.0

The monitored parameters included: feed intake (daily, individually); body weight 

evolution (periodically, individually); animal health state (disease-days per group). 

The Grubbs test for gross errors screening followed by ANOVA and by the Tuckey 

test determining the minimal significant difference (Sandu, 1996) were used to 

process the experimental data.

Results and discussion

Table 2 shows the chemical composition of the dietary ingredients. Since the milk, 

rich in protein, covers almost half of the IDP requirement, the participation of 

sunflower meal in compound feed was lower before weaning, comparing to its 

level in diets fed after weaning. Also, since the calcium and phosphorus 

requirements are considered to be covered by the intake of milk (Troccon et al., 

1998), the phosphate and the feed grade limestone were not included in the pre-

weaning diets. 

Table 2. Chemical composition of the dietary ingredients (g/kg DM)

DM CP EE CF NFE Ash

Alfalfa hay 852.2 160.9 24.5 362.2 372.0 80.4

Milk 126.1 268.6 272.1 - 406.6 52.7

Corn 860.8 102.7 46.8 28.4 805.5 16.6

Wheat 872.4 128.3 18.6 27.7 795.1 30.3

Sunflower meal 893.7 348.4 30.0 263.1 278.3 80.2

Table 3 shows the feed intake observed throughout the two experimental periods. 

A lower intake was noticed in group E2 where wheat replaced two thirds of the 

corn. The lower intake might occur because the too high degradability of the 

dietary starch might adversely affect the cellulose breakdown. Martin et al. (1999)

observed in steers that compared to the corn-based diets, the use of wheat-based 

diets resulted in a lower density of the protozoa (whose role in cellulose 

breakdown is well known) and in a lower fibrolytic activity of the bacteria.
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Table 3. Gross intake (kg day

-1

) observed during the experimental period*

C E1 E2 

Before weaning:

Alfalfa hay 0.4 0.4 0.4

Milk 5 5 5

Compound feed 1.225 1.302 1.159

After weaning:

Alfalfa hay 1 1 1

Compound feed 2.690 2.640 2.461

*The alfalfa hay and the milk were supplied in limited amounts and were consumed entirely

Several aspects must be mentioned on the type and quality of IDP supply. 

Although corn is less degradable in the rumen (Monteils et al., 2002), which means a 

higher protein by-pass, it is lower than wheat in essential amino acids. The 

replacement by wheat (more degradable, supplying more energy-protein substrate 

to the ruminal microorganisms) may have positive effects provided that the 

ruminal fermentation is performed under proper conditions. This paper did not 

assess the level of microbial protein synthesis, but the calculations made with the 

equations of the current system of nutrition show an increase of the proportion 

microbial protein in IDP supply, the microbial protein being much richer in 

essential amino acids than dietary protein.

Table 4. Nutritive value of the diets

Before weaning After weaning

C E1 E2 C E1 E2

DM (g) 2022.4 2089.4 1966.4 3192.7 3150.3 2995.5

Milk FU 2.469 2.518 2.358 3.027 2.932 2.746

IDPN (g) 258.8 266.6 255.8 368.4 365.8 348.3

IDPE (g) 258.4 262.3 246.4 343.6 332.5 312.2

IDPA (g) 155.5 148.6 137.5 185.5 165.9 149.4

IDPM (g) 103.0 113.7 109.0 158.2 166.6 162.8

Ca (g) 11.72 11.92 11.91 24.87 24.89 24.19

P (g) 9.20 9.57 9.16 13.79 13.77 13.16

Lysine (g) 19.083 19.672 18.848 20.420 20.319 19.345

Methionine (g) 6.197 6.006 5.534 7.3631 6.662 6.015

Threonine (g) 14.355 14.541 13.681 18.140 17.510 16.416

Tryptophan (g) 4.963 5.225 4.991 6.566 6.651 6.382

% lysine / IDP 7.38% 7.50% 7.65% 5.94% 6.11% 6.20%

% methionine / IDP 2.40% 2.29% 2.25% 2.14% 2.00% 1.93%

% threonine / IDP 5.55% 5.54% 5.55% 5.28% 5.27% 5.26%

% tryptophan / IDP 1.92% 1.99% 2.03% 1.91% 2.00% 2.04%

* FU – feeding units, IDPN, PDPE – intestinal digestible protein permitted by nitrogen and 

energy, respectively; IDPA – dietary protein; IDPM – microbial protein
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Table 4 shows the dietary supply of nutrients calculated on the basis of the 

observed intakes and of the nutritive value of the forages assessed according to 

Burlacu (2002).

Although theoretically, an increase of the essential amino acids supply (g day
-1
) 

should have occurred in E1 and E2. However, this was not achieved (particularly 

in group E2) because of the lower compound feed intake. On the other hand, 

considering the participation of the essential amino acids in IDP (Rulquin, 1992), a 

higher level of lysine (due to IDPM) and a lower level of methionine were noticed. 

The higher supply of microbial protein could not balance the difference in the 

methionine level of the two feeds (2.48% in the CP of the corn and just 1.40% in 

wheat). The differences between diets were minimal for the threonine and 

tryptophan.

Overall, the amounts actually consumed were similar. An energy supply higher 

than the norms it was noticed before weaning in all three groups, due to the intake 

of integral milk. During the first period the intake levels were higher than the 

norms, but we consider these norms as approximates.

Tables 5 and 6 show body weight evolution and the feed conversion ratio. The 

differences among groups in the initial weight (to show the comparability of the 

groups) and in the average daily weight gain, per period, were tested statistically. 

The weight gain differences of the experimental groups as compared to the control 

group (-1% and –5.9%, throughout the overall experimental period) are not 

statistically significant (P>0.05). It is rather difficult to classify these results because 

only few data were available in the literature for young calves and because the

results for other categories of ruminants are contradictory. Thus, Poitier et al. (1996),

by increasing the proportion of rolled wheat, fed together with a commercial 

compound feed, from 22.5% to 44.8%, did not find differences in weight gain of 

calves. On the other hand, Bock et al. (1991) observed a decrease of the average 

weight gain in the steers with the increase of the dietary rolled wheat to corn ratio 

(from 0:100 to 75:25). Nevertheless, no significant differences were observed when 

the corn was replaced by heat processed (to decrease starch degradability) wheat 

up to 67:33. However, Petit and Santos (1996) noticed, on dairy cows, a 4% increase 

of the yield of fat corrected milk when corn was replaced by wheat - both feeds 

with high moisture. 

Table 5. Body weight evolution

C E1 E2 Significance

Initial live weight (kg)

54.89

±7.65

52.06

±6.56

56.11

±7.49

P>0.05

Live weight at weaning (kg)

93.56

±5.71

93.11

±10.26

91.3

±7.62

-

Final live weight (kg)

125.61

±8.65

124.39

±11.75

122.22

±11.31

-
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Gain before weaning (g head
-1

 day
-

1

)

735.8

±92.6

735.3

±89.6

708.8

±86.1

P>0.05

Average daily gain after weaning 

(g head
-1

 day
-1

)

1065.3

±119.5

1042.0

±144.4

965.1

±103.1

P>0.05

Average daily gain for overall 

period (g head
-1

 day
-1

)

854.1

±104.4

844.9

±68.9

803.0

±76.6

P>0.05

The specific consumption of energy (Milk Feed Units) and protein (Intestinal 

Digestible Protein) observed in the three groups were similar (less than 4% 

difference) during both experimental periods). This is in agreement with the 

observations of Bock et al. (1991), who used diets with various corn to wheat ratios. 

Table 6. Feed conversion ratio

C E1 E2

Before weaning

kg DM / kg gain 2.75 2.84 2.77

Milk FU / kg gain 3.36 3.42 3.33

g IDP / kg gain 351.7 362.6 360.9

After weaning

kg DM / kg gain 3.00 3.02 3.10

Milk FU / kg gain 2.84 2.81 2.85

g IDP / kg gain 345.8 351.1 360.9

*for feed conversion, IDP intake was considered to be the maximum between IDPE and 

IDPN

Because calves performance (average daily gain, feed conversion ratio) was similar 

for all three diets, the price differences between corn and wheat could be used in 

choose diet formulation, considering that these prices vary quite a lot and 

unpredictably on the Romanian market and not always correlated to their nutritive 

value. 

Conclusions

Corn replacement by wheat (ground roughly) in the compound feed for calves 

before and, particularly, after weaning, in proportion of 40% and 60% had the 

following results:

l Compound feed (the only ingredient provided in unlimited amount) intake was 

not affected, the decrease observed in group E2 being minor (5-8%);

l The supply of nutrients was quite similar, compensating for the slight decrease 

of group E2 intake;
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l The supply of lysine was higher in the groups fed wheat, the supply of

threonine and tryptophan were similar in both treatments, while the supply of 

methionine was lower in the groups fed wheat;

l On this background, the weight gain of the three groups was similar (P<0.05), 

which resulted in similar feed conversion ratios and in similar costs per unit.

These results suggest the possibility of replacing up to 60% of the corn by wheat 

when the economic circumstances are favourable.
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