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Schrama, J.W. Energy metabolism of young, unadapted calves (Energiestofwisseling 

van jonge, niet aangepaste kalveren). 

Calves reared for veal or other meat production are usually purchased before 2 weeks of 

age. The first weeks at the rearing unit represent a critical phase regarding their health. 

During this period calves are fed at a very low level. In this thesis, the energy metabolism 

of young, newly purchased calves, as affected by feeding level and ambient temperature, 

was studied. It was found that such calves are highly dependent upon body energy reserves 

due to restrictive feeding, their high maintenance requirements, and the low availability of 

nutrients from the diet. During this period, the response of these animals to temperature is 

not consistent with the current concept of thermoregulation. Thermal requirements are 

affected by the calf s posture (standing or lying). The influence of temperature on heat 

production of calves varies within a day. Part of this circadian fluctuation is related to the 

within day variation in time spent standing. The first 2 weeks after arrival the calves are 

not in a steady-state regarding their energy metabolism. Both the relationship between heat 

production and feeding level and heat production and temperature, change with time after 

arrival. 
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STELLINGEN 

i 

De invloed van voerniveau en omgevingstemperatuur op de energiestofwisseling verandert 
bij jonge, niet aangepaste kalveren in de tijd. 

Dit proefschrift. 

II 

Het door Mount (1974) geformuleerde concept van thermoregulatie bij homeotherme dieren 

is niet van toepassing op zeer jonge kalveren. 
Mount, L.E. 1974. The concept of thermal neutrality. In: J.L. Monteith, and L.E. Mount (Ed.) Heat Loss 

from Animals and Man. p 425. Butterworths, London. 

Dit proefschrift. 

Ill 

Ook niet-specifïek thermoregulatoire activiteit beïnvloedt de temperatuursbehoefte van 

dieren. 
Dit proefschrift. 

IV 

De suggestie van Webster et al. (1978), dat de ondergrens van de thermoneutrale zone (de 

onderste kritieke temperatuur) geen scherp omlijnd punt is maar een zone, wordt bevestigd 

in het onderhavige onderzoek. 
Webster, A.J.F., J.G Gordon, and R. McGregor. 1978. The cold tolerance of beef and dairy type calves 

in the first -weeks of life. Anim. Prod. 26:85. 

Dit proefschrift. 

V 

Optimale klimaatscondities voor jonge kalveren gedurende de eerst twee weken na transport 
zijn van belang om extra mobilisatie van energiereserves te voorkomen. 

Dit proefschrift. 

VI 

Het optreden van voedingsdiarree bij jonge kalveren door een hoge voergift kan ook het 

gevolg zijn van het overschrijden van de capaciteit om de verteerde nutriënten te verwerken. 



VII 

In toekomstig wetenschappelijk onderzoek bij landbouwhuisdieren zal meer aandacht 

besteed moeten worden aan de gevolgen van veranderingen in omgevingscondities. 

VIII 

Door veel kenmerken te meten en/of te berekenen binnen één experiment wordt de kans op 

het vinden van niet bestaande biologische effecten vergroot. 

IX 

Onderzoek naar en ontwikkeling van duurzame produktiesystemen is nutteloos, indien dit 

niet ondersteund wordt door een duurzaam beleid. 

X 

Het politieke belang van de agrarische sector in een land is negatief gerelateerd aan de 

gemiddelde bedrijfsgrootte. 

XI 

Voor goed boeren is ruimte nodig. 

XII 

Wie geen fouten maakt, kan best wat harder gaan werken. 

J.W. Schrama 

Energy metabolism of young, unadapted calves 

Wageningen, 10 december 1993 
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General Introduction 



G E N E R A L I N T R O D U C T I O N 

In The Netherlands, almost all male and some of the female calves (those surplus 

to the requirements as herd replacements) born on dairy farms, are sold at about 1 to 2 

weeks of age. These calves represent the major source of calves purchased for veal and 

other type of beef production. Some of the calves to be reared for veal are imported, 

depending on the market price. The common practice of the transfer of calves to the rearing 

units, comprises their collection from various dairy farms, followed by transportation to 

central collection points (dealers' premises or markets). At the collection points, calves are 

mixed and selected for transportation to either the rearing farm or another collection point. 

The vigour of the calves after arrival at the rearing unit is dependent upon: 1) factors 

determining their vitality before leaving the dairy farm; 2) the duration and the nature of 

the complex of acute stressors imposed upon them during the transfer; and 3) the complex 

of alterations in environmental conditions between the dairy farm and rearing unit imposed 

on them after the transfer. Amongst others, some determinants of the calf s vitality before 

transfer are the ease of the birth process, the colostrum quantity and quality, the moment 

of colostrum ingestion, and other management factors on the dairy farm (e.g., hygiene, and 

the applied feeding level). The imposed stress complex of transit can be summarized as: 

climatic stressors (temperature, air velocity, etc.); deprivation of milk (and water) leading 

to hunger, thirst, and dehydration; exposure to unfamiliar, pathogenic micro-organisms (high 

infection risk because of the mixing of calves from different sources); others (e.g., handling 

during loading and unloading, exposure to noise and vibrations during transportation). After 

exposure to these acute stressors of transit, the purchased calves are exposed to changes in: 

housing system (e.g., straw bedding vs wooden slatted floor); social richness of 

surroundings (contact with dam vs individual housing); climate; feeding level and dietary 

composition (whole milk vs liquid milk replacer) between the farm of birth and the rearing 

unit. 

Apart from perinatal mortality, high mortality rates occur in preweaned calves in 

both dairy and beef herds (Oxender and Adams, 1979; Perez et al., 1990; Lance et al., 

1992; Azzam et al., 1993). Reported mortality rates from birth to weaning vary between 5 

and 25%. The first weeks after birth are thus a critical phase in the life of calves. The 

transfer of calves to be reared for meat production during this critical phase in life, is 

considered to be very unfavourable with regard to their health (Roy, 1980; Webster, 1984, 

Broom, 1991). Staples and Haugse (1974) observed a higher mortality rate in calves 

purchased during the first 2 weeks of life than in older calves. In The Netherlands, mortality 

over the total growing period of veal calves is below 5% and occurs primarily during the 
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first three weeks after arrival at the rearing unit (Postema, 1985). Calves are particularly 

susceptible to respiratory and gastrointestinal diseases (Perez et al., 1990; Broom, 1991; 

Webster, 1991). During the total growing period, morbidity is higher during the first few 

weeks after arrival at the rearing unit due to both respiratory and enteric disorders (Postema, 

1985; Webster et al., 1985), the latter being the main cause (Postema, 1985). 

The period of 2 to 3 weeks after arrival at the rearing unit, can thus be considered 

as the most critical phase in veal and other types of meat production. In practical veal 

production, the priority during this period is not to optimize (or maximize) growth, but to 

control and minimize the occurrence of health disorders. In order to reduce the risk of 

gastrointestinal disorders, very low feed allowances are applied in practice. Commonly, 

calves are fed an electrolyte solution as the first meal after arrival, and a liquid milk 

replacer thereafter. 

In Figure 1 a scheme is depicted, of the partition of dietary energy as used by an 

animal. The utilization of ingested food energy (gross energy intake, GE) by the animal 

involves several kinds of losses. Part of the GE intake is lost through excretion of energy 

in faeces, urine and combustible gases (the latter being of minor importance for young pre-

ruminant calves). The remaining part of the GE intake, the metabolizable energy (ME), is 

used firstly for the supply of the energy requirements for maintenance. The part of ME used 

for maintenance, comprises the ATP required for sustaining primary life processes, and the 

heat increment of utilization of ME for maintenance. This part of ME is fully dissipated as 

heat. If GE intake (feeding level) is higher than the maintenance requirement, the part of 

the ME surplus to the maintenance requirement (the ME available for production) is 

retained in the body as energy (ER; growth). During growth, part of the available ME for 

production is lost due to the heat increment of the utilization of ME for growth. Thus, ER 

is the difference between ME and the total heat production. If GE intake is below the 

maintenance requirement, energy reserves from the body are mobilized (negative ER) to 

cover the deficit in ME for sustaining primary life processes. In conclusion, the ER of an 

animal depends on the feeding level (GE intake), the availability of energy in the diet (ratio 

between ME and GE) and the heat production by the animal (depending on the maintenance 

requirement and the heat increment of ME for maintenance and for growth). 

Calculations of ME available for growth by Postema (1985), demonstrated that the 

quantities of feed offered during the first 2 to 3 weeks after arrival at the rearing unit, were 

insufficient to cover the calves' energy requirements for maintenance. So, after the period 

of transportation, during which the animals are not fed, a period follows in which the calves 

are partially dependent upon their body energy reserves. For some calves, this period of 
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dependency upon body energy reserves (negative ER) may even start at the dairy farm 

before transport. Dairy farmers may practice, to some extent, a strategy of excessive feed 

restriction to calves, which will be sold, in order to reduce the risk of gastrointestinal 

disorders, which may delay the sale of those calves at an early age. In pre-ruminant calves, 

energy metabolism in relation to feeding level has mostly been studied in animals older than 

2 weeks, fed above maintenance, and after a certain period of adaptation to experimental 

facilities (van Es et al., 1969; Johnson and Elliott, 1972a,b; Holmes and Davey, 1976). 

There is a lack of information concerning energy metabolism, which is representative of 

young calves during the first weeks after arrival at the rearing unit (immediately after 

transportation and restrictively fed). 

gross energy 
intake 

• digestible energy 

metabolizable 
energy 

energy 
• available 
for growth 

retained 
energy 

faeces 

O combustible gases 

urine 

heat production 
"maintenance" 

heat increment 
of growth 

FIGURE 1. Scheme of a calf s partitioning of dietary energy (after: Young, 1975). 



General Introduction 

Homeothermic animals sustain a constant body temperature within relatively narrow 

limits at various climatic conditions, by balancing heat production and heat loss (Mount, 

1979). Figure 2 shows the relation between heat production and ambient temperature. 

Within the ambient temperature zone between A and C (or C ), the homeothermic zone, 

animals are able to maintain constancy of body temperature irrespective of the ambient 

temperature. Ambient temperatures below A and above C (or C ) will cause hypothermia 

and hyperthermia, respectively. Between the ambient temperatures B and C (or B and 

C ), the thermoneutral zone, heat production is not affected by ambient temperature, but 

depends on other factors such as the level of nutrition. The lower limit of this zone (B or 

B ) is called the lower critical temperature and the upper limit (C or C ) the upper 

critical temperature. Below the lower critical temperature, the mechanisms of heat loss 

regulation are depleted and homeothermia is maintained by increasing heat production in 

order to counterbalance the increased heat loss. The feeding level influences the relation 

between heat production and ambient temperature. An increase in feeding level will result 

in an increase of the heat production in the thermoneutral zone, and will consequently lead 

to a decrease both in the lower and upper critical temperatures (Figure 2). In Figure 3, the 

relation between ER and ambient temperature is represented (derived from the situation in 

Figure 2). Within the thermoneutral zone ER is not modified by ambient temperature. 

Below the lower critical temperature (B or B ), ER declines with decreasing ambient 

temperatures as a consequence of the increased energy requirements for maintaining 

constant body temperature, which is reflected by the increased heat production. 

Like other young animals (NRC, 1981), young calves are more prone to cold stress 

than adult cattle (Webster, 1976), which is indicated by the higher lower critical temperature 

of young animals. Thermal requirements of young calves, have mostly been studied at 

feeding levels above the maintenance requirements (Gonzalez-Jimenez and Blaxter, 1962; 

Holmes and McLean, 1975; Webster et al., 1978). It could be expected, that young calves 

are even more sensitive to low ambient temperatures during the first weeks after arrival at 

the rearing farm, because of the very low levels of nutrition during this period. As a 

consequence of this restricted feeding after arrival, the lower critical temperature of these 

calves could be higher (Figure 2). Exposure to cold stress (temperatures below the lower 

critical temperature), resulting in an increased maintenance requirement for sustaining 

homeothermia, could be considered as unfavourable for these calves. The increased energy 

requirements will result in an enhanced catabolism of body energy reserves in young, newly 

purchased calves because of the very low feed allowances. 
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the homeothermic zone (derived from Figure 2). 
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The present study concerns the energy metabolism of young, restrictively fed calves 

during a period of 1 to 2 weeks after transportation. In the first experiment, the effect of 

feeding level on energy metabolism was assessed under thermoneutral conditions during the 

period of 4 to 12 d after transport (Chapter 1). In the second experiment, the effect of 

feeding level on thermal requirements was evaluated during the period 4 to 14 d after 

transport, by alteration of the ambient temperature between days, during this period 

(Chapter 2). The two applied feeding levels (referred to as 'high' and 'low') were chosen 

to be representative of feeding levels used in practice for young calves during the first 2 

weeks after transportation. The low and high feeding levels were designed to be 0.7 and 1.1 

times the ME requirements for maintenance, respectively. 

These two experiments demonstrated that these calves were not in a steady-state with 

regard to their energy metabolism. During the period after transportation, heat production 

was altered with time. The second experiment showed that ambient temperature affected 

the alteration in heat production over time (days). This led to the hypothesis that thermal 

requirements change with time after arrival. This premise was investigated in the third 

experiment in which young calves were fed at the Tow' feeding level during the first 5 d 

after transportation (Chapter 3). 

In Chapter 2 and 3, the effect of ambient temperature on heat production during a 

whole day (24 h) was assessed. Calves to be reared for veal are commonly housed 

individually. Consequently, the physical activity of these calves is restricted mainly to the 

selection of their posture (standing or lying). Heat production is higher during standing than 

during lying of animals (ARC, 1980; Blaxter, 1989). It can be hypothesized that the posture 

(standing or lying) of animals may influence both their heat production and their heat loss 

(thermal insulation). With the data from the third experiment, the thermal requirements in 

relation to the calf s posture (standing vs lying) were assessed in Chapter 4. 

Like many other physiological traits, heat production, heat loss and body temperature 

of homeothermic animals exhibit circadian rhythms (Aschoff et al., 1974). With the data 

from the third experiment, a study was conducted to determine whether the relationship 

between heat production and ambient temperature varied within a day (Chapter 5). 

Furthermore, circadian fluctuations in this relationship were assessed for their relation to 

fluctuations in time spent standing within a day. 

Finally, the major findings of the Chapters 1 to 5 are discussed in the general 

discussion. Firstly, the mean results over the period of 1 to 2 weeks after transportation are 

discussed with regard to the partitioning of energy at thermoneutrality, and with regard to 

the thermal effect on energy metabolism of young, newly purchased calves. Concerning the 

latter aspect, the whole day thermal requirements and the impact of behaviour on thermal 
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requirements are discussed separately. The final part of the general discussion deals with 

time-related alterations in energy metabolism in young, newly purchased calves after 

transportation. 
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Chapter 1 

Alteration of Energy Metabolism of Calves Fed Below 
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A L T E R A T I O N O F E N E R G Y M E T A B O L I S M O F C A L V E S F E D B E L O W 

M A I N T E N A N C E D U R I N G 6 T O 14 D A Y S O F A G E 

J.W. Schrama*'#, W. van der Hel*, A. Arieli*, and M.W.A. Verstegen* 

Departments of Animal Husbandry and #Animal Nutrition, 

Agricultural University, P.O. Box 338, 6700 AH Wageningen, The Netherlands 

and •'•Department of Animal Science, Faculty of Agriculture, Rehovot, Israel. 

Abstract : A study was conducted with seven groups of five to six Holstein-

Friesian male calves to evaluate the effect of feeding level during 6 to 14 d of age on 

energy metabolism of unadapted young calves. Calves were transported at 2 to 3 d of age 

to their new environment. At 6 d of age measurements of heat production (H) and 

metabolizable energy (ME) intake started and continued over a period of 8 d. Calves were 

fed below (four groups) or near (three groups) the maintenance requirement (19 or 30 g of 

milk replacer powder.kg- ' .d~ ). In contrast to ME intake, H decreased throughout the 

experimental period. This decrease was larger at the low than at the high feeding level (13.1 

vs 3.6 k J .kg _ 0 7 5 .d - 2 ; P < 0.001). The relationship between H and ME intake was 

estimated as H = 382 + 0.318 x ME intake (kJ.kg~°-75.d_1). The decrease in H, together 

with the constant ME intake with time, resulted in a time-dependent relationship between 

H and ME intake. Estimated basal metabolic rate and efficiency of ME utilization below 

maintenance decreased with time, whereas the maintenance requirement remained virtually 

unchanged (560 kJ.kg - .d~ ). The influence of feeding level on energy metabolism in 

young calves increased with time. For at least 12 d after transportation the energy 

metabolism of young calves had not reached steady-state levels. 

Key Words: Adaptation, Calves, Energy Metabolism, _Feed Restriction, Maintenance. 

Introduction 

Veal calves are usually brought to rearing farms at approximately 1 wk of age. 

Besides the stress of transportation, these calves are exposed to changes in housing system, 

climate, feeding level, and dietary composition. The first 2 wk after arrival is a critical 

period in veal production. Stress resulting from collecting animals from various sources and 

transportation can be regarded as the main cause of mortality in these calves (Roy, 1980). 
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Toullec (1989) suggested that the greater energy intakes and growth during the first weeks 

of life in young calves nursed by cows are due to the absence of stress caused by 

transportation and dietary alteration. 

After arrival, feeding level normally increases from below to near the maintenance 

requirement in approximately 2 wk (Postema, 1985). Energy metabolism has been studied 

in pre-ruminant calves older than 2 wk and fed above maintenance (van Es et al., 1969; 

Johnson and Elliott, 1972a,b; Holmes and Davey, 1976). Information regarding energy 

metabolism of young calves immediately after transportation and fed below or near 

maintenance requirements is lacking. 

The present study was thus designed to evaluate the effect of feeding level on energy 

metabolism in unadapted young calves immediately after transportation. 

Materials and Methods 

Animals and Housing. Seven groups of six Holstein-Friesian intact male calves, 2 

to 3 d old, weighing approximately 45 kg each, were assigned to one of two feeding level 

treatments, four groups to a low (FL) and three groups to a high feeding level (FH). One 

calf assigned to the FH group was removed before the start of the experimental period 

because of leg problems. All calves were obtained from different commercial dairy farms, 

where they were fed colostrum. The six calves of each group were collected successively 

from the different farms and were transported together to the laboratory. The average 

distance travelled per calf was approximately 100 km. On the day of transportation, the 

average daily and maximum outdoor temperature was 7°C (SEM = 1.4, df = 6) and 12°C 

(SEM = 1.5, df = 6), respectively. At arrival the calves had been without food for about 6 

to 12 h. 

The experiment consisted of a 3.5-d preliminary period succeeded by an 8-d 

experimental period. The preliminary period was applied to allow calves to be treated for 

E. coli and to adjust them to wearing faecal collection bags. 

Because of their different origins, calves were treated for E. coli with antibiotics on 

arrival (Belcomycine S, Rhône Mérieux, Lyon, France, or Leotrox injectable 24%, Leo 

Pharmaceutical Products B.V., Weesp, The Netherlands). Calves with blood haemoglobin 

values (Hb) < 10 g/100 mL were treated with Fe-dextran to avoid anaemia (Hb 9 to 10 

g/100 mL: 400 mg of Fe i.m.; Hb 8 to 9 g/100 mL: 600 mg of Fe i.m.; Hb 7 to 8 g/100 

mL: 800 mg of Fe i.m.). In total, nine FL calves (38%) and six FH calves (35%) were 

treated with Fe-dextran. 
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On arrival, each group was placed in a large open-circuit, indirect climatic 

respiration chamber (Verstegen et al., 1987). Each calf was fitted with a faecal collection 

bag and maintained individually in a metabolism cage (dimensions, 1.15 m x 0.46 m). 

Environmental temperature was kept constant at 15°C, which was assumed to be above the 

lower critical temperature (Roy, 1980; Schrama et al., 1991). Relative humidity was 

maintained at approximately 65%. Lights were on from 0745 to 1945. 

Feeding. Calves were fed a commercial starter milk replacer (Nukamel Starter, n.v. 

Nukamel s.a., Olen, Belgium), which contained 23% crude protein and 20 kJ of gross 

energy (GE) per g of powder. Dietary protein originated from dairy products (Table 1). 

Amounts of powder offered to FL and FH were 19 and 30 g of powder.kg~075.d_1, 

respectively, and were intended to be 0.7 and 1.1 times the ME requirement for 

maintenance (MEm), respectively. Feeding levels chosen are representative of feeding levels 

used in practice for young veal calves during the first 2 wk after arrival. Feeding levels 

were kept constant during the experimental period and were calculated for each calf based 

on initial body weight (BW) and a MEm requirement of 460 kJ.kg~075 .d_1 (van Es et al., 

1969). During the preliminary period, feed intake increased from arrival up to the FH level. 

At the beginning of the experimental period the feeding level of the FL group was lowered 

abruptly, whereas the FH group remained at the high level. 

Milk replacer was fed at a temperature of 40°C at 0800 and 1900. Warm (35°C) 

water was offered at 1330, providing a total daily liquid input originating from both milk 

replacer and warm water of 10% of BW. Water and milk replacer were offered through a 

rubber teat. 

TABLE 1. Composition of milk replacer powder" 

Ingredient % 

Skim milk powder 50.0 
Sweet whey powder 23.0 
Delactosed whey powder 7.5 
Pregelatinized starch 2.5 
Fat bland 16.0 
Vitamin and mineral premix 1.0 

"Dry matter basis. 

Measurements. At the beginning and end of the experimental period individual BW 

were measured at 0900 and adjusted for milk replacer intake at 0800. Daily feed intake for 

each calf was corrected for feed refusals. Faeces and urine were collected daily, composited 
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for each calf, and sampled. Gross energy values were determined by adiabatic bomb 

calorimetry. Energy metabolizability (ME/GE) per calf during the experimental period was 

calculated from energy contents of feed, faeces and urine. In pre-ruminant calves methane 

production is very low (Gonzalez-Jimenez and Blaxter, 1962; Meulenbroeks et al., 1986); 

therefore, methane energy losses were not taken into account. Daily ME intake was 

calculated from feed intake and calculated ME/GE ratio during the total experimental 

period. Rectal temperature was measured daily at 0830. Heat production (H) of each group 

was determined daily from continuous measurements (every 9 min) of exchange of C0 2 and 

0 2 (Verstegen et al., 1987), according methods described by Brouwer (1965). Because of 

collection procedures in the chamber, measurements of H started 1 h after the morning 

feeding (23 h/d in total). 

Statistical Analysis. Statistical evaluations of data were performed using SAS (1985). 

Rectal temperature, GE intake, and ME intake are averaged over the experimental period 

for each calf because no time effects were present for these variables. Initial BW, rate of 

BW change, rectal temperature, GE intake, ME/GE ratio, and ME intake were analyzed by 

one-way analysis of variance. 

Daily H within groups were repeated measurements. Therefore, orthogonal 

polynomials of day number were used in the analysis for the effect of feeding level, time, 

and their interaction on H. The model used was as follows: 

Yijk = u + Fj + e,;ij + ß x (dk - d) + ßj x (dk - ä) + e2 i jk [1] 

where Y-^ = H at feeding level i, group j , and day number k; |a = overall mean; Fj = the 

effect of feeding level i (i = 1, 2); ej ^ = error term 1, which represents the random effect 

of group j within feeding level i (j = 1, ..., N ;; N ; = number of groups within feeding level 

i); dk = day number during the experimental period (k = 1, ...,8); d = average day number 

during the experimental period; ß = overall regression coefficient of H on d; ßlä = 

regression coefficient of H on d within feeding level i, representing the interaction effect 

between time and feeding level; and e2 i]k = error term 2. 

Effect of feeding level was tested for significance against error term 1. The other 

two effects were tested against error term 2. 

Heat increment of utilization of ME below maintenance (1 — k,,,), MEm, and basal 

metabolic rate (BMR) were estimated by linear regression of H on ME intake; values of 

H and ME intake were averages of the experimental period per group. Similar regressions 

were calculated for values of H and ME intake per day and per group. 
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TABLE 2. Number of calves, number of groups, means, SEM and significance level of initial body weight 
(BW), rate of BW change, rectal temperature, gross energy (GE) intake, metabolizability (ME/GE), and 
metabolizable energy (ME) intake of young calves differing in feeding level 

Item 

No. of calves 
No. of groups 
Initial BW, kg 
Rate of BW change, 
Rectal temperature3, 

kg/d 
°C 

GE intake, k J .kg" 0 7 5 . d _ 1 

ME/GE 
ME intake, k j . kg~ 0 7 5 . d " ' 

Feeding level 

Low 

24 
4 

43.7 
-0 .33 
38.53 

369 
0.74 

274 

High 

17 
3 

43.6 
-0 .09 
38.77 

551 
0.78 

431 

SEM 

— 
0.80 
0.031 
0.078 
5.5 
0.020 
9.8 

P- value b 

— 
NS 
*** 
* 

* * * 
NS 
*** 

"Two thermometers were used; therefore, rectal temperatures are adjusted for effects of thermometer. 
''NS = not significant, P > 0.05; * P < 0.05; *** P < 0.001. 

Results 

Mean values for various traits are shown in Table 2. Orts were < 4% of the offered 

feed. Considerable variation among calves in ME/GE was noted; the SEM of ME intake 

was approximately twice that of GE intake. Intake of ME differed between feeding levels 

(P < 0.001) and, consequently, rate of BW change, which was negative at both feeding 

levels, was also different (P < 0.001). Rectal temperature was normal but was higher (P < 

0.05) at FH. 

Average H during the experimental period was higher (50 kJ.kg" • .d~ ) at FH 

than at FL (P < 0.05; Table 3). Heat production decreased with time (P < 0.001), whereas 

ME intake was constant during the experimental period (Figures 1 and 2). The slope of the 

regression of H over time differed between feeding levels (P < 0.001); the linear decrease 

in H was highest for FL (Figure 1, Table 3). There were no nonlinear components of time 

effect on H (P > 0.05). 
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FIGURE 1. Mean daily heat production (H) of young calves on a low (FL; —o—) or a high feeding level 
(FH; A ) during the experimental period. Vertical bars represent SE. 
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FIGURE 2. Mean daily metabolizable energy intake (ME) of young calves at a low (FL; —o—) or a high 
feeding level (FH; * ) during the experimental period. Vertical bars represent SE. 
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TABLE 3. Mean heat production 
differing in feeding level3 

Item 

Mean H, kJ.kg~075.d -1 

Change in H, k J . kg - 0 - 7 5 ^ 2 

(H) and daily change in H during the experimental period in young calves 

Feeding level 

Low High SEM P-valueb 

469 519 9.6 * 
-13.1 -3.6 0.70 *** 

aR2, standard deviation in H between groups and standard deviation in H between days were 0.96, 17.6 
and 8.4, respectively. 

b* P < 0.05; *** P < 0.001. 

For the total experimental period, H was related to ME intake (in kJ.kg_0 '75 .d_1) 

by the following equation: 

H = 382 (± 24.6) + 0.318 (± 0.070) x ME intake R2 = 0.80 [2] 

From Equation [2] MEm was estimated as 560 kJ.kg_0-75 .d - 1 , BMR as 382 kJ.kg~0-75.d -1 

and k,,, as 0.68. 

Regression of H on ME intake per day showed that the relationship between H and 

ME intake changed with time such that estimated BMR and k,,, decreased, whereas MEm 

remained similar (Figure 3). 

Discussion 

The present study demonstrated a clear alteration in level of H by young calves 

during the 12 d after transportation to the experimental facilities. Besides the transportation 

itself, calves had to adapt to the housing system and to feed quality and quantity. The 

adaptation, which was affected by feeding level, seemed to play an important role in 

determining metabolic rate in these calves. 

On both feeding levels calves lost weight, indicating that feeding levels were below 

MEm. The estimated MEm in this study of 560 k J . kg - 0 J 5 . d - 1 was higher than the range 

of 390 to 460 kJ .kg - 0 , 7 5 .d - 1 reported for young, milk-fed calves (van Es et al., 1969; 

Johnson and Elliott, 1972a,b; Holmes and Davey, 1976). In the present study, however, 

calves were younger and feeding levels were lower than those described in previous reports. 

Furthermore, estimations of MEm by extrapolation to zero energy retention are negatively 

related to feeding level, because of the nonlinear relationship between H and ME (Blaxter, 

1989). 
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The efficiency of utilization of ME below maintenance (k,,,) of 0.68 was lower than 

the range of 0.80 to 0.90, which is often assumed for nonruminant animals (ARC, 1980; 

Blaxter, 1989). Despite the higher estimate of MEm and the lower estimate of 1^, estimated 

BMR (382 kJ.kg"°-75.d" ) was similar to earlier estimates (ARC, 1980). 
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FIGURE 3. Daily estimations of (A) maintenance requirements (MEm; —A—), basal metabolic rate (BMR; 
A. ), and (B) efficiency of utilization of metabolizable energy below maintenance Qs^, ° ) during the 

experimental period. 
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Figure 1 shows that H decreased with time. Comparable data regarding H and 

alteration of H by young, feed-restricted calves immediately after transportation are lacking. 

The decline in H with time was higher at FL than at FH (Figure 1, Table 3), suggesting that 

H depended more on ME intake. Over time km decreased from 0.93 to 0.55 (Figure 3); 1^ 

during the last 4 d of the experimental period were lower than values in previous 

experiments (ARC, 1980; Blaxter, 1989). In Figure 3 it was assumed that ME/GE was 

constant throughout the experimental period. The ME/GE of the milk replacer (0.76) was 

low, although it was comparable to that in other studies with very young calves (Neergaard, 

1980). The low ME/GE could be related to incomplete development of the digestive tract 

at this age (Toullec and Guilloteau, 1989). Recalculation of the relationship between H and 

ME intake, assuming that ME/GE increased gradually from 0.71 at d 1 to 0.81 at d 8, 

however, altered each of the values of BMR, 1^ and MEm by less than 5%. 

In the present study metabolic adjustment of young calves to the new environment 

immediately after transportation was investigated. Although effects of transportation and 

change in housing, climate, and diet quality were similar among both feeding levels, the 

effect of reduction in feeding level at the start of the experimental period was only present 

at FL. The observed decline in H might be regarded as a carry-over effect of the feeding 

level in the preliminary period, as well as to an initial high metabolic rate before 

transportation. However, the present reduction in H at FL would lead to an unrealistically 

low value of H (approximately 150 kJ.kg" ' .d~ ) in the steady-state situation following 

the theory of Turner and Taylor (1983), assuming that the change in H of 13.1 

kJ.kg~°'75.d -2 is 3.5%/d of the total change in metabolic rate after an alteration in feeding 

level. 

The observed alteration in the relationship between H and ME intake with time 

(Figure 3) cannot be fully explained by an increase in ME/GE with age and by a carry-over 

effect of the prior feeding level. To interpret the decrease in 1^ and BMR (Figure 3) the 

sources from which H originated should be considered. For animals fed below MEm (as in 

the present study) H can be separated (Holmes and Davey, 1976) into 1) the "true" net 

energy cost of maintenance (tNEm), representing the energy equivalent of ATP required for 

sustaining primary life processes and 2) the heat produced during the utilization of dietary 

ME (1 — kj) and the utilization of body energy stores (BES; defined as the amount of 

energy mobilized from body stores) (1 — k2) to meet tNEm. Hence: 

H = tNEm + (1 - k,) x ME + (1 - k2) x BES [3] 

Below maintenance both endogenous (BES) and exogenous energy (ME intake) are used 
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to meet tNEm: 

tNEm = kx x ME + k2 x BES, 

which equals: 

BES = (tNEm - kj x ME)/k2 [4] 

Substituting Equation [4] into [3] gives the relationship between H and ME intake for 

feeding levels below maintenance: 

H = (l/k2) x tNEm + (1 - kj/k2) x ME [5] 

Below maintenance the following expressions can be derived from Equation [5]: 

[6] 

[7] 

[8] 

Thus, kjjj appears to be a ratio between kj and k2 (Equation [6]), which is equal to the ratio, 

used for calculating k,,, theoretically (Armstrong, 1969; Blaxter, 1989), of the enthalpy of 

combustion/mol ATP of tissue spared from oxidation (l/k2) to the enthalpy of 

combustion/mol ATP of nutrients supplied by the diet (1/kj). According to Equation [7] 

BMR estimated by regressing H on ME intake or measured in fasting animals is always 

higher than tNEm. 

The alteration with time in the relationship between H and ME intake in the present 

study could be related to variation in kj, k2, and(or) tNEm according to Equations [6], [7], 

and [8]. The decrease in BMR and k,,,, but not in MEm (Figure 3), might indicate that there 

is an increase in k2 (efficiency of utilization of energy from body stores) with time. The 

suggested increase in k2 (resulting in a decrease in k,,, and BMR) with time might be 

related to exhaustion of body energy reserves, which are actually low in newborn calves 

(Roy, 1980). The reduction of thyroid hormone level found in feed-restricted, young pre-

ruminants lambs (Wrutniak and Cabello, 1987) might also be involved in the present 

decrease in metabolic rate (i.e., decrease in k,,, and BMR). However, the present increase 

in k2 with time (expressed by a decrease in l ^ and BMR, Figure 3) might also be the result 

of restoration of an earlier reduction in k2 directly after arrival induced by exposure to 

km = 

BMR 

MEm 

kj/k2 

= (l/k2) ) 

= (1/ki) > 

<tNEm 

ctNEm 
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stressors. In addition to the stress of transportation, the calves in the present study were 

exposed to changes in housing system, climate, feeding level, and dietary composition. The 

hormonal responses to stress exposure enable the animal to mobilize its energy reserves 

quickly for metabolic processes (Dantzer and Mormède, 1983). This enhanced mobilization 

of energy reserves might be related to a possible reduction of the efficiency of utilization 

of BES (k2) directly after arrival. 

From the results of the present study it is impossible to distinguish whether the 

change in relationship between H and ME intake is due to the process of aging or is a 

manifestation of a mechanism of adaptation to variables such as restricted feeding level or 

exposure to stressors. The present study shows that young calves (6 to 14 d of age) are not 

in a steady-state with respect to energy metabolism. 

Implications 

After arrival, young veal calves are usually fed below maintenance. Because these 

calves have a high maintenance requirement and feed intake is restricted, they are very 

dependent on stores of body energy. Furthermore, young veal calves are exposed to several 

concomitant stressors. For practical animal husbandry it is important to understand the 

processes of adaptation in relation to susceptibility to disturbances. The influence of 

adaptation processes on thermal requirement and energy metabolism is not well known. 
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Abstract : Seven groups of five or six Holstein-Friesian male calves were 

transported to an experimental farm at 2 to 3 d of age. At 6 d of age, heat production (H) 

and metabolizable energy (ME) intake were measured for an 8-d period. During this period, 

calves were exposed to various ambient temperatures: 6, 9, 12 and 15°C. Ambient 

temperature was constant within days, but changed between days. Calves were fed below 

(four groups) or near (three groups) the maintenance requirements (290 or 460 kJ of 

ME.kg - 0-75 .d_1). From 6 to 14 d of age the lower critical temperature (LCT) was 12.5°C 

and H increased by 8.4 k J . k g ~ . d ~ per °C fall in ambient temperature below LCT. Both 

LCT and increase in H below LCT were not affected by feeding level. Rectal temperature 

was lower at low ambient temperatures. The decrease in rectal temperature with ambient 

temperature was greatest at the low feeding level. During the experimental period, calves 

were not in a steady-state regarding energy metabolism. Heat production decreased with 

time. This decrease was affected by feeding level and ambient temperature. After arrival, 

the influence of both ambient temperature and feeding level on the energy metabolism of 

young calves increased with time. 

Key Words: Calves, Energy Metabolism, Food Intake, Heat Production, Thermoregulation. 

Introduction 

In The Netherlands, calves to be reared for veal are usually brought on farm at an 

age of about 1 wk. In addition to the stress of transportation, these calves are exposed to 

changes in housing system, climate, feeding level and dietary composition. The first few 

weeks after arrival are a critical phase in veal production in relation to the health of the 

calves (Webster et al., 1985). 

Restricted feeding schedules are applied immediately after arrival on the veal farm 

http://kJ.kg~.d~
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to reduce gastrointestinal disorders. At low feeding levels however, animals are less cold-

tolerant (Webster, 1976), with an increase in the lower critical temperature (LCT). The 

energy requirements are increased in animals exposed to ambient temperatures below LCT 

(Mount, 1974). Schrama et al. (1992) observed during the first 2 wk after arrival an 

increased maintenance requirement in calves kept at thermoneutral conditions (15°C). As 

a result of the initial low feeding level and higher maintenance requirements of veal calves 

after arrival, it is important to avoid any increase in energetic demand due to exposure to 

cold conditions. 

So far, the thermal requirements of young calves have mostly been studied at 

feeding levels above the maintenance requirements (Gonzalez-Jimenez and Blaxter, 1962; 

Holmes and McLean, 1975; Webster et al., 1978). The metabolizable energy (ME) intake 

in these studies ranged from 750 to 950 kJ.kg~0,75.d_1. Except from a preliminary study 

by Schrama et al. (1991), no information is available on the thermal requirements of young 

calves at low feeding levels and during the critical phase after transportation. 

The present study was designed to evaluate the effect of feeding level on the thermal 

requirements of young calves during the first 2 wk after arrival on the veal farm. 

Materials and Methods 

Animals and Housins. Seven groups of six Holstein-Friesian male calves were 

assigned in a 2 x 2 factorial arrangement of treatments to one of two feeding levels and to 

one of two ambient temperature sequences. One calf was removed before the start of the 

experimental period, due to omphalitis. Upon arrival, calves were 2 to 3 d old and weighed 

about 45 kg (Table 1). Each calf was obtained from a different dairy farm, where it was fed 

colostrum. The six calves per group were each collected successively from the farms and 

were transported together to the experimental facility. The average distance travelled per 

calf was about 100 km. On the day of arrival, the daily average and maximum outdoor 

temperatures were 7°C (SEM = 1.4) and 12°C (SEM = 1.5), respectively. Upon arrival the 

calves had been without food for 6 to 12 h. 
® 

Upon arrival, calves were treated with antibiotics (Belcomycine S, Rhône Mérieux, 

Lyon, France, or Leotrox® inj. 24%, Leo Pharmaceutical Products B.V., Weesp, Holland) 

to reduce the risk of enteric infections. Additionally, calves with blood haemoglobin values 

(Hb) below 10 g/100 mL were treated with Fe-dextran to avoid anaemia (Hb 9 to 10 g/100 

mL: 400 mg Fe i.m.; Hb 8 to 9 g/100 mL: 600 mg Fe i.m.; Hb 7 to 8 g/100 mL: 800 mg 

Fe i.m.). In total, 16 calves (39%) were treated with Fe-dextran. 
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Each group was housed in a large open-circuit indirect climatic respiration chamber 

(Verstegen et al., 1987). Each calf was fitted with a faecal collection bag and maintained 

individually in a metabolism cage (dimensions 1.15 m x 0.46 m). Relative humidity was 

maintained at about 65% and air velocity was below 0.20 m/s. Lights were on from 0745 

to 1945. 

Preliminary Period. The experiment consisted of a 3.5-d preliminary period followed 

by an 8-d experimental period. The preliminary period was applied to allow calves to be 

treated for possible E. coli infections and to adjust to the wearing of faecal collection bags. 

Food intake at both the Tow' (FL) and 'high' feeding level (FH) was progressively raised 

during the preliminary period to 1.1 times the maintenance requirement. At the LF groups, 

the feeding level was abruptly lowered to 0.7 times the maintenance requirement at the start 

of the experimental period. For the groups of calves exposed to the temperature sequence 

starting at an ambient temperature of 15°C (TS15_6_1S), ambient temperature in the 

preliminary period was 15°C. Ambient temperature was reduced by 3°C per day during the 

preliminary period for those groups of calves, which were exposed to the temperature 

sequence starting at 6°C (TS6_15_6) (Figure 1). 

Feeding. Calves were fed a commercial starter milk replacer (Nukamel Starter, n.v. 

Nukamel s.a., Olen, Belgium); four groups at a Tow' (FL) and three groups at a 'high' 

feeding level (FH). The milk replacer contained 230 g crude protein and 20 MJ gross 

energy (GE) per kg powder. Dietary protein originated from dairy products (Schrama et al., 

1992). 

Amounts of powder offered to FL and FH were 19 and 30 g of powder.kg_0-75.d_1, 

respectively, and were intended to be 0.7 and 1.1 times the ME requirements for 

maintenance, respectively. Feeding levels were kept constant during the experimental 

period, and were calculated for each calf based on initial body weight (BW) assuming the 

value of 460 kJ.kg~0 ,75 .d_1 for maintenance requirement (van Es et al., 1969). 

Milk was offered at a reconstitution rate of 150 g of powder/kg of milk and at a 

temperature of 40°C at 0800 and 1900. Warm (35°C) water was offered at 1330, providing 

a total daily liquid input originating from both milk replacer and warm water, of 

proportionately 0.1 of BW. Water and milk replacer were offered through a rubber teat. 

Ambient Temperature. During the experimental period four ambient temperatures 

were applied: 6, 9, 12 and 15°C, on the assumption that young calves fed below or near the 

maintenance requirements have a lower critical temperature (LCT) between 12 and 15°C 
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(Schrama et al., 1991). Each day ambient temperature was changed by 3°C at 0900. Two 

groups at FL and one group at FH were exposed to a temperature sequence starting at 15°C, 

decreasing to 6°C and increasing back to 15°C (TS15_6_15). The remaining groups were 

exposed to a reversed sequence starting at 6°C, increasing to 15°C and decreasing back to 

6°C (TS6_15_6) (Figure 1). These two temperature sequences were used to account for any 

effects of sequence of temperature change on the relation between ambient temperature and 

heat production (H) itself. 
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FIGURE 1. Experimental design of ambient temperature with time of the two temperature sequences 
(TS6_15_6andTS15_6_15). 

Measurements. At the beginning and end of the experimental period calves were 

weighed at 0900. The individual BW were adjusted for milk intake at 0800. Daily food 

intake for each calf was corrected for feed refusals. Faeces and urine were collected daily 

during the experimental period and were bulked and sampled per calf. Calorific values were 

determined by adiabatic bomb calorimetry. Metabolizability (ME/GE) of energy intake per 

calf during the experimental period was derived from energy content in food, faeces and 

urine. In pre-ruminant calves methane production is very low (Gonzalez-Jimenez and 

Blaxter, 1962; Meulenbroeks et al., 1986), so methane energy losses were not taken into 

account. Rectal temperature (Trec) was measured daily at 0830. Heat production (H) of each 

group was determined daily from continuous measurements (every 9 min) of exchange of 
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C0 2 and 0 2 (Verstegen et al., 1987), according to Brouwer (1965). Measurements of H 

started 1 h after the morning feeding (23 h/d in total). Data on ME and H were expressed 

inkJ.kg~°-75 .d_1 . 

Statistical Analysis. Data on initial BW, rate of BW change, GE intake, ME/GE and 

ME intake were tested for the effect of feeding level and temperature sequence by using 

a two-way analysis of variance. 

The effect of feeding level, temperature sequence and ambient temperature on H 

were tested by means of F-tests using a split-plot model (procedure GLM; SAS, 1985), with 

data of daily H within groups taken as repeated measurements. Day number during the 

experimental period was included as a covariate in the analysis. Schrama et al. (1992) found 

that the effect of time (day number during the experimental period) on H of young calves 

after transportation was influenced by feeding level. Hence, the interaction effects of time 

with feeding level, temperature sequence and ambient temperature were included in the 

model: 

Yijk,m = V- + Fj + TSj + eU j k + T, + (FxT)ü + (TSxT)^ 

+ ß (dm -d) + ß ^ - d ) + ßj(dm-d) + ß ,(dm-d) + e2 i jk lm [1] 

where Y i jklm = daily H per group; u = overall mean; Fj = fixed effect of feeding level (i 

= 1, 2); TS: = fixed effect of temperature sequence (j = 1, 2); ex fjk = error term 1, which 

represented random effect of group within the feeding level and temperature sequence (k 

= 1, 2); T| = fixed effect of ambient temperature (1 = 1, .., 4); dm = day number during the 

experimental period (k = 1, .., 8); d = average day number during the experimental period; 

ß = overall regression coefficient of H on dm; ß; = regression coefficient of H on dm within 

feeding level i; ß: = regression coefficient of H on dm within temperature sequence j ; ßk = 

regression coefficient of H on dm within ambient temperature k; e2 ;jkim = error term 2, 

which represented random effect within group between day number. 

The effects of feeding level and temperature sequence were tested for significance 

against the effect of group within the feeding level and temperature sequence (error term 

1). The other effects were tested against the random effect between day number within 

group (error term 2). 

Daily values of T rec per calf were analyzed by the same model used for H (Equation 

[1]). The random effect of group was now replaced by the random effect of calf. 

The lower critical temperature (LCT), extra thermal heat production (ETH) below 

LCT and heat production at thermal neutrality (H th) were estimated for each group from 
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the daily values of H and ambient temperature by using a model based on that of van der 

Peet et al., (1987) (using the DUD non-linear regression method of the procedure NLIN; 

SAS, 1985): 

Hi = H t h + l o g j l + e (E T H x ILCT-Ti])] [2] 

where Hs = heat production (in kJ.kg - 0 , .d ) at day i (i=l, .., 8); Hth = the heat 

production in the thermoneutral zone; ETH = extra thermoregulatory heat production (in 

kJ.kg_0-75 .d_1 .°C_1); T; = ambient temperature (in °C) at day i; LCT = lower critical 

temperature. 

The estimated values per group of LCT, ETH and Hth were tested for the effect of 

feeding level and temperature sequence by using a two-way analysis of variance. 

Results 

Least square means for various traits at both feeding levels are depicted in Table 1. 

Food refusals were proportionately less than 0.03 of the offered food. Metabolizability 

(ME/GE) was not influenced by feeding level (P > 0.05). Intake of GE was constant during 

the experimental period. Consequently, ME intake was also constant with time assuming 

that ME/GE did not alter. The difference in ME intake between feeding levels was 164 

TABLE 1. Number of calves, number of groups and least square means of initial weight (BW), rate of BW 
change, gross energy (GE) intake, metabolizability (ME/GE) and metabolizable energy (ME) intake of young 
calves at different feeding levels" 

Item 

No. of calves 
No. of groups 
Initial BW, kg 
Rate of BW change, kg/d 
GE intake, k J . kg" 0 7 5 . d _ 1 

ME/GE 
ME intake, k J . kg" 0 7 5 . d~ ' 

Feeding 

Low 

23 c 

4 
43.3 
-0 .34 
373 

0.78 
291 

level 

High 

18 
3 

43.8 
-0 .07 
558 

0.81 
455 

SEM 

— 
1.00 
0.038 

11.2 
0.014 

13.1 

Significance 

of feeding 
levelb 

— 
NS 
*** 
*** 
NS 

*** 
aThe effect of temperature sequence and interaction between temperature sequence and feeding level were 

not significant for all traits. 
bNS = not significant, P > 0.05; *** P < 0.001. 
cOne calf at TS6_15_6 removed before the beginning of the experimental period, due to omphalitis. 
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kJ.kg_0-75 .d_1 (P < 0.001). Calves lost weight at both feeding levels. The rate of BW 

change was different between feeding levels (P < 0.001; Table 1). Rate of BW change, GE 

intake, ME/GE and ME intake were not affected by temperature sequences. 
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FIGURE 2. Heat production (H) at the experimental ambient temperatures during successive days of young 
calves at two different feeding levels and two different temperature sequences (TS): , high feeding level; 

, low feeding level; A, TS6_15_6 ; O, TS|5_6_15 . 

Heat Production. Data on H at each ambient temperature are shown in Figure 2. 

Average H during the experimental period was higher at FH compared with FL (P < 0.05; 

Table 2 and 3). The mean H during the experimental period was influenced by ambient 

temperature (P < 0.001; Table 2). Heat production was increased at low ambient 

temperatures (Table 3 and Figure 2). The interaction between feeding level and ambient 




