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Night feeding of growing cattle in hot summer relieVED heat load and tended to increase growth efficiency 
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ABSTRACT:  Under heat-load conditions, eating and digestion may increase the heat load if they coincide with the hottest part of the day. The present studies were designed to assess the effect of time of feeding on the heat production (HP) pattern during the day, and on performance and efficiency. The presented data are from three summer studies, of about 100 days each year, located at two feedlots. One feedlot was not shaded, the other was shaded by a roof, 3 to 4 m high, covering about one-third of the yard. Growing Holstein and beef-breed calves, and growing beef heifers were used. In each feedlot, in each year the animals were allocated to two treatments, and divided on the bases of breed, gender and age, and day and night feeding. The day-fed and night-fed animals received most of the feed during the day and night, respectively. We measured intake and efficiency on a group basis. During the years we used 394 animals, separated into 11 groups in each treatment. Heart rate (HR) and skin temperature were measured throughout the day by data loggers, strapped to the chest behind the forelegs. In one year, HP throughout the day was calculated by multiplying HR by the measured HP of one heartbeat. The HP during the hotter hours of the day was lowest in the night-fed cattle, but the total daily HP was not affected by the feeding regime. Summation of the 3-year study showed that time of feeding did not affect growth rate, which was 1.259 and 1.266 kg/day for the day-fed and night-fed cattle, respectively (SED 0.048, P<0.89). DM intake was significantly reduced by night feeding, from 7.325 to 6.693 kg/day (SED 0.246, P<0.021) and the gain per unit DM intake (efficiency) tended to increase as a result of night feeding, from 177 to 194 g/kg DM (SED 8.9, P<0.078).  
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Introduction

Summer heat load can cause a reduction in feed energy intake, with a consequent reduction in productivity (Blackshaw and Blackshaw, 1994) which, in cattle, can take the form of decreased growth rate (Turner, 1984), lower milk production (Wolfenson et al., 1988), and reduced reproductive rate (Brown, 1974).  Hahn (1999) concluded that cattle are remarkable in their ability to mobilize coping mechanisms when challenged by environmental stresses. Fell and Clark (1993) concluded that the provision of feed to the trough was the biggest stimulus to ingestion. Brosh at al. (1998a) concluded that heat production (HP) throughout the day was affected mainly by the time of feeding and not by the environmental heat load: feeding in the afternoon increased HP in the cooler hours of the day when heat loss from the animal through conduction and radiation was more efficient, therefore, changing the time of feeding to the late afternoon could be beneficial to the animals, by reducing their heat loads. The present studies were designed to assess the effects of time of feeding on the HP pattern during the day and on performance and efficiency.

Materials and Methods

The presented data are the summation of studies which extended over 80 to 154 days each year during three summers (1998-2000), at two feedlots. At the Newe-Yaar (NY) research station shade was provided by an asbestos roof, 3 to 4 m high, covering about one-third of the yard; at Kibbutz Ein-Hashofet (EH), a commercial feedlot, there was no shade provision. In both feedlots, there was about 20 m2 of area per animal. The earliest starting date for the trial was May 16 and the latest finishing date was October 17.

Animals: Each year, in each feedlot, cattle in the growing phase were allocated to two treatments, day fed and night fed (Table 2), and separated according to breed, gender, BW, age and former gain. In NY we used Holstein bull calves, and beef breed bulls and heifers. The beef breed were mainly Simmental X Hereford cross-breed. In EH we used beef breed bulls and heifers similar to the cross-breed used in NY.

Diets: In both sites during the years, the ME of the diets ranged from 2.70 to 2.77 MCal/kgDM. The roughage proportions in the diets were between 25 and 30%. In each year in each feedlot, the two treatments received identical diets. 

Feeding regime: In NY the feed remaining in the troughs was pushed to the front of the troughs at 0530, in both treatments. In the night-fed treatment access to the feed troughs was blocked at 0600, after which fresh diet was supplied to them; the animals were allowed access to the feed trough from 1500 and feed was pushed to the calves’ access edge around 2300. In the day-fed treatment, feed in the trough was pushed to the calves’ access edge at 1100 and 1500.

In EH during the summers of 1998 and 1999 the feed troughs in both treatments were open all day. The day-fed treatment received the feed at 0800 and the feed was pushed to the calves’ access edge around 1100 and 1500, and at 0630 to 0730 the following morning. The night-fed animals received the feed at 1600; the feed was pushed to the trough edge around 2200 to 2300, and remaining feed was removed at 1100 the next morning. In EH the treatments in 2000 were similar to those in the former years except that access to the feed trough was blocked to the night-fed animals between 0800 and 1600. In both sites, in the event that no fresh feed was supplied to the trough during the weekend, the supply of fresh feed was simulated by pushing the existing feed to the trough edge. This regime was based on the findings of Fell and Clark (1993), that the provision of feed to the trough was the biggest stimulus to ingestion. 

Animals were weighed monthly. Feed consumption was measured on a group basis. Refusals were weighed cumulatively during the week; intake was measured on a weekly basis and was summarized for the intervals between weighing the animals and over the entire trial. 

Heart rate (HR) and skin temperature (Tsk) were recorded throughout 3 days by data loggers (Dansoft, Rehovot, Israel) harnessed to the chest behind the forelegs. Original data were recorded by the logger every 15 min, each recording being the average of three measurements that were taken during the 15 min. The HR and its variations during the day was used as indicators of HP level and cycling  during the day (Brosh et al., 1998b). In 1998 at NY, The  HP during the day was calculated by multiplying HR by the measured HP per heartbeat (Brosh et al., 1998b). 

Data are presented as means ± SE. As the intake was measured on a group (pen) basis, analysis of intake and efficiency (gain per unit intake) was done on a group basis, i.e., the data from each group (pen) for one summer were taken as one datum. 

Results and Discussion

The whole-day HR recordings of beef calves in EH and of the beef calves, beef heifers and Holstein calves in NY are presented in Figure 1 A, B, C and D, respectively. The whole-day HP of the Holstein calves in NY in 1998 is presented in Figure 1 E. For all the animals types, trial sites and feeding regimes, the evening HRs and, therefore, the evening HP were higher than the mid-day measurements. This may have been a result of the afternoon and evening heat load reduction and the renewal of feed intake  (Brosh et al., 1998a, b). For all animal types and both trial sites, the night-fed cattle exhibited the lowest HP during the hottest hours of the day. Thus, night feeding relieved the total animal heat load during the hottest hours of the day by decreasing the intrinsic metabolic rate, since the latter is mainly affected by ingestion, digestion and absorption. The difference between the HR patterns of the day-fed and night-fed animals was lower in EH. It seems that the high midday heat load suppressed the calves’ intake during the hot hours to a greater extent in this feedlot, where there was no shade, than in the NY feedlot, where there was significant comfortable shade. The difference may also be a result of the higher HP of the beef calves (Table 1), as reflected in their high HR (Brosh at al., 1998b), and of their high rate of gain (Table 2), which induces a high intrinsic heat load. The effect of the time of feeding on the whole-day energy expenditure (EE), as estimated from the average daily HR or from the average daily EE (for Holsteins in NY in 1998), was small and not statistically significant (Table 1). 

Performance differed among the animal types: heifers had lower gain than bulls. Time of feeding did not affect the gain (Tables 2 and 3). We measured intake on a group basis: during the 3 years we measured 11 groups on each regime, but calculated the intake and feed efficiency for all groups together (Table 3). The night-fed cattle consumed 8.6% less feed but grew at the same rate as the day-fed ones, so that the efficiency of the night-fed animal tended to be greater (by 8.8%) than that of the day-fed animals (Table 3). 

Implications

Changing the times of providing feed and of pushing it to calves’ access trough edge, affects the time of ingestion, and consequently the HP cycle during the 24 h of the day. Manipulation of the feeding regime of cattle, to increase their intake during the night, reduces the heat load on the animals during the hottest hours of the day. This regime causes a significant reduction in the feed consumption without any effect on the growth rate. Thus, under hot environmental conditions, feeding during the night tends to increase growing efficiency.
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Table 1. Heart rate and heat production (average over a 3-day measurement) of growing cattle in the summer, on two feeding regimes: day feeding and night feeding. The trial was located in Newe Yaar (NY) and in Ein Hashofet (EH).

	
	Average over whole day

	Site and animal type
	Heart rate (beats/min)
	Heat production (kJ/(kg0.75*day))

	       Time of feeding 
	Day     N
	Night    N
	Day          N
	Night       N

	Holstein bull NY
	94±1.6  28
	93±1.5  29
	817±26.2  14
	875±21.3  16

	Beef bull NY
	98±4.9   6
	83±3.3    6
	
	

	Beef  heifer NY
	88±2.9  10
	94±2.3  10
	
	

	Beef bull EH
	106±2.7   8
	105±1.5   8
	
	


Table 2. Body weight, age and the gain of growing cattle, maintained on two feeding regimes – day feeding and night feeding – during the summer (means ± SE). The trial was located in Newe Yaar (NY) and in Ein Hashofet (EH). 

	Site
	Time of
	Age on
	Days in
	
	Gain
	Regime effect on gain

	and animal type
	Feeding
	Start
	Trial
	BW start
	g/day
	P<
	N

	Holstein bull NY
	Day
	179±3
	115.3±7
	211±4
	1283±38
	
	39

	
	Night
	176±3
	114.2±6
	210±4
	1310±35
	NS
	41

	Beef bull NY
	Day
	249±20
	153.5±0
	278±25
	1259±58
	
	7

	
	Night
	248±28
	153.5±0
	280±30
	1137±93
	NS
	5

	Beef heifer NY
	Day
	257±13
	101.5±0
	262±14
	918±46
	
	10

	
	Night
	257±12
	101.5±0
	259±10
	885±55
	NS
	10

	Beef bull EH
	Day
	223±8
	83.8±3
	238±6
	1404±26
	
	80

	
	Night
	206±8
	83.5±3
	211±5
	1431±28
	NS
	79

	Beef heifer EH
	Day
	152±4
	82.9±3
	155±5
	1037±38
	
	62

	
	Night
	157±4
	79.3±3
	163±4
	1052±36
	NS
	61


Table 3. Intake, gain and efficiency of growing cattle, kept during three summers on two feeding regimes: day feeding and night feeding. 

	
	Day feeding
	Night feeding
	SE
	P<

	Gain (g/day)
	1259
	1266
	0.048
	          0.89

	DM intake (kg/day)
	7.326
	6.693
	0.246
	0.021

	Efficiency (g gain/kg intake)
	177
	194
	8.9
	0.078


[image: image1.wmf]Beef Bull Calves EH 1998

95

100

105

110

115

00-02

04-06

08-10

12-14

16-18

20-22

Period in the day

Beef Bull EH day fed

Beef Bull EH night fed

A


[image: image2.wmf]Beef bull calves NY 1999

60

70

80

90

100

110

120

00-02

04-06

08-10

12-14

16-18

20-22

Period in the day

Beef Bull NY day fed

Beef Bull NY night fed

B


[image: image3.wmf]Beef heifers NY 1999

60

70

80

90

100

110

120

00-02

04-06

08-10

12-14

16-18

20-22

Period in the day

Beef Heifer NY day fed

Beef Heifer NY night fed

C


Figure 1. Heart rate (HR) recorded throughout the day, summary of three days of measurements, for: beef calves in Ein Hashofet (EH), A; and for beef calves, B; beef heifers, C; and Holstein calves D in Newe Yaar (NY); and the heat production (HP) during the day of the Holstein calves in NY, in 1998, E.  

Figure 1. Continue.
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