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INFLUENCE OF RE-ALIMENTATION PROTOCOL ON RUMINAL PARAMETERS OF FEEDLOT CATTLE FOLLOWING A MISSED FEEDING
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ABSTRACT: Ten Holstein Steers (363 kg) with ruminal cannulas were used in a replicated 5 x 5 Latin square experiment to evaluate the influence of re-alimentation protocol on ruminal pH and lactic acid concentration following a missed feeding. The diet contained 80% steam-flaked sorghum. Experimental periods were of 7-d duration. For d-1 through 5 steers were fed 4 kg  (DM basis) twice daily at 0800 and 2000. On d-6 at 0800 steers were fed 2.4 kg. Steers were not fed again until d-7 when five re-alimentation strategies were compared:1) 8.0 kg at 0800; 2) 2.4 kg at 0800 and 5.60 kg at 1000; 3) 2.4 kg at 0800 and 5.6 kg at 1200; 4) 2.4 kg at 0800, and 5.60 kg at 1400; 5) 2.40 kg at 0800 and 5.60 kg at 1600.  Ruminal samples were obtained via the ruminal cannula on d-7 at 0700, 0900, 1100, 1300, 1500 and 1700. Average ruminal pH and lactic acid concentration were similar (P >.10) across treatments at 0700. Lactate concentration decreased and ruminal pH  increased  (linear effect, P <.01) with increasing interval between first and second re-alimentation feeding. With treatment 1 ruminal pH decreased and ruminal lactate increased during the initial 5 h after feeding. With treatment 2, ruminal lactate increased during the initial 7 h after feeding the second re-alimentation meal, but these levels were lower than treatment 1. The rest of the treatments only increased ruminal lactate during the first h after the second re-alimentation meal. Treatment 1 decreased ruminal pH  to values less than 6 during the initial  7 h after feeding. Following the second re-alimentation feeding with treatments 2, 3, and 4, ruminal pH was  lower than 6 for 3 to 5 h. With treatment 5, ruminal pH did not decrease below 6.5.  Ruminal fluid glucose concentration was highest  (linear effect; P <.01) for treatment 1, attaining a peak of 16.13 mg/dL 1 h after feeding, and requiring 4 h to return to prefeeding levels. Ruminal glucose also increased with the other 4 treatments, but were higher then prefeeding values only during the first h after the second re-alimentation feeding. There were no treatment effects on ruminal  protozoa counts (P >.10). We conclude that extending the interval between the first and second re-alimentation feeding to 8 h will minimize effects on lactate accumulation, and ruminal pH.
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Introduction
Fluctuations in feed intake are thought to be a primary cause of ruminal acidosis in feedlot cattle (Cooper et al., 1999). Galyean et al. (1992) reported that daily intake variation of 10% decreased ADG and feed efficiency. Stock et al. (1995) reported a negative association (R = -.28) between intake variation and feed efficiency. Major causes of intake variation and associated digestive dysfunctions in feedlot cattle are missed feedings or gross under feeding. The objective of the present study was to evaluate the influence of re-alimentation protocols on ruminal pH, lactic acid, glucose,  and protozoal counts in feedlot cattle following a missed feeding.

Materials and Methods
Ten Holstein Steers (363 kg) with ruminal cannulas were used in a replicated 5  5 Latin square experiment. Steers were housed individually in slotted-floor pens (1.42  2.74 m) equipped with automatic waterers. Ambient temperature in the metabolism unit was maintained between 21 and 26oC. The experimental diet contained (DM basis): 8.0% sudangrass hay, 80.1% steam-flaked sorghum, 3.5% yellow grease, 5.0% cane molasses, 1.7% limestone, 1.2% urea, and .5 % trace mineralized salt. Composition of experimental diet is shown in Table 1. Experimental periods were of 7-d duration. From d-1 through d-5 steers were fed 4 kg  (DM basis) twice daily at 0800 and 2000. On d-6 at 0800 steers were fed 2.4 kg. Steers were not fed again until d-7 at 0800, when five re-alimentation strategies were compared:1) 8.0 kg at 0800; 2) 2.4 kg at 0800 and 5.60 kg at 1000; 3) 2.4 kg at 0800 and 5.6 kg at 1200; 4) 2.4 kg at 0800, and 5.60 kg at 1400; 5) 2.40 kg at 0800 and 5.60 kg at 1600. Ruminal fluid samples (300 mL) were obtained via the ruminal cannula on d-7 at 0700, 0900, 1100, 1300, 1500 and 1700. Ruminal fluid pH was determined on fresh samples. Ruminal fluid samples were then strained through 4 layers of cheesecloth. Freshly prepared 25% (wt/vol) methaphosphoric acid (2 mL) was added to 8 mL of strained ruminal fluid. Samples were then centrifuged (17,000 x for 10 min) and supernatant fluid stored at -20o C for analysis of L (+) lactic acid (Sigma Procedure No. 826-UV;Sigma® , St. Louis, MO), and glucose (Zinn, 1990). A separate sample of strained ruminal fluid (100 mL) was used for measuring ruminal total protozoa (Montaño et al., 1999a). This trial was analyzed as a replicated 5  5 Latin square experiment (Hicks, 1973).

Results and Discussion
Treatment effects on ruminal L-lactic acid, pH, glucose, and total protozoa are shown in Tables 2 through 5, respectively. Average ruminal pH and lactic acid concentrations were similar (P > .10) across treatments at 0700. Lactate concentration decreased and ruminal pH  increased  (linear effect, P < .01) with increasing interval between first and second re-alimentation feeding. With treatment 1, where fasted steers were allowed to consume in one meal 100% of their normal daily intake, ruminal pH decreased and ruminal lactate increased during the initial 5 h after feeding. With treatment 2, where steers were re-alimented with 30% of their normal daily intake at 0800 and the other 70% 2 h later, ruminal lactate increased during the initial 7 h after feeding the second re-alimentation meal, but these levels were lower than treatment 1. The rest of the treatments only increased ruminal lactate during the first h after the second re-alimentation meal. Treatment 1 decreased ruminal pH  to values less than 6 during the initial  7 h after feeding. Following the second re-alimentation feeding with treatments 2, 3, and 4, ruminal pH was  lower than 6 for 3 to 5 h. With treatment 5, where steers were fed 30% of their normal daily intake at 0800 and 70% 8 h later, ruminal pH did not decrease below 6.5.  Ruminal fluid glucose concentration was highest  (linear effect; P <.01) for treatment 1, attaining a peak of 16.1 mg/dL 1 h after feeding, and requiring 4 h to return to prefeeding levels. Ruminal glucose also increased with the other 4 treatments, but were higher then prefeeding values only during the first h after the second re-alimentation feeding. There were no treatment effects on ruminal  protozoa counts (P > .10).

With the exception of Galyean et al. (1992), fluctuations in daily feed allowance of 10 to 20% have not appreciably influenced ADG, feed efficiency  (Burrin et al., 1988;Stock et al., 1995;Soto-Navarro et al., 1997;Montaño et al., 2000), or digestive function (Montaño et al., 2000). It seems clear that health and performance problems that occasionally occur in the feedlot following a missed feeding are not due to mere fluctuations in intake, but rather to the size of the re-alimentation meal, and the interval between that meal and the second re-alimentation meal. This trial represents a preliminary effort at understanding the magnitude and dynamics of changes in key ruminal parameters during re-alimentation. In this experiment, we observed that long (8 h) separations between the first and second re-alimentation feedings allowed cattle to maintain a stable ruminal environment throughout the interval. Nevertheless, and notwithstanding the high fermentability of the energy-dense experimental diet, in none of the treatments were ruminal parameters compromised to the extent that the animal was in danger of acidosis. Indeed, all 10 steers on treatment 1 consumed 8 kg (100% of their normal daily DMI) in less than 30 min, and surprisingly, in not one instance did ruminal pH drop below 5.6. This leads us to conclude that the primary problem is not with the first re-alimentation meal, but rather, with the second. If cattle are hungry, and are allowed to rapidly consume their fill of a finishing diet the rumen becomes “primed”. This “priming” consists of a low ruminal pH, and high ruminal glucose and lactate concentrations. If, after a brief interval (while the rumen is still in a “primed” state),  cattle return to again eat, ruminal glucose will accumulate to an even higher level. And, because free glucose inhibits lactate utilization (Montaño et al., 1999b), ruminal lactate accumulation may drive ruminal pH to the point of acidosis. A critically brief re-alimentation interval might occur for any of a number of reasons. But, a more common example is where the first re-alimentation feeding precedes the customary or habitual  feeding time by only a few hours. Work is currently underway to test this thesis.

Implications
Extending the interval between the first and second re-alimentation feeding to 8 h will minimize effects on lactate accumulation, and ruminal pH.
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Table 1. Composition of experimental diet (DM basis)

	Item
	

	Ingredient composition, %
	

	 Sudangrass hay
	  8.00

	 Steam-flaked sorghum
	80.00

	 Yellow grease
	  3.50

	 Molasses cane
	  1.65

	 Magnesium Oxide
	  0.15

	 Urea
	  1.20

	 Limestone 
	  1.65

	 Salt tma
	  0.50

	
	

	Nutrient composition
	

	NEm, Mcal/kgb
	  2.23

	NEg, Mcal/kgb
	  1.55

	Crude protein, %
	13.91

	Acid detergent fiber, %
	8.48

	Starch, %
	53.56


     aTrace mineral salt: CoSO4, .068%; CuSO4, 1.04%; FeSO4, 3.57%; ZnO, .75%; MnSO4, 1.07%; KI, 0.52%; and NaCl, 93.4%.

     bBased on tabular values for individual feed ingredients (NRC, 1984), with the exception of yellow grease, which was assigned an NEm of 6.03 and a NEg of 4.79. 





Table 2. Influence of treatments on ruminal lactic acid .

	
	Treatments
	

	
	1
	2
	3
	4
	5
	SEM

	Lactic acid, mg/dL
	
	
	
	

	Time
	
	
	
	
	
	

	0700
	.13
	.19
	.20
	.08
	.11
	.08

	0900a
	7.39
	1.11
	1.33
	.48
	.73
	1.34

	1100a
	10.97
	5.43
	.03
	.15
	.15
	2.65

	1300
	18.49
	7.91
	10.02
	0.00
	.04
	9.99

	1500
	.11
	9.46
	.71
	4.12
	.03
	6.69

	1700
	.89
	7.53
	.335
	.41
	6.98
	3.98


aLinear effect (P <01)

   Table 3. Influence of treatments on ruminal fluid pH.

	
	Treatments
	

	
	1
	2
	3
	4
	5
	SEM

	Time
	
	
	
	
	
	

	0700
	7.56
	7.49
	7.40
	7.42
	7.45
	.08

	0900
	7.09
	7.10
	7.02
	6.96
	7.03
	.07

	1100a
	6.36
	6.64
	6.79
	6.73
	6.88
	.12

	1300a
	5.85
	5.79
	6.47
	6.83
	6.93
	.12

	1500a
	5.88
	5.88
	5.73
	6.41
	6.99
	.11

	1700a
	6.03
	6.01
	5.90
	5.70
	6.59
	.07


aLinear effect, (P <.01).

   Table 4. Influence of treatments on ruminal fluid glucose.

	
	Treatments
	

	
	1
	2
	3
	4
	5
	SEM

	Glucose, mg/dL
	
	
	
	

	Time
	
	
	
	
	
	

	0700
	2.31
	4.10
	3.54
	2.26
	1.34
	.92

	0900a
	16.13
	2.93
	3.52
	2.21
	2.82
	3.57

	1100b
	5.88
	10.81
	2.91
	3.27
	3.72
	2.42

	1300
	5.14
	4.15
	9.79
	3.09
	2.70
	2.45

	1500
	2.96
	5.30
	3.24
	6.51
	.95
	1.67

	1700a
	2.70
	2.84
	3.65
	2.77
	5.93
	1.14


aLinear effect, (P <.01).

bLinear effect, (P <.02).

    Table 5. Influence of treatments on ruminal total protozoa.

	
	Treatments
	

	
	1
	2
	3
	4
	5
	SEM

	Protozoa, n x 105
	
	
	
	

	Time
	
	
	
	
	
	

	0700
	10.85
	14.80
	12.35
	15.75
	9.20
	4.17

	0900
	6.70
	9.60
	8.65
	10.53
	7.95
	2.13

	1100
	8.50
	10.16
	10.50
	10.75
	5.25
	3.20

	1300
	7.50
	12.15
	11.55
	11.05
	8.05
	2.76

	1500
	7.10
	8.65
	7.80
	9.80
	7.60
	2.21

	1700
	6.20
	8.85
	8.56
	10.05
	6.50
	2.55




