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EFFECTS OF FEED MIXING TIME ON PERFORMANCE, INVITRO DRY MATTER DISAPPEARANCE, AND CARCASS CHARACTERISTICS IN FINISHING STEERS1,2
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ABSTRACT: Sixty-six beef steers (Angus or Beefmaster crosses; 365 ( 9.9 kg) were used to evaluate two mixing times (30s or 8 min) of concentrate diets on performance, carcass characteristics, and in vitro digestion.  Eight pens (4 pens/treatment) were used.  Steers were finished with concentrate diets containing 9.84% sudangrass hay, 9.76% whole corn, 66.06% steam-flaked corn, 4.63% molasses, 2.42% fat, 3.68% soybean meal, 2.64% major minerals and 0.97% premix added in the respective order.  Treatments were constructed by mixing diets for 30s or 8 min immediately following addition of the final ingredient (average 4.24 min for addition of all ingredients).  Average daily gain was greater (P < 0.05) for steers fed the 8 min mixed diet from d 28 to 56, d 84 to 112, and (P < 0.10) for d 0 to 112 (1.90, 1.31, and 1.85 kg/d respectively).  However, ADG was greater (P < 0.05) among steers offered the diet mixed for 30s during d 56 to 84 (1.43 kg/d).  Time of mixing did not affect (P > 0.10) daily DMI.  No differences (P > 0.10) were observed in gain:feed for d 0 to 28; however, gain:feed was improved (P < 0.05) for d 28 to 56 and d 84 to 112 among steers receiving the diet mixed for 8 min.  In contrast, gain:feed was improved (P < 0.01) in steers receiving the diet mixed 30s for d 56 to 84.  Mixing time had no effect (P > 0.10) on IVDMD at 6, 12 or 24 h.  At 48 h, IVDMD was greater (P < 0.10) for the diet mixed 8 min vs 30s.  No differences (P > 0.10) in carcass characteristics were observed between diet mixing times.  Results from this study suggest that mixing time may influence performance of finishing beef cattle.  Mixing time did not influence in vitro digestibility or carcass quality in this study.  More research needs to be conducted evaluating mixing times on ruminal fermentation patterns and possible effects on subacute acidosis.
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Introduction


Few research studies have been conducted to determine the influence of feed mixing on performance of feedlot cattle.  However, many factors have been identified that affect mixing characteristics of feeds such as, particle size, particle shape, specific weight, hygroscopicity, susceptibility to electrostatic charges, and adhesiveness of the particles to physical properties such as rough surfaces or the addition of adhesives (Pfost, 1970).


The disparity between grain processing and feed mixing time in feedlot diets may be described by differences in performance and digestibility.  Reducing the forage particle size and feeding cattle high concentrate diets for prolonged periods may enhance problems such as decreased ruminal pH, rumenitis, and liver abscesses (Huntington, 1988).  These problems may be compounded if mixing time is increased.  The objectives of the present study were to evaluate the effects of two different mixing times of concentrate diets on performance, carcass characteristics, and in vitro digestibility.


Materials and Methods


Thirty-six Brangus x Beefmaster steers were shipped to the Clayton Livestock research Center in Clayton, NM from Monticello, AR.  Also received on the same day were 30 Angus cross steers shipped from the Corona Research Center in Corona, NM.  The steers were used in a completely randomized design to evaluate feed mixing times of 30 s and 8 min on performance, in vitro digestion and carcass characteristics.


Cattle were processed immediately upon arrival including individual weight, branded, vaccinated with a clostridial antigen (Ultrabac 7; Pfizer Anim. Health, Exton, PA), treated for internal and external parasites with Cydectin (Fort Dodge Anim. Health, Fort Dodge, IA), and implanted with Synovex-S (Fort Dodge Anim. Health).  Steers from each place of origin were assigned randomly to pens resulting in four pens per treatment diet.  Treatments included, concentrate diets mixed for 30s or 8 min.  Receiving diets of 70 and 80% concentrate (Table 1) were offered in quantities sufficient for ad libitum consumption for d 0 to 21.  Steers were then fed a 90% concentrate diet with steam-flaked corn as the grain source (Table 1).  Flake weight for the steam-flaked corn was determined at 2-h intervals during the flaking process and averaged 0.36 kg/L.  


Mixing of the treatment diets was done by using an Oswald-Auger (model 3000) mixer with a 1.814 kg capacity.  The mixer fill order for ingredients was; whole shelled corn, steam-flaked corn, molasses, fat, soybean meal, minerals, sudangrass hay, and alfalfa for the 70 and 80% concentrate diet ingredients.  Mixer fill order for the 90% concentrate diet was; sudangrass hay, whole shelled corn, steam-flaked corn, molasses, fat, soybean meal, and minerals.  The mixer was operated during addition of all ingredients and actual time of mixing the complete diet was recorded.   Upon addition of the final ingredient, a stop-watch was set for 30s or 8 min and the mixer was operated for the respective time period.


Samples of dietary ingredients were taken every 2 wk during the experiment to determine DM content.  Diet samples were collected from the feed bunk weekly.  Proximate analysis results are presented in Table 3.  Dry matter, ash and CP were determined by procedures of AOAC (1990).  Acid detergent fiber was determined by procedures of Goering and Van Soest (1970).  In vitro dry matter disappearance of treatment diets was determined by procedures of Tilley and Terry (1963).  For IVDMD, 0.50 g samples of each treatment diet were weighed into 3- x 14 cm, 50 mL plastic in vitro tubes.  Twelve groups of tubes were used with three tubes of each treatment diet and three blank tubes per group.  Ruminal fluid was obtained from two ruminally cannulated steers.  All tubes were inoculated with 35 mL of McDougall’s buffer solution and 8 mL of ruminal fluid.  Immediately following inoculation each tube was flushed with CO2, capped, placed in a 39º C water bath, and shaken at 0, 2, 4, 6, 12, 18, 24 and 48 h.  Three groups of tubes were taken from the water bath at 6, 12, 24 and 48 h and centrifuged at 1,000 x g for 15 min.  For acid-pepsin disappearance, approximately 35 mL of 0.1 N HCl-pepsin solution was added to each tube and incubated (39º C) in a water bath for 48 h.  Remaining fluid and diet residue after incubation were filtered through a modified Buchner funnel with ashless filter paper (No. 541; Whatman International Ltd, Maidstone, U. K.).  Filtered residues were dried in a forced-air oven (100º C) and weighed.  Dry matter disappearance was calculated accounting for blank tube correction.


Steers were weighed individually at 28-d intervals throughout the experiment.  At each 28-d weigh period, feed bunks were swept; and any feed remaining in the bunk was weighed and dried at 100º C to determine its DM content.  Feed bunks were evaluated visually daily at 0730 to determine the amount offered to offer each pen.  The bunk management approach was designed to allow for 0 to -0.5 kg of unconsumed feed per pen daily.


After finishing, steers were shipped to a commercial slaughter plant and slaughtered.  At the slaughter plant, hot  carcass weight; longissimus muscle area; percentage kidney, pelvic, and heart fat; s.c. backfat thickness; USDA yield grade; and marbling score were recorded.  Carcass measurements were collected by Cattlemens’s Carcass Data Service, West Taxas A & M Univ., Canyon, under the direction of Ted Montgomery.


Feedlot performance data were analyzed as a completely random design with pen as the experimental unit using GLM procedures (SAS Inst. Inc. Cary, NC).  Data from IVDMD were analyzed within sampling time using SAS.     

Results and Discussion

Addition of all ingredients resulted in an average mixing time of 4.24 min for the 112 d trial.  Other studies have varied the mixing time after addition of ingredients.  Sanders et al. (1997) mixed cracked corn and molasses for 30 s before addition of other ingredients.  After addition of all ingredients, mixing times of 1, 2, 4, 6, and 8 min were evaluated (Sanders et al., 1997).  Heinrichs et al. (1999) did not operate the mixer until all ingredients were added;  mixing times of 0 to 4, 4 to 8, 8 to 16, and 16 to 32 min were evaluated.  Mixing efficiency can be affected by the order in which feed ingredients are added.  Adding ingredients to the mixer in a manner which does not render the ingredients ineffective by coating with fats and oils is important (Behnke et al., 1994).  Addition of ingredients with smaller amounts required should be done last to prevent these minor ingredients ending up in dead spaces within the mixer (Behnke et al., 1994).  If the minor ingredients are not incorporated into the final diet, an unbalanced feed is produced 


Effects of mixing times of concentrate diets on performance are presented in Table 4.  No differences (P > 0.10) were noted between mixing times for daily gain during the first 28 d.  Average daily gain was greater (P < 0.05) for steers fed the 8 min mixed diet from d 28 to 56, d 84 to 112, and overall (P < 0.10) for d 0 to 112.  In the present study ADG was greater (P < 0.05) among steers offered the diet mixed for 30s during d 56 to 84.  No differences (P > 0.10) were noted in DMI between mixing times for any 28 d period or the overall trial.  Early research by Ray and Drake (1959) showed differences in intake were as a result of feed preparation and not between grains.  Intake of finely ground grains was less (P < 0.01) than whole or coarsely ground preparations (Ray and Drake, 1959).  In our study mixing concentrate diets for 8 min did not appear to have an abusive effect on the flaked corn in reducing particle size significantly as to reduce intake.  No differences (P >0.10) were noted in the gain:feed ratio for d 0 to 28.  However, gain:feed was improved (P < 0.05) for d 28 to 56 and d 84 to 112 for steers fed the diet mixed for 8 min.  In contrast, gain:feed was improved (P < 0.01) in steers receiving the diet mixed 30s for d 56 to 84.  No differences in feed efficiency were noted for the overall 112-d feeding period.


Carcass data is shown in Table 4.  Percent of steers grading choice was 47.1% among steers that had received the diet mixed 8 min vs 43.8% choice among steers fed the diet mixed 30s.  Although carcass characteristics were not significantly (P > 0.10) different among steers receiving the diet mixed for 30 s or 8 min, longissimus muscle area and fat thickness was numerically greater (3, and 4.8%, respectively), in steers receiving the diet mixed for 8 min.


Effects of mixing time on IVDMD is shown in Table 2.  Mixing time had no effect (P > 0.10) on IVDMD at 6, 12, or 24 h.  However, at 48 h, IVDMD was greater (P < 0.10) for the diet mixed 8 min vs 30 s.  Heinrichs et al., (1999) reported that as mixing time increased from 0 to 32 min the particle size fraction decreased by 66%.  An increase in mixing time beyond 8 min resulted in lower fractions of particles longer than 18 mm (P < 0.05).  They concluded batches were not completely blended before 8 min.  In the present study, the diet mixed for 30s and 8 min appeared to be mixed thoroughly; however, this may be the result of the mixer being operated during the addition of ingredients.  Pritchard and Stateler (1997) suggested that processing of grains alters mixing characteristics depending on diet ingredients and mixing conditions.  Rate of passage and site of digestion may be altered by feed processing methods (Ensminger and Olentine, 1978).  Steam-flaking increases moisture content, reduces particle size and gelatinizes many of the starch granules, thus increasing the extent of ruminal digestion (Fahey and Berger, 1988).  Reduction in particle size of feed ingredients, particularly forages, results in a decreased extent of ruminal digestion  (Merchen, 1988).  Dry matter digestibilities were largely unaffected by mixing time in this study.  Values were within the expected IVDMD range for high concentrate diets. 

Implications

Results of this study suggest mixing time may influence performance of finishing beef cattle.  The mixing time of 8 min appeared to have the most positive effect on daily gain  Mixing time did not influence in vitro digestibility or carcass quality.  More research needs to be conducted to evaluate additional mixing times on particle size, ruminal fermentation patterns and possible effects on subacute acidosis.
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Table 1.  Ingredient composition (% DM) of concentrate diets fed to finishing steers



% Concentrate


Ingredient
70%
80%
90%

Sudangrass hay
9.97
19.17
9.84

Alfalfa
20.18



Whole Corn
9.64
9.96
9.76
Steam-flaked corn
46.71
56.64
66.06

Soybean meal
3.85
3.47
3.68

Molasses
4.53
4.65
4.63

Fat (yellow grease)
1.56
2.32
2.42

Limestone
0.74
0.76
0.72

Dicalcium phosphate
0.50
0.51
0.48

Salt
0.30
0.30
0.28

Urea
0.81
0.97
0.92

Ammonium sulfate
0.24
0.25
0.24

Premixa
0.97
1.00
0.97


aPremix contained (DM basis):  ground milo (90.253%); vitamin A, 30,000 IU/g (0.665%); vitamin E, 500 IU/g (0.27%; Rovimix E-50 adsorbate, Roche Vitamins); Rumensin-80 (1.687%; Elanco Anim. Health); Tylan-40 (1.125%; Elanco Anim. Health); and trace mineral package (6%).  Trace mineral package contained (DM basis):  cobalt carbonate (0.338%); copper sulfate (3.049%); calcium iodate (0.251%); ferrous sulfate (18.142%); manganese sulfate (13.178%); zinc sulfate (26.282%); magnesium oxide (27.768%); ground milo (7.307%); and mineral oil (3.685%).


Table 2.  Effects of mixing times of 30 s or 8 min on IVDMD.



Mixing treatment 
Time, h
30s
8 min
SE



70% concentrate


6 
41.03
40.54
1.24

12 
60.0
58.21
3.49

24 
66.84
61.15
3.08


48 
76.14
77.40
1.66


80% concentrate


6 
61.55
59.81
4.40


12 
64.85
59.12
3.85


24 
64.43
71.72
3.61


48 
73.98
79.56
2.05


90% concentrate


6 
66.25
62.20
0.89


12 
71.65
65.65
3.37


24 
74.48
74.93
0.87


48 
75.77a
82.31b
2.01

ab Means within a row without a common superscript letter differ ( P < 0.10)

Table 3.  Chemical composition of concentrate diets mixed for 30s or 8 min.


% concentrate ( time mixed)a
Item
70% (30s)
70%(8 min)
80%(30s)
80%(8 min)
90%(30s)
90%(8min)


DM, % as fed
86.6
86.4
85.4
85.05
83.96
83.57
% of DM

Ash
6.65
6.67
6.85
6.57
4.57
4.41

CP
14.48
12.86
15.88
14.91
13.86
13.22
ADFb
14.24
14.49
11.27
12.23
7.27
7.43



a Ingredient compostition of concentrate diets are presented in Table 1.


b Acid detergent fiber.


Table 4.  Effects of mixing times of concentrate diets on performance and carcass characteristics of finishing steers

Treatmenta
Item
30s
8 min
SE

No. of pens(cattle)
4 (32)
4 (34)
-



Initial wt, kg
360.3
368.7
9.94

Final wt, kg
564.6
576.0
12.98


Daily gain, kg


d 0 to 28
2.55
2.76
0.17


d 29 to 56
1.65d
1.90e
0.14


d 57 to 84
1.80d
1.43e
0.18


d 85 to 112
1.02d
1.31e
0.14

d 0 to 112
1.76f
1.85g
0.07



Daily DM intake, kg



d 0 to 28
7.47
7.92
0.58


d 29 to 56
9.29
9.81
0.60


d 57 to 84
9.40
9.68
0.48


d 85 to 112
8.87
9.41
0.46



d 0 to 112
8.75
9.20
0.44


Gain/feed kg/kg

d 0 to 28
0.343
0.349
0.010


d 29 to 56
0.178d
0.194e
0.004


d 57 to 84
0.192b
0.148c
0.008



d 85 to 112
0.115d
0.140e
0.006



d 0 to 112
0.201
0.201
0.004



Carcass Characteristics


Hot carcass wt, kg
346.1
354.4
8.19


Dressing percentage
61.3
61.5
0.002


Longissimus muscle






area cm2
80.86
83.61
1.53


Kidney, pelvic,



and heart fat, %
2.0
2.0
0.057


Fat thickness, cm
1.39
1.46
0.097


Marbling scoreh
4.0
4.1
1.35


Yield grade
3.05
3.15
0.067


Quality grade, choice %
43.8
47.1
-


a30s=thirty  seconds of mixing time; 8 min=eight minutes of mixing time.



b,cMeans within a row without a common superscript letter differ (P < 0.01).


d,eMeans within a row without a common superscript letter differ (P < 0.05).


f,gMeans within a row without a common superscript letter differ (P < 0.10).


h3.0=slight0; 4.0=small0;  5.0=modest0.










