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ABSTRACT:  Inclusion of potato-processing waste (PW) from frozen potato products manufacturing was evaluated in high-grain finishing diets fed to one hundred twenty-five crossbred yearling heifers (365  0.3 kg initial weight) for 84 and 105 d. Heifers were blocked by weight and allotted randomly to one of five dietary treatments (5 pens/treatment). Initial weights were determined by a three-day average. Final weights were calculated from hot carcass weight divided by a 62% dress. Heifers were implanted with estradiol/trenbalone acetate on d 1.  Control diet contained 80% corn, 10% alfalfa hay, 5% concentrated separator by-product (CSB), 5% supplement.  Potato waste replaced 0, 10, 20, 30 and 40% of corn and CSB in the diet on a DM basis. Diets were formulated to contain 27.5 mg monesin/kg, 11 mg tylosin/kg, and 0.44 mg melengestrol acetate/kg, and at least 13% CP, 0.7% Ca, 0.3% P, and 1% K. Linear, quadratic, and cubic contrasts were used to compare levels of PW. Dry matter intake decreased (linear; P = 0.007) from 10% to 40% PW.  Increasing PW decreased gain (linear, quadratic, and cubic; P < 0.01 ) and feed efficiency (linear and quadratic; P = 0.001).  Apparent dietary NEm and NEg were not different among treatments (P = 0.18). Final and hot carcass weight (HCW) decreased from 0 to 30% and then increased at 40% (linear, quadratic and cubic; P < 0.01). Backfat thickness and ribeye area decreased with increasing PW (linear P < 0.05). Yield grade was highest without PW (quadratic, P = 0.09). Level of PW did not affect marbling or liver score (P > 0.3).  Inclusion of PW in finishing diet reduced intake, gain, efficiency, final weight, HCW, backfat, and ribeye area; however, PW did  not affect marbling. Optimal inclusion of PW in finishing diets may be dependent upon cost of diet.
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Introduction
Approximately 2 million metric tons of by-products from frozen potato manufacturing were produced in 1998 in the United States (Araji et al., 1999).  Processors are faced with disposal of by-products which can be both an economical and environmental problem. One solution is feeding these by-products to livestock. Previous research using alkali-peeled potato by-products with cattle has shown the addition of filter cake up to 40% of a high-concentrate diets (DM basis) did not affect intake, gain, efficiency or carcass quality  (Heinemann and Dyer, 1972; Heinemann et al., 1978; and Sauter et al, 1980); however addition of 50% or more had a negative affect.  Addition of 10% ensiled  potatoes pieces in corn-based finishing diets was reported to improve ADG and marbling in a finishing diets (Nelson et al., 2000).

The adaptation of steam peeling produces a by-product with slightly different characteristics as compared with alkaline peeling methods.  Replacement of up to 20% (DM basis) of a steam-peeled potato by-product in lactating dairy cow diets did not affect DMI, milk yield or milk persistency  (Onwubuemeli, et al., 1985). To our knowledge, no  study has investigated by-products from frozen potato products manufacturing using steam peeling in finishing diets. The objective of this study was to evaluate inclusion level of potato-processing waste (PW) in high-concentrate diets fed to yearling heifers on feedlot performance and carcass characteristics.

Materials and Methods
One hundred twenty-five cross-bred yearling heifers (365  0.3 kg initial weight) were blocked by weight and allotted randomly to one of five dietary treatments (5 pens/treatment). Initial weights were determined by a three-day average during which heifers were fed a common diet. Heifers were implanted with estradiol/trenbalone acetate (Revolor-H®, Intervet, Millsboro, DE) and treated for parasites (Ivomec®, MSD-Ag Vet, Rahway, NJ) on d 1.  
The final control diet contained  80% dry-rolled corn, 10% alfalfa hay, 5% concentrated separator by-product (CSB), and 5% supplement (Table 1).  Potato waste replaced 0, 10, 20, 30, and 40% of corn and CSB in the diet on a DM basis. Potato waste used in the trial was a slurry-type by-product (11% DM).   Heifers were adapted for the first 28 d of the trial to the final finishing diet.  Heifers were initially fed 45% concentrate, 45% alfalfa hay, 5% CSB and 5% supplement for 7 d.  Each 7-d adaptation  period decreased hay to 35, 25, and 15%. Diets  were formulated to contain  27.5 mg monesin/kg, 11 mg tylosin/kg, and 0.44 mg melengestrol acetate/kg and at least 13% CP, 0.7% Ca, 0.3% P, and 1% K.  Heifers were fed once daily and weighed at 28 d intervals.  Orts were measured weekly. Diet constituents were sampled weekly, composited, and analyzed for DM, OM, CP, NDF, and ADF.

The two heaviest blocks of heifers were slaughtered at 84 d and remaining blocks were slaughtered at 105 d. Final weights were calculated from hot carcass weight (HCW) divided by a 62% dress.   At slaughter, HCW and liver scores were recorded.  After carcasses were chilled for 48 h,  marbling, 12th rib fat thickness, ribeye area (REA), and percentage kidney, pelvic and heart fat (KPH) were collected. Yield grade (YG) was calculated.

Data was analyzed as a randomized complete block design (Steel and Torrie, 1980).   Linear, quadratic, and cubic contrasts were used to compare levels of PW.   Distribution of quality grade and dark cutters were analyzed with a Chi-square.

Results and Discussion
Heifer performance and calculated dietary energy is shown in Table 2.  One heifer in the 10% treatment contracted pneumonia and was removed; therefore, 124 heifers were used in analysis.  Dry matter intake decreased  8% (linear, P = 0.001)  from 10 to 40% PW.  Average daily gain decreased from 0 to 30% treatments and increased at 40% (linear,  quadratic, and cubic, P < 0.01).   Feed efficiency (G:F) followed average daily gain  (linear and quadratic; P = 0.001), however only tended to be cubic (P = 0.07). Final weight decreased from 0 to 30% and then increased at  40% (linear, quadratic and cubic; P < 0.01) with addition of PW. Sauter et al. (1980) noted a 14% decrease  in intake, 17% decrease in ADG and 5% decrease in efficiency  with inclusion of 50% potato by-product as compared with  25% potato by-product in a barley-based finishing diets. These results conflict with previous studies evaluating filter cake (Heinemann and Dryer, 1972 and Heinemann et al., 1978) in which addition of potato by-product up to 40% of a barley-based finishing diet did not affect intake, gain or efficiency.  The lower energy content of the diets fed by these researchers (30% roughage and barley-based ) could have concealed a response of the potato by-products. However, Nelson et al. (2000) reported in corn-based diets with 7% roughage, DMI and ADG, increased with 10% addition of potato by-product, consisting mainly of ensiled potato pieces. 

Apparent dietary NEm and NEg tended to decrease with addition of PW (quadratic, P = 0.06). Dietary net energy values were greatest for the corn-based diet and were similar with inclusion of PW.  Neslon et al. (2000) reported no affect of ensiled potatoes pieces on dietary energy in corn-based or barley-based diets.

Carcass characteristics are presented in Table 3.  Hot carcass weight decreased (linear, quadratic, and cubic, P < 0.01) with PW; and was the lowest at 30% and increased in control diet.  Both linear (P = 0.02) and cubic (P = 0.06) responses were observed for REA. Ribeye area was largest for 10%, similar for 0 and 20%, and similar but lower for 30 to 40%. Addition of PW decreased 12th rib fat thickness  (linear, P = 0.04). Calculated yield  grade was highest at 0% PW, but was similar from 10% to 40% (quadratic P = 0.09).   In comparing 25 and 50% addition of potato by-product, Sauter et al. (1980) reported a decrease in fat thickness, REA, and YG.  In contrast, Nelson et al. (2000) observed no difference in HCW, REA, fat thickness, or YG with addition of ensiled potato pieces up to 20% of the finishing diet.

Addition of PW did not affect marbling, KPH or liver score (P > 0.20). Marbling  was similar for diets containing 10 to 50% potato by-product as noted by both Nelson et al. (2000) and Sauter et al. (1980). Distribution of USDA quality grade (Table 4) was not different among treatments (P > 0.13).  One dark cutting carcass was observed in the 20 and 30% diets, but was not different among treatments (P = 0.55).  Heinemann and Dryer (1972) reported carcass characteristics were similar with addition up to 51% of potato by-products, which conflicts with some of the results reported here.  Again, diets used by these researchers were barley-based and contained 30% roughage, and therefore may have not elicited a response in carcass characteristics and feedlot performance.

Implications
Addition of PW to a finishing diet decreased feedlot performance, carcass weight, and ribeye area as well as  decreased fat thickness and yield grade.  Marbling and quality grade were not affected by inclusion of PW. Addition of 10% PW in a finishing diet may improve intake, reduce fat thickness, and yield grade. Because the potato-processing  waste is over 85% water, transportation cost needs to be considered.  Ultimately, optimal inclusion of PW in finishing diets may be determined by cost of diet constituents.
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	Table 1. Diet Composition (DM basis).

	
	Potato-processing waste replacement of corn and CSB, %



	Ingredient
	0
	10
	20
	30
	40

	Dry-rolled corn
	80.0
	72.8
	65.5
	58.3
	51.0

	Potato-processing waste
	0.0
	8.5
	17.0
	25.5
	34.0

	Alfalfa Hay
	10.0
	10.0
	10.0
	10.0
	10.0

	CSB
	5.0
	3.8
	2.5
	1.3
	0.0

	Supplement 1a
	5.0
	3.8
	2.5
	1.3
	0.0

	Supplement 2b
	0.0
	1.3
	2.5
	3.8
	5.0


aSupplement 1 contains 40.7% fine ground corn, 27.6% limestone, 15% urea, 6.6% sunflower meal, 6% salt, 1.9% dicalcium phosphate, 1% Vitamin E premix, 0.4% trace mineral premix, 0.3% Rumensin 80, 0.2% Tylan 40, 0.2% Vitamin A-D premix.

bSupplement 2 contains 37.6% sunflower meal, 26.3% limestone, 15% urea, 11.9% fine ground corn, 6% salt, 1% dicalcium phosphate, 1% Vitamin E premix, 0.4% trace mineral premix, 0.3% Rumensin 80, 0.2% Tylan 40, 0.2% Vitamin A-D premix. 

	Table 2.  Effect of treatment on feedlot performance and dietary energy.

	
	Potato-processing waste replacement of corn and CSB, %
	
	Contrastsa

	Item
	0
	10
	20
	30
	40
	SEM
	L
	Q
	C

	Initial Wt, kg
	365
	365
	365
	365
	365
	0.3
	0.16
	0.52
	0.14

	Final Wt, kg
	496
	492
	474
	469
	477
	3
	<0.001
	0.002
	0.008

	DMI, kg/d
	9.28
	9.47
	8.85
	8.70
	8.66
	0.21
	0.007
	0.99
	0.18

	ADG, kg/d
	1.36
	1.31
	1.13
	1.08
	1.17
	0.03
	<0.001
	0.001
	0.007

	Gain:Feed
	0.146
	0.139
	0.128
	0.124
	0.135
	0.003
	0.001
	0.001
	0.07

	NEmb, Mcal/kg
	2.22
	2.13
	2.03
	2.06
	2.11
	0.05
	0.12
	0.06
	0.83

	NEgb, Mcal/kg
	1.53
	1.46
	1.37
	1.40
	1.44
	0.05
	0.11
	0.06
	0.83


aL = linear, Q = quadratic, C = cubic.

bDietary NEm and NEg were calculated from heifer performance.  

	Table 3.  Effect of treatment on carcass characteristics.

	
	Potato-processing waste replacement of corn and CSB, %
	
	Contrastsa

	Item
	0
	10
	20
	30
	40
	SEM
	L
	Q
	C

	Hot carcass wt, kg
	307
	304
	293
	290
	295
	2
	<0.001
	0.002
	0.01

	Fat thickness, cm
	1.20
	1.04
	1.03
	0.89
	0.94
	0.10
	0.04
	0.43
	0.88

	Ribeye area, cm2
	81.5
	83.9
	81.8
	77.9
	78.6
	1.4
	0.02
	0.34
	0.06

	KPHb, %
	1.9
	2.1
	1.8
	1.8
	1.8
	0.1
	0.14
	0.90
	0.11

	Yield grade
	2.7
	2.4
	2.3
	2.4
	2.5
	0.14
	0.32
	0.09
	0.69

	Marbling scorec
	499
	492
	462
	416
	486
	31
	0.32
	0.25
	0.18

	Liver scored
	0.64
	0.30
	0.36
	0.24
	0.64
	0.23
	0.93
	0.15
	0.87


aL = linear, Q = quadratic, C = cubic. 
bKidney, pelvic and heart fat
c300= slight, 400=small marbling.  

d0=no abscesses, 4=liver adhered 

	Table 4.  Effect of treatment on distribution of USDA quality grade and dark cutters.

	
	Potato-processing waste replacement of corn and CSB, %
	

	Item
	0
	10
	20
	30
	40
	P-value

	Quality grade distribution, %
	
	
	
	
	
	

	
	Prime
	12.0
	12.5
	4.0
	0.0
	12.0
	0.35

	
	Upper 2/3 Choice
	24.0
	20.8
	36.0
	8.0
	28.0
	0.20

	
	Low Choice
	32.0
	41.7
	28.0
	56.0
	24.0
	0.13

	
	Select
	32.0
	20.8
	20.0
	24.0
	28.0
	0.85

	
	Standard
	0.0
	4.2
	12.0
	12.0
	8.0
	0.41

	Dark Cutters, %
	0.0
	0.0
	4.0
	4.0
	0.0
	0.55


