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ABSTRACT: Twenty pasture-fed steers and 10 pasture-fed heifers were evaluated for relationships among daily BW gain, grazing period, frame size, final weight, and carcass traits (fat thickness, ribeye area, marbling score, and yield grade).  Consumers evaluated tenderness, juiciness, flavor, texture, and acceptability of cooked steaks from these animals.  Cattle were wintered for a weight gain of 0.69 ± 0.03 kg/d for 156 d postweaning and were maintained in adjacent, rotationally-grazed paddocks containing primarily cool-season grasses.  Cattle were harvested at a constant age (532.9 d ± 5.7 d) in 6 harvest groups and carcass data were collected.  Three longissimus muscle steaks were taken from each of the carcasses and consistently labeled for position on the 9th to 12th rib section of the longissimus muscle.  One steak was evaluated for Warner Bratzler shear force. An additional steak from each of the carcasses was thawed, cooked and offered to consumer panelists. A third steak was used to determine the total lipid, fatty acid, and cholesterol composition.  Correlations were determined on the relationships among animal, production, and carcass traits with the consumer evaluations and the relationship of fatty acids and cholesterol with consumer evaluations.  Animal, growth, and carcass traits were generally not strongly related with panelist scores for tenderness, flavor, or overall desirability from pasture-fed cattle harvested at 533 d of age.  
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INTRODUCTION

Pasture-fed beef (PFB) has received attention among health-conscious consumers. This is partially attributed to data reflecting PFB having significantly greater concentrations of conjugated linoleic acids (CLA) when compared to grain-fed beef (French et al., 2000).  Studies with rats indicated CLA may be anticarcinogenic, influence immune response, and be antiatherogenic (Ip et al., 1999; Baumgard et al., 2000; Whigman et al., 2000; Lee et al.,2006). Also, fatty acid profiles are different and there is proportionately less saturated fat in the PFB compared to grain-fed beef. (Duckett and Pavan, 2007). 

Pasture-fed beef has been documented by trained panelists as having a strong (P ≤ 0.05) “grassy, off-flavor” compared to grain-fed beef (Xiong et al., 1996). Consumers also gave grain-fed beef greater (P < 0.001) scores for flavor, juiciness, tenderness, and overall acceptability when compared to grass-fed beef (Sitz et al., 2005). There is a niche group of consumers who prefer grass-fed beef.  Fuez and Umberger (2001) reported that 23% of American consumers preferred the taste of grass-fed beef and were willing to pay an average of $3.00/kg more for this product. Martz (2000) indicated that grass-fed steaks were less tender and juicy compared to grain-fed steaks; however, none of the steaks were rated as ‘disliked’ on a 9-point hedonic scale. Therefore, in order to compete in the market of health-conscious consumers, research is needed to reduce variability and improve the quality of grass-fed beef. The objectives of the current study were to (1) determine the relationships among production and carcass traits of pasture-fed cattle with the palatability of the meat, (2) determine the relationship of fatty acid composition and cholesterol with consumer acceptability of cooked steaks.
MATERIAL AND METHODS

Animals
An experiment was conducted with the consent of the Pennsylvania State University Institutional Animal Care and Use Committee (IACUC #20625).  A consumer taste test was conducted with the consent of the panelists (IRB # 24404).  The experiment consisted of 20 pasture-fed steers and 10 pasture-fed heifers.  All of the cattle were wintered together postweaning for a weight gain of 0.69 kg/d for 156 d. The cattle were progeny of Angus/Simmental crossbred cows that ranged from 25% to 88% Angus, and all cattle were sired by Angus bulls both AI and naturally with 9 sires represented.

Animal feeding and management

Prior to weaning, the cows and their calves were housed on pasture at the Haller Farm at The Pennsylvania State University.   Minerals (8% calcium, 24% phosphorus, and 68% salt; Young’s Brood Cow, Minneapolis, MN) were available ad libitum.  The cows and calves had access to grass/legume pasture consisting primarily of cool-season grasses (predominately orchardgrass).  The mean TDN, NDF, and CP were 68.8, 52.1, and 17.9, respectively.  The test cattle received no grain prior to weaning at an average age of 188 d.  The weaning dates were established based on age and were September 19, 2005, October 10, 2005, October 26, 2005, and November 2, 2005. The animals were then transported 2 km and wintered within the Beef and Sheep Center at The Pennsylvania State University.

 There were no subtherapeutic antibiotics provided and no growth-promoting implants were administered to test cattle.  Four animals were treated for foot rot with an injectable antibiotic (Liquamycin; Pfizer Animal Health, Exton, PA).  The cattle were maintained in a 5.3 ha pasture, had ad libitum access to round grass hay bales (predominantly orchardgrass) in Hay Savr® (J&L Equipment, Stoystown, PA) elevated cone feeders, and were fed whole shelled corn at 3.0 kg/head/d from November 22, 2005 to January 27, 2006.  The grass hay was evaluated for DM, NEg, CP, and NDF and the values were 87%, 64% TDN, 10.2 % and 66.3%, respectively.   Between January 27, 2006 and April 26, 2006 the amount of corn was increased to 4.0 kg/head/d.  The wintering pastures were primarily cool-season grasses. The predominant species was orchardgrass with lesser amounts of tall fescue, legumes, and weeds. Little pasture forage mass was available for grazing for the extent of the postweaning wintering phase. There were a total of six feed bunks that were 2.44 m long (0.3 m of bunk space/calf).  All cattle had ad libitum access to water and minerals in a mix containing 8% calcium, 24% phosphorus, and 68% salt (Young’s Inc. Roaring Springs, Pa). Grain was added to the diet to achieve a targeted average daily BW gain of 0.73 kg/d. The actual average daily BW gain was 0.69 ±0.03 kg/day for the 156-d wintering period. Argentinean workers have shown a desirable grass-finished product required 0.8 kg/day ADG during grass-finishing (Pordomingo, 2007).  Bruns (2001) and Pordomingo (2007) indicated marbling accretion is a function of consistent growth in growing cattle.

Cattle were transported 2 km from the Beef and Sheep Center pastures on April 27, 2006 to the Penn State Haller Farm pasture.  The pasture fertilization consisted of urea nitrogen (46 % nitrogen; Helena Chemical, Warrriors Mark, PA) applied three times.  The first application was March 31 at a rate of 48 kg N/ha.  The second application was May 25 at a rate of 30 kg N/ha.  The third application was August 31 at a rate of 20 kg N/ha.  Twenty steers and 10 heifers remained on Haller Farm pastures until each group was harvested. Forage species descriptions are shown in Table 1. During the first rotation (May 5-18), twenty-eight additional yearling heifers (not commingled with test cattle and not a part of study) were rotated through the paddocks, following the animals within the study.  These additional animals acted as defoliators to remove excess pasture growth.  The subsequent rotations only included the animals pertaining to the current study.  Twenty steers were grazed in one group and 10 heifers grazed in the other group in adjacent paddocks. Therefore, sex is confounded with grazing paddock in all comparisons. Each group of animals was rotated through 8 different paddocks, achieving a total of 16 paddocks for the study.  Each paddock was approximately 0.29 ha/heifer and 0.37 ha/steer over the grazing period.  The stocking rate differed due to the relative weight differences of steers vs. heifers (481 kg and 494 kg final weight for heifers and steers, respectively).  They were moved typically twice weekly.  Paddock sizes were variable with entry in the paddock typically at 30 cm of forage height and removal at 10 cm of forage height.  This was measured subjectively. No supplemental feeds (except minerals) were used as forage was continuously available. 

 All cattle were weighed at turnout after a 16 hr shrink and frame scores (Beef Improvement Federation, 2002) were determined.  Paddocks for summer grazing were pastures containing primarily tall fescue and orchardgrass (Table 1).  Pasture collection for sward species separations was conducted on September 26, 2006.  A metal grid was thrown to a random spot of the pasture and clippings were removed at a height of 3.0 cm.  This process was conducted five more times in random spots along a straight path.  Following the clipping, samples were immediately manually separated into specific species (Table 1).  After the collection, all the samples were chilled in a portable cooler.        

All the cattle were allotted to the paddocks on the same date.  Pastures were sampled by randomly casting a 1 m² frame 3 cm tall in the paddock prior to each rotation and clippings were made at 3.0 cm.  The samples were collected weekly from May 2, 2006 until October 24, 2006, dried at 55(C for 48 hours, ground through a 1mm screen and frozen.  At a later date, samples were thawed and evaluated at the Cumberland Valley Analytical Services, Inc. and analyzed for CP (AOAC, 1990) and subjected to near-infrared reflectance (NIR) analysis, using a prediction equation constructed in-house by wet chemistry (New Cumberland Valley Analytical Services, Inc. Maugansville, MD).  The information reported from the laboratory was CP (% dry matter), TDN (% dry matter), and NDF (% dry matter).  

Cattle had continuous access to water and minerals (8% calcium, 24% phosphorus, and 68% salt ; Young’s Brood Cow, Minneapolis, MN) during the grazing period.  Grazing continued at Haller Farm until October 30, 2006 when the final harvest group was removed. Sufficient standing forage mass was available for the entire grazing period to allow for optimum intake.

Cattle harvest

Five cattle were harvested at a constant age (532.9 d ± 5.7 d) in each of 6 harvest groups.  Animal age was held constant to avoid possible confounding effects of age on carcass and consumer values. The first harvest group spent 124 d grazing and the last harvest group spent 187 d grazing.  All cattle were harvested at a single facility (N. S. Troutman and Sons, Freeburg, PA) after a 2 hr haul.  An age-constant basis variability of carcass traits was expected and desired for evaluation over a wider range of values. Fat thickness, marbling score, percentage KPH, final weight, and ribeye area were collected after a 24-hr chill (2.2-3.3(C).  All marbling scores were evaluated by a single trained grader.   Following data collection, the 9-12 rib section of longissimus muscle was removed from the left side of the carcass, freezer wrapped, and transported to the Pennsylvania State University Meats Laboratory.  Three steaks, 2.54 cm thick, were removed, labeled based on the position on the carcass, vacuum packaged (Bizerba, Piscataway, NJ) within 1 hour after cutting in 3 mil-vacuum pouches (Koch Supplies, Kansas City, MO) and frozen in a -4(C freezer for a maximum of 144 d for the shear force test, 68 d for the consumer test and 302 d for the fatty acid and cholesterol analysis.  The steaks were not aged before freezing.
Shear force test

The shear test was conducted at the Meats Laboratory of The Pennsylvania State University. Before the test began, 30 steaks were thawed for 24 hr in a refrigerator (2-3ºC) within their vacuum package.  The oven (General Electric, Model # JBP26W4WH; Louisville, KY) was preheated to 176.7ºC.  Six random steaks were unwrapped, fat and connective tissue were trimmed, and a pre-cooked weight was taken.  Each steak was wrapped in aluminum foil on a metal tray with steaks arranged in two columns and three rows.  The tray was put in the preheated oven for 20 min.  After 20 min the steaks were probed with a thermocouple (Model HT680A, Cooper Instrument Corp., Middlefield, CT).  Each steak was removed once it reached an internal temperature of 70(C.  After all the steaks were removed from the oven they were cooled at 22(C for 15 min, blotted to remove excess fluid, and weighed to determine cook loss (Mean = 29.9% SE = 0.69).  Once the steaks were cooled to 22(C for an additional 1 hr, three cores (1.27 cm cores) were removed parallel to the muscle fibers (Model TMS-90 Texture Test System, Food Technology Corporation, Rockville, MD.).  The cores were then sheared perpendicular to the cut surface.  Peak shear force was recorded as kg of force, using a Warner Bratzler type shear cell (Model CW-2 Meat Shear Cell, Food Technology Corp., Rockville, MD).  This entire process was repeated until all 30 steaks were assigned shear force values as the average force over the three samples from each steak.

Consumer test

Four frozen steaks from the same location on the carcass were chosen randomly among the 30 samples and removed from the vacuum packaging.  The steaks were thawed overnight in a 2-3(C refrigerator. Two steaks were grilled on each of two George Foreman Next Generation Grills (Model # GRP99, Division of Saltron, Inc., Lake Forest, IL).  The grills were set to 162.7(C and each steak was cooked to an internal temperature of 60(C (medium rare) as measured with a thermocouple (Model HT680A, Cooper Instrument Corp., Middlefield, CT).  Each steak was then cut into approximately seven, 2.54 cm x 1 cm x 1 cm pieces.  The order of presentation was randomized and the samples were coded with randomized 3-digit codes.  Samples were served to consumers less than 5 min after cooking and were kept warm on hot plates.  Three 6.45 cm2 samples were served to 7 consumers every 30 min.  This entire process was repeated for each group of 4 steaks, with each steak being sampled by 7 panelists (Meilgaard et al., 2007). Standard sensory test methodology was used to conduct the consumer test (Meilgaard et al., 2007).  A 9-point hedonic scale was used to measure overall liking, flavor and texture.  A 7-point just-about-right (JAR) scale was used to rate consumer opinions regarding the tenderness and juiciness of the steak samples.  Ehe evaluations were conducted in individual testing booths using Compusense® five software (4.6 Compusense Inc. Guelph, ON, Canada).  The consumers used for this product evaluation were faculty, staff, and students from The Pennsylvania State University. 

Lipid analysis 

Fatty acid profiles were conducted in the laboratory of Dr. Susan Duckett within the Department of Animal and Veterinary Science at Clemson University, Clemson, SC.  

Frozen steaks were packaged in dry ice and sent via Federal Express to Clemson University for next day arrival.  All longissimus muscle steaks were thawed in a refrigerator at 2-3 (C and prepared for analysis by removal of external fat and connective tissue.  A food processor (Waring ProPrepTM WCG75 Chopper-Grinder, Torrington, CT) was used to process the muscle.  The muscle was immediately placed into a clear plastic storage bag, frozen, and freeze dried.  A food processor was used to grind each frozen dried muscle into a powdered sample.  The freeze dried sample was then stored at -20ºC for less than 30 d prior to analysis.  After sample preparation, total lipid content was measured in duplicate using hexane in an ANKOM XT15 Extractor (Ankom, Macedon, NY).  Samples were transmethylated according to the method of Park and Goins (1994).  Fatty acids were analyzed and separated according to the method of Duckett et al. (2009).  Total cholesterol content of the meat sample was measured using gas liquid chromatography (Du and Ahn, 2002). 

Statistical analysis

Steaks were utilized for a shear force test, fatty acid and cholesterol analysis, and consumer taste test with the same steak location number for each test.  The Proc Mixed procedure of SAS (SAS, 2002) was used for each of the 3 objectives.  First, weight gain, final weight, frame size, sex X paddock, fat thickness, rib-eye area (REA), yield grade, shear force, marbling score, and percentage of kidney, pelvic and heart fat (% KPH) factors were compared with the response variables from the consumer panelists in a backward elimination procedure.  Each of the production and carcass traits were subjected to this analysis with each of the consumer acceptability values (overall liking, flavor, texture, tenderness and juiciness).  The production or carcass trait that had the greatest P-value, greater than an alpha level of 0.1, was removed from the model for each iteration.  After each variable was removed, the procedure was repeated until all the variables left in the model resulted in a P-value less than 0.1.  After the final model was determined, a correlation analysis was conducted for those variables that remained in the model to determine the partial correlation coefficient and the standard error of the correlation.  This same procedure was used to compare the fatty acids and cholesterol with consumer acceptability, and production and carcass traits with fatty acids and cholesterol.  
RESULTS AND DISCUSSION

Consumer evaluations with production and carcass traits 

Figure 1 and Table 1 reflect the sward components and pasture analysis for crude protein, total digestible nutrients, and neutral detergent fiber.  These data indicate that pasture quality was adequate for reasonable weight gain with normal intake (protein and energy ADG = 1 kg/d; NRC, 2000). The summary of carcass traits in Table 2 indicates there was sufficient variability in most of these traits to characterize the comparisons with production and consumer values over a wide range of values. Likewise, the consumer values presented in Table 3 represented all possible scores except for tenderness and juiciness. The variability in the consumer values for the meat creates a significant challenge to PFB production and marketing. Frame size, marbling score, and grazing average daily gain (ADG) were deleted in the statistical elimination procedure comparing consumer response for overall liking, texture, and tenderness. The correlation matrix is presented in Table 4.   


The effect of frame size on PFB production is related to fattening rate.  A smaller frame size (Range = 3.6-6.7; SE = 0.13) is an indicator of earlier maturity, with a smaller frame animal being more mature at a given body weight than a larger frame size animal.  Thus, the small frame animal, at a given body weight and feed intake, will be putting less energy into skeletal and muscle growth leaving more energy for fat deposition.  Testimonial standards for PFB production usually indicate smaller frame size in the cattle, but these results indicate that, for cattle harvested at 17-18 mo of age, frame size was not related with consumer acceptability of the cooked product, implying there is flexibility available for production of PFB for frame size at this harvest endpoint.  Likewise, marbling is generally used as the predictor of carcass palatability (Parrett et al., 1985; Johnson et al., 1988; May et al., 1992; Platter et al., 2003).  Data from the current study indicate marbling scores for the low Select to low Choice quality grades will not change consumer values for overall liking, flavor, texture, and tenderness with grass-finished longissimus muscle steaks harvested at 17-18 mo of age.  However, this is a fairly narrow range of carcass quality grades, and no PFB data is known to compare values for palatability beyond this range, particularly for grades at Average Choice and greater.  There is evidence grain-fed cattle at middle Choice quality grade and greater will result in greater palatability of meat (Tatum et al., 1980). 

Shear force values less than 4.6 kg (Shackelford et al., 1991) are generally “acceptable.” Since meat tenderness is a significant factor in acceptability of cooked beef, it follows that consumers would score steaks with greater shear values as lower in overall liking, texture and tenderness. However, similar to most other comparisons (Table 4), the statistical strength of these relationships (fat thickness, rib-eye area, yield grade, and shear force with overall liking, flavor, texture, tenderness, and juiciness) were generally weak, with the exception of shear force having the greatest relationship among carcass and production traits with consumer acceptability. These data indicate that within the normal variation of production and carcass traits for PFB there is some opportunity to improve consumer acceptance of the product.  Furthermore, carcass tenderization treatments may be warranted for improving overall acceptability of the meat.  
Consumer evaluations with fatty acids and cholesterol

Total lipid percentage, vaccenic acid (VA), fatty acid percentage, fatty acid concentration, trans-10 cis-12, cis-9 trans-11, total conjugated linoleic acid (TCLA), PUFA, odd chain fatty acid (OCFA), monounsaturated fatty acid (MUFA), ratio of ώ-6 to ώ-3 fatty acids, saturated fatty acid (SFA), and cholesterol did not have a statistically significant relationship (P >0.1) with consumer evaluation of overall liking (data not shown).  All the variable are listed in Table 5.
Variables that did not have a significant relationship (α= 0.10) with flavor were deleted in subsequent statistical models in the following order: cis-9 trans-11, OCFA, MUFA, trans-11, and TCLA.  Variables that shared a significant relationship (P < 0.1) with flavor were SFA (P < 0.0001), PUFA (P = 0.02), ratio of ώ-6 to ώ-3 fatty acids (P = 0.01), trans-10 cis-12 (P = 0.01), total lipid percentage (P = 0.05), and cholesterol (P = 0.01; Table 6).  The relationships among these variables, excluding PUFA and ratio of ώ-6 to ώ-3 fatty acids, with flavor were negative (Table 6).  PUFA and ratio of ώ-6 to ώ-3 fatty acids were positively related to flavor even though these correlations, as well as the other correlations above were very low. As a function of total lipid content, which is strongly (r = 0.60) related to marbling score, increased fat in the meat resulted in lower consumer values as shown with carcass fat.  Given the range of marbling was fairly narrow, this observation is contradictory to established doctrine, but may indicate a unique property of PFB.  Flavor may impact consumer acceptability to a higher degree in PFB, and further studies over a wider range of fat in the edible portion are needed to identify this impact.  In this study, the total lipid was 10.3% ± 0.43% and the fat in the edible portion estimated from the marbling score had a range of 4.2 to 5.9% (Wahrmund-Wyle et al., 2000).  A significant motivation for consumers of this product is the implied health benefits of CLA (Pariza et al., 1979; Ha et al., 1987; Ip et al., 1999; Baumgard et al., 2000; Blankson et al., 2000; Whigham et al., 2000; Baumgard et al., 2001;  Mougios et al., 2001; Lee et al., 2006) and increased CLA content may have a negative, though very small, result for flavor of the product. Relationships between PUFA and the ratio of ώ-6 to ώ-3 fatty acids with flavor were positive (r = 0.07 and 0.15, respectively; Table 6).  However, although some fatty acids had significant relationships with meat flavor, they were statistically weak as shown by the relatively low correlation index (r2).  There does not appear to be a strong association between fatty acid profile and cholesterol content of the meat with consumer values of meat flavor.  However, there is a positive, though weak, relationship between the ratio of ώ-6 to ώ-3 fatty acids with flavor.  Similar results are shown in comparisons for juiciness and texture with fatty acid composition (Table 6). These data show numerous variables affect consumer acceptability of PFB.  Therefore, it may be difficult to manipulate the fatty acid and cholesterol profile through genetic, nutritional, or environmental means to improve consumer acceptability.

Tenderness is an important factor in consumer acceptability of meat. The mean value for tenderness (2.71) was substantially below the midpoint (4.00) of the “just about right” scale (Table 3). Fatty acids in the model that had a significant relationship (P < 0.1) with consumer values for tenderness were TCLA (P = 0.04; r = -0.08) and trans-10 cis-12 (P = 0.04; r = 0.07; Table 6).    The negative relationship between tenderness and CLA content could have an impact on consumer buying decisions; however, the correlation coefficient for total CLA and several CLA-isomers was very small (r2 = 0.001) and weak, as was the coefficient between tenderness and trans-10, cis-12 (r2=0.005; Table 6).  The current study agreed with Duckett et al. (1993) which combined the fatty acid data with taste panel data from May et al. (1992).  The results indicated oleic acids and PUFA had weak to moderate relationships with tenderness, flavor, and WBS values, and SFA had no (P > 0.05) relationship with taste panel data (Duckett et al., 1993).  The level of desirable perceived health characteristics in the fatty acid profile and cholesterol content may not have a negative influence on important factors of acceptability of the cooked product.

IMPLICATIONS

 Pasture-fed beef producers may have significant flexibility in production and animal factors for cattle harvested at 17-18 mo of age without changing consumer acceptability of PFB.  Consumer acceptability of beef is shaped by changes in flavor and tenderness, and overall acceptability may be negatively associated with increased fat content of the PFB carcass. Based on the consumer panel in this study, post-harvest interventions may be more valuable for increasing the customer base for PFB and increasing product consistency than manipulations of production and carcass traits. Significant research is needed to characterize the production parameters that will optimize consumer acceptability of PFB.
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[image: image1.emf]Table 1. Summary of species a   available for grass - finished beef trial  

 % of total DM  

Weeds/Dead Material  15.2  

Legumes  4.23  

Tall Fescue  33.3  

Orchard Grass  47.3  

a Clippings were made at 3 cm height.  




[image: image2.emf]Table 2. Summary of production, animal , and carcass traits for grass - finished beef  

Carcass trait  Mean  Standard error  Minimum  Maximum  

Harvest   age (d)  533  1.05  519  542  

Live Weight (kg)  1109  13.7  986  1260  

Cold carcass weight (kg)  273  3.6 2  236  310  

Grazing average daily gain (kg /d )  0.69  0.03  0.15  0.95  

Frame size a  5 .00  0.13  3.6 0  6.7 0  

Marbling score b  448  6.6 0  400  5 30  

Fat thickness (cm) c  0.63  0.04  0.25  1 .00  

Yield grade  2.5 0  0.05  2 .00  3.3 0  

Shear force (kg)  4.5 0  0.25  2.4 0  8.4 0  

Cook loss (%)   29.9  0.69  20.4  35.2  

Ribeye area (cm²)  68.9  0.85  5 8.7  77.4  

a Beef Improvement Federation, 2002.   b 500 = small 0 ; 400 = slight 0 .      

    c Fat thickness was measured between the 12 th   and 13 th   rib.  


 
[image: image3.emf]Table 3.  Mean consumer values for grass - finished steaks    Overall liking 1  Flavor 1  Texture 1  Tenderness 2  Juiciness 3   Mean  5.00  5.50  4.70  2.71  3.22   Minimum  1.00  1.00  1.00  1.00  1.00   Maximum  9.00  9.00  9.00  6.00  5.00   SE  0.22  0.17  0.23  0.12  0.07   1 Based on a 9 - point scale: 9 = like extremely, 5 = neither or dislike, and 1 = dislike extremely.   2 Based on a 7 - point just - about - right (JAR) scale: 7 = much too tender, 4 = just about right, 1 = much too tough .   3 Based on a 7 - point just - about - right (JAR) scale: 7 = mu ch too juicy, 4 = just about right, 1 = much too dry .    




[image: image4.emf]Table  4.   Significant partial correlation s   among production , animal, and   carcass traits with consumer acceptability of  grass - finished steaks  

Effect 1  Overall liking 2  Flavor 2  Texture 2  Tenderness 3  Juiciciness 4  

Frame size      - 0.20 c ±0.07  

Final weight   - 0.19 c ±0.07    - 0.073 c ±0.07  

Fat thickness  - 0.11 c ±0.07   - 0.095 b ±0.07  - 0.11 b ±0.08  - 0.037 d ±0.07  

Ribeye area  - 0.016 d ±0.08   0.044 c   ±0.07  0.04 b   ±0.08  0.11 d ±0.07  

Yield grade  - 0.21 d ±0.07   - 0.28 d ±0.06  - 0.26 d ±0.07  - 0.23 d ±0.07  

Shear force  - 0.26 c ±0.06   - 0.29 c ±0.06  - 0.28 c ±0.06   

Marbling score      0.16 c ±0.07  

1 Numbers in the  table   are significant partia l correlation   coefficients (r) with their corresponding standard error .  

2 Based on a 9 - point scale: 9 = like extremely, 5 = neither or dislike, and 1 = dislike extremely.  

3 Based on a 7 - point just - about - right (JAR) scale: 7 = much too tender, 4 = just about right, 1 = much too tough .  

4 Based on a 7 - point just - about - right (JAR) scale: 7 = much too juicy, 4 = just about right, 1 = much too dry .  

a P < 0.1 .      b P < 0.05 .     c P < 0.01 .       d P < 0.001 .    

 




[image: image5.emf]Table  5.   Summary table for lipid profile and cholesterol of grass finished beef (% total fatty    acids)  

 Mean  SE  Minimum  Maximum  

Fatty     acid a    8.2  0.41  4.8  13  

Total lipid a    10.25  0.43  6.4  15  

Saturated fatty     acid a  42.3  0.35  39.3  47  

Odd chain fatty     acid a  1.38  0.06  0.79  2.4  

Monounsaturated fatty     acid a    39.6  0.36  34.3  42.7  

Polyunsaturated fatty     acid a  6.3  0.22  4.4  8.6  

ω - 6 Polyunsaturated fatty     acid a  4.2  0.16  3  5.8  

ω - 3 Polyunsaturated fatty     acid a  2.1  0.08  1.3  3  

Ratio of ω - 6:ω - 3 Polyunsaturated fatty     acids a    2  0.06  1.2  2.6  

Total conjugated linoleic     acids a  1  0.04  0.63  1.4  

Cis - 9  trans - 11 conjugated linoleic acid a  0. 6  0.03  0.28  0.94  

Total  trans   fatty     acids a  2.8  0.12  1.8  4.4  

Trans - 11 fatty     acid a  2.6  0.11  1.5  3.8  

Trans - 10  cis - 12 conjugated linoleic acids a  0.08  0  0.04  0.12  

Cholesterol ab  52.8  1.27  41.4  63.1  

a Based on % of total fatty    acids.  

b Moisture basis  but   al l others are   calculated   on a DM basis.  

 



[image: image6.emf]Table  6.   Significant partial correlation among fatty    acids and cholesterol with consumer acceptability of  grass - finished steaks  

Effect  Flavor 12  Texture 2  Tenderness 3  Juiciness 4  

Saturated fatty     acid  - 0.17 d ±0.07     

  Polyunsaturated fatty     acid  0.066 b   ±0. 07    - 0.16 d ±0.07  

Ratio of   ω - 6 to ω - 3  polyunsaturated fatty    acid  0.16 c   ±0.07     

  C18:2  trans - 10  cis - 12  conjugated linoleic acid  - 0.075 b   ±0.07  0.060 b ±0.07  0.074 b ±0.07  0.0097 d ±0.08  

  Total lipid (%)  - 0.088 a ±0.07     

  Cholesterol  - 0.013 c ±0.07     

  Total conjugated linoleic  acid   - 0. 10 b ±0.07  - 0.081 b ±0.07  - 0.082 c ±0.07  

  Odd chain fatty    acid     - 0.20 a ±0.07  

1 Numbers in the  table   are  significant partial correlation   coefficients (r)   with their correspoending  standard error .   

2 Based on a 9 - point scale: 9 = like extremely, 5 = neither or  dislike, and 1 = dislike extremely.  

3 Based on a 7 - point just - about - right (JAR) scale: 7 = much too tender, 4 = just about right, 1 = much too  tough .  

4 Based on a 7 - point just - about - right (JAR) scale: 7 = much too juicy, 4 = just about right, 1 = much too   dry .  

a P < 0.1 .     b P < 0.05 .      c  P < 0.01 .     d  P < 0.001          
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_1290951571.doc
		Table 2. Summary of production, animal , and carcass traits for grass-finished beef



		Carcass trait

		Mean

		Standard error

		Minimum

		Maximum



		Harvest age (d)

		533

		1.05

		519

		542



		Live Weight (kg)

		1109

		13.7

		986

		1260



		Cold carcass weight (kg)

		273

		3.62

		236

		310



		Grazing average daily gain (kg/d)

		0.69

		0.03

		0.15

		0.95



		Frame sizea

		5.00

		0.13

		3.60

		6.70



		Marbling scoreb

		448

		6.60

		400

		530



		Fat thickness (cm)c

		0.63

		0.04

		0.25

		1.00



		Yield grade

		2.50

		0.05

		2.00

		3.30



		Shear force (kg)

		4.50

		0.25

		2.40

		8.40



		Cook loss (%) 

		29.9

		0.69

		20.4

		35.2



		Ribeye area (cm²)

		68.9

		0.85

		58.7

		77.4



		aBeef Improvement Federation, 2002.

b500 = small0; 400 = slight0.

		

		

		

		





  cFat thickness was measured between the 12th and 13th rib.
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		Table 5. Summary table for lipid profile and cholesterol of grass finished beef (% total fatty  acids)



		

		Mean

		SE

		Minimum

		Maximum



		Fatty  acida 

		8.2

		0.41

		4.8

		13



		Total lipida 

		10.25

		0.43

		6.4

		15



		Saturated fatty  acida

		42.3

		0.35

		39.3

		47



		Odd chain fatty  acida

		1.38

		0.06

		0.79

		2.4



		Monounsaturated fatty  acida 

		39.6

		0.36

		34.3

		42.7



		Polyunsaturated fatty  acida

		6.3

		0.22

		4.4

		8.6



		ω-6 Polyunsaturated fatty  acida

		4.2

		0.16

		3

		5.8



		ω-3 Polyunsaturated fatty  acida

		2.1

		0.08

		1.3

		3



		Ratio of ω-6:ω-3 Polyunsaturated fatty  acidsa 

		2

		0.06

		1.2

		2.6



		Total conjugated linoleic  acidsa

		1

		0.04

		0.63

		1.4



		Cis-9 trans-11 conjugated linoleic acida

		0.6

		0.03

		0.28

		0.94



		Total trans fatty  acidsa

		2.8

		0.12

		1.8

		4.4



		Trans-11 fatty  acida

		2.6

		0.11

		1.5

		3.8



		Trans-10 cis-12 conjugated linoleic acidsa

		0.08

		0

		0.04

		0.12



		Cholesterolab

		52.8

		1.27

		41.4

		63.1



		aBased on % of total fatty  acids.



		bMoisture basis but all others are calculated on a DM basis.






_1302681735.doc
		Table 4. Significant partial correlations among production, animal, and carcass traits with consumer acceptability of grass-finished steaks



		Effect1

		Overall liking2

		Flavor2

		Texture2

		Tenderness3

		Juiciciness4



		Frame size

		

		

		

		

		-0.20c±0.07



		Final weight

		

		-0.19c±0.07

		

		

		-0.073c±0.07



		Fat thickness

		-0.11c±0.07

		

		-0.095b±0.07

		-0.11b±0.08

		-0.037d±0.07



		Ribeye area

		-0.016d±0.08

		

		0.044c ±0.07

		0.04b ±0.08

		0.11d±0.07



		Yield grade

		-0.21d±0.07

		

		-0.28d±0.06

		-0.26d±0.07

		-0.23d±0.07



		Shear force

		-0.26c±0.06

		

		-0.29c±0.06

		-0.28c±0.06

		



		Marbling score

		

		

		

		

		0.16c±0.07



		1Numbers in the table are significant partial correlation coefficients (r) with their corresponding standard error.



		2Based on a 9-point scale: 9 = like extremely, 5 = neither or dislike, and 1 = dislike extremely.



		3Based on a 7-point just-about-right (JAR) scale: 7 = much too tender, 4 = just about right, 1 = much too tough.



		4Based on a 7-point just-about-right (JAR) scale: 7 = much too juicy, 4 = just about right, 1 = much too dry.



		aP < 0.1.  

bP < 0.05. 

cP < 0.01.  

dP < 0.001. 
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		Table 6. Significant partial correlation among fatty  acids and cholesterol with consumer acceptability of grass-finished steaks



		Effect

		Flavor12

		Texture2

		Tenderness3

		Juiciness4



		Saturated fatty  acid

		-0.17d±0.07

		

		

		



		Polyunsaturated fatty  acid

		0.066b ±0.07

		

		

		-0.16d±0.07



		Ratio of ω-6 to ω-3 polyunsaturated fatty  acid

		0.16c ±0.07

		

		

		



		C18:2 trans-10 cis-12 conjugated linoleic acid

		-0.075b ±0.07

		0.060b±0.07

		0.074b±0.07

		0.0097d±0.08



		Total lipid (%)

		-0.088a±0.07

		

		

		



		Cholesterol

		-0.013c±0.07

		

		

		



		Total conjugated linoleic acid

		

		-0.10b±0.07

		-0.081b±0.07

		-0.082c±0.07



		Odd chain fatty  acid

		

		

		

		-0.20a±0.07



		1Numbers in the table are significant partial correlation coefficients (r) with their correspoending standard error. 



		2Based on a 9-point scale: 9 = like extremely, 5 = neither or dislike, and 1 = dislike extremely.



		3Based on a 7-point just-about-right (JAR) scale: 7 = much too tender, 4 = just about right, 1 = much too tough.



		4Based on a 7-point just-about-right (JAR) scale: 7 = much too juicy, 4 = just about right, 1 = much too dry.



		aP < 0.1. 

bP < 0.05.  

c P < 0.01. 

d P < 0.001 
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		Table 1. Summary of speciesa available for grass-finished beef trial



		

		% of total DM



		Weeds/Dead Material

		15.2



		Legumes

		4.23



		Tall Fescue

		33.3



		Orchard Grass

		47.3





aClippings were made at 3 cm height.
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		Table 3. Mean consumer values for grass-finished steaks



		

		Overall liking1

		Flavor1

		Texture1

		Tenderness2

		Juiciness3



		Mean

		5.00

		5.50

		4.70

		2.71

		3.22



		Minimum

		1.00

		1.00

		1.00

		1.00

		1.00



		Maximum

		9.00

		9.00

		9.00

		6.00

		5.00



		SE

		0.22

		0.17

		0.23

		0.12

		0.07



		1Based on a 9-point scale: 9 = like extremely, 5 = neither or dislike, and 1 = dislike extremely.



		2Based on a 7-point just-about-right (JAR) scale: 7 = much too tender, 4 = just about right, 1 = much too tough.



		3Based on a 7-point just-about-right (JAR) scale: 7 = much too juicy, 4 = just about right, 1 = much too dry.
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								Dry Matter Basis

		Date		Pasture		ID #		Crude Protein		TDN		NDF				CP Mean		TDN Mean		NDF Mean

		5/2/06		2B1		1		17.6		76.8		39		5/2/06		17.6		76.55		39.6

		5/2/06		2E2A		2		17.6		76.3		40.2		5/11/06		15.7		71.1		48.2

		5/11/06		2C1		3		15.6		70.8		49.5		5/17/06		14.15		65.95		55.35

		5/11/06		2D1A		4		15.8		71.4		46.9		5/24/06		12.55		65.1		56

		5/17/06		2D2A		5		14.3		66.6		53.9		6/1/06		23.3		60.5		63.85

		5/17/06		2F1		6		14		65.3		56.8		6/8/06		17		65.15		52.6

		5/24/06		3F2B		7		14.2		67		53.7		6/15/06		15.95		66.3		56.05

		5/24/06		3D2		8		10.9		63.2		58.3		6/22/06		16.9		67.45		52.2

		6/1/06		3E2		9		9.9		58.9		65.3		6/29/06		18.6		65.4		56.7

		6/1/06		3F1B		10		13.4		62.1		62.4		7/6/06		16.15		63.55		56.85

		6/8/06		3A1A		11		18.1		66.3		48		7/13/06		18.65		64.05		57.7

		6/8/06		2E1		12		15.9		64		57.2		7/19/06		17.6		65.85		59.25

		6/15/06		3A2A		13		16.9		67.3		56.1		7/26/06		16.4		66.35		56.7

		6/15/06		2A1		14		15		65.3		56		8/2/06		15.25		66.05		59.6

		6/22/06		3B1B		15		16.4		66.3		52.1		8/10/06		15.95		66.05		57.55

		6/22/06		2B2		16		17.4		68.6		52.3		8/16/06		16.2		69.8		52.8

		6/29/06		3C1A		17		18.2		64.1		55.8		8/23/06		16.85		71		50.1

		6/29/06		2C1		18		19		66.7		57.6		8/30/06		18		69.45		49.35

		7/6/06		3C2B		19		15.8		62.3		53.7		9/6/06		23.6		72.6		49.8

		7/6/06		1E2		20		16.5		64.8		60		9/18/06		22.15		71.95		49

		7/13/06		3D1		21		17.9		62.2		61.4		9/27/06		22.2		74.7		44.75

		7/13/06		1D2		22		19.4		65.9		54		10/3/06		19.6		72.7		48.7

		7/19/06		3E2		23		18		66		59.2		10/13/06		17.6		73.6		44.2

		7/19/06		2F1		24		17.2		65.7		59.3		10/18/06		19.2		74.8		42.4

		7/26/06		3F1B		25		17.8		67		54.2		10/24/06		19.4		74.8		44

		7/26/06		2E1		26		15		65.7		59.2

		8/2/06		3A2A		27		18.1		69.1		57.7

		8/2/06		2D1		28		12.4		63		61.5

		8/10/06		3A2		29		15		65.6		58.6

		8/10/06		2A1		30		16.9		66.5		56.5

		8/16/06		3B2A		31		14.1		66.2		54.2

		8/16/06		2B1		32		18.3		73.4		51.4

		8/23/06		3C1A		33		17.5		70.6		45.8

		8/23/06		2C2		34		16.2		71.4		54.4

		8/30/06		3C2B		35		19.6		70.2		40.4

		8/30/06		1E1		36		16.4		68.7		58.3

		9/6/06		3C2B		37		25.1		75.3		47.3

		9/6/06		2F1		38		22.1		69.9		52.3

		9/18/06		3E2B		39		21.1		70.1		51.7

		9/18/06		2E1		40		23.2		73.8		46.3

		9/27/06		3E2A		41		21.4		74.5		45

		9/27/06		2E2		42		23		74.9		44.5

		10/3/06		2D2		43		19.6		72.7		48.7

		10/13/06		2B1A		44		17.6		73.6		44.2

		10/18/06		2B1B		45		19.2		74.8		42.4

		10/24/06		2B2A		46		19.4		74.8		44
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Figure 2.1: Crude protein of pasture over grazing season
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Figure  2.2: TDN of pasture over grazing season
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Figure 2.3: NDF of pasture over grazing season
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Figure 1. Crude protein (CP), total digestible nutrients (TDN), and neutral detergent fiber (NDF) of pasture over the grazing season



		





		






