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ABSTRACT 

Most cattle in the United States are finished on high-energy, grain-based diets. 

However, perceived health benefits have led to an increase in consumer interest in 

pasture-fed beef. Production of pasture-fed beef depends on seasonal patterns of 

pasture quality, and pasture-fed beef has been reported to have less favorable 

palatability traits than grain-fed beef. The current study was designed to determine if 

early feeding of a grain-based diet when pasture quality is low could produce palatable 

pasture-finished beef. Angus-cross steers (n = 48 [12 head / treatment]) were provided 

a high-concentrate diet for 0 d (0D), 40 d (40D), 80 d (80D), or 120 d (120D) prior to 

pasture-finishing on high-quality forages to a target final BW (487 kg). Strip loins 

were collected at harvest, and 8 were selected from each treatment based on USDA 

marbling scores targeting USDA Select quality grade (average marbling score: 370 ± 

33.1). Eight additional process-verified grass-fed strip loins were selected from a 

commercial harvest facility in New Zealand to be included as a baseline (NZ). Strip 

steaks were used for proximate analysis, objective tenderness measurement, consumer 

assessment of palatability, determination of fatty acid composition, and quantification 

of volatile compound. Proximate composition and Warner-Bratzler shear force did not 

differ (P > 0.05) among treatments. Consumers (n = 220) assigned the greatest scores 

for tenderness to NZ (P < 0.05), and NZ was most often rated as acceptable for 

tenderness (P < 0.05). Steaks from NZ and 120D received greater sensory scores for 

juiciness than 0D and 80D (P < 0.05); 40D was intermediate (P > 0.05). Samples from 

120D were more often rated as acceptable than 0D, 40D, and 80D (P < 0.05). Flavor 

scores were greater for NZ than all other treatments (P < 0.05) except 120D (P > 
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0.05). Percentage of samples rated as acceptable for flavor did not differ among 

treatments (P = 0.27). Samples from 120D and NZ received greatest scores for overall 

liking (P < 0.05), and NZ was more often rated as acceptable for overall liking than all 

treatments (P < 0.05) except 120D (P > 0.05). Flavor was highly correlated with 

overall liking (P < 0.01; r = 0.89). Saturated fatty acids were decreased (P < 0.05) and 

monounsaturated fatty acids increased (P < 0.05) in NZ compared to all other 

treatments. Odd-chain fatty acids were greater with grain exposure (40D, 80D, 120D; 

P < 0.05) than in pasture-finished treatments (NZ, 0D). Trans-vaccenic acid was 

greater (P < 0.05) in treatments exposed to grain than NZ, and conjugated linoleic acid 

was greater (P < 0.05) in all other treatments than NZ. The ratio of n-6 to n-3 

polyunsaturated fatty acids was greater (P < 0.05) in 80D and 120D than all other 

treatments. Samples from NZ produced the greatest amounts of non-enzymatic 

browning-derived ketones (2,3-butanedione and 3-hydroxy-2-butanone; P < 0.05). 

Differences among treatments in lipid-derived volatile compounds were primarily of 

alcohols and aldehydes. In particular, 1-penten-3-ol was greater in NZ than all other 

treatments (P > 0.05). Hexanal was greater in NZ than all other treatments (P < 0.05) 

except 80D (P > 0.05), and octanal was greater in NZ than 80D and 120D (P < 0.05). 

Additionally, 2-pentylfuran was greater in NZ than all other treatments (P < 0.05). 

Results indicate that early exposure to grain-based diets for 120 d prior to pasture-

finishing may produce beef that is comparable to grass-fed beef from New Zealand in 

palatability, but beef produced in pasture-finishing systems in the United States, with 

or without grain exposure, differs chemically from beef produced under New Zealand 

grass-fed systems. 
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CHAPTER I 

INTRODUCTION 

A periodic interest for pasture-fed beef exists in the United States. In earlier 

years, this interest was driven by availability and price of cereal-grains (Bowling et al., 

1977); today, increased interest in pasture-fed beef is largely a result of perceived 

health benefits (Umberger, 2009; Van Elswyk and McNeill, 2014). Pasture-fed beef 

retains fatty acid profiles like those of the forages grazed, generally containing higher 

concentrations of polyunsaturated n-3 fatty acids and conjugated linoleic acid (C18:2 

cis-9 trans-11; Daley et al., 2010; Scollan et al., 2014; Van Elswyk and McNeill, 

2014). However, grass-based diets have been cited as producing beef described as 

having off flavors including “grassy” and “barny” (Van Elswyk and McNeill, 2014; 

O’Quinn et al., 2016). These palatability differences are largely a result of differences 

in amount and type of fat. The typical American consumer tends to prefer the overall 

palatability of grain-fed beef, though there are groups that prefer pasture-fed beef and 

are willing to pay a premium for their preference (Umberger et al., 2002; Sitz et al., 

2005; Corbin et al., 2015). Additionally, production of consistent pasture-fed beef in 

the United States can be a challenge, as seasonality largely affects pasture quality. 

Most pasture-fed beef in the United States is imported from countries like New 

Zealand where the climate allows for high-quality pasture nearly year-round. 

According to the most recent feedlot consulting nutritionist survey, cattle in the 

United States today are finished for an average of 201 d on corn-based diets prior to 

slaughter to produce tender, sufficiently marbled carcasses that provide characteristic 

beef flavor (Samuelson et al., 2016). It has been reported that 80 to 120 d of exposure 
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to a high-concentrate diet prior to harvest may be optimal for development of marbling 

and prevention of off-flavors (Dolezal et al., 1982; Miller et al., 1987; Duckett et al., 

1993). There is also evidence that early exposure to a high-energy diet can lead to 

metabolic imprinting causing a shift in the growth curve and increased intramuscular 

fat deposition throughout the animal’s life (Moriel et al., 2014; Scheffler et al., 2014). 

On this basis, a feeding system based on early exposure to a high-energy diet to 

promote marbling prior to pasture-finishing may be a viable method to meet the 

demands of consumers who desire the perceived health benefits of pasture-fed beef 

but still desire the palatability of grain-fed beef. Such systems may also provide 

unique opportunities for producers in areas where high-quality forages are available 

through most of the year to supplement cattle with grain during seasons of poor 

pasture quality and capitalize on available inputs by marketing to a niche consumer 

group.  

Palatability factors can be confounded by different endpoints from a live 

animal perspective, but also by varying fat levels from a consumer perspective (Muir 

et al., 1998a; Miller et al., 2001). Thus, our objective was to determine if early 

exposure to a high-concentrate diet post-weaning affects palatability of beef strip loin 

steaks when all cattle are finished on pasture and intramuscular fat level is held 

constant and to determine if this type of system could produce similar quality beef to 

true grass-fed systems.
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CHAPTER II 

REVIEW OF LITERATURE 

Introduction 

 Since the 1950s, cattle in the United States have been primarily finished in 

feedlots on high-energy, grain-based diets with goals of achieving increased fat 

deposition, increased body weights and dressing percentage, shorter time to finishing, 

and increased uniformity of beef products. According to the most recent USDA Cattle 

on Feed report (2 February, 2018), there are approximately 11.6 million cattle and 

calves on feed today in feedlots with a capacity of > 1,000 head (USDA-NASS, 2018). 

This is quite different from the beef industry of the late 1800s and early 1900s, which 

depended on the inefficient movement of cattle to follow seasonal grass availability to 

grow cattle (NCBA, 2016). While there are differences noted in the literature for 

efficiency, palatability, and cost of production of pasture-fed beef (Muir et al., 1998a; 

Berthiaume et al., 2006; McGrann, 2010; Van Elswyk and McNeill, 2014), an 

increased demand for alternative choices and niche market products introduces a need 

to revisit these systems., an increase in consumer demand for pasture-fed beef 

products amongst other alternative beef production systems has created a need to 

reconsider alternative production systems (Mathews and Johnson, 2013). 

Consumer Demand for Pasture-Fed Beef 

While the conventional (feedlot-based) cattle-finishing system has become 

well-integrated to produce large carcasses grading USDA Select or higher and provide 

affordable beef products to the United States population, there is a portion of that 

population who prefers pasture-fed beef and is willing to pay a premium for product 
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that meets their preferences (Umberger et al., 2002; Sitz et al., 2005). In a study by 

Cox et al. (2006) which surveyed 1250 consumers in a retail study and 87 consumers 

in a take-home study across 3 states in the southeastern United State, it was reported 

that at least 1/3 of consumers surveyed preferred forage-finished beef and were willing 

to pay up to $5.61/kg premiums to meet that preference. Health claims associated with 

pasture-fed beef also play an important role in consumer purchasing decisions 

(Umberger et al., 2009; Gillespie et al., 2016). Decreased total fat intake and increased 

intake of n-3 polyunsaturated fatty acids and conjugated linoleic acid have (C18:2 cis-

9 trans-11) been cited to improve overall health in humans by decreasing blood 

pressure, cancer risk, and development of depression and Alzheimer’s (Simopoulos, 

1991; Daley et al., 2010; Scollan et al., 2014). Pasture-fed beef is typically reported to 

be leaner than conventionally-produced beef and to provide an increased proportion of 

n-3 polyunsaturated fatty acids compared to n-6 polyunsaturated fatty acids in addition 

to providing greater levels of conjugated linoleic acid (Daley et al., 2010; Van Elswyk 

and McNeill, 2014).  

In addition to consumer studies, there is evidence for an increased demand of 

niche-market, alternative beef production system products in both the supermarket and 

beef packing industries. In recent years, supermarkets are including increased 

quantities of pasture-fed and other “natural”-marketed beef products in the retail meat 

case, and large beef packing corporations have made purchasing and marketing 

decisions to begin to offer their own selection of pasture-fed beef products (Kelly, 

2006; Mathews and Johnson, 2013; Cheung and McMahon, 2017). Pasture-fed beef 

makes up approximately 4% of the beef market in the United States. Of this 4%, about 
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1% is marketed as pasture-fed beef while the other 3% is comprised mostly of beef 

from cull cattle or imported lean beef used for low quality whole muscle cuts or trim 

to add lean to ground beef (Cheung and McMahon, 2017). Imports of pasture-fed beef 

from Australia, New Zealand, or South America dominate the United States import 

market, providing approximately 97% of imported beef (USDA-ERS, 2018). In these 

countries, temperate climates allowing for nearly year-round availability of high 

quality pasture, decreased availability and increased price of grains, and consumer 

preference for lean, pasture-fed beef contribute to the persistence of the pasture-fed 

beef system (Charteris et al., 1998; Charteris et al., 2000; Morris, 2013). While most 

of pasture-fed beef in the United States is a product of these import markets, areas of 

the southeastern United States may also be able to provide high quality pastures 

throughout most of the year and be a viable option for pasture-finishing beef. 

New Zealand beef production 

 The New Zealand beef industry is largely based on exports; approximately 

80% of beef produced is exported to markets including China, the European Union, 

and the United States (Morris, 2013; Beef and Lamb New Zealand, 2017). In 2017, 

New Zealand exported nearly 55,000 tonnes of beef to the United States, and North 

America makes up 52% of beef exports by volume (Morris and Kenyon, 2014; Beef 

and Lamb New Zealand, 2017). Beef produced in New Zealand is typically classified 

as either prime beef or processing beef, with processing beef making up the majority 

of beef exports, especially to the United States (Beef and Lamb New Zealand, 2017). 

Prime beef is also known as table beef and refers to whole muscle cuts typically of 

higher quality and often exported chilled. Processing beef, on the other hand, is 
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typically shipped frozen and is often utilized to add lean to ground beef or marketed as 

low quality whole muscle cuts (Beef and Lamb New Zealand, 2017). The diversity of 

the New Zealand beef herd contributes to the production of these two types of beef. 

Primarily beef breed steers and heifers provide most of the prime beef produced in the 

country, while bull and cow beef contribute largely to the production of processing 

beef (Morris, 2013; Beef and Lamb New Zealand, 2017). The dairy industry provides 

up to 50-55% of beef product by weight, and growth of bull beef systems and one-calf 

heifer slaughter has also contributed to total beef outputs and productivity of the New 

Zealand beef industry (Morris and Kenyon, 2014). While Angus- and Hereford-based 

crosses comprise the majority of the beef cattle herd, influences of dairy breeds such 

as Friesians and Shorthorns are also common (Beef and Lamb New Zealand, 2017). 

Grazed pastures and forage crops provide greater than 95% of livestock diets 

in New Zealand (Hodgson et al., 2005). High grain prices and accessibility limit 

feedlot-finishing systems, and the temperate climate of New Zealand is ideal for year-

round growth of high-quality pastures (Charteris et al., 2000). The persistence and 

productivity of the pasture-fed production system is a result of careful pasture and soil 

management. Few producers raise strictly beef finishing cattle. It is typical for 

producers to graze sheep and cattle together to improve seasonal pasture utilization 

(Morris and Kenyon, 2014). Other systems have also been developed to manage 

pasture utilization carefully with seasonality by maintaining appropriate stocking 

rates, manipulating timing of greatest animal energy needs, conserving excess forage 

through production of hay or silage, utilizing nitrogen and other fertilizers, and using 

intensive subdivision and rotational grazing (Beef and Lamb New Zealand, 2017). 
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Diet metabolizable energy, however, is still a limiting factor in pasture-finishing 

systems (Beef and Lamb New Zealand, 2012; 2017). 

Mixed pastures of annual or perennial ryegrass (Lolium multiforum or perenne, 

respectively) and white clover (Trifolium repens) predominate the landscape and 

provide a high plane of nutrition to grazing livestock (Morris and Kenyon, 2014; Beef 

and Lamb New Zealand, 2017). Machado et al. (2005) evaluated seasonal variation in 

pasture quantity and quality of an approximately 40 ha area of 15-year-old perennial 

ryegrass and white clover mixed pasture at the Massey University bull beef unit in a 3-

year study. Bulk samples were evaluated for crude protein, lipid, ash, acid detergent 

fiber, neutral detergent fiber, non-structural carbohydrates, organic matter 

digestibility, and metabolizable energy. Overall pasture quality was high throughout 

the study, with average annual crude protein > 23% and metabolizable energy of 

10.9% MJ/kg DM or greater even in summer when overall pasture quality was 

depressed. These values for crude protein were reported to be greater than a 

recommended 15 - 18% for young growing animals. Reported values for both crude 

protein and metabolizable energy are greater than those recommended by the NRC for 

both growing steer and heifer calves and yearlings growing at greater than .86 kg/d 

(NRC, 2000). Computerized modelling of live weight gains based on dry matter intake 

of 3% BW revealed that average daily gains of 1.14 - 1.45 kg / head / d could be 

achieved on these pastures at any given time of year. It has been reported that most 

New Zealand pastures contain 12 - 25% crude protein (Beef and Lamb New Zealand, 

2017) 
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Live weight gain is a function of unrestricted voluntary feed intake and 

nutritive value of pastures (Barry, 1998). Further improvement in pasture development 

has explored use of legume and herb-based pastures which include lucerne (Medicago 

sativa), plantain (Plantago lanceolate), annual erect clovers including Persian, 

Balansa, and Arrowleaf (Trifolium respinatum, michelianum, and versiculosum, 

respectively), and chicory (Chichorium intybus) to increase overall feeding value of 

pastures (Kemp et al., 2010; Macfarlane et al., 2014). Macfarlane et al. (2014) 

evaluated establishment, production, and lamb performance on mixed pastures of 

plantain and annual erect clover at 4 research sites and concluded that average lamb 

growth rates are 25% greater on plantain than ryegrass pastures. However, it was also 

concluded that careful and intensive management is required to maintain plantain 

pasture, and grazing may limit overall potential of erect clovers by preventing seeding. 

Kemp et al. (2010) reviewed previous literature regarding use of herb and legume 

forage species to improve pasture quality and animal performance. The authors found 

that legume and herb species increase average daily gains of sheep by 100 g/d or 

greater over the New Zealand average (150 g/d) on ryegrass and white clover pastures. 

These results were reported to be consistent with literature from New Zealand and the 

United Kingdom regarding use of legume and herb forage species. Increased gains 

were attributed to greater voluntary intake combined with greater organic matter 

digestibility and metabolizable energy and decreased neutral detergent fiber. While 

careful grazing management is still an important consideration for long term pasture 

quality and regrowth, the authors concluded that a combination of these species with 

ryegrass and white clover could provide year-round high-quality pastures with a 



Texas Tech University, Jillian T. Milopoulos, May 2018 

9 

longer growing season than any one type alone due to overlapping growing seasons 

(Kemp et al., 2010). 

Chicory has seen increased popularity in New Zealand pasture systems. In a 

fact sheet published by Beef and Lamb New Zealand (Boom, 2014), a case study was 

presented in which grazing of chicory pastures resulted in increased average daily 

gains (> 1 kg/d) and earlier finishing of cattle than ryegrass pastures in summer/fall. 

The case study reported pasture growth, pasture quality, and animal performance from 

3 studies across 3 growing seasons (2011 - 2013) on a Friesian bull finishing farm. In 

each study, bulls were assigned to either ryegrass pasture or chicory pasture for the 

summer/fall grazing period with each treatment replicated twice. In the first 2 studies, 

young bulls displayed increased daily gains when grazing chicory and required less 

grazing area (increased stocking rate). Bulls which grazed ryegrass pastures 

throughout the studies displayed signs of compensatory gains after all cattle were 

mixed on ryegrass pastures but remained lighter at the end of the studies. In the third 

study, older bulls grazed either chicory or ryegrass through the summer/fall, and while 

average daily gains were not at the levels reported with young bulls, bulls on chicory 

still performed better than bulls grazing ryegrass. Overall conclusions drawn from the 

studies were that well-established and maintained chicory pastures could increase 

stocking rates and livestock performance to produce heavier cattle in less time by 

providing increased energy density during the summer/fall grazing seasons compared 

to ryegrass (Boom, 2014). 

Overall, New Zealand has been able to maintain an efficient pasture-fed beef 

production system by maintaining high-quality pastures which provide sufficient 
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energy for livestock production. Persistence in research to continue to improve 

intensive pasture management practices and incorporate higher energy density forages 

has also aided in the maintenance of New Zealand’s pasture-finishing systems. 

Producers and researchers of New Zealand have capitalized on natural resources to 

establish a unique livestock production system where access to grain is limited by high 

costs. With increased demand in high-end international markets for pasture-fed beef, 

New Zealand may find continued growth in exports outside of processing beef (Morris 

and Kenyon, 2014). 

Beef production in the southeastern United States 

 Beef production in the southeastern United States has traditionally been based 

on small, part-time cow-calf operations dependent on forages (Hoveland, 1986); this is 

still the case today (Adkins and Riley, 2012). McBride and Mathews (2011) reported 

that southeastern farms typically consisted of 183 ha per farm and had on average 59 

head of cattle. In a 2012 report by Adkins and Riley, respondents to a survey of cattle 

operations in the southeast reported that 52.7% had 1 - 49 head and 24.8% managed 

herd between 50 - 99 head. Additionally, this survey reported average off-farm 

employment near 81%. Efficient poultry and row crop industries have been cited as 

reasons for the relatively small scale of beef production in the southeastern United 

States (Hoveland, 1986). However, introduction of improved pastures and increased 

utilization of intensive pasture and soil management techniques have increased, and 

continue to increase, potential profitability of beef cattle production in the 

southeastern United States. Hoveland, (1986) made a case for the possibility of 
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retaining calves as stockers, and even some degree of finishing, as profitable ventures 

for southeastern United States producers willing to invest in appropriate management.  

 As of 2015, there were approximately 24 million ha of perennial pasture and 

7.5 million ha of annual pastures in the southeastern United States making up about 

75% of total pasture area of the region (Ball et al., 2015). When properly managed, 

these forages provide high-quality pasture or hay for livestock diets. Lower regions of 

the southeast are dominated by bahiagrass (Paspalum notatum), bermudagrass 

(Cynodon dactylon), dallisgrass (Paspalum dilatatum) or johnsongrass (Sorghum 

halepense) pasture, while upper regions consist primarily of tall fescue (Festuca 

arundinacea) (Hoveland, 1986; Ball et al., 2015). Annual ryegrass (Lolium 

multiflorum), pearl millet (Pennisetum glaucum), small grains (rye, wheat, oats, 

triticale), perennial legumes (including alfalfa [Medicago sativa] and white clover 

[Trifolium repens]), and winter annual clovers are also common and may be 

incorporated into grass pastures to increase nutritional quality and maximize the 

duration of forage availability (Ball et al., 2015).  

 Development of improved pasture types including Coastal bermudagrass, 

Tifton 85 bermudagrass, novel endophyte tall fescue, and grazing-tolerant alfalfa has 

improved forage quality and yields and, in some circumstances, improved the 

performance of livestock grazing them. Tifton 85 bermudagrass was developed by Dr. 

G. W. Burton at the Coastal Plain Experiment Station and was reported to increase 

liveweight gains by 47% per hectare per year compared to Coastal bermudagrass. 

Average daily gains of 0.67 kg/d were reported for steers grazing the pasture (Burton 

et al.). Additionally, Schmidt et al. (2013) reported average daily gains of 0.76 kg/d on 
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bermudagrass, and gains up to 1.03 kg/d have been reported for Tifton 85 varieties 

(Rouquette, 2005). High values for digestible dry matter, crude protein, and mineral 

levels have all been reported for tall fescue (Ball et al., 2015). A study at the Russell 

Research Center (Athens, GA) reported 66% total digestible nutrients and 14% crude 

protein for 4-week-old tall fescue pastures (Ball et al., 2015). However, tall fescue is 

frequently infected by the endophyte Neotyphodium coenopialum, which produces 

ergot alkaloids that are toxic to livestock (Allen et al., 1996; Ball et al., 2015). Both 

endophyte-free and novel endophyte non-toxic varieties are available today, though, 

and offer producers opportunity to return high daily gains with high stocking abilities 

(Ball et al., 2015). Average daily gains between 0.79 kg/d (toxic tall fescue) and 1.99 

kg/d (novel-endophyte tall fescue) have been reported for tall fescue pastures alone 

(Allen et al., 1996; Ball et al., 2015). 

Ryegrass and alfalfa are also important forages in the southeastern United 

States. Both provide high plains of nutrition which may be sufficient for pasture-fed 

beef finishing systems. As previously discussed, ryegrass has a high nutritive value 

that makes it ideal for grazing pastures or hay production. Average crude protein and 

total digestible nutrients of ryegrass pastures in the southeastern United States are 

reported to be between 12 - 16% and 63 - 68%, respectively during early vegetative 

states (Ball et al., 2015). Alfalfa produces high yields and quality and is adaptable to a 

wide variety of soils and climates (Ball et al., 2015). Crude protein values of greater 

than 26% and average daily gains greater than 1 kg/d have been reported (Hoveland, 

1986; Schmidt et al., 2013; Ball et al., 2015). Van Keuren and Matches (1988) 

reported increased intake of alfalfa compared to grasses and increased pasture yields. 
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Mixed pastures incorporating high-quality grasses like bermudagrass, ryegrass, and 

non-toxic tall fescue and legumes like clover and alfalfa can increase production by 

lengthening the grazing season and increasing average daily gains (Hoveland, 1986; 

Allen et al., 1996; Dierking et al., 2010; Schmidt et al., 2013; Ball et al., 2015). High 

average daily gains from well-managed, high-quality mixed pastures provide an 

opportunity for southeastern United States producers to finish cattle on forage 

similarly to those countries where pasture-finished beef is often imported from. 

Carcass quality of pasture-finished beef 

 While high-quality pastures can provide a sufficient plane of nutrition for 

growing cattle, concentrate-based finishing provide greater energy which increase 

growth and fat deposition. High quality pastures can provide crude protein at rates 

greater than those typically included in average feedlot finishing diets (15.9% dry 

matter), but these diets typically include grain at 50 - 90% (dry matter basis) and 

provide net energy of gain between 1.5 - 1.54 Mcal/kg dry matter (Samuelson et al., 

2016). Growth is a complex function involving energy, metabolism, maturity, and 

genetic potential and has an overall impact on carcass quality. 

 Overall carcass quality is generally decreased in pasture-finished beef. The 

literature reports smaller carcasses with decreased dressing percentages in forage 

finished cattle (Oltjen et al., 1971; Bidner et al., 1986; Schaake et al., 1993; Bennett et 

al., 1995; Berthiaume et al., 2006; Neel et al., 2007; Roberts et al., 2009; Duckett et 

al., 2013). Average market weight for an estimated 595,000 cattle finished today (19 

March 2018) was 621 kg with hot carcass weights of 374 kg for a calculated average 

dressing percentage of 60.2% (calculated as average hot carcass weight / average 
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slaughter weight * 100). Comparatively, average finished body weights, hot carcass 

weights, and dressing percentage of pasture-finished cattle calculated from reports 

from 5 recent studies are 490 kg, 273 kg, and 56.7%, respectively (Berthiaume et al., 

2006; Neel et al., 2007; Roberts et al., 2009; Duckett et al., 2013; Schmidt et al., 

2013). Reports of differences in ribeye area have been inconsistent with some 

reporting smaller ribeye areas in cattle finished on pasture (Oltjen et al., 1971; 

Bowling et al., 1977; Schaake et al., 1993; Bennett et al., 1995; Neel et al., 2007) 

while others have reported no difference (Bidner et al., 1986; Berthiaume et al., 2006; 

Duckett et al., 2013). Carcasses of pasture-fed cattle are also typically reported to be 

leaner overall compared to grain-finished cattle (Bowling et al., 1977; Bidner et al., 

1986; Neel et al., 2007; Duckett et al., 2013). Decreased fatness resulted in increased 

percentage of lean, closely trimmed beef retail cuts in forage-finished cattle in a study 

by (Duckett et al., 2013). 

Reports of differences in marbling score are also common, with grain-fed 

cattle often cited as producing carcasses with increased marbling (Crouse et al., 1984; 

Schaake et al., 1993; Berthiaume et al., 2006; Neel et al., 2007; Duckett et al., 2013). 

Bennett et al. (1995) reported that in year 1 of a 2-year study evaluating differences 

between steers finished on grain-based diets or rhizome peanut-mixed grass pastures, 

quality grade was not influenced by diet while quality grade was increased in grain-

finished steers in the second year. However, in a review of 14 studies comparing 

pasture- and grain- finished by Muir et al. (1998), it was reported that differences in 

marbling between finishing treatments were reported in only 6 of those studies. 

Additionally, in 4 of those 6 studies, overall carcass fatness was increased as well. 
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Therefore, it was concluded that compounding factors associated with increased rate 

of gain and selected endpoint were at least partially responsible for reported 

differences in pasture- and grain-finished cattle (Muir et al., 1998a). When slaughtered 

at similar physiological endpoints including backfat thickness and body weight, 

differences in carcass quality have been reduced (Muir et al., 1998a) 

Meat quality 

 Diet composition affects meat quality factors including proximate composition, 

pH, and Warner-Bratzler shear force (WBSF) primarily by affecting muscling and 

lipid content and composition. Most differences in proximate composition among 

pasture- and grain-finished beef cited previously are related to the previously 

discussed differences in carcass fat. It is well established that fat content and moisture 

content in meat have an inverse relationship (Romans et al., 1965; Savell et al., 1986; 

O’Quinn et al., 2012). Therefore, grain-fed cattle with increased fat content often have 

decreased moisture content (Schaake et al., 1993; Faucitano et al., 2008; Duckett et al., 

2009; Corbin et al., 2015).  Contrastingly, Schroeder et al. (1980) and Duckett et al. 

(2013) reported that forage-finishing resulted in decreased lipid compared to grain-

finishing, but that moisture did not differ. In 2 studies where fat content was controlled 

through use of ground beef, no differences in fat or moisture content were reported 

(Melton et al., 1982; Leheska et al., 2008). However, Leheska et al. (2008) reported 

that, while there were no differences in proximate composition of ground beef, there 

were differences in the fat and moisture content of commercially purchased strip loins 

and attributed this difference to increased intramuscular fat deposition in grain-fed 

cattle. In general, there are not differences in protein or ash content reported among 
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pasture- and grain-finished beef (Schaake et al., 1993; Leheska et al., 2008; Duckett et 

al., 2013). However, in a recent study, Chail et al. (2016) reported differences in all 4 

proximate components with moisture greater in pasture-fed treatments, fat greater in 

grain-fed treatments, protein greater in retail-purchased products (both-pasture and 

grain-fed), and ash greatest in USDA Certified Organic grass-fed beef and least in 

conventionally-produced Choice steaks. Additionally, Duckett et al. (1993) reported 

that increased days on feed caused linear decreases in moisture and crude protein 

while crude fat increased cubically, and ash decreased cubically. 

 The ultimate pH of pasture-fed beef has been reported to be greater than the 

ultimate pH of grain-fed beef (Muir et al., 1998b; Daley et al., 2010). It has been 

discussed that the increased pH of pasture-fed beef may be a result of increased stress 

at slaughter due to decreased handling of pasture-fed cattle (Muir et al., 1998a). 

Additionally, Daley et al. (2010) concluded that this may be resultant of decreased 

muscle glycogen in pasture-fed beef at harvest. French et al. (2001) reported that 

finishing diet affected post-slaughter pH decline but did not affect ultimate pH 24 h 

after slaughter. Others have also indicated no difference in pH of pasture-fed beef 

compared to grain-fed beef (Bidner et al., 1986; Morris et al., 1997; Realini et al., 

2004; Chail et al., 2016). 

 Reports of differences in WBSF have been inconsistent. Several early studies 

reported decreased tenderness in pasture-fed cattle (Bowling et al., 1977; Cross and 

Dinius, 1978; Schroeder et al., 1980; Bennett et al., 1995). The authors cited reasons 

for increased WBSF including increased cold-shortening during chilling due to 

decreased subcutaneous fat (Bowling et al., 1977; Lusk et al., 2001) and increased 
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insoluble collagen content (Bennett et al., 1995). Increased insoluble collagen content 

has previously been related to animal maturity as insoluble cross-links form as an 

animal matures (Herring et al., 1967; Miller et al., 1983; Weston et al., 2002). 

Therefore, pasture-fed cattle which take more days to reach market weight or level of 

finish may have increased concentration of insoluble cross-linked collagen. However, 

rate of gain prior to finishing increases formation of soluble collagen (Aberle et al., 

1981; Miller et al., 1987).  In a study by Aberle et al. (1981), 48 steer calves were 

assigned to feeding treatments varying the length of exposure to a high-energy diet 

prior to slaughter and found that increased rate of gain prior to slaughter increased the 

amount of new soluble collagen formed, which consequently resulted in decreased 

WBSF values. Similarly, Miller et al. (1987) reported that percentage of soluble 

collagen was increased in cull cows fed a high-energy diet for 185 d prior to slaughter 

and resultant WBSF values were like those for young cattle. Scollan et al. (2006) and 

Chail et al. (2016) found that cattle finished on legume-based diets produced steaks 

with decreased WBSF values, possibly related to an increased growth rate associated 

with increased nutritional value provided by legumes. Others have reported no 

difference in WBSF between pasture- and grain-fed beef (Crouse et al., 1984; Schaake 

et al., 1993; French et al., 2001; Kerth et al., 2007; Faucitano et al., 2008; Roberts et 

al., 2009; Key et al., 2013). Finally, Cox et al. (2006) and Duckett et al. (2007; 2013) 

found that when steaks were aged for 14 d or more postmortem, there were no 

differences in WBSF between pasture- and grain-fed beef. A review by Muir et al. 

(1998a) concluded that differences in WBSF values reported previously are likely due 
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to confounding factors related to age, fat level, or growth rate and not likely due to 

inherent properties of the meat. 

Palatability of pasture- versus grain-fed beef 

 Effects of diet on carcass composition contribute to palatability of beef. 

Tenderness, juiciness, and flavor have previously been identified as the factors 

contributing to overall palatability of beef (Savell et al., 1987). Until recently, 

tenderness was often cited as the most important factor and the best predictor of 

consumer overall liking of beef (Savell and Shackelford, 1992; Miller et al., 2001). 

However, improvements in beef production from genetic management to technology 

in plants have significantly improved tenderness of the United States beef supply, and 

in the 2015 National Beef Tenderness Survey, it was reported that over 98% of all 

beef ribs and loins produced in the United States for food service and retail is 

considered tender (Savell et al., 2016). With tenderness being generally sufficient, 

more recent reports have indicated that flavor is the most important factor contributing 

to beef palatability (Neely et al., 1998; Killinger et al., 2004; O’Quinn et al., 2012; 

Corbin et al., 2015). O’Quinn et al. (2012) discussed the importance of all three beef 

palatability traits and concluded that the failure of any 1 trait could significantly 

impact outcomes of consumer sensory rating.  

 Both content and composition of meat are affected by diet and contribute to 

perception of beef palatability traits. Increased intramuscular fat and marbling have 

been cited as increasing tenderness, juiciness, and flavor liking of beef (Neely et al., 

1998; Lorenzen et al., 2003; O’Quinn et al., 2012; Corbin et al., 2015). Intramuscular 

fat develops in the perimysium of muscle fibers. Smith and Carpenter (1974) proposed 
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a theory by which increased intramuscular fat may increase perception of juiciness by 

increasing water holding capacity in the meat, therefore, lubricating the muscle fibers 

and maintaining juiciness throughout chewing (lubrication theory). Although 

increased fat levels in muscle decrease concentration of moisture, it has been 

described as having a protective effect on juiciness during cooking referred to as the 

Insurance theory (Smith and Carpenter, 1974). As described in Aberle et al. (2001) 

increased intramuscular fat may trap moisture within cells during cooking, increasing 

moisture retention and perceived juiciness, especially when steaks may be over-

cooked. Others have similarly observed the protective effect of marbling on juiciness 

at varying degrees of doneness (Savell et al., 1987; Luchak et al., 1998; Lucherk et al., 

2016). 

Fat has been cited as the main contributor to characteristic beef flavor. A 

minimum of 3% fat for beef loin cuts to be perceived as acceptable has been reported 

(Savell and Cross, 1988). Many studies have reported a positive relationship between 

intramuscular fat level and consumer overall liking (Dryden and Marchello, 1970; 

O’Quinn et al., 2012; Corbin et al., 2015; Legako et al., 2016). Beef with increased 

intramuscular fat and marbling has been described more favorably by trained panelists 

with increases in characteristics beef flavor identity, sweetness, buttery/beef fat flavor, 

and umami (Legako et al., 2016; O’Quinn et al., 2016). Fat content and composition 

contribute significantly to the production of volatile flavor compounds from lipid 

oxidation and cooking and will be thoroughly discussed below.  

Perception of each palatability trait can contribute to the perception of each 

other trait. Coined as the halo effect, when 1 of the palatability traits is perceived 
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highly, consumers are likely to assign greater scores to the other palatability traits as 

well (Miller et al., 2001). It has also been reported that consumers have difficulty 

separating perception of traits (Roeber et al., 2000). The interaction of fat level may 

limit the ability to appropriately evaluate the contribution of fixed effects such as diet 

on differences in palatability and should therefore be controlled when attempting to 

quantify differences in palatability unrelated to fat level. 

 Reports of diet-induced differences in palatability are mixed throughout the 

literature and are often confounded by differences in fat level or animal age at 

slaughter or affected by regional differences in consumer preference (Muir et al., 

1998a; Van Elswyk and McNeill, 2014). A 1971 paper by Oltjen et al. was an early 

paper to report palatability differences between cattle finished on pasture or grain. 

Steers in an initial trial were finished either on a forage-diet for 144 d, a concentrate 

diet for 144 d, pasture for 77 d followed by a concentrate diet for 77 d, or concentrate 

diet for 77 d followed by forage for 77 d. Flavor and tenderness scores were decreased 

in beef from cattle from both concentrate-finished groups. Beef from cattle exposed to 

concentrate and then finished on pasture received the lowest juiciness scores. Overall 

desirability was greatest for beef from steers finished on concentrate for only 77 d, 

while steers finished for 77d on pasture after exposure to grain received lowest overall 

desirability scores. It should be noted that flavor, tenderness, and juiciness were scored 

on 7-point hedonic scales and overall desirability was scored on a 9-point hedonic 

scale, and all treatments received mean scores of 5.6 or greater for flavor, tenderness, 

and juiciness and 6.8 or greater for overall desirability. The study concluded that 

pelleted alfalfa diets could be used successfully for finishing beef cattle. Bidner et al. 
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(1986) also reported that acceptable product could be produced on all-forage diets, as 

no palatability differences were reported between treatments when steers were 

finished to an equal average BW. Similarly, Schaake et al. (1993) reported few 

differences in tenderness and juiciness in steers grazing summer forages compared to 

grain-diets and concluded that steers could be successfully finished on a high-quality 

forage diet or with a short grain-based finishing period. 

When evaluating palatability differences in beef from steers finished to a 

targeted fat thickness over the longissimus muscle on concentrates or rhizome peanut-

mixed pastures, Bennett et al. (1995) reported lower juiciness and beef flavor intensity 

scores for pasture-finished cattle as well as higher incidence of off-flavors. Panelists 

also reported decreased tenderness for pasture-finished steers but increased detection 

of connective tissue in grain-finished steers. The most commonly described off-flavors 

were “metallic,” “chemical,” or “sour” for both treatments. While there were reported 

differences in juiciness and beef flavor intensity, both treatments were reported as 

“slightly dry” and as having “slightly intense” beef flavor. 

 In a study by French et al. (2001), rate of inclusion of grain in the diet did not 

affect tenderness, flavor, texture, juiciness, chewiness, or acceptability scores assigned 

by consumer panelists; postmortem aging, however, did affect palatability scores. 

These results were like those of French et al. (2000) who reported no differences in 

tenderness, juiciness, or flavor of beef from steers slaughtered after 85 d on autumn 

grass, grass silage, or concentrate after 7 or 14 d aging. Faucitano et al. (2008) 

reported slightly elevated toughness in concentrate-finished steers compared to those 

finished on pasture. Otherwise, management system reportedly had no effect on 
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palatability traits. The authors attributed the lack of differences to a narrow range of 

variation in IMF, similar to French et al. (2001). 

 Duckett et al. (2007) explored the effects of winter stocker growth rate on 

palatability of beef from pasture- and grain-finished steers. Over 3 years, 198 Angus-

cross steers were grown at low (0.23 kg/d), medium (0.45 kg/d), or high (0.68 kg/d) 

and then finished on either a high-concentrate corn silage diet or pasture to an equal 

time endpoint. While winter stocker growth rate did not affect trained sensory panel 

scores, pasture-finishing was reported to lead to decreased juiciness scores, decreased 

beef flavor intensity, and increased off-flavor intensity compared to grain-finishing. 

Tenderness did not differ based on finishing diet despite differences in composition of 

the muscle, and off-flavor scores were low for both treatments with mean off-flavor 

for pasture-fed cattle reported as “extremely slight off-flavor.”  

Finally, in a 3-year study by Duckett et al. (2013), 128 Angus-cross steers were 

used to evaluate the effect of forage species compared to concentrate on carcass 

composition and meat quality when finished to an equal time on feed. Trained 

panelists found no difference between treatments for initial or overall tenderness or 

juiciness. Panelists also reported no differences for chewiness or fiber awareness. 

However, panelists did note differences in beef flavor, with grain-finished beef 

receiving greater scores for beef flavor intensity. Pasture-finishing increased panelists 

scores for off-flavors, in particular, organ and sour flavors. 

Several consumer studies have found that consumers in the United States 

typically prefer domestic grain-fed beef products but that a portion of consumers 

prefer pasture-finished beef and were willing to pay a premium for it (Umberger et al., 
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2002; Sitz et al., 2005; Cox et al., 2006). As described above, the most consistent 

reports of differences in palatability between pasture- and grain-finished cattle are 

related flavor. The development of a beef flavor lexicon for comparison of pasture- 

and grain-finished beef further described these difference, similarly reporting that 

increased off-flavors, and not lack of beef flavor, seem to be the source of flavor 

differences between pasture- and grain-finished beef (Maughan et al., 2012). 

Effects of growth management 

 As previously discussed, fat content and composition are related to palatability 

with decreased levels of intramuscular fat attributed to decreased perception of 

palatability traits by United States consumers. As pasture-fed beef are typically leaner, 

decreased intramuscular fat and marbling may be attributed to the decreased 

palatability related to pasture-fed beef. Additionally, United States consumers are 

typically more familiar with the flavor of marbled grain-fed beef. Based on established 

growth-curves, growth occurs based on tissue priority with bone growth occurring 

first, followed by muscle, then fat at lowest priority (Boggs et al., 1998). Growth of 

these tissues overlap and are not independent, and we manipulate growth and 

composition of gain using nutrition and technology throughout the cattle production 

stages (Suther, 2001). Specific depots of adipose tissue have also been proposed to 

develop in order of priority filling in order of 1) visceral fat, 2) subcutaneous fat, 3) 

intermuscular fat, and 4) intramuscular fat (Gerard and Grant, 2003). Based on these 

descriptions of growth, it has generally been accepted that intramuscular fat is a late-

developing depot, filled based on excess energy only after all other energy needs have 

been met. This has become the basis for the stocker and feedlot industries, with 
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stocker operations growing cattle on high-quality pastures to increase bone and muscle 

growth and overall maturity prior to entry into feedlots where a high energy diet can 

then be utilized to provide surplus energy partitioned to increase intramuscular fat 

deposition (Reuter and Beck, 2013). However, surplus energy also increases fat in 

waste depots which results in increased yield grade. Economic importance of 

composition of gain increased demand for studies exploring energy partitioning and 

fat deposition. Serial slaughter studies assessing growth related to time on feed have 

illustrated that marbling development may occur earlier in the growth curve than 

previously believed, and therefore, more affected by early management decisions than 

previously believed (May et al., 1992; Duckett et al., 1993; Bruns et al., 2004; Bruns 

et al., 2005). Recent studies have found that early exposure to grain-based diets in 

weaned calves may increase marbling scores later in life through metabolic imprinting 

events (Myers et al., 1999a; Myers et al., 1999b; Schoonmaker et al., 2003; 

Sithyphone et al., 2011; Scheffler et al., 2014; Nayananjalie et al., 2015). Based on 

these findings, a period of grain-feeding following weaning could improve 

intramuscular fat deposition and marbling score at slaughter in pasture-finished cattle. 

Fatty acids in pasture- and grain-fed beef 

Fatty acid profiles are the source of the most consistently reported differences 

between pasture- and grain-fed beef. Beef fat, in general, is typically high in saturated 

fatty acids, especially stearic acid (C18:0), as a result of biohydrogenation of dietary 

fatty acids in the rumen (Wood and Enser, 1997; Daley et al., 2010) and is also a 

provider of monounsaturated fatty acids including oleic acid (C18:1; Daley et al., 

2010). Oleic acid is reported to be beneficial for reducing blood pressure and 
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cholesterol, and while reduced saturated fatty acid is generally recommended, stearic 

acid is reported to have no net impact on serum cholesterol in humans (Daley et al., 

2010). Recently, beef has also been found to be a leading source of health-significant 

fatty acids including trans-vaccenic acid (C18:1 trans-11) and conjugated linoleic acid 

(French et al., 2000; Knight et al., 2003; Daley et al., 2010; Scollan et al., 2014). 

Trans-vaccenic acid is a precursor to conjugated linoleic acid produced in ruminant 

metabolism (Wood et al., 2008). Both trans-vaccenic acid and conjugated linoleic acid 

are cited to have antioxidant properties in both human and animal models (Daley et 

al., 2010; Van Elswyk and McNeill, 2014). 

Fatty acids stored in animal tissue depots are directly related to the fatty acid 

composition of the diet consumed be the animal closest to finishing (Wood et al., 

2008). Forages provide greater concentrations of long-chain polyunsaturated fatty acid 

and α-linolenic acid (C18:3 n-3), while grain-based diets provide greater 

concentrations of saturated fatty acid, monounsaturated fatty acid, and linoleic acid 

(French et al., 2000; Wood et al., 2008; Schmidt et al., 2013). Once consumed, these 

dietary fatty acids serve as precursors for metabolism and the biosynthesis of other 

fatty acids. In ruminants under both dietary conditions, rumen microbes are 

responsible for biohydrogenation of unsaturated fatty acids from the diet to 

monounsaturated fatty acid and saturated fatty acid (Wood et al., 2008; Daley et al., 

2010; Scollan et al., 2014). However, differences in concentration of dietary fatty 

acids, changes in metabolic precursors, and variation in gene expression all relate to 

differences in fatty acid profiles between pasture- and grain-finished beef (Wood and 

Enser, 1997; Daley et al., 2010; Scollan et al., 2014). 
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In a review of 7 studies exploring differences between fatty acid profiles 

among grass and grain- finished beef, Daley et al. (2010) report that differences in 

total saturated fatty acids have been inconsistent. Westerling and Hedrick (1979) and 

Leheska et al. (2008) reported increased saturated fatty acids in pasture-fed beef 

compared to grain-fed beef, while other reports by French et al., (2000) and Chail et 

al. (2016) describe increased concentrations of saturated fatty acids in grain-fed beef. 

Other have reported no difference in total saturated fatty acids (Mitchell et al., 1991; 

Realini et al., 2004; Purchas et al., 2005; Duckett et al., 2013). Increased energy 

density and effect on lipogenic gene expression in grain-fed cattle have been reported 

to lead to increased myristic (C14:0) and palmitic (C16:0) acid (Realini et al., 2004; 

Alfaia et al., 2009; Duckett et al., 2009). Concentration of stearic acid is increased in 

pasture-fed beef (Daley et al., 2010). 

Differences in odd-chain fatty acids have less frequently been discussed. Odd-

chain fatty acids are produced when propionate is used preferentially over acetate in 

de novo fatty acid synthesis. Purchas et al. (2005) reported increased concentrations of 

both pentadecanoic (C15:0) or heptadecanoic (C17:0) odd-chain fatty acids in United 

States grain-fed beef compared to 2 New Zealand pasture-fed treatments. Duckett et 

al. (2009) also reported increased concentrations of odd-chain fatty acids in grain-fed 

or supplemented cattle due to greater availability of propionate. However, in another 

study by Duckett et al. (2013), no difference in percentage of odd-chain fatty acids 

was reported between different forage species or between forage- and grain-based 

diets. Leheska et al. (2008) also reported no difference in concentration of 

pentadecanoic or heptadecanoic odd-chain fatty acids in strip steaks from pasture- or 
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grain-finished steers. However, in the same study, increased pentadecanoic acid was 

reported in grass-fed ground beef when fat level was controlled (Leheska et al., 2008). 

 Concentration of monounsaturated fatty acids is typically increased in grain-

fed cattle because of upregulation of stearoyl coenzyme A desaturase (Wood et al., 

2008; Duckett et al., 2009; Daley et al., 2010; Smith et al., 2012; Wright et al., 2015). 

Van Elswyk and McNeill (2014) stated that total monounsaturated fatty acid was 30-

70% less in United States pasture-fed cattle. Stearoyl coenzyme A desaturase 

desaturates stearic acid provided through the diet to synthesize oleic acid. 

Consequently, reports of increased oleic acid concentration in grain-fed beef compared 

to pasture-fed beef are common (Westerling and Hedrick, 1979; Mitchell et al., 1991; 

Realini et al., 2004; Faucitano et al., 2008; Leheska et al., 2008; Duckett et al., 2009; 

Duckett et al., 2013). Previous reports also indicate greater myristoleic and palmitoleic 

acid concentration in grain-finished cattle (Realini et al., 2004; Faucitano et al., 2008; 

Duckett et al., 2009; Duckett et al., 2013). Wright et al. (2015) reported that grazing 

legume pastures increased myristoleic (C14:1) acid concentration compared to 

pasture-fed beef but not to the extent of grain-fed beef and may indicate that 

myristoleic acid concentration is affected by diet energy. Contrastingly, French et al. 

(2001) reported no differences in concentration of myristoleic, palmitoleic (C16:1), or 

oleic acid in strip loin steaks of 50 continental crossbred steers finished on either 

grazed grass, grass silage, or concentrate-based diets targeting similar growth rates.  

Diet largely affects concentrations of polyunsaturated fatty acids. Linoleic 

(C18:2 n-6) and α-linolenic acids are essential fatty acids that cannot be synthesized 

by mammals and therefore, must be provided in the diet. Grain-based diets are largely 
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composed of linoleic acid, while forages largely contribute α-linolenic acid (Wood et 

al., 2008; Schmidt et al., 2013). During digestion, dietary polyunsaturated fatty acids 

serve as precursor compounds for the biosynthesis of other fatty acids and are either 

biohydrogenated in the rumen to form monounsaturated or saturated fatty acids and 

several intermediates or elongated by desaturase and elongase enzymes to form long-

chain polyunsaturated fatty acids (Wood et al., 2008; Daley et al., 2010). Linoleic acid 

is a precursor primarily for long chain n-6 fatty acids including arachidonic (C20:4) 

acid while α-linolenic acid is a precursor primarily for long chain n-3 fatty acids 

including eicosapentaenoic (C20:5), docosapentaenoic (C22:5) and docosahexaenoic 

(C22:6) acids (Wood and Enser, 1997; Daley et al., 2010; Van Elswyk and McNeill, 

2014). Due to differences in nutrient composition of forages compared to grains, 

intramuscular fat of cattle finished on pastures typically have increased concentrations 

of α-linolenic acid and long chain n-3 fatty acids derived from it (Wood and Enser, 

1997; Wood et al., 2008; Daley et al., 2010; Van Elswyk and McNeill, 2014). French 

et al. (2001) found that cattle finished on pasture has similar concentration of n-6 fatty 

acids to cattle finished on grain but had increased concentrations of the n-3 fatty acids. 

Similarly, Leheska et al. (2008) found no difference in n-6 fatty acids in ground or 

whole muscle product from pasture- or grain-fed beef but did find increased 

concentration of n-3 fatty acids in both ground and whole muscle cuts from pasture-

fed cattle. No difference in total polyunsaturated fatty acid was also reported (Leheska 

et al., 2008). Others have reported similar findings (Faucitano et al., 2008; Duckett et 

al., 2013). In each of these studies, the increase in concentration of n-3 fatty acids and 

lack of difference in n-6 fatty acids resulted in a decreased ratio of n-6:n-3 fatty acids. 
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N-3 polyunsaturated fatty acids are considered to be beneficial to the human diet. 

Long-chain n-3 fatty acids have been cited as having important roles in decreasing 

cancer risk, hear attacks, and depression, and Alzheimer’s disease (Daley et al., 2010). 

While the average American likely consumes 11 - 30 times mores n-6 than n-3 fatty 

acids, an n-6:n-3 fatty acid ratio less than 4:1 has been recommended (Simopoulos, 

1991; Daley et al., 2010). Daley et al. (2010) reported that grain-fed cattle typically 

produce meat with an approximately 8:1 ratio while pasture-fed cattle typically 

produce meat with a ratio less than 2:1. 

Recently, attention has focused on beef as a leading source for trans-vaccenic 

acid and conjugated linoleic acid. Studies in both human and animal models have 

reported that both trans-vaccenic acid and conjugated linoleic acid have antioxidant 

roles and may decrease cancer risk (Daley et al., 2010). The concentration of both 

fatty acids in ruminant muscle tissue is dependent on polyunsaturated fatty acid intake. 

Daley et al (2010) discuss the mechanisms of biosynthesis of each compound. While 

both grain-fed and pasture-fed beef are reported to be leading providers of trans-

vaccenic acid and conjugated linoleic acid compared to other animal products, 

pasture-fed beef is often reported as providing increased concentrations of trans-

vaccenic acid (Purchas et al., 2005), conjugated linoleic acid (French et al., 2000; 

Realini et al., 2004; Alfaia et al., 2009), or both (Faucitano et al., 2008; Leheska et al., 

2008; Duckett et al., 2013) compared to grain-fed beef.  

Fatty acid composition is considered one of, if not the, most important factors 

in contributing to characteristic flavors of beef (Calkins and Hodgen, 2007). Specific 

fatty acids and groups of fatty acids have been correlated to specific flavor descriptors 
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associated with consumer liking of beef and are responsible for many of the 

differences in flavor between pasture- and grain-finished beef. Both saturated fatty 

acid and polyunsaturated fatty acid are associated with decreased overall liking scores 

by consumers (Westerling and Hedrick, 1979; Camfield et al., 1997; O’Quinn et al., 

2016). O’Quinn et al (2016) reported that stearic acid was positively correlated with 

negative flavor descriptors like grassy, gamey, livery, and fishy, and negatively 

correlated to positive descriptors including beefy/brothy and buttery/beef fat flavors. 

Polyunsaturated fatty acids are more prone to auto-oxidation during both storage and 

cooking and are often cited as contributing negatively to perceived flavor. Camfield et 

al. (1997) found polyunsaturated fatty acid to be positively associated with cowy, 

painty, grassy, and gamey flavor descriptors and negatively associated with overall 

liking of flavor. However, several individual polyunsaturated fatty acids have been 

cited as positively correlated to beef flavor liking (Melton et al., 1982). Oleic acid is 

typically correlated with favorable flavor descriptors and overall flavor liking (Melton 

et al., 1982; O’Quinn et al., 2016). While considered favorable for human health, 

trans-vaccenic acid and conjugated linoleic acid may contribute negatively to beef 

flavor (O’Quinn et al., 2016). Campo et al. (2003) studied the effects of individual 

fatty acids on volatiles in an in vitro system with cysteine and ribose. When evaluated 

alone, oleic acid scored highly for oily flavor, while α-linolenic acid produced high 

scores for linseed/putty and fishy flavors (Campo et al., 2003). When evaluated in a 

system with cysteine and ribose, α-linolenic acid was associated with creosote, corned 

beef, meaty, and grassy flavors while oleic was attributed with corned beef and meaty 
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flavors (Campo et al., 2003). Therefore, fatty acids are part of a complex system 

contributing flavor to cooked meats.  

Volatile flavor compounds 

 Flavor is perceived through detection of olfactory, gustatory, and trigeminal 

sensations during tasting and is strongly related to odor and aroma. During storage and 

cooking of meat, volatile compounds are produced via one of two main pathways: 

lipid oxidation or non-enzymatic browning (Mottram, 1998; Calkins and Hodgen, 

2007). These volatile compounds are detected by the olfactory bulb and transmitted to 

the brain (Meilgaard et al., 2007; Brewer and Novakofski, 2008). It has been reported 

that humans can detect differences between compounds as small as 1-carbon (Carden 

and Baird, 2000). 

 Two main groups of precursor compounds have been identified: water-soluble 

compounds and lipids (Mottram, 1998). Water-soluble compounds are implicated in 

the non-enzymatic browning pathway that occurs during cooking. Protein components 

and sugars inherently present in the food system react through 3 primary stages: 1) 

initial condensation of the reducing compound with an amine, followed by a series of 

re-arrangements to form an Amadori product, 2) rehydration, dehydration, 

decomposition, and/or reaction of Amadori intermediates, and 3) reaction of 

intermediates to form heterocyclic flavor compounds or melanoidin pigments (Hodge, 

1953; Mottram, 1998). Classes of compounds produced through non-enzymatic 

browning and related reactions include Strecker aldehydes (an important class of 

intermediates that also contribute to meat flavor) pyrazines, pyrroles, alkylpyridines, 

acylpyridines, furanones, furans, oxazoles, and thiophenes (Hodge, 1953; Mottram 
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and Edwards, 1983; Kerth and Miller, 2015). Products of non-enzymatic browning 

including the sulfur- and nitrogen- containing compounds are important for cooked 

beef flavor and are detected at low odor thresholds (Mottram, 1998), but are present in 

much lower quantities than lipid-derived compounds. These compounds are 

responsible for positive flavors in cooked meat including roasted, browned, nutty, 

meaty, sulfur-like, sweet, and savory (Calkins and Hodgen, 2007; Kerth and Miller, 

2015). While composition of the food system is the most important factor in 

determining the specific compounds produced through non-enzymatic browning, 

factors including temperature, moisture content, and pH control the reaction kinetics 

(van Boekel, 2006). Few specific differences in Maillard products related to pasture- 

or grain-consumption have been noted in the literature. Melton et al. (1982) reported 

that beef from pasture-fed cattle had decreased carbohydrate content that may have 

contributed to less desirable flavor. As days on feed are increased, glucose and 

glucose-6-phosphate are typically increased in muscle tissue, contributing to 

production of volatile compounds which depend on these reducing sugars as 

precursors (Koutsidis et al., 2008). Elmore et al. (1997) found increased levels of 

alkyl-3-thiazolines and alkylthiazoles in cattle that received fish oil supplements (and 

therefore, had increased levels of long-chain n-3 polyunsaturated fatty acids similarly 

to pasture-fed cattle) as a result of interactions of lipid degradation products with 

Maillard intermediates. At pH levels between 6 and 8, sulfur-containing compounds 

are likely to predominate, however, furans are increased when the pH is more acidic 

(Calkins and Hodgen, 2007). As pH has been reported to be higher in pasture-finished 

beef (Priolo et al., 2001), some increase in furans could be possible. It has also been 
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proposed that in some situations sulfur-containing compounds could be increased in 

pasture-fed ruminants due to increased free amino acids in the rumen (Calkins and 

Hodgen, 2007). 

Most differences in volatile flavor components of meat from pasture- and 

grain-finished cattle have been attributed to differences in the fatty acid composition 

(Calkins and Hodgen, 2007). Lipid-derived volatile compounds are produced through 

oxidation during storage and accelerated by heat during cooking (Calkins and Hodgen, 

2007). They are most related to the specific fatty acids composing beef fat which have 

been implicated as vital contributors to beef flavor (Mottram, 1998; Brewer and 

Novakofski, 2008). Fatty acid oxidation and thermal degradation are responsible for 

the production of n-aldehydes, alcohols, lactones, hydrocarbons, furans, and ketones 

(Larick and Turner, 1990; Mottram, 1998; Kerth and Miller, 2015). While these 

compounds are generally associated with undesirable and rancid off-flavors (Ladikos 

and Lougovois, 1990), at low levels they may contribute to characteristic beef flavor 

(Larick and Turner, 1990). 

Compounds associated with beef flavor development and factors related to 

flavor volatiles compounds have been thoroughly reviewed (Melton, 1990; Wood and 

Enser, 1997; Mottram, 1998; Vasta and Priolo, 2006; Calkins and Hodgen, 2007; 

Kerth and Miller, 2015). Compounds related to the oxidation of saturated fatty acids, 

linoleic, linolenic, and other long-chain n-3 polyunsaturated fatty acids are most 

frequently implicated as contributors to presence of off-flavors associated with 

pasture-fed beef. Carboxylic acids are also commonly increased with increased 

concentration of polyunsaturated fatty acids (Mottram, 1998). 
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In a study exploring diet and breed differences of 32 steers finished on 

concentrate or corn-silage, Elmore et al. (2004) reported that beef from cattle finished 

on grass-silage regardless of breed produced increased amounts of α-linolenic acid-

derived compounds including alcohols (1-penten-3-ol and cis-2-penten-1-ol) and 

chlorophyll-based compounds (1-phytene and 2-phytene). Contrastingly, linoleic-acid 

derived products including aldehydes (pentanal, hexanal, heptanal), alcohols (1-octen-

3-ol, cis-2-peten-1-ol, -pentanol, 1-hexanol), and 2-pentyl furan were increased in 

grain-finished cattle (Elmore, 2004). In an earlier study by Elmore et al. (1999), it was 

suggested that oxidation products of polyunsaturated fatty acids associated with 

pasture-based diets could increase oxidation of linoleic and oleic acids to produce 

increased levels of n-aldehydes in beef from pasture-finished cattle. Increases in 2,3-

octanedione, a compound produced in leafy plants, are frequently reported as 

indicators of pasture-based diets (Larick and Turner, 1990; Vasta and Priolo, 2006; 

Calkins and Hodgen, 2007). However, Elmore et al. (2004) did not find that 2,3-

octanedione was increased in grass silage-finished cattle compared to grain-finished 

cattle. 

In a recent study by O’Quinn et al. (2016), USDA Organic grass-fed Select beef 

had comparatively high levels of acetaldehyde and low levels of hexanal and 3-

hydroxy-2-butanone compared to 11 other treatments. Of these compounds, only 3-

hydroxy-2-butanone was correlated to flavor attributes. Acetoin (3-hydroxy-2-

butanone) was positively correlated with overall flavor liking and positive attributes 

like beefy/brothy and buttery/beef fat and negatively correlated with negative flavor 

attributes including grassy, gamey, livery, fishy, bloody/metallicy, and sour. Low 
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levels of acetoin likely attributed to the overall low flavor liking of pasture-fed beef in 

this study. Additionally, differences in concentrations of fatty acids (especially stearic 

acid and polyunsaturated fatty acid) between pasture-fed beef and other treatments 

were correlated with the overall negative perception of pasture-fed beef in this study 

compared to other treatments.  

In another recent study by Chail et al. (2016) reported on differences in volatile 

compounds of commercially-finished beef, beef finished on a grain-based diet, 

legume-finished beef, beef finished on grass pastures, and USDA Certified Organic 

grass-fed beef. Overall, there was a general trend toward increased lipid-derived 

volatile compounds in grain-fed treatments compared with grass-fed treatments with 

the legume-based treatment intermediate. These differences were likely due to 

variation in IMF level also noted among treatments. Similar to O’Quinn et al. (2016), 

hexanal was the primary compound in all treatments. Hexanal is cited as being a key 

contributor to characteristic beef flavor in low concentration; however, in high 

concentrations, it contributes to flavors including “fatty-green,” “grassy,” and 

“tallow,” and is correlated to indicators of lipid oxidation (Calkins and Hodgen, 2007; 

Kerth and Miller, 2015). Alcohols also were present in increased concentrations in 

beef from grain-fed treatments. Overall, it was evident that the variation in fat content 

between treatments in this study also impacted the concentration of volatile 

compounds that were produced. However, legume-based diets producing intermediate 

fat levels and intermediate levels of volatile compounds indicate that diet energy may 

play an important role in fatty acid composition and beef flavor development.  
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Altogether, it is evident that differences in fatty acid composition associated 

with pasture- and grain-feeding affect the concentration of volatile flavor compounds 

generated during storage and cooking of these beef products. While interest in 

increasing certain fatty acids through pasture-feeding has grown, it is evident that 

flavor is likely to be negatively impacted by the increased concentrations of volatile 

compounds associated with negative flavor descriptors. In addition to compounds 

produced through increased oxidation of polyunsaturated fatty acid, conjugated 

linoleic acid and trans-vaccenic acid have also been implicated as precursors to 

volatile compounds increasing off-flavors (Calkins and Hodgen, 2007). 
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CHAPTER III 

DURATION OF EXPOSURE TO A HIGH-CONCENTRATE DIET 

PRIOR TO PASTURE-FINISHING AFFECTS PALATABILITY OF 

BEEF STRIP LOIN STEAKS 

Abstract 

Diet affects palatability and composition of beef. Angus-cross steers (n = 48 

[12 head / treatment]) were provided a high-concentrate diet for 0 d (0D), 40 d (40D), 

80 d (80D), or 120 d (120D) prior to pasture-finishing. Eight strip loins were selected 

from each treatment targeting USDA Select (USDA marbling score: 370 ± 33.1), and 

8 additional process-verified Select grass-fed strip loins were selected from New 

Zealand to be included as a baseline (NZ). Strip loins were wet aged 21 d postmortem 

then fabricated frozen into 2.54 cm steaks. Steaks were used to assess proximate 

composition, Warner-Bratzler shear force (WBSF), consumer sensory traits, fatty acid 

composition, and volatile flavor compounds. Proximate composition and WBSF did 

not differ (P > 0.05). Consumer scores for all traits differed among treatments (P < 

0.05), with NZ receiving greater scores for flavor than 0D, 40D, and 80D (P < 0.05), 

and NZ and 120D receiving the greatest scores for overall liking (P < 0.05). Flavor 

liking was highly correlated with overall liking (P < 0.01; r = 0.89). Saturated fatty 

acids were decreased and monounsaturated fatty acids increased in NZ compared to all 

other treatments (P < 0.05). Trans-vaccenic acid was greater in treatments exposed to 

grain than NZ (P < 0.05), and conjugated linoleic acid was least in NZ (P < 0.05). The 

ratio of omega-6 to omega-3 fatty acids was greater in 80D and 120D than all other 

treatments (P < 0.05). Non-enzymatic browning-derived ketones and 2-pentylfuran 

were increased in NZ compared to all other treatments (P < 0.05), and differences 
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among treatments in lipid-derived compounds were primarily of alcohols and 

aldehydes. Early exposure to grain-based diets for 120 d prior to pasture-finishing 

produces beef that is comparable to grass-fed beef from New Zealand in palatability 

but differs in chemical composition. 
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Introduction 

Increased consumer interest in pasture-fed beef has led to a need to revisit 

cattle-finishing systems and the effects of finishing diet on meat quality. Consumer 

interest in pasture-fed beef has been cited as resulting primarily from perceived health 

benefits associated with grass-finishing (Scollan et al., 2014; Umberger et al., 2009); 

however, a distinct portion of the population also prefers the palatability of pasture-

finished beef and is willing to pay a premium to meet that preference (Sitz et al., 2005; 

Umberger et al., 2002). Seasonality and resultant fluctuations in forage-quality, as well 

as diversity of forage types based on geographical region cause difficulty in producing 

consistent beef on pastures alone in the United States (Leheska et al., 2008). Thus, 

most of the pasture-finished beef marketed in the United States is imported from 

countries including New Zealand and Australia where high-quality pastures are 

available nearly year-round with less seasonality (USDA-ERS, 2018). 

Cattle diet and growth rate affect the palatability of beef. Cattle growth rate 

impacts lipid development and deposition, and early exposure to a high plane of 

nutrition through grain-feeding may lead to metabolic changes that increase 

intramuscular fat deposition through the animal’s life (Smith et al., 1977; Duckett et 

al., 1993; Bruns et al., 2004; Moriel et al., 2014; Scheffler et al., 2014). In addition to 

amount of fat, diet also affects composition of fat. Grain-fed cattle tend to have fatty 

acid profiles containing increased concentrations of saturated and monounsaturated 

fatty acids, notably stearic (C18:0) and oleic acid (C18:1), while pasture-finished 

cattle typically retain intramuscular fatty acid profiles similar to that of the pastures 
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they’ve grazed with increased concentrations of polyunsaturated fatty acids (Daley et 

al., 2010; Van Elswyk and McNeill, 2014; Scollan et al., 2014).  

Differences in palatability have also been reported. Pasture-fed beef has been 

cited as producing “grassy” and “gamey” off-flavors. Polyunsaturated fatty acids are 

more prone to lipid oxidation and may contribute to production of unfavorable volatile 

compounds during storage and cooking which do not contribute positively to the 

development of beef flavor (Calkins and Hodgen, 2007; Kerth and Miller, 2015). 

Claims of decreased tenderness in pasture-fed beef have also been made (Bowling et 

al., 1977; Sitz et al., 2005; Kerth et al., 2007). However, palatability studies of 

pasture- and grain-fed beef are often confounded by differences in age at finishing, 

growth rate, and/or amount of intramuscular fat (Muir et al., 1998). Therefore, the 

objective of this study was to determine if a system of early exposure to grain 

following weaning affects palatability and chemical composition of beef strip loin 

steaks from pasture-finished cattle when animals are finished to a similar final body 

weight and intramuscular fat level is held constant and to determine if this system 

could be used to produce pasture-finished beef of similar palatability to established 

grass-fed systems while maximizing utilization of available resources. 

Materials and Methods 

All procedures for use of human subjects in consumer sensory panel evaluations were 

reviewed and approved by the Texas Tech University Institutional Review Board 

(IRB2017-475) and all animal protocols were approved by the Clemson University 

Animal Care and Use Committee (2015-069). 
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Product Background 

 Beef strip loins (n = 55, IMPS #180; NAMP, 2010) from carcasses 

representing 5 feeding treatments were collected for this study. Forty-seven strip loins 

were sourced directly from treatment groups following a live feeding trial at Clemson 

University (Clemson, SC). Treatments were as described by Koch (2017) and 

included: 0 d exposure to a high-concentrate diet (71.5% cracked corn, 20% corn 

gluten feed, 5% chopped hay, 3.5% mineral premix) prior to pasture finishing on high 

quality forages (non-toxic tall fescue, rye/ryegrass, oats, alfalfa; n = 12; 0D), 40 d 

exposure to high-concentrate diet prior to pasture finishing (n = 12; 40D), 80 d 

exposure to high-concentrate diet prior to pasture finishing (n = 11; 80D), 120 d 

exposure to high-concentrate diet prior to pasture finishing (n = 12; 120D). Diet dry 

matter formulation is reported in Appendix A. All cattle were finished to a target BW 

of 487 kg on high-quality pastures then transported 145 km to a commercial slaughter 

facility. Throughout the grazing period, steers were rotated through pastures to provide 

sufficient forages to maintain at least 0.62 kg/d ADG. All cattle were on study for a 

total 308 or 354 d (high-concentrate period + pasture-finishing). 

 Carcass data were collected at 24 h postmortem by trained personnel, and loins 

were separated from the carcasses, vacuum packaged, and stored at 0 - 4°C for 21 d, 

then frozen for shipment to the Gordon W. Davis Meat Science Laboratory (Lubbock, 

TX). Eight strip loins were selected from each treatment based on USDA marbling 

scores targeting the USDA Select quality grade (370 ± 33.1; Slight37-Small3) to assess 

differences in quality while limiting inherent differences in lipid content across quality 

grades. Further information regarding feeding and harvest protocols and additional 
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data can be found in Koch (2017). A fifth treatment, process-verified New Zealand 

grass-fed strip loins (n = 8; NZ), was included as a control. Commercially fabricated 

strip loins grading USDA Select were sourced from a commercial packing plant in 

New Zealand and aged under vacuum for 21 d at 0 - 4°C then frozen for shipment to 

the Texas Tech University Gordon W. Davis Meat Science Laboratory (Lubbock, TX) 

where they remained frozen (-20°C) for fabrication. Carcass data for all cattle and 

cattle selected for use in this study are reported in Appendix A. 

Sub-primal Fabrication 

 All sub-primals were fabricated frozen into 2.54 cm steaks and assigned to 

analyses from the anterior end to posterior end in the following order: proximate 

analysis (anterior wedge), Warner-Bratzler shear force, consumer sensory evaluation 

(x7), and volatile flavor compound analysis. All steaks were labeled according to 

analyses, vacuum packaged, and stored frozen (-20°C) until subsequent analyses. 

Proximate Analysis 

 Treatments were randomized, and the anterior-most steak from each strip loin 

was used to conduct proximate and pH analysis. Steaks were thawed for 24 h at 2 - 

4°C. Once thawed, all subcutaneous fat, intermuscular fat, and perimysial connective 

tissue were trimmed from raw steaks to ensure values were representative of only M. 

longissimus lumborum (LL) and intramuscular fat. Trimmed steaks were ground 

through a 4-mm plate using an electric meat grinder (IK-541091, Cabela’s Inc., 

Sidney, NE). Proximate analysis was conducted by an AOAC official method 

(Anderson, 2007) using a near infrared spectrophotometer (FoodScan, FOSS 
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NIRsystems, Inc., Laurel, MD). Using this method, percentages of fat, moisture, 

protein, and collagen were determined for each sample.  

 Following proximate analysis, 10 g of ground sample were separated for pH 

analysis. The sample was added to 90 mL high performance liquid chromatography 

(HPLC) grade water and stirred to a slurry for 1 - 2 min. An electrode (Jenway 3510 

Advanced Bench pH meter, Cole-Parmer, Staffordshire, UK) protected by a filter 

paper (VWR Filter Paper 415, 12.5 cm, VWR International, Radnor, PA) cone was 

placed into the slurry, the solution was allowed to buffer to a constant pH 

(approximately 5 min), and the pH measurement of the solution filtrate was recorded. 

Analysis of pH was conducted in triplicate, and average pH was calculated for each 

sample. The electrode was rinsed with distilled water between each measurement and 

calibrated at pH 4 and 7 prior to the initial measurement. 

Cooked Product Preparation 

 For evaluations requiring cooking (i.e. Warner-Bratzler shear force, volatile 

flavor compounds analysis, consumer sensory panels), steaks were prepared from the 

LL following a common cooking protocol outlined in the AMSA Sensory Guidelines 

(AMSA, 2015). Frozen steaks were thawed under refrigeration (2 - 4°C) for 24 h prior 

to cooking and trimmed of subcutaneous and intermuscular fat. Steaks were cooked 3 

at a time on an electric clamshell grill (Cuisinart Griddler Deluxe, Cuisinart, East 

Windsor, NJ) to a medium (71°C endpoint temperature; Thermapen, Classic Super-

Fast, Thermoworks, American Fork, UT) degree of doneness. Rising peak temperature 

was recorded after removal from the grill. Steaks were weighed both raw and cooked 
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for calculation of percentage cook loss using the following equation: % 𝐶𝑜𝑜𝑘 𝐿𝑜𝑠𝑠 =

[𝑅𝑎𝑤 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)−𝐶𝑜𝑜𝑘𝑒𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)]

𝑅𝑎𝑤 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)
∗ 100. 

Warner-Bratzler Shear Force 

 Warner-Bratzler shear force was used as a measure of instrumental tenderness 

following specifications outlined in AMSA Sensory Guidelines (AMSA, 2015). The 

second steak adjacent to the anterior end of each strip loin was prepared for Warner-

Bratzler shear force according to the cooking protocol outlined above. Following 

cooking, steaks were placed on metal trays and covered with polyvinyl chloride film 

to be chilled under refrigeration (2 - 4°C) for 24 h. After chilling, six 1.27-cm 

diameter cores were removed from the steaks parallel to the muscle fiber orientation of 

the steak using a handheld cork borer. Cores were sheared in the center of the core 

perpendicular to the muscle fibers using a Warner-Bratzler shear force analyzer (G-R 

Elec. Mfg., Manhattan, KS) and measured in kg of force. Average Warner-Bratzler 

shear force was calculated for each steak for statistical analysis. 

Fatty Acid Quantification 

 Samples were prepared for fatty acid analysis as described by Koch (2017); 

moisture content of the LL was determined by weight loss after drying, and remaining 

samples were frozen, lyophilized, and ground. Total lipid content was determined 

from prepared samples in duplicate using an Ankom XT15 extractor (Ankom 

Technology, Macedon, NY) and hexane as the solvent and used for calculations of 

fatty acids concentrations. Methods of Park and Goins (1994) were followed for 

transmethylation of freeze dried samples. Fatty acid methyl esters were analyzed in 

duplicate using an Agilent 6850 gas chromatograph (Agilent, San Fernando, CA) and 
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Agilent 7673A (Hewlett-Packard, San Fernando, CA) automatic sampler according to 

the methods outlined by Duckett et al. (2013). Samples were evaluated twice, once 

with a split ratio of 100:1 for identification of trans-C18:1 and long-chain fatty acids 

and once with a split ratio of 10:1 for identification of conjugated linoleic acid (C18:2 

cis-9 trans-11) and n-3 fatty acids. Fatty acids were separated using a Supelco 100-m 

SP2560 capillary column (0.25 mm i.d. and 0.20 µm film thickness; Sigma-Aldrich, 

St. Louis, MO). Individual fatty acids were identified by comparison of ion 

fragmentation patterns to external standards (Sigma-Aldrich; Matreya, Pleasant Gap, 

PA). Methyl tricosanoic (C23:0) acid was incorporated into each sample as an internal 

standard for quantification of fatty acids. Fatty acids are expressed as a weight 

percentage of total fatty acids. Total fatty acids (g/100g) are reported as a sum of 

identified fatty acids for each treatment. 

Volatile Compound Analysis 

 Volatile compound analysis was conducted on cooked samples from each strip 

loin (n = 40) prepared as previously described. Immediately following cooking, six 

1.27-cm diameter cores were removed from the steaks perpendicular to the cooked 

surface using a handheld cork borer and minced in a coffee grinder (Coffee grinder, 

Mr. Coffee, Cleveland, OH). Analysis of volatile compounds was accomplished using 

an Agilent 7890 gas chromatograph (Agilent Technologies, Santa Clara, CA) and 

5977A mass selection detector (Agilent Technologies, Santa Clara, CA) equipped with 

a Gerstel automated sampler (MPS, Gerstel Inc., Linthicum, MD) following the 

method outlined Chail et al. (2017). Volatile compounds were extracted from samples 

via solid phase microextraction and separated using a VF-5 ms capillary column (30 m 
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× 0.25 mm × 1.00 µm; Agilent J&W GC Columns, Netherlands). Identities of volatile 

compounds were validated by comparison of ion fragmentation patterns to external 

standards (Sigma-Aldrich). An internal standard solution (1,2-dichlorobenzene; 2.5 

µg/µL) was incorporated into each sample for quantification of volatile compounds. 

Consumer Sensory Panels 

 Consumer sensory panelists (n = 220) were recruited from Lubbock, TX, and 

the surrounding areas to participate in sensory evaluation of samples at the Texas Tech 

University Animal and Food Sciences Building. Consumers were pre-screened for 

regular beef consumption and preference of a medium degree of doneness. Eleven 

consumer panels were conducted over 4 nights. Each session consisted of 20 panelists 

and lasted approximately one hour. Panelists were provided with an information sheet, 

a ballot (containing demographic questionnaire and 5 sample ballots; Appendix B), 

plastic utensils, a toothpick, a napkin, an expectorant cup, and palate cleansers (a cup 

of water, 3 unsalted crackers, and a cup of diluted apple juice, approximately 1:10 

apple juice to water) to be used between samples. 

Each consumer steak (n = 280) was randomly assigned to, and consumed by, 4 

panelists based on a 10 × 10 Latin Square. Samples were prepared as previously 

described. Frozen steaks were thawed under refrigeration (2 - 4°C) for 24 h prior to 

cooking and trimmed of subcutaneous and intermuscular fat. Steaks were cooked 3 at 

a time on an electric clamshell grill (Cuisinart Griddler Deluxe, Cuisinart, East 

Windsor, NJ) to a medium (71°C endpoint temperature; Thermapen, Classic Super-

Fast, Thermoworks, American Fork, UT) degree of doneness. Steaks were weighed 

both raw and cooked for calculation of cook loss, and rising peak temperature was 
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recorded after removal from the grill. Prepared steaks were portioned into 4 pieces 

(approximately 2 cm3), avoiding connective tissue, and served warm to panelists. All 

samples were served in a random order. Panelists were served a total of 5 samples, 

which were rated on tenderness, juiciness, flavor, and overall liking using 100 mm 

verbally anchored line scales where 0 = extremely tough/dry, dislike extremely and 

100 = extremely tender/juicy, like extremely. Panelists were also asked to rate each 

sample as acceptable or unacceptable for each trait and to complete a demographics 

questionnaire. Panelists could participate one time and were monetarily compensated 

for their participation. 

Statistical Analysis 

 All data were analyzed using procedures of SAS (SAS version 9.3, SAS 

Technologies, Cary, NC). Treatment effects for all lab analyses (proximate 

composition, pH, Warner-Bratzler shear force, fatty acid composition, and volatile 

fatty acids) were compared using PROC GLIMMIX as a completely randomized 

design with treatment as fixed effect and α = 0.05. For Warner-Bratzler shear force, 

percentage cook loss was included as a covariate (P < 0.01). Final endpoint 

temperature was included as a covariate (P < 0.05) for the following volatile 

compounds: 2-propanone, carbon disulfide, methanethiol isobutyraldehyde, 2,3-

butanedione, 2-butanone, 3-hydroxy-2-butanone, dimethyl disulfide, octane, 

butyrolactone, benzaldehyde, decane, and dimethyl sulfide. Consumer panel data were 

analyzed as a complete balanced block design. As recommended by the AMSA 

Sensory Guidelines, panel nested within night served as block (AMSA, 2015). 

Acceptability data for each palatability trait were analyzed using a binomial error 
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distribution. For all above analyses, denominator degrees of freedom were estimated 

using the Kenward-Roger adjustment. Treatment least squares means were separated 

using the PDIFF option when main effects were significant (P < 0.05). Significance of 

correlation coefficients was evaluated using PROC CORR with α = 0.05. Consumer 

demographic data were analyzed using PROC FREQ and are reported in Appendix A. 

Results and Discussion 

 No differences (P > 0.05) in percent fat, moisture, protein, or collagen across 

treatments were reported (Table 3.1). Percent fat and moisture were as expected based 

on USDA marbling scores (Savell et al., 1986). The pH did not differ (P = 0.51; Table 

3.1) across treatments. Previously conducted research has cited that meat from the LL 

of cattle finished on pasture has elevated pH compared to cattle finished on grain 

(Morris et al., 1997; Muir et al., 1998b; Maughan et al., 2012). More often though, no 

difference in pH has been noted (Bidner et al., 1986; French et al., 2001; Chail et al., 

2016). Ultimate pH of meat is related to the rate of glycogen depletion and production 

of lactic acid in the muscle at slaughter. Muir et al. (1998a) discussed that elevated pH 

in forage-finished cattle may be due to increased stress at slaughter as a result of 

decreased handling throughout feeding. Stress causes decreased muscle glycogen at 

slaughter and results in a higher ultimate pH. Muscle glycogen is also related to diet 

energy, and similarity of pH among treatments in the present study may be a result of 

all cattle grazing high-quality pastures at peak seasonality which provided adequate 

diet energy, and therefore, sufficient muscle glycogen at slaughter. Leheska et al. 

(2008) attributed lack of difference in pH to product handling (all product was stored 

frozen) prior to analyses, similar to the handling of product in the present study. 
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Freezing and thawing may cause pH to decrease due to increased concentration of 

solutes, denaturation of buffer proteins, and release of hydrogen ions (Leygonie et al., 

2012). Similarity in pH in this study, therefore, could be attributed to freezing and 

thawing of all product prior to analyses, and may also be related to the finishing of all 

treatments on pasture despite early exposure to concentrate.   

 Warner-Bratzler shear force values did not differ (P = 0.08; Table 3.1) across 

treatments and were below accepted threshold values for tenderness (Savell and 

Shackelford, 1992; Miller et al., 2001; Shackelford et al., 2001). Others (Bidner et al., 

1986; French et al., 2001; Faucitano et al., 2008; Duckett et al., 2013) have similarly 

reported no difference in Warner-Bratzler shear force in cattle finished on pasture 

compared to grain when harvested at a similar age or degree of finish. Values were 

similar to those reported by Duckett et al. (2007, 2013). Kerth et al. (2007) found that 

cattle grazing ryegrass prior to finishing with ad libitum access to grain for 94 d had 

similar, intermediate Warner-Bratzler shear force values to both cattle finished on 

ryegrass and those with only ad libitum access to grain for the duration of the study 

when all animals were harvested at an estimated 1.0 cm of subcutaneous backfat at the 

12th rib. These results indicate that exposure to grain for 94 d may increase tenderness 

of beef from cattle grazing grass pastures to a degree similar to that of beef from cattle 

with increased exposure to grain. Additionally, Schmidt et al. (2013) found that 

grazing high-quality, legume-based pastures decreased Warner-Bratzler shear force 

compared to grass-based pastures, indicating that tenderness may be more related to 

diet quality and energy than pasture or grain. When differences in tenderness values in 

studies regarding pasture- and grain-finishing of beef, or exposure to low- or high-
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energy finishing diets have been reported, they have been confounded by animal age 

or overall fatness of cattle (Bowling et al., 1977; Fontenot et al., 1985; Muir et al., 

1998a). While cattle from 0D, 40D, 80D, and 120D treatments were finished to a 

target final BW, all were < 24 months of age with carcasses grading A or low B 

maturity, likely contributing to similarity in Warner-Bratzler shear force. Low 

Warner-Bratzler shear force values in this study may also be attributed to the 21 d age 

of the product. Vacuum aging of meat from pasture- and grain-finished beef for 14 d 

or more has been previously attributed with increasing product tenderness and 

eliminating tenderness differences across product from cattle exposed to various 

dietary regimes (Smith et al., 1979; Duckett et al., 2007; Stelzleni et al., 2008). 

 Despite similarity in WBSF across treatments, consumers surveyed in this 

study observed tenderness differences (P < 0.01; Table 3.2) across treatments and 

differences in acceptability of tenderness (P < 0.01; Table 3.3). Samples from NZ 

received the greatest scores for tenderness (71.24; P < 0.05) and were also most often 

(94.86%; P < 0.05) rated as acceptable by consumers for the same trait. Steaks from 

120D received intermediate (63.62, P < 0.05) mean scores for tenderness. Steaks from 

120D were less often rated as acceptable (88.30%; P < 0.05) than NZ but were of 

similar (P > 0.05) acceptability to 80D (83.31%), which did not differ (P > 0.05) from 

0D or 40D (81.45% and 78.45%, respectively). Differences in perceived tenderness 

may be related to carcass treatment at slaughter. Carcasses from New Zealand were 

exposed to high voltage electrical stimulation at slaughter while cattle from United 

States-based treatments (0D, 40D, 80D, 120D) were not. High voltage electrical 

stimulation increases tenderness of tough carcasses by promoting a more rapid onset 
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of rigor mortis and increasing proteolysis and protein denaturation (Savell et al., 

1978). Decreased time to rigor helps to prevent cold shortening, and increased 

proteolysis causes breakdown of muscle proteins. These differences associated with 

high voltage electrical stimulation are likely responsible for increased tenderness 

scores for NZ in this study. Despite differences, all product in this study was 

frequently rated as acceptably tender, with more than 78% of each treatment rated as 

acceptable by consumers.  

 Consumers also noted differences (P < 0.01) in juiciness, flavor liking, and 

overall liking across treatments. Steaks from the LL of NZ and 120D were perceived 

as juicier (67.15 and 67.14, respectively; P < 0.05) than 0D and 80D (59.93 and 63.06, 

respectively); steaks from 40D were intermediate and did not differ (63.97, P > 0.05) 

from other treatments. Consumers rated 120D steaks as acceptable for juiciness more 

often (91.01%; P < 0.05) than all other treatments except NZ (89.26%, P > 0.05). 

Acceptability ratings for 0D and 80D were intermediate (P > 0.05) between NZ and 

40D; though, like tenderness, most of the product was rated as acceptably juicy, with 

greater than 82% of samples from each treatment rated as acceptable by consumers. It 

has previously been cited that perceived juiciness is increased with exposure to a corn 

diet (Sitz et al., 2005; Duckett et al., 2007); however, these differences have, in some 

instances, been attributed to increased intramuscular fat related to grain exposure 

(Corbin et al., 2015). Muir et al. (1998a) concluded from a review of the prior studies 

that effects of diet on perceived juiciness were inconsistent, and more recent work has 

reported there were not differences in perceived juiciness due to diet, especially when 

results were not confounded by varying degrees of intramuscular fat (French et al., 
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2001; Duckett et al., 2013). Roberts et al. (2009) reported that when steers were 

finished on winter annual ryegrass with various levels of corn supplementation, steers 

receiving the greatest and least amounts of grain produced beef that received the 

highest juiciness scores. 

Forage-finished beef has consistently received lower scores from consumers in 

the United States for flavor liking and/or intensity of beef flavor compared to grain-fed 

beef and is often recorded as having increased off-flavors (including “grassy,” 

“gamey,” and “barny”) and decreased favorable beef flavors (Muir et al., 1998a; 

Priolo et al., 2001; Maughan et al., 2012; Van Elswyk and McNeill, 2014). However, 

NZ received greater (P < 0.05) scores for flavor liking than all other treatments except 

120D, which in turn, did not differ (P > 0.05) from 0D. Flavor liking scores were less 

(P < 0.05) for 40D than all treatments except 80D, which also was not different (P > 

0.05) from 0D. As early as 1982, it has been cited that increased exposure to grain-

based diets prior to slaughter decreases off-flavors in pasture-fed beef (Melton et al., 

1982; Larick et al., 1987). However, Chail et al. (2016) found that when grass-fed 

cattle are finished on high-quality legume-based pastures, consumer liking of flavor 

was similar to that of meat from cattle exposed to grain prior to slaughter. Beef cattle 

in New Zealand are rarely finished on grain and are most often finished on carefully-

managed, high-quality grass and legume mixed pastures (typically ryegrass and white 

clover) ideal for providing a high plane of nutrition (Boom, 2014a; Boom, 2014b; 

Beef and Lamb New Zealand, 2017). Consequently, greater flavor-liking scores for 

NZ similar to those of 120D may be resultant of a high plane of nutrition during the 

finishing phase. It should be noted that scores ranged from 52.80 (40D) to 61.58 (NZ), 
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which may indicate that consumers were able to detect the pasture-attributed off-

flavors in all samples. However, consumers rated greater than 77% of samples from all 

treatments as acceptable and did not (P = 0.27) find any treatment more or less 

acceptable for flavor than others.  

When compared for overall palatability, greater (P < 0.05) scores were 

assigned to NZ and 120D; other treatments did not differ (P > 0.05). These differences 

in overall palatability are reflective of a culmination of the individual palatability 

traits. Overall liking scores ranged from 54.95 (40D) to 64.20 (NZ), and were most 

highly correlated to flavor liking (P < 0.01; r = 0.89; Table 3.4), similar to the findings 

of Neely et al. (1998; r = 0.86) and O’Quinn et al. (2012; r = 0.88). Overall liking was 

also positively correlated to tenderness (P < 0.01; r = 0.63) and juiciness (P < 0.01; r = 

0.56), though to a lesser degree (Table 3.4). Corbin et al. (2015) also found that when 

tenderness is acceptable, flavor becomes the most important contributor to overall 

liking in cooked beef. Differences in chemical flavor compounds are discussed below 

and may contribute to the high correlation of flavor to overall liking in the present 

study. Accordingly, overall acceptability differed (P = 0.02) among treatments. Steaks 

from NZ were more often (88.31%; P < 0.05) rated as acceptable by consumers than 

other treatments except steaks from 120D (84.75; P > 0.05). Steaks from 0D and 80D 

were rated acceptable less often than NZ (P < 0.05), but intermediate (P > 0.05) 

between 120D and 40D. Despite differences, steaks from all treatments were 

considered acceptable overall by consumers at least 76.71% of the time, suggesting 

that, when perceived together, the three palatability traits (tenderness, juiciness, and 

flavor) all contribute to the overall palatability of samples, and greater perceived 
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scores for one trait may increase the perceived palatability of a sample as a whole. The 

overall preference for NZ may be explained by the high plane of nutrition provided by 

New Zealand pastures resultant of more intensive pasture management. In a review by 

Muir et al. (1998a), it was concluded that palatability is influenced more by a high 

plane of nutrition than grain versus grass. Increased overall palatability of 120D 

compared to other treatments (except for NZ) is supported by prior work focused both 

on time of exposure to high-concentrate diets and on energy of backgrounding diets 

(Smith et al., 1977; Aberle et al., 1981; Miller et al., 1987; Schaake et al., 1993; 

Owens and Gardner, 1999; Scheffler et al., 2014). 

When assigned by consumers to perceived quality categories, NZ samples 

were assigned to the unsatisfactory category less often (P < 0.05) than all other 

treatments except 120D (P > 0.05), which did not differ (P > 0.05) from any other 

treatment (Table 3.5). Treatment differences were only noted for unsatisfactory quality 

(P = 0.05). The majority of all samples (45.86 - 52.77 %) were placed in the “good 

every day quality” category, indicating that consumers would be willing to consume 

product from any of the treatments as part of their regular beef consumption. This is in 

agreement with the conclusion of French et al. (2001) that cattle could be finished on 

grass without an overall negative effect on meat quality.  

Diet influences the intramuscular fat content and fatty acid composition of 

meat. Fatty acid profiles of ruminants are resultant of diet combined with ruminal 

biohydrogenation. Grain-based diets typically provide increased energy density and 

increased intramuscular adiposity (reviewed by Daley et al., 2010; Smith et al., 2012; 

Scollan et al., 2014). However, with quality grade controlled, total fatty acids (g/100g 
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wet sample) were greatest in NZ (3.23g/100g; P < 0.05) and least in 0D (1.53g/100g; 

P < 0.05), with all treatments including grain exposure possessing intermediate total 

fatty acids (Table 3.6).  

Reports of total saturated fatty acids among pasture- and grain-fed beef have 

been inconsistent (Daley et al., 2010). Beef from NZ contained a lesser proportion of 

(P < 0.05) saturated fatty acids than all other treatments which did not differ (P > 

0.05) from each other. The difference is likely attributed to the decrease (P < 0.05) in 

stearic (C18:0) acid compared to all other treatments except 120D (P > 0.05). This 

decrease in stearic acid in NZ is contrary to more typical reports of elevated stearic 

acid in pasture-fed cattle; however, values for all treatments were greater than those 

generally reported for grain-fed cattle (Daley et al., 2010; Duckett et al., 2013). 

Myristic (C14:0) and palmitic (C16:0) acid have generally been reported as being 

elevated in grain-fed cattle as a result of increased energy density and effect on 

lipogenic gene expression (Leheska et al., 2008; Alfaia et al., 2009; Duckett et al., 

2009; Daley et al., 2010), but did not differ (P > 0.05) among treatments in the present 

study, likely as a result of pasture-finishing of all treatments. 

Total odd-chain fatty acids differed (P < 0.01) among treatments. Beef from 

NZ contained the least concentration of both pentadecyclic (C15:0) and margaric 

(C17:0) acids, and beef from all grain-fed treatments possessed generally greater (P < 

0.05) concentrations. Odd-chain fatty acids are produced when propionate is used 

preferentially over acetate in de novo FA synthesis (Duckett et al., 1993). Duckett et 

al. (2009) also reported increased concentration of odd-chain fatty acids in grain-fed or 

supplemented cattle, indicating a greater availability of propionate with grain-feeding. 
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Our results, therefore, indicate that there may be some residual effect of grain-feeding 

on fatty acid profile even after pasture-finishing. 

Total monounsaturated fatty acid concentration was increased (P < 0.05) in NZ 

compared to all other treatments and can be attributed to greater (P < 0.05) 

concentrations of myristoleic (C14:1), palmitoleic (C16:1), and oleic (C18:1) acids. 

Concentration of monounsaturated fatty acids is typically increased in grain-fed cattle 

as a result of upregulation of stearoyl coenzyme A desaturase which desaturates 

stearic acid to synthesize oleic acid (Wood et al., 2008; Duckett et al., 2009; Daley et 

al., 2010; Smith et al., 2012; Wright et al., 2015). Increased oleic acid concentration in 

NZ despite decreased stearic acid may indicate progression of stearic acid through the 

Δ-9 desaturase pathway. However, values for all treatments were less than those 

generally reported for grain-finished beef and similar to those from pasture-finished 

beef (Daley et al., 2010). Myristoleic acid concentration was similar (P > 0.05) among 

NZ and 120D, though previous reports indicate greater myristoleic acid concentration 

in grain-finished cattle (Duckett et al., 2009; Duckett et al., 2013). Wright et al. (2015) 

reported that grazing legume pastures increased myristoleic acid concentration. These 

results taken together with the results of the present study may indicate a response of 

myristoleic acid to diet energy.  

Concentrations of polyunsaturated fatty acids are largely affected by diet. 

Linoleic (C18:2 n-6) and α-linolenic (C18:3 n-3) acids are essential fatty acids and 

cannot be synthesized by mammals. Therefore, these fatty acids must be provided in 

the diet. Grain-based diets are largely composed of linoleic acid, while forages largely 

contribute α-linolenic acid (Wood et al., 2008; Schmidt et al., 2013). In the ruminant, 
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70 - 95 % of dietary polyunsaturated fatty acid undergoes microbial biohydrogenation 

to form monounsaturated or saturated fatty acids and several intermediates (Wood et 

al., 2008). Trans-vaccenic acid (C18:1 trans-11) and conjugated linoleic acid (C18:2 

cis-9 trans-11) are nutritionally important fatty acids for the human diet that are 

available in ruminant muscle tissue. Their concentration in muscle tissue is dependent 

on polyunsaturated fatty acid intake by the ruminant animal. Contrary to reports by 

Leheska et al. (2008) and Duckett et al. (2009), trans-vaccenic acid concentration was 

greater (P < 0.05) in meat from cattle exposed to grain, while 0D was intermediate and 

did not differ from (P > 0.05) NZ or other treatments. Trans-vaccenic acid is 

synthesized through biohydrogenation of linoleic acid and is a precursor for 

conjugated linoleic acid. Consequently, concentrations of conjugated linoleic acid 

were greater (P < 0.05) in the present study for 0D, 40D, 80D, and 120D than NZ. 

Daley et al. (2010) discussed the relationship of ruminal pH with bacterial synthesis of 

trans-vaccenic acid and conjugated linoleic acid from linoleic acid. Increased grain in 

diets typically decreases ruminal pH to a point less favorable for activity of 

Butryvibrio fibrisolvens, the bacterium responsible for synthesis of trans-vaccenic acid 

and conjugated linoleic acid from linoleic acid. Increased trans-vaccenic acid 

concentration in grain-exposed cattle in the present study may be resultant of 

increased intake of linoleic acid from grain-exposure prior to a return to favorable 

rumen pH for biosynthesis of trans-vaccenic acid and conjugated linoleic acid. It is 

also worth noting that treatments which had increased concentrations of trans-vaccenic 

acid and conjugated linoleic acid also had decreased concentrations of oleic acid and 

total monounsaturated fatty acid. Smith et al. (2009) reported that isomers of 
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conjugated linoleic acid can cause decreased expression of stearoyl coenzyme A 

desaturase and therefore lead to decreased monounsaturated fatty acid concentration, 

and particularly oleic acid.  

The concentration of n-6 and n-3 polyunsaturated fatty acids were different (P 

< 0.01) among treatments, with increased concentrations of linoleic and arachidonic 

(C20:4) in 80D and 120D, contributing to an overall difference in n-6 polyunsaturated 

fatty acids. Concentrations of n-3 polyunsaturated fatty acids were increased in 0D (P 

< 0.05) but did not differ (P > 0.05) among other treatments, including NZ. Beef from 

0D contained greatest (P < 0.05) concentrations of all long chain n-3 polyunsaturated 

fatty acids, including eicosapentaenoic (C20:5), docosapentaenoic (C22:5), and 

docosahexaenoic acid (C22:6). Concentrations of α-linolenic acid did not differ (P = 

0.10) among treatments but are in a range similar to those previously reported for 

pasture-fed cattle (Wood et al., 2008; Daley et al., 2010). Long-chain polyunsaturated 

fatty acids like eicosapentaenoic, docosapentaenoic, and docosahexaenoic acid are 

synthesized through elongation of α-linolenic acid by desaturase enzymes during 

metabolism (Simopoulos, 1991); therefore, it would be reasonable to infer that lack of 

difference in concentration of α-linolenic acid may be due to increased concentrations 

of long-chain polyunsaturated fatty acids resultant of α-linolenic acid metabolism. 

Differences (P < 0.01) of the n-6:n-3 ratio reflect the overall differences in 

polyunsaturated fatty acid concentration among treatments with increased ratio of n-

6:n-3 in 80D and 120D. This indicates that early grain feeding may have residual 

effects on polyunsaturated fatty acid composition of the LL. However, all values fell 
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below the 4:1 n-6:n-3 ratio recommended by Simopoulos (1991) and were below the 

8:1 ratio reported by Daley et al. (2010) as typical for grain-fed cattle. 

Fatty acid composition is related to beef flavor. Fatty acids are one of two main 

groups of precursor compounds contributing to meat flavor (Mottram, 1998). Lipid-

derived volatile compounds are most related to the specific fatty acids composing beef 

fat and are produced through oxidation during storage and accelerated by heat during 

cooking (Calkins and Hodgen, 2007). This class of volatile compounds has been 

implicated as a vital contributor to beef flavor (Mottram, 1998; Brewer and 

Novakofski, 2008). Polyunsaturated fatty acids are less stable and more prone to 

degradation. Several long chain polyunsaturated fatty acids have been positively 

correlated with off-flavors including cowy, cardboard, painty, and livery (Camfield et 

al., 1997). However, several saturated and monounsaturated fatty acids, as well as 

linoleic and α-linolenic acid have been positively correlated with desirable beef flavor 

(Melton et al., 1982). Differences in lipid-derived volatile compounds among 

treatments are reported in Table 3.7. 

Most differences in lipid-derived compounds among treatment groups were of 

compounds classified as alcohols and n-aldehydes. Overall, NZ contained greater (P < 

0.05) concentrations of compounds from these classes compared to most other 

treatments. In particular, 1-penten-3-ol was greater in NZ than all other treatments (P 

> 0.05), and 1-octanol was greater in NZ than all treatments (P < 0.05) except 40D (P 

> 0.05) and lesser in 120D than NZ and 40D (P < 0.05). Hexanal was greater in NZ 

than all other treatments (P < 0.05) except 80D (P > 0.05), and octanal was greater in 

NZ than 80D and 120D (P < 0.05). Elmore et al. (2004) reported that cattle finished 
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on grain produced increased amounts of linoleic acid-derived volatile compounds 

(pentanal and hexanal) and cattle finished on grass-silage produced greater amounts of 

α-linolenic acid-derived compounds (1-penten-3-ol and cis-2-penten-1-ol). Similarities 

among our treatment groups may be explained by the pasture-finishing of all 

treatments on similar quality pastures, which was previously discussed as a source of 

similarities in fatty acid concentrations. Melton et al. (1982) reported that myristoleic, 

palmitoleic, stearic, oleic, linoleic, and α-linolenic acids were positively correlated 

with beef flavor. Beef from NZ was greater in concentration for 3 of these compounds 

and their resulting volatile compounds, likely attributing to greater consumer ratings 

for NZ. Grain-fed treatments greater than 80 d contained greater concentrations of 

linoleic acid, which is attributed with being highly related to beef flavor through the 

production of hexanal (Calkins and Hodgen, 2007). While it is cited as being a key 

contributor to characteristic beef flavor in low concentration, in high concentrations, 

hexanal contributes to flavors including “fatty-green,” “grassy,” and “tallow,” and is 

correlated to indicators of lipid oxidation (Calkins and Hodgen, 2007; Kerth and 

Miller, 2015). Conjugated linoleic acid and trans-vaccenic acid have also been 

previously implicated as precursors to volatile compounds increasing off-flavors 

(Calkins and Hodgen, 2007). While exposure to grain increased concentration of 

linoleic acid, hexanal concentration did not increase in a similar fashion, with NZ 

producing the greatest quantity of hexanal (P < 0.05). However, this elevated quantity 

of hexanal in NZ may be related to the increased total fatty acids in NZ compared to 

all other treatments. Elmore et al. (1999) suggested that oxidation products of 

polyunsaturated fatty acids could increase oxidation of linoleic and oleic acids, and 
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therefore may explain the increase in short-chain n-aldehydes found in NZ compared 

to other treatments in our study. 

 No differences (P > 0.05) were present among treatments in alkane 

compounds, which are typically products of thermal degradation of saturated fatty 

acids. Additionally, NZ produced greater (P < 0.05) concentrations of 2-heptanone, 2-

pentylfuran, acetic acid, and butyrolactone than all other treatments. Increased 2-

pentylfuran in NZ is in disagreement with the findings of Elmore et al. (2004), though 

others have cited 2-pentylfuran as contributing to green flavors often associated with 

pasture-fed beef (Calkins and Hodgen, 2007). Carboxylic acids are commonly 

increased with increased concentration of polyunsaturated fatty acids (Mottram, 1998). 

In a review by Resconi et al. (2013), it was stated that lactones are a product of 

oxidation of fatty acids in the rumen and may be increased in grain-fed animals. 

However, Resconi et al. (2013) also stated that butyrolactone predominates in forage-

fed cattle. Therefore, increased acetic acid and butyrolactone in NZ may be resultant 

of differences in the forage types. It has been discussed that increased antioxidants in 

forages may prevent pasture-fed beef from being more prone to lipid oxidation than 

grain-fed beef despite increased concentrations of polyunsaturated fatty acids (Wood 

and Enser, 1997). However, our results indicate that oxidative products varied 

similarly to changes in fatty acid concentration with changes in diet. Aldehydes, 

lactones, hydrocarbons, furans, and ketones are generally associated with undesirable 

and rancid off-flavors (Ladikos and Lougovois, 1990), though they typically require 

higher concentrations to be detected due to higher odor thresholds (Mottram, 1998). 
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Fewer differences were present for Maillard-derived volatile compounds, 

which are reported in Table 3.8. Differences in Maillard-derived products were more 

consistent among treatments than lipid-derived products, indicating that specific 

differences in type or availability of amino acids and/or reducing sugars were present 

in the food system among treatments. Beef from NZ produced the greatest (P < 0.05) 

amount of benzaldehyde and both ketones evaluated (2,3-butanedione, 3-hydroxy-2-

butanone) and the least (P < 0.05) amount of dimethyl sulfone compared to all other 

treatments. Lack of difference among treatments from experimental treatment groups 

finished on United States southeastern pastures indicates that differences are likely the 

result of regional forage differences rather than differences in exposure to grain-based 

diets. Non-enzymatic browning-derived ketones are associated with positive flavor 

descriptors (Calkins and Hodgen, 2007; Kerth and Miller, 2015) and may be 

responsible for the increased flavor liking scores in NZ compared to other treatments. 

Melton (1990) reported that 3-hydroxy-2-butanone (acetoin) was decreased with 

increased days on feed. Similarly, NZ beef had greater (P < 0.05) concentrations of 3-

hydroxy-2-butanone than other treatments. However, 0D was similar (P > 0.05) to 

other treatments, indicating that there is some role of forage type and regional 

differences in production of this compound. As days on feed are increased, glucose 

and glucose-6-phosphate are typically increased in muscle tissue, contributing to 

production of volatile compounds which depend on these reducing sugars as 

precursors (Koutsidis et al., 2008). Additionally, overall pyrazine concentration may 

have been decreased in all treatments by a greater overall concentration of lipid 

oxidation products, as previously reported by Mottram and Edwards (1983). Overall, 
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lipid-derived volatile compounds varied similarly to the corresponding changes in 

fatty acids among treatments, indicating that diet and early exposure to grain-based 

diets is responsible for some variation in consumer perception of pasture-finished 

beef. 

Conclusions 

A system involving early exposure to grain for 120 d prior to pasture-finishing 

could be used to produce beef of similar palatability to New Zealand pasture-finished 

beef in the United States. However, while palatability was similar, differences in 

chemical properties were still evident. High plane of nutrition is the key contributor to 

palatability when cattle are finished to an equal final body weight. However, by 

finishing cattle to an equal endpoint body weight and controlling for intramuscular fat, 

conclusions about the system as a whole may be limited. Based on palatability and 

chemical characteristics though, a system of early exposure to a high-concentrate diet 

post-weaning may be a plausible way for producers to maximize use of available 

resources to produce high-quality pasture-finished beef by supplementing cattle during 

seasonal periods of low pasture quality then finishing cattle on pastures during 

seasonal periods of high-quality. On a more global scale, however, pasture-finished 

beef from countries which specialize in that production system out-perform domestic 

pasture-finished beef even with corn supplementation. Therefore, a trade situation 

focused on specialization would likely be most beneficial to producers in both 

markets.



Texas Tech University, Jillian T. Milopoulos, May 2018 

77 

Tables 

 

Table 3. 1. Least squares means of proximate components and Warner-Bratzler shear force (WBSF) 

values of steaks from the M. longissimus lumborum of New Zealand grass-fed cattle and cattle fed 

high-concentrate diets for variable time periods prior to pasture-finishing1 

 Treatment2   

Variable NZ 0D 40D 80D 120D SEM3 P- value4 

Fat, % 3.17 3.06 3.18 3.32 3.36 0.315 0.96 

Moisture, % 72.29 72.74 72.81 72.33 72.39 0.357 0.75 

Protein, % 22.88 22.89 22.58 22.93 22.73 0.197 0.72 

Collagen, % 1.41 1.41 1.35 1.37 1.42 0.041 0.76 

pH 5.64 5.66 5.77 5.62 5.63 0.067 0.51 

WBSF, kg 2.03 2.53 2.73 2.54 2.53 0.178 0.08 
1Percentage of proximate components determined via near-infrared spectrophotometry 
2NZ: grass-fed beef imported from New Zealand; 0D: cattle consuming only forage; 40D: high-

concentrate diet for 40 d prior to pasture-finishing; 80D: high-concentrate diet for 80 d prior to 

pasture-finishing; 120D: high-concentrate diet for 120 d prior to pasture-finishing  
3Largest standard error of the least squares means 
4P- values < 0.05 considered significant 

 

 

Table 3. 2. Least squares means of consumer sensory scores (n = 220) for palatability traits of steaks 

from the M. longissimus lumborum of New Zealand grass-fed cattle and cattle fed high-concentrate 

diets for variable time periods prior to pasture-finishing1 

 Treatment2   

Variable NZ 0D 40D 80D 120D SEM3 P- value4 

Tenderness 71.24a 57.66c 57.70c 58.23c 63.61b 1.688 <0.01 

Juiciness 67.15a 59.92b 63.97ab 63.06b 67.13a 1.677 <0.01 

Flavor liking 61.58a 57.04bc 52.80d 55.75cd 59.63ab 1.670 <0.01 

Overall liking 64.20a 56.24b 54.95b 56.46b 61.47a 1.670 <0.01 
1Scores based on 100-mm line scale: 0 = not tender/juicy, dislike flavor/overall extremely; 100 = 

very tender/juicy, like flavor/overall extremely 
2NZ: grass-fed beef imported from New Zealand; 0D: cattle consuming only forage; 40D: high-

concentrate diet for 40 d prior to pasture-finishing; 80D: high-concentrate diet for 80 d prior to 

pasture-finishing; 120D: high-concentrate diet for 120 d prior to pasture-finishing  
3Largest standard error of the least squares means 
4P- values < 0.05 considered significant 
abcdLeast squares means within a column without a common superscript differ (P < 0.05) 
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Table 3. 3. Least squares means of percentage of steaks from the M. longissimus lumborum of New 

Zealand grass-fed cattle and cattle fed high-concentrate diets for variable time periods prior to 

pasture-finishing rated as acceptable by consumer panelists (n = 220) for palatability traits 

 
Treatment1   

Acceptability, % NZ 0D 40D 80D 120D SEM2 P- value3 

Tenderness 94.86a 81.45c 78.45c 83.31bc 88.30b 2.937 <0.01 

Juiciness 89.26ab 83.84bc 82.44c 84.59bc 91.01a 2.693 0.03 

Flavor liking 84.25 77.70 77.76 80.80 83.38 3.147 0.27 

Overall liking 88.31a 81.37bc 76.71c 80.90bc 84.75ab 3.215 0.02 
1NZ: grass-fed beef imported from New Zealand; 0D: cattle consuming only forage; 40D: high-

concentrate diet for 40 d prior to pasture-finishing; 80D: high-concentrate diet for 80 d prior to 

pasture-finishing; 120D: high-concentrate diet for 120 d prior to pasture-finishing  
2Largest standard error of the least squares means 
3P- values < 0.05 considered significant 
abcLeast squares means within a column without a common superscript differ (P < 0.05) 
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Table 3. 4. Pearson correlation coefficients of relationships between consumer palatability scores, proximate composition, and Warner-Bratzler Shear Force 

(WBSF) of beef strip loin steaks from New Zealand grass-fed cattle and cattle fed high-concentrate diets for variable time periods prior to pasture-finishing 

 Consumer panel ratings Proximate composition 

Measurement Tenderness Juiciness 
Flavor 

liking 

Overall 

liking 
%Fat %Moisture %Protein %Collagen pH 

Consumer panel ratings          

   Juiciness 0.65**         

   Flavor liking 0.55** 0.48**        

   Overall liking 0.62** 0.56** 0.88**       

Proximate composition          

   %Fat -0.01 -0.01 0.02 0.01      

   %Moisture 0.01 0.04 -0.02 -0.009 -0.87**     

   %Protein -0.02 -0.03 -0.008 -0.03 0.14** -0.40**    

   %Collagen 0.03 0.02 0.04 0.05 0.11** 0.01 -0.31**   

   pH 0.01 -0.01 -0.02 -0.01 -0.08** 0.02 -0.11** -0.28**  

WBSF, kg -0.24** -0.09** -0.15** -0.18** -0.06* 0.13** 0.05 -0.19** -0.17** 

*Correlation coefficient differs from 0 (P < 0.05) 

**Correlation coefficient differs from 0 (P < 0.01) 
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Table 3. 5. Least squares means of percentage of steaks from the M. longissimus lumborum of New 

Zealand grass-fed cattle and cattle fed high-concentrate diets for variable time periods prior to pasture-

finishing rated at different perceived quality levels by consumer panelists (n = 220) 

 
Treatment1   

Quality level, % NZ 0D 40D 80D 120D SEM2 P- value3 

Unsatisfactory 10.63b 18.09a 20.14a 17.79a 13.69ab 3.030 0.04 

Good everyday 48.62 50.19 47.24 52.77 45.86 3.503 0.64 

Better than everyday 27.68 25.52 23.59 20.41 28.60 3.081 0.28 

Premium 10.47 3.87 6.48 6.48 9.13 2.110 0.07 
1NZ: grass-fed beef imported from New Zealand; 0D: cattle consuming only forage; 40D: high-

concentrate diet for 40 d prior to pasture-finishing; 80D: high-concentrate diet for 80 d prior to 

pasture-finishing; 120D: high-concentrate diet for 120 d prior to pasture-finishing  
2Largest standard error of the least squares means 
3P- values < 0.05 considered significant 
abLeast squares means within a column without a common superscript differ (P < 0.05) 
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Table 3. 6. Least squares means of the fatty acid composition of the M. longissimus lumborum of New 

Zealand grass-fed cattle and cattle fed high-concentrate diets for variable time periods prior to pasture-

finishing 

 Treatment1    

Variable NZ 0D 40D 80D 120D SEM2 P- values3 

n 8 8 8 8 8   

Total fatty acids, g/100g 3.22a 1.53c 2.20b 2.23b 2.52b 0.212 <0.01 

Fatty acids4,5, %        

C14:0 2.43 2.29 2.60 2.28 2.73 0.137 0.10 

C16:0 25.96 26.26 27.17 26.69 27.84 0.529 0.11 

C18:0 14.40c 16.89a 16.92a 16.30ab 15.55bc 0.443 <0.01 

C20:0 0.05 nd nd nd nd 0.007 - 

C15:0 0.36c 0.44b 0.52a 0.46ab 0.51a 0.022 <0.01 

C17:0 0.59c 1.08b 1.20a 1.17a 1.21a 0.024 <0.01 

C14:1 0.68a 0.36c 0.48bc 0.44bc 0.59ab 0.063 <0.01 

C16:1 cis-9 3.91a 3.16b 3.04b 3.18b 3.39ab 0.198 0.02 

C18:1 cis-9 40.20a 36.57b 36.20b 36.25b 35.69b 0.649 <0.01 

C18:1 trans-9 0.09 nd nd 0.11 0.11 0.063 0.47 

C18:1 trans-10 <0.01b <0.01b <0.01b <0.01b 0.37a 0.078 <0.01 

C18:1 trans-11 1.46b 1.86ab 2.05a 2.14a 2.18a 0.162 0.02 

C18:1 cis-11 1.42 1.28 1.24 1.35 1.39 0.063 0.26 

C20:1 0.13 nd nd nd nd 0.006 - 

C18:2 cis-9 trans-11 0.17b 0.36a 0.40a 0.41a 0.44a 0.043 <0.01 

C18:2 n-6 2.10b 2.34b 2.34b 3.24a 3.23a 0.195 <0.01 

C20:2 n-6 <0.01 nd nd nd nd <0.001 - 

C20:3 n-6 0.21 nd nd nd nd 0.005 - 

C20:4 n-6 0.73b 0.94b 0.99ab 1.28a 1.04ab 0.107 0.01 

C18:3 n-3 0.84 1.14 0.70 0.66 0.64 0.140 0.09 

C20:5 n-3 0.33b 0.46a 0.30bc 0.22cd 0.16d 0.034 <0.01 

C22:5 n-3 0.50bc 0.72a 0.52b 0.49bc 0.37c 0.048 <0.01 

C22:6 n-3 0.05b 0.10a 0.08ab 0.06b 0.07b 0.010 0.01 

SFA 42.86b 45.45a 46.70a 45.28a 46.12a 0.632 <0.01 

OCFA 0.96c 1.52b 1.72a 1.63a 1.73a 0.037 <0.01 

MUFA 44.94a 40.11b 39.73b 39.88b 39.67b 0.679 <0.01 

n-6 PUFA 3.05b 3.29b 3.34b 4.53a 4.27a 0.283 <0.01 

n-3 PUFA 1.74b 2.44a 1.60b 1.45b 1.26b 0.193 <0.01 

n-6:n-3 2.10b 1.39b 2.10b 3.16a 3.60a 0.258 <0.01 
1NZ: grass-fed beef imported from New Zealand; 0D: cattle consuming only forage; 40D: high-concentrate 

diet for 40 d prior to pasture-finishing; 80D: high-concentrate diet for 80 d prior to pasture-finishing; 120D: 

high-concentrate diet for 120 d prior to pasture-finishing  
2Largest standard error of the least squares means 
3P- values < 0.05 considered significant 
4SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids 
5nd: not detected 
abcdMeans within a row without a common superscript differ (P < 0.05) 
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Table 3. 7. Least squares means of thermal degradation-derived volatile compounds of steaks from the M. longissimus 
lumborum of New Zealand grass-fed cattle and cattle fed high-concentrate diets for variable time periods prior to pasture-

finishing 

Volatile compound, 

nmol·mL-1 

Treatment1    

NZ 0D 40D 80D 120D SEM2 P- values3 

Alcohols        
1-Hexanol 2.44a 1.48b 1.73ab 1.82ab 1.26b 0.288 0.04 

1-Octen-3-ol 4.42a 1.67c 2.44bc 3.13ab 2.10bc 0.518 <0.01 

1-Penten-3-ol 0.33a 0.14b 0.17b 0.14b 0.10b 0.028 <0.01 
1-Octanol 5.17a 3.97bc 4.41ab 3.86bc 3.06c 0.404 <0.01 

2,3-Butanediol 8.89 3.71 6.74 4.80 5.83 1.571 0.15 

Pentanol 9.28 6.96 8.26 10.41 7.06 1.407 0.32 
Ethanol 1.48 13.26 13.44 6.24 17.14 7.788 0.58 

n-Aldehydes        
Pentanal 1.43a 0.78b 1.01ab 1.00ab 0.71b 0.172 0.02 

Hexanal 134.90a 46.56c 68.49bc 94.02ab 52.27bc 16.597 <0.01 

Heptanal 19.38a 13.48bc 15.07ab 14.10abc 9.73c 1.957 0.01 
Octanal 34.00a 27.19ab 30.54ab 23.75bc 18.00c 2.756 <0.01 

Nonanal 7.30a 6.15ab 6.98ab 5.35bc 4.37c 0.642 <0.01 

Decanal 1.42 1.56 1.57 1.31 1.46 0.144 0.69 
Dodecanal 3.64 3.59 4.74 3.26 4.70 0.976 0.76 

Ketones        

2-Propanone 67.94 59.35 79.77 57.52 61.26 8.136 0.33 
2-Butanone 27.07 20.62 26.21 21.31 21.50 2.873 0.31 

2-Heptanone 1.09a 0.68b 0.76b 0.83b 0.71b 0.061 <0.01 

2-Pentanone 0.14 0.13 0.16 0.14 0.15 0.014 0.65 
Lactones        

Butyrolactone 0.49a 0.24b 0.29b 0.27b 0.29b 0.048 <0.01 

Furans        
2-Pentylfuran 1.32a 0.42b 0.57b 0.77b 0.48b 0.135 <0.01 

Alkanes        

Octane 4.40 3.22 3.38 2.48 2.06 0.600 0.05 
Decane 2.07 1.98 2.10 2.00 1.92 0.112 0.72 

Tetradecane 1.19 0.95 1.69 1.04 1.00 0.196 0.07 

Methyl heptane 4.75 3.69 4.17 4.89 3.74 0.652 0.53 
Carboxylic acids        

Acetic acid 5.92a 3.68b 4.00b 3.57b 3.50b 0.603 0.02 

Butanoic acid 177.40 214.77 144.83 112.89 135.74 36.444 0.25 
Hexanoic acid 32.24 16.47 25.52 27.00 18.41 4.324 0.05 

Octanoic acid 0.29 0.13 0.44 0.40 0.20 0.097 0.11 

Nonanoic acid 117.21 69.54 209.87 208.10 105.61 52.400 0.16 
Esters        

Hexanoic acid 

methyl ester 

1.07 0.94 0.77 0.94 0.47 0.161 0.08 

Butanoic acid 

methyl ester 

0.14 0.18 0.14 0.13 0.14 0.022 0.49 

Alkenes        
Toluene 10.17 7.08 11.12 8.44 8.43 1.412 0.27 

2-Methyl-1-

pentene 

0.36 0.36 0.36 0.36 0.36 <0.001 0.60 

p- xylene 242.50 202.53 232.11 223.78 162.13   35.620 0.45 
1NZ: grass-fed beef imported from New Zealand; 0D: cattle consuming only forage; 40D: high-concentrate diet for 40 d prior 

to pasture-finishing; 80D: high-concentrate diet for 80 d prior to pasture-finishing; 120D: high-concentrate diet for 120 d prior 
to pasture-finishing  
2Largest standard error of the least squares means 
3P- values < 0.05 considered significant 
abcdMeans within a row without a common superscript differ (P < 0.05) 
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Table 3. 8. Least squares means of Maillard-derived volatile compounds of steaks from the M. longissimus lumborum of New 

Zealand grass-fed cattle and cattle fed high-concentrate diets for variable time periods prior to forage-finishing 

 Treatment1    

Volatile compound NZ 0D 40D 80D 120D SEM2 P- values3 

Strecker aldehydes        

Acetaldehyde 11.03 9.53 11.18 9.76 9.90 1.021 0.66 

2-Methyl butanal 1.80 1.10 3.24 1.12 1.33 0.589 0.08 
3-Methyl butanal 1.90 1.51 3.03 1.46 1.87 0.445 0.13 

Methional 1.56 0.95 1.75 0.92 1.29 0.263 0.13 

Benzaldehyde 31.06a 21.99b 26.32ab 22.93b 21.06b 2.552 0.03 
Phenylacetaldehyde 2.69 1.89 3.41 1.84 2.54 0.467 0.15 

Isobutyraldehyde 24.92 18.77 33.68 18.85 19.10 4.477 0.10 

Ketones        
2,3-Butanedione 136.66a 31.36b 8.81b 29.47b 25.40b 10.111 <0.01 

3-Hydroxy-2-butanone 151.63a 30.96b 3.32b 28.12b 24.71b 12.449 <0.01 

Sulfur-containing        

Carbon disulfide 5.61 5.31 6.90 5.36 5.54 0.972 0.78 

Dimethyl sulfide 1.41 1.28 1.39 1.26 0.85 0.211 0.27 

Dimethyl disulfide 0.11 0.09 0.18 0.12 0.10 0.048 0.68 
Dimethyl sulfone 1.49b 8.52a 13.61a 8.57a 9.14a 2.218 <0.01 

Thiols        

Methanethiol 7.52 4.95 7.89 5.76 5.56 1.018 0.16 
Pyrazines        

Methyl-pyrazine 0.39 0.09 0.54 0.17 0.15 0.174 0.32 

2,5-Dimethyl pyrazine 0.88 0.23 1.14 0.37 0.35 0.350 0.28 
Trimethylpyrazine 0.35 0.06 0.32 0.11 0.09 0.132 0.32 

3-Ethyl-2,5-

dimethylpyrazine 

0.50 0.20 0.69 0.25 0.27 0.181 0.29 

1NZ: grass-fed beef imported from New Zealand; 0D: cattle consuming only forage; 40D: high-concentrate diet for 40 d prior 

to pasture-finishing; 80D: high-concentrate diet for 80 d prior to pasture-finishing; 120D: high-concentrate diet for 120 d prior 

to pasture-finishing  
2Largest standard error of the least squares means 
3P- values < 0.05 considered significant 
abcdMeans within a row without a common superscript differ (P < 0.05) 
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Diet Composition 

 
Table A.  1 Dry matter formulation of high-concentrate based diets 

Ingredient Starter Finisher 

Chopped hay 15.00 5.00 

Cracked corn 56.50 71.50 

Corn gluten feed 25.00 20.00 

Mineral premix 3.50 3.50 

NRC Nutrient Composition   

NEm, Mcal/lb 83.7 92.3 

NEg, Mcal/lb 54.66 60.47 

CP, % 13.1 11.90 

Crude fat, % 3.29 3.60 

NDF, % 37.84 21.60 

ADF, % 15.97 7.50 
1Adapted from Koch (2017) 

 

Carcass Data 

 

Table A. 2 Least squares means of carcass characteristics of steers grazing high-quality pasture or fed 

a high-concentrate diet for variable time periods prior to forage-finishing used for selection of product 

for the present study1 

 Treatment2   

Variable3 0D 40D 80D 120D SEM4 P- value5 

n 12 12 11 12 - - 

       

Final body weight, kg 457 461 466 473 18.8 0.39 

Hot carcass weight, kg 248b 247b 255ab 264a 6.9 0.02 

Dressing percent, % 54.08 53.75 54.98 55.96 0.923 0.07 

Skeletal maturity 160.20 157.74 158.67 163.58 17.142 0.64 

Marbling score 345.83b 352.08b 361.82b 450.00a 18.788 <0.01 

12th rib backfat, cm 0.43ab 0.36b 0.42ab 0.57a 0.068 0.04 

Ribeye area, cm2 68.70 68.70 65.04 74.40 2.584 0.08 

KPH, % 1.78 1.91 2.01 2.18 0.198 0.19 

Yield grade 1.8 1.9 2.0 1.9 0.15 0.69 
1Based on data collected in Koch (2017) 
20D: cattle consuming only forage; 40D: high-concentrate diet for 40 d prior to pasture-finishing, 80D: 

high-concentrate diet for 80 d prior to pasture-finishing; 120D: high-concentrate diet for 120 d prior to 

pasture-finishing 
3Based on shrunk BW basis (4% shrink) 
4Largest standard error of the least squares means 
5P- values < 0.05 considered significant 
abMeans within a row without a common superscript differ (P < 0.05) 
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Table A. 3 Least squares means of carcass characteristics of steers grazing high-quality pasture or fed a 

high-concentrate diet for variable time periods prior to forage-finishing and process-verified New Zealand 

grass-fed steers used in the present study1 

 Treatment2   

Variable3 NZ 0D 40D 80D 120D SEM4 P- value5 

n 8 8 8 8 8 - - 

        

Final body weight, kg - 466 465 463 476 9.1 0.76 

Hot carcass weight, kg 275 252 251 257 266 11.5 0.54 

Dressing percent, % - 54.11 54.23 55.52 56.08 0.838 0.28 

Skeletal maturity 150.63 143.33 160.00 170.00 161.67 9.097 0.17 

Marbling score 351.25 351.88 369.38 363.75 393.13 10.977 0.06 

12th rib backfat, cm 0.35 0.44 0.41 0.47 0.57 0.061 0.15 

Ribeye area, cm2 79.25a 68.87bc 71.69ab 63.06c 74.91ab 2.894 <0.01 

KPH, % - 1.91 1.93 2.25 2.25 0.178 0.22 

Yield grade - 1.91 1.84 2.22 1.92 0.165 0.40 
1Based on data collected in Koch (2017) 
20D: cattle consuming only forage; 40D: high-concentrate diet for 40 d prior to pasture-finishing, 80D: 

high-concentrate diet for 80 d prior to pasture-finishing; 120D: high-concentrate diet for 120 d prior to 

pasture-finishing 
3Based on shrunk BW basis (4% shrink) 
4Largest standard error of the least squares means 
5P- values < 0.05 considered significant 
abMeans within a row without a common superscript differ (P < 0.05) 
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Consumer Demographic Information 

  

Table A. 4. Demographic profiles of consumers participating in consumer sensory panels1 

Characteristic Response % of consumers 

Age Younger than 20 years 0.92 
 20 – 29 years 24.77 

 30 – 39 years 30.73 

 40 – 49 years 19.72 
 50 – 59 years 16.97 

 60 years or older 6.88 

   
Gender Male 45.16 

 Female 54.84 

   
Occupation Tradesperson 11.68 

 Professional 30.37 

 Administration 19.63 

 Sales and service 17.29 

 Laborer 7.94 

 Homemaker 3.27 
 Student 3.74 

 Not currently employed/retired 6.07 

Household size   
   Adults 1 12.90 

 2 66.82 

 3 13.82 
 4 5.07 

 5 0.46 

 6 0.92 
 7 0.00 

 8 or more 0.00 

   Children 0 47.00 
 1 13.36 

 2 21.66 

 3 8.29 
 4 6.91 

 5 2.30 

 6 0.00 
 7 0.46 

 8 or more 0.00 

   
Annual household income, USD Less than $20,000 per year 6.94 

 $20,000 - $50,000 per year 25.93 

 $50,001 - $75,000 per year 25.93 
 $75,001 - $100,000 per year 15.28 

 More than $100,000 per year 25.93 

   
Level of education Non- high school graduate 1.40 

 High school graduate 20.93 

 Some college/ technical school 33.95 
 College graduate 29.30 

 Post graduate 14.42 
   

Cultural heritage African- American 15.28 

 Asian 1.39 

 Caucasian/ white 45.37 

 Hispanic 35.65 

 Native American 0.93 
 Other 1.39 
1Based on demographic responses by consumers (n= 220) 
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Consumer Meat Consumption Preferences 

 

Table A. 5. Meat consumption preferences of consumers participating in consumer sensory panels1 

Characteristic Response % of consumers 

Frequency of beef consumption Daily 26.27 

 Weekly 62.67 

 Every other week 5.53 

 Monthly 2.76 

 Every other month 0.46 

 2 – 3 times per year 2.30 

 Never eat beef 0.00 

   

Enjoyment of red meat Enjoy red meat/ important part of diet 44.65 

 Like red meat/ regular part of diet 30.23 

 Eat some red meat 10.70 

 Rarely/ never eat red meat 14.42 

   

Enjoyment of beef Enjoy beef/ important part of diet 53.77 

 Like beef/ regular part of diet 37.74 

 Eat some beef 8.02 

 Rarely/ never eat beef 0.47 

   

Degree of doneness preference Blue 0.00 

 Rare 0.93 

 Medium/ rare 26.17 

 Medium 27.57 

 Medium/ well done 31.78 

 Well done 13.55 
1Based on responses by consumers (n= 220) 
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APPENDIX B  

Consumer Forms 
Consumer Screening Form 
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Consumer Information Sheet 
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Consumer Demographic Questionnaire 
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Sensory Panel Ballot Form 

 




